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Software Package for Image Rotation
and Reconstructions

Al. Introduction

The aim of this software package is to use a set of routines as the basis for
the development of image rotation and reconstruction package which is both user
friendly and versatile in the sense that it can be expanded as more digital image

processing and reconstruction routines become available.

Figure A shows a tree structure of the software package. This package is
divided into four appendices (Appendix A, B, C, D) which contains the FORTRAN
source code for different application, i.e. rotation operation, filtering operations,

fast Radon transform and 1D process, and reconstruction operations.

Appendix A lists the rotation routines which rotate the image by an angle
through 360°. It also lists a set of digital filter routines used to remove the noise

from the rotated image and to enhance the quality of the image.

Appendix B lists the subroutines used for computing fast Radon transform and

1D process operation.
Appendix C lists the subroutines used for image reconstruction.

Appendix D lists the common subroutines used for the aforementioned ap-
pendices (A-C). These subroutines are the digital image processing routines. The

routines designed for reading, writing and displaying images.

A2. Software Used




Figure A The tree structure of the software package
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The software used was written in DEC FORTRAN using standard F77. Ex-
tensive use was made of UNIRAS-GIMAGE graphics library (Version 6.3) giving a

4-bit image.




APPENDIX A

ROTATION AND FILTERING
ROUTINES
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program Fayed Rotate.for

real a(256,256),xy(256,256),xx(256,256),£(256,256)
real yy(256,256),f1(256,256)

character*6 answer
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FUNCTION: Generates an image on a DEC digital workstation using data
from a specified data file or produces a plot file.Also,
rotate the object at different angles usmng 30 techniques

EXTERNAL SUBROUTINES: UNIRAS Library = groute

gopen
gclose

DIPLIB - read image, timer start, time_elapsed,
display image, 30:Rotation_Techniques

Ak A A A KA A ARk kh kA AR AKR KA A RR AR A I A A AR KA A A KRR AR R A kA Ak hkkhkkhkhkh kA Ak Ak AKXk Xk

real p(256,256)
Select route for gimage.

write(6,10)

format (1x,’View image (1) or generate plotfile (2)?2’$)
read (5, *)id

if(id.eqg.l)then

call groute(’s mxll; e’) !for VAX workstations 2000 or 3200
endif

if(id.eg.2)then
write(6,11)

format (1x,’Black and white (1) or colour (2) plotfile?’$)
read (6, *)ic

if(ic.eqg.l)then

call groute(’s hpostadl; e’)
endif

if(ic.eq.2)then

call groute(’s ht4692; e’)

call groute(’s hgcsl00a4; e’)
endif
if((ic.ne.l) .and. (ic.ne.2))goto 2
endif

if((id.ne.l) .and. (id.ne.2))goto 1
call gopen !open UNIRAS window

Ask user for image parameters:
1. size of image
2. colour coding with options

continue !for looping back to examine another data file.

Open data file and read contents by calling
subroutine read image.

write (6, *)’enter your choice:’
write(6,*)’1. read image’
write(6,*)’2. Generate rectangle’
write(6,*)’3. Generate circle’
write(6,*)’4. Generate var rectangle’
read (5, *) k1l

if (kl.eq.l) then

call read image(a,n)

endif

if (kl.eg.2) then




write (6, *)’enter size of square image’
read(5,*)n

call rectangle(a,n)

call write image(a,n)

endif

if (kl.eq.3) then

write (6, *)’enter size of square image’
read(5,*)n

call circle(a,n)

call write_image (a,n)

endif

if (kl.eg.4) then

write (6, *)’enter size of square image’
read(5,*)n

call var_rectangle(a,n)

call write image(a,n)

endif

continue !for looping back to examine a different colour code.

write(6,*)’ UNIRAS 6 colour scales’
write (6, *)

write (6, *) 'Default colour scale 1....... (1)’
write (6, *)’Default colour scale 2....... (2)’
wr1te(6 *) Grey scale......oovvvrvinennn (3)7
write (6, *)’ Topographic colour scale..... (4)’
write (6, *)’Seismic colour scale......... (5)'
write(6 *)

write(6,80)

format (1x,’Scale (1-5)2’3$)

read(5,*)icol

write(6,90)

format (1x, ' Positive (1) or negative (-1)7?'3$)
read(5,*)ipol

Generate image using subroutine display image.

00

call display_ image grey(a,n,icol,ipol)
call greset
call gclear

m=nint (1.414213562%*n)

write (6, *)’enter theta value in degree = '
read (5, *)theta

write (6,*) ’‘enter your choise for rotation’

write(6,*) ’ 1. Nearest neighbours rotation algorithem’
wr1te(6 *) ’ 2. Interpolation algorithem '

write(6,*) 7 3. Clipping Nearest neighbours ’

write(6,*) ’ 4. Milt neighbour interpolation algorithem '/
read (5, y ix

if((izx.ne.1l) .and. (ix.ne.2) .and. (ix.ne.3) .and. (ix.ne.4))goto 20

if (ix.eq.l) then
write(6,*) ’ Optimum rotation algorithm :’
write(6,*) ‘1. Optimum nearest neighbor pixel’
write(6,*) ’8. Optimum 2 row neighbor pixel’

)
write(6,*) 710. Optimum one row neighbor pixel’
write(6 *) /2. Optimum four neighbor pixels’
write(6,*) ‘3. Optimum eight neighbor pixels ’
write(6,*) ’ Normal rotation algorithm :’/
write (6,*) ’4. Normal nearest neighbor pixzel’
write(6,*) ’5. Normal four neighbor pixels’
wr1te(6 *) ’6. Normal eight neighbor pixels ’
write(6,*) ’7. Optimum four neighbors modify '’
write(6,*) 9. Three pass rotation ’

read (5, *) nfn
if (nfn.eq.l) then

Send message to user ’‘Optimum nearest neighbour rotation...’




write(6,21)
format (1x,’Optimum nearest neighbour rotation...’$)

call timer start (context)
call rotate_nearest_neig(a,n,xy,m,theta)
call time elapsed(context)
call write image (xy,m)
open (unit=1,file='rn.dat’,status="new’)
format (4 (1x,£14.4))
write(1,42) ((xy(3,1),3=1,181),i=1,181)
close (1)

endif

if (nfn.eg.2) then

Send message to user ’Optimum four neighbours rotation...’

write(6,22)
format (1x,’Optimum four neighbours rotation...’$)

call timer start (context)
call rotate four neig(a,n, xy,m,theta)
call time elapsed(context)
call write_ image (xy,m)

endif

if (nfn.eq.3) then

Send message to user ’Optimum eight neighbours rotation...’

write(6,23)
format (1x,’/Optimum eight neighbours rotation...’$)
call timer start (context)
call rotate eight neig(a,n,xy,m,theta)
call time elapsed(context)
call write image(xy,m)
endif
if (nfn.eq.4) then

Send message to user ‘Normal nearest neighbour rotation...’

write (6,24)
format (1x, 'Normal nearest neighbour rotation...’$)
- call timer start (context)
call rotate nearest(a,n,xy,m,theta)
call time elapsed(context)
call write image (xy,m)
endif
if (nfn.eq.5) then

Send message to user ’Normal four neighbours rotation...’

write (6,25)
format (1x,’Normal four neighbours rotation...’$)

call timer_ start (context)
call rotate four(a,n,xy,m,theta)
call time elapsed(context)
call write image (xy,m)

endif

if (nfn.eq.6) then

Send message to user ’Normal eight neighbours rotation...’

write (6,26)

format (1x, 'Normal eight neighbours rotation...’S$)

' call timer start (context)
call rotate eight(a,n,zy,m,theta)
call time elapsed(context)
call write image (zy,m)
endif -

if (nfn.eq.7) then

Send message to user ‘Optimum four neighbours modify...’

write (6,47)
format (1%, 'Optimum four neighbours modify...’$)
call timer start (context)
call rotate_four_modify(a,n,xy,m,theta)
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call time elapsed(context)
call write image(xy,m)
endif
if (nfn.eq.8) then
Send message to user ’‘Optimum 2 row neighbours

write (6,46)
format (1x,’/Optimum 2 row neighbours ...’$)
call timer start (context)
call rotate - 2rp_ neig(a,n,xy,m,theta)
call time elapsed(context)
call write image (xy,m)
endif
if (nfn.eq.9) then
Send message to user ’Three pass rotation

write (6,48)
format (1x,’Three pass rotation ...’$)
call timer start (context)
call rotate three _pass(a,n,xy,m, theta)
call time elapsed(context)
call write image (xy,m)
endif
if (nfn.eq.10) then
Send message to user ‘Optimum one row neighbours ...’
write (6,49)
format (1x,’Optimum one row neighbours ...’$)

call timer start (context)
call rotate 1lrp neig(a,n,xy,m,theta)
call time elapsed(context)
call write image(xy,m)
endif
elseif (ix.eq.2) then
write(6,*) ’ Forward interpolation algorithm :

write(6,*) ’1. forward bilinear interpolation '
write(6,*) ’2. Forward triangle interpolation '’

write(6,*) ’3. Forward 2 Dim.linear interpolation '
wr1te(6 *) / Reverse interpolation algorithm :’
write(6,*) ‘4. Reverse bilinear interpolation’
write(6,*) ’5. Reverse triangle interpolation’

write(6,*) ’6. Reverse 2dim. linear interpolation’

read (5, *) nfn
if (nfn.eqg.l) then

Send message to user ’‘Forward bilinear interpolation...’

write(6,27)
format (1x,’Forward bilinear interpolation...’S$)
call timer start (context)

call rotate rectangle sum(a,n,xy,m,theta)

call time elapsed(context)
call write image (xy,m)
endif
if (nfn.eqg.2) then

Send message to user ’‘Forward triangle interpolation...’

write (6,28)
format (1x,’Forward triangle interpolation...’$)
call timer start (context)
call rotate trlangle sum(a,n, zy,m,theta)
call time elapsed(conte t)
call wrlte_lmage(xy,m)
endif
if (nfn.eq.3) then

Send message to user ’‘Forward 2D linear interpolation..

write (6,29)

format (1x,’Forward 2D linear interpolation...’S$)
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call timer start (context)
call rotate 2dlinear_sum(a,n,Xy,m,theta)
call time elapsed(context)
call write image(xy,m)
endif
if (nfn.eqg.4) then
b Send message to user ‘Reverse bilinear interpolation..

write(6,30)
format (1x,’Reverse bilinear interpolation...’$)

call timer start(conte zt)
call rotate divide rectangle_sum(a,n,xy,m,theta)
call time elapsed(context)
call wrlte_lmage(xy,m)

endif

if (nfn.eq.5) then

Send message to user ’Reverse triangle interpolation...’

write(6,31)
format (1x, ' Reverse triangle interpolation...’S$)

call timer start (context)
call rotate divide _triangle sum(a,n,xy,m,theta)
call time elapsed(conteyt)
call wrlte_lmage(xy, )

endif

if (nfn.eg.6) then

Send message to user ’Reverse 2D linear interpolation...’

write(6,32)
format (1x, 'Reverse 2D linear interpolation...’$)
call timer start (context)
call rotate divide 2dlinear _sum(a,n,xy,m,theta)
call time elapsed(context)
call wrlte_lmage(xy,m)
endif
elseif(ix.eq.3) then
write(6,*) ‘1. Clipping Optimum nearest neighbour ’
read(5,*) nfn
if (nfn.eqg.l) then
Send message to user ’‘Clipping Optimum nearest neighbour...’

write (6,45)

format (1x,’Clipping Optimum nearest neighbour...’$)

call timer start (context)

call rotateno(a,n,theta)

call time elapsed(context)

call display image grey(a,n,icol,ipol)
call write image(a,n)
endif
elseif (ix.eqg.4) then
write(6,*) ’/ Multi neighbours Interpolation :’
write(6,*) ’/ 1. Forward Multi neighbours Interpolation’
write(6,*) 7 2. Reverse Multi neighbours Interpolation’
read(5,*) fr
if (fr.eq.l) then
write(6,*) ’1. Forward rectangle 12 neighbours '
write(6,*) ’2. Forward triangle 12 neighbors
write(6,*) ’3. Forward 2d linear 12 neighbours’
write(6,*) 4. Forward rectangle 16 neighbours ’
write(6,*) ’5. Forward triangle_ 16 neighbors
write(6,*) ’6. Forward 2dlinear 16 neighbours’
write(6,*) ’7. Forward triangle 16 neighbors(aother)’
read(5,*) nfn
if (nfn.eq.l) then
Send message to user ‘Farward rectangle 12 neigh. interpolation...’

write(6,33)
format (1x,’Forward rectangle 12 neigh. interpolation...’$)
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call timer start (context)
call rotate ~rectangle 12neigh_sum(a,n,xy,m,theta)
call time elapsed(conte t)
call wrlte_lmage(xy,m)
endif
if (nfn.eq.2) then
Send message to user ’Farward triangle 12 neigh. interpolation.

write (6, 34)
4 format (1x,’Forward triangle 12 neigh. interpolation...’S$)
call timer_start (context) :
call rotate triangle_l2neigh_ sum(a,n,xy,m,theta)
call time elapsed(context)
- call write image (xy,m)
endif
if (nfn.eq.3) then
Send message to user ’Farward linear 12 neigh. interpolation...’

write (6,134)
34 format (1x,’Forward linear 12 neigh. interpolation...’S$)

call timer start (context)
call rotate_linear_l2neigh_sum(a,n,xy,m,theta)
call time_elapsed(context)
call write_image (xy,m)

endif

if (nfn.eq.4) then

write (6, 35)
5 format (1lx,’Forward rectangle 16 neigh. interpolation...’$)
call timer_ start (context)
call rotate _rectangle_ l6neigh sum(a,n,xy,m,theta)
call time elapsed(context)
call wrlte_lmage(yy, )
endif
if (nfn.eq.5) then
Send message to user ’‘Farward triangle 16 neigh. interpolation...’

write (6, 36)
6 format (1x,’Forward triangle 16 neigh. interpolation...’$)
call timer_ start (context)
call rotate triangle_l6neigh sum(a,n,xy,m,theta)
call time elapsed(context)
call wrlte_lmage(xy, m)
endif
if (nfn.eq.6) then
Send message to user ‘Farward linear 16 neigh. interpolation..

write(6,135)

35 format (1x,’Forward linear 16 neigh. interpolation...’$)
call timer start (context)
call rotate linear l6ne1gh sum(a,n,xy,m,theta)
call time elapsed(context)
call wrlte_lmage(xy, )

endif

if (nfn.eq.7) then

 Send message to user ‘Farward triangle 16 neigh. interpolation..

write (6,37)

7 format (1x,’Forward triangle 16 neigh. (other) interpo...’$)
call timer start (context)
call rotate _triangle l6neigh_suml (a,n,xy,m,theta)
call time elapsed(context)
call wrlte_lmage(yy, )

endif

elseif (fr.eq.2) then
write(6,*) ’ Reverse Multi neighbours Interpolation :’
write(6,*) 1. Reverse rectangle 12neighbours '

Send message to user ’Farward rectangle 16 neigh. interpolation...’




write(6,*) ’2. Reverse triangle 12 neighbor '’
write(6,*) ‘3. Reverse 2d linear l12neighbours’
write(6,*) ’4. Reverse rectangle_ "~ léneighbours ’
write(6,*) ’5. Reverse triangle_ 16 neighbors’
write(6,*) ’6. Reverse 2dlinear ~_léneighbours’
write(6,*) ’7. Reverse trlangle 16 neighbor (another) /
write(6,*) ‘8. Quasi nearest_ rotation’
read (5,*) nfn
if (nfn.eq.l) then
Send message to user ’‘Reverse rectangle 12 neigh. interpolation.

write (6, 38)
8 format (1x%, ' Reverse rectangle 12 neigh. interpolation...’$)
call timer start (context)
call rotate divide rectangle12n sum(a,n, xy,m,theta)
call time elapsed(context)
call wrlte_lmage(xy, m)
endif
if (nfn.eq.2) then
Send message to user ’‘Reverse triangle 12 neigh. interpolation.

write(6,39)
9 format (1x,’Reverse triangle 12 neigh. interpolation...’$)
call timer start (context)
call rotate divide _trianglel2n sum(a,n,xy,m,theta)
call time elapsed(contex )
call wrlte_lmage(xy, m)
endif
if (nfn.eqg.3) then
Send message to user ’Reverse linear 12 neigh. interpolation..

write(6,139)
39 format (1%, 'Reverse linear 12 neigh. interpolation...’$)
call timer start (context)
call rotate divide linearl2n _sum(a,n,xy,m,theta)
call time elapsed(conteyt)
call wrlte_lmage(xy, m)
endif
if (nfn.eq.4) then
Send message to user ’Reverse rectangular 16 neigh. interpolation.

write (6,141)
41 format (1x, 'Reverse rectangular 16 neigh. interpolation...’$)
call timer start (context)
call rotate divide _rectanglelén_sum(a,n,xzy,m,theta)
call time elapsed(conteyt)
call wrlte_lmage(xy, )
endif
if (nfn.eq.5) then
Send message to user ’Reverse triangle 16 neigh. interpolation...’

write (6, 40)
0 format (1x,’Reverse triangle 16 neigh. interpolation...’$)
call timer start (context)
call rotate divide trianglel6n_sum(a,n,xy,m,theta)
call time elapsed(contezt)
call wrlte_lmage(xy, )
endif
if (nfn.eq.6) then
Send message to user ’‘Reverse linear 16 neigh. interpolation...’

write (6,140)
40 format (1x, 'Reverse linear 16 neigh. interpolation...’S$)
call timer start (context)
call rotate divide_linearlén_sum(a,n,zy,m,theta)
call time elapsed(context)
call write image (xy,m)
endif -




if (nfn.eq.7) then
Send message to user ’Reverse triangle 16 neigh. (oth) interpolation...

write (6,41)
1 format (1x,’Reverse triangle 16 neigh. (other) interpol...’S$)
call timer start (context)
call rotate divide _trianglelén_suml (a,n, Xy, m,theta)
call time elapsed(context)
call wrlte_lmage(xy,m)
endif
if (nfn.eq.8) then
Send message to user ’quasi nearest neig.rotation...’

write(6,97)
7 format(lx,’Quasi_nearest_rotation...’$)
call timer start (context)
call rotate nearest_quasi(a,n,xy,m,theta)
call time_elapsed(context)
call write image(xy,m)
endif -
else
endif
else
end if

call display_image_grey (xy,m,icol,ipol)
call compare_rotate_image (xy,m)

Ask user if another colour code is required.

write(6,104)

104 format (1x,’ Choose another colour code? <n>’$)
read (5, 990)answer
930 format (ab)

if((answer.eq.’yes’) .or. (answer.eq.’y’))goto 4

ask user if image filtering is required. :
write(6,*)’ filter the image <Y/N>?2’
read(5,1000) r

000 format (al)
if ((r.eq.’¥Y’) .or. (r.eq.’y’)) then
93 write (6, *) ’‘window size’

read (5, *) nw
do i=1l,nw

do j=1,nw
p(jli)=
enddo
enddo
open (unit=1,file="test.128’,status='new’)
1140 format (4 (1x,£14.4))
write(1,1140) ((a(j,1i),3=1,128),1i=1,128)
close (1)

open (unit=1,file=’'rotate.181’,status="new’)

1141 format (4(1x,£14.4))
write(1l,1141) ((xy(3j,1i),3=1,181),i=1,181)
close (1)

write(6,*) ‘1. Fir convolution filter image’

write(6,*) ’2. Moving average filter 1mage’

write(6,*) ’3. Median filter image’

write(6,*) "4. Threshold_fllter_lmage’

read (5, *)ty

if (ty.eqg.l) then

call timer_start(context)

call fir convolution filter image (xy,p,f,m,nw)

call time elapsed(contezt)

open (unit=1,file=’fir.181’,status=’'new’)

1142 format(4(1x,fl4 4))




wri

cl

call greset
call gclear

te(1,1142) ((£(j,1i),3=1,181),1i=1,181)
ose(l)

call display image_grey(f,m,icol,ipol)

call compar
endif

if (ty.eq.2
call tlmer_

.call moving .
call time e

e rotate_image(f,m)

) then

start (context)

average filter_ image (xy,m,fl,nw)
Tapsed (context)

open (unit=1,file= maf.l8l',status='new’)

1143 format(4(lx £14.4))
- write(1,1143) ((f1(j,1i),3=1,181),1i=1,181)
close (1)
call greset
call gclear
call display_image grey(fl,m,icol,ipol)
call compare_ “rotate _image (fl,m)
endif
if (ty.eqg.3) then
call timer_start(context)
call median filter 1mage(xy,m,fl,nw)
call time elapsed(context)
open (unit=1,file='mf.181’,status="new’)
1144 format(4(1x £14.4))
write(1l,1144) ((£f1(j,1i),3j=1,181),1i=1,181)
close (1)
call greset
call gclear
call display_image grey(fl,m,icol,ipol)
call compare rotate_ image (fl,m)
endif
if (ty.eqg.4) then
call timer start (context)
call threshold filter 1mage(xy,m,fl)
call time elapsed(conteyt)
call greset
call gclear
call display image grey(fl,m,icol,ipol)
call compare rotate_image(fl,m)
endif
else
endif
write (6, *)’Another filter <Y/N>?2/
read(5,992) «r
92 format (al)
if ((r.eq.’¥’) .or. (r.eq.’y’)) then
goto 993
else
endif

Ask user if anoth
write(6,*)’
read (5, 991)

91 format (al)
if ((r.eq.’
goto 100
else
endif

Ask user if anoth

write (6,100
001 format (1x,’

read(5,1002
002 format (a6)

if ( (answer.

Terminate uniras.

er rotation is required.
rotate again <Y/N>?2’
r

Y’) .or. (r.eqg.’y’)) then

er display is required.
1)

Display another? <n>’S$)
) answer

eq.’yes’).or. (answer.eq.’y’))goto 5




Write out response to user indicating next stage for producing
a hardcopy (in the case of option for generating a plotfile).

if(ic.eq.l)then
write (6, *)Your plot file is called 1lps40.plot’
endif

if(ic.eq.2)then
write (6, *)’Your plot file is called t4510.plot’
endif

call greset
call gclear
call gclose
stop
end




subroutine rotate_nearest(a,n,b,m,theta)
real a(256,256),b(256,256),w(256,256),xy(256,256)
KA A KA A A A AR A KA A AR KR ARKRKRKRAA KRR R AR AR AKRKRKAAR KA KRR R AR T A Ak kA hkhkkhkkkkAhkhkhkhkhkhkk
FUNCTION : This subroutine rotates an n X n array a

through an angle theta (given in degree)

anticlockwize placing the result at the

center of an array mxm b
PARAMETERS: a Input image of n X n size

b ~ Rotated image of m X m size
EXTERNAL SUBROUTINE :None

INTERNAL SUBROUTINE :None
Ak k kKKK A KKK KKK AR I AR A AR AR AR IR R KKK AR I AR AIR AKX K KRR kAR AR ARk Ak ok kkh*k

convert theta into radians

pi = 4. * atan(1.)
theta theta * (pi/180.)
costh cos (theta)
sinth sin (theta)

initial b
do i =
do j =
b(j,i)
w(j,1)
enddo
enddo

[
co3 3

compute new coordinates (xd,yd) of rotate array

n/2 + 1
m/2 + 1

nn
mm

(/]

start process

do j
do i

1l,n
1,n

generate 4-quadrant cartesian plan
y = float (j-nn)

i

X float (i-nn)
xd = x * costh - y * sinth
yd = x * sinth + y * costh

compute both real and integer coordinates of array b
associated with the above transformation for later use
kx = mm+ nint (xzd)
ky = mm+ nint (yd)
assign value of a at (j,1) to the nearest point cell
of array b in wich the transformed coordinates
lie.
b(ky,kx) = a(j,1)

enddo
enddo
return
end




subroutine rotate nearest_neig (a,n,b,m,theta)
real a(256,256),b(256,256),w(256,256)
integer xu,yu,xd,yd,dul,eul,du2,eu2,vu(256),hu(256),ku(256)
integer gu(256)
Function: This subroutine rotates an nXn array a through an angle theta
(given in degrees ) placing the result at the center of an mXm
array b.
Convert theta into radients.
pi=4.*atan(1l.)
theta=theta* (pi/180.)
initialize b
do i

b(j, i
w(j,1

enddo
Compute centers of array a and b
nn=n/2+1
mm=m/2+1
Compute the integer of horizontal and vertical displacement along the x and
y-axis which corresponds to n-pixel monement along the u-axis.
xu=nint (nn*cos (theta))
yu=nint (nn*sin(theta))
if (x#u.lt.0) then
ml=-1
else
ml=1
endif
if (yu.lt.0) then
nl=1
else
nl=-1
endif
Compute the rotation parameters
dul=2*abs (yu)
du2=2* (abs (yu) -nn)
eul=2*abs (xu)
eu2=2* (abs (xu) -nn)
vu(l)=2*abs (yu)-nn
hu(l)=2*abs (xu)-nn
ku(0)=0
gu(0)=0
do i=1,nn
if (hu(i).ge.0) then
hu(i+1)=hu(i)+eu2
gu(i)=gu(i-1)+1
if (vu(i).ge.0) then
vu(i+l)=vu(i)+du2
ku(i)=ku(i-1)+1

else
vau(i+1)=vu (i) +dul
ku(i)=ku(i-1)
endif

else
hu (i+1)=hu (i) +eul ‘
gu(i)=gu(i-1) ,
if (vu(i).ge.0) then
va (i+1l)=vu (i) +du2
ku(i)=ku(i~1)+1
else
vu (i+1l)=vu (i) +dul
ku(i)=ku(i-1)
endif

endif

enddo
Compute new coordinates (zd,yd) of rotated array and assign the value of a at
(i,3) to the appropriate cell of b which encloses these coordinates.




Generate 4-quadrant cartesian plane.
do i=1l,nn
ku (=i)=-ku (1)
gu(-i)=-gu(i)
enddo
Start process
do j=1,n
do i=1l,n
Employ coordinate transformation for rotation using the integer parameters.
yd=ml*gu (i-nn)-nl*ku(j-nn)
xd=ml*gu (j-nn)+nl*ku(i-nn) »
Compute the integer coordinates of array b associated with the above
transformation.
kx=mm+xd
ky=mm+yd
Assign value of a at (i,3j) to the nearest cell of array b in which the
transformed coordinates lie.
b (ky+1, kx-1)=a (i, j)
b (ky, kx-1)=a (i, j)
b (ky-1,kx-1)=a(i, ]j)
b (ky+1, kx)=a (i, j)
b(ky, kx)=a (i, j)
b (ky-1,kx)=a (i, j)
b(ky+1l,kx+l)=a(i, j)
b (ky, kx+l)=a (i, j)
b(ky-1,kx+1l)=a(i, j)

enddo
enddo
return
end




subroutine rotate nearest qua81(a n,b,m,theta)
real a(256,256),b(256,256),w(256,256)
***********************************************************************
FUNCTION : This subroutine rotates an n X n array a

through an angle theta (given in degree)

anticlockwize placing the result at the

center of an array mxm b
PARAMETERS: a _ Input image of n X n size

b ~ Rotated image of m X m size
EXTERNAL SUBROUTINE :None

INTERNAL SUBROUTINE :None
Y R R I T S R R S R R RS ST R L 2

convert theta into radians
pi = 4. * atan(l.)
theta = theta * (pi/180.)
tanth = tan(theta)

initial b

do i =1,m
do j =1,m
b(j,i) = 0.
w(j, i) = 0.
enddo
enddo

compute new coordinates (xd,yd) of rotate array

n/2 + 1
m/2 + 1

nn
mm

start process

do j
do i

]

l1,n
1,n

generate 4-quadrant cartesian plan

y = float(j-nn)
x = float(i-nn)
xd = x -y * tanth
yd = y + x * tanth

compute both real and integer coordinates of array b
associated with the above transformation for later use
kx mm+ nint (xd)
ky mm+ nint(yd)
assign value of a at (j,1) to the nearest point cell
of array b in wich the transformed coordinates
lie.

b(ky,kx) = a(j,1)

enddo
enddo
return
end




subroutine rotate_ lrp neig (a,n,b,m,theta)
real a(256,256),b(256,256),w(256,256)

integer xu,yu,xd,yd,dul,eul,du2,eul,vu(256),hu(256),ku(256)
integer gu(256)
Function: This subroutine rotates an nXn array a through an angle theta
(given in degrees ) placing the result at the center of an mXm

array b.

Convert theta into radients.
pi=4.*atan(1l.)
theta=theta* (pi/180.)

initialize b
do i=1
do j=1
“b(j,1)
w(3, i)
enddo
enddo

m
m
0
0

s~

Compute centers of array a and b

nn=n/2+1
mm=m/2+1

Compute the integer of horizontal and vertical displacement along the x and
y-axis which corresponds to n-pixel monement along the u-axis.

xu=nint (nn*cos (theta))

yu=nint (nn*sin (theta))

if (xu.lt.0) then

ml=-1
else
ml=1
endif

if (yu.lt.0) then

nl=1
else
nl=-1
endif

Compute the rotation parameters
dul=2*abs (yu)
du2=2* (abs (yu) -nn)
eul=2*abs (xu)
eu2=2* (abs (xu)-nn)
vu (1l)=2*abs (yu)-nn
hu(l)=2*abs (xu)-nn

ku(0)=0
gu(0)=0
do i=1,nn

if (hu(i).ge.0) then
hu(i+l)=hu(i)+eu2
gu(i)=gu(i-1)+1
if (vu(i).ge.0) then
vu (i+l)=vu(i)+du2
ku(i)=ku(i-1)+1
else
vu (i+l)=vu (i) +dul
ku(i)=ku(i-1)
endif
else
hu(i+l)=hu(i)+eul
gu(i)=gu(i-1)
if (vu(i).ge.0) then
vu(i+l)=vu(i)+du2
ku(i)=ku(i-1)+1
else
vu(i+1l)=vu(i)+dul
ku(i)=ku(i-1)
endif
endif
enddo

Compute new coordinates

(2d,yd) of rotated array and assign the value of a at

(1,3j) to the appropriate cell of b which encloses these coordinates.




' Generate 4-quadrant cartesian plane.
do i=1l,nn
ku(-i)=-ku(i)
gu(-i)=-gu(i)
enddo

Start process
do j=1,n
do i=1l,n

Employ coordinate transformation for rotation using the integer parameters.
yd=ml*gu (i-nn)-nl*ku(j-nn)
xd=ml*gu (j-nn)+nl*ku(i-nn)

Compute the integer coordinates of array b associated with the above

transformation.
kx=mm+xd
ky=mm+yd

Assign value of a at (i,j) to the nearest cell of array b in which the

transformed coordinates lie.
b(ky,kx-1)=a(i, j)
b (ky+1, kx)=a (i, j)

b (ky,kx)=a(i, J)

b (

b (

ky-1,kx)=a(i, Jj)
ky, kx+l)=a(i, Jj)

enddo
enddo
return
end




subroutine rotate 2rp(a,n,b,m,theta)

real a(256,256),b(256,256),w(256,256)

AAAKAAKRAKAKR AR AR AAARA A Ak AkAhkkhkkhhhkkhkhkhhkhkkdkhkkkhkhkhhkkihhhhkhhkkkhkkkkihkhkkkkkkk
FUNCTION : THIS SUBROUTINE ROTATES AN NXN ARRAY A

THROUGH AN ANGLE THETA (given in degree)

anticlockwize placing the result at the

center of an array mxm b
PARAMETERS: a _ Input image of n X n size

b _ Rotated image of m X m size
EXTERNAL SUBROUTINE :None

INTERNAL SUBROUTINE :None
kKK AR IR KA A IR KR AR K KRR KA AR A KRR K AR A R KRR KR IR R K IR KKK AR KA KA A KKK ARk kkkk kKK

convert theta into radians

pi = 4. * atan(l.)
theta theta * (pi/180.)
costh cos (theta)
sinth sin(theta)

initial b
do i =
do j =
b(j, 1)
w(j,1)
enddo
enddo

[
co3 3

compute new coordinates (xd,yd) of rotate array

nn =n/2 + 1

mm = m/2 + 1

Compensation of the center position for rotation.
zcomp=nn+nn* (sinth - costh)
ycomp=nn-nn* (sinth + costh)

start process

do j
do i

1,n
l,n

generate 4-quadrant cartesian plan

y = float(j-nn)
x = float (i~nn)
zd = x * costh - y * sinth
yd = x * sinth + y * costh

compute both real and integer coordinates of array b
associated with the above transformation for later use
kx mm+ nint (xd)
ky mm+ nint (yd)
assign value of a at (j,i) to 9-point cell
of array b in wich the transformed coordinates

lie.
b(ky,kx-1) = a(j,1) ’
b(ky+1l,kx) = a(j,1)
b(ky,kx) = a(3j,1)
b(ky-1,kx) = a(j,1) ‘
b (ky,kx+l) = a(j,i)
enddo
enddo
return

end




subroutine rotate 2rp neig (a,n,b,m,theta)
real a(256,256),b(256,256), w(256 256)
integer xu,yu,xd,yd,dul,eul,du2,eu2,vu(256),hu(256),ku(256)
integer gu(256)
Function: This subroutine rotates an nXn array a through an angle theta
(given in degrees ) placing the result at the center of an mXm
array b.
Convert theta into radients.
pi=4.*atan(l.)
theta=theta* (pi/180.)
initialize b
do i
do ]
b(]
w(]
enddo
enddo
Compute centers of array a and b
nn=n/2+1
mm=m/2+1
Compute the integer of horizontal and vertical displacement along the x and
y-axis which corresponds to n-pixel monement along the u-axis.
xu=nint (nn*cos (theta))
yu=nint (nn*sin (theta))
if (xu.lt.0) then
ml=-1
else
ml=1
endif
if (yu.lt.0) then
nl=1
else
nl=-1
endif
Compute the rotation parameters
dul=2*abs (yu)
du2=2* (abs (yu) -nn)
eul=2*abs (xu)
eu2=2* (abs {xu) -nn)
vu{(l)=2*abs (yu) -
hu(l)=2*abs (xu) -
ku (0)=0
gu (0)=0
do i=1,nn
if (hu( ).ge.0) then
hu(i+l)=hu(i)+eu2
gu(i)=gu(i-1)+1
if (vu(i).ge.0) then
vu(i+l)=vu(i)+du2
ku(i)=ku(i-1)+1
else
vu(i+l)=vu(i)+dul
ku(i)=ku(i-1)

s~

1,m
l,m
i)=0
1)=0

endif
else
hu (i+1) u(i)+eul
qu (i) gu<1 1)
if (vu( ) .ge.0) then
(1+l)=v (1) +du2
ku( y=ku (i-1)+1
else
vu(i+l)=vu(i)+dul
ku(i)=ku(i-1)
endif
endif
enddo

Compute new coordinates (xd,yd) of rotated array and assign the value of a at
(i,3j) to the appropriate cell of b which encloses these coordinates.




Generate 4-quadrant cartesian plane.
do i=1l,nn
ku(-i)==-ku(i)
gu(=i)=-gu(i)
enddo
Start process
do j=1,n
do i=1l,n
Employ coordinate transformation for rotation using the integer parameters.
yd=ml*gu (i-nn)-nl*ku(j-nn)
xd=ml*gu(j-nn)+nl*ku(i-nn) ,
Compute the integer coordinates of array b associated with the above
transformation.
~ kx=mm+xd
ky=mm+yd
Assign value of a at (i,j) to the nearest cell of array b in which the
transformed coordinates lie.
b(ky,kx-1)=a(i, j)
b (ky+1, kx)=a (i, J)
b (ky, kx)=a (i, j)
b (ky-1,kx)=a(i, Jj)
b (ky, kx+1l)=a(i, j)

enddo
enddo
return
end




subroutine rotate_four(a,n,b,m,theta)
real a(256,256),b(256,256),w(256,256)
A A A A A KARKEAA KRR KA RA AR AR A AR A AR Ak A Ak hkkkhkhkkhhkhkkhkhkhkhkhkhkhkhkhkhkkhkkhkhkhkkxkhkhkk
FUNCTION : THIS SUBROUTINE ROTATES AN NXN ARRAY A
THROUGH AN ANGLE THETA (given in degree)
anticlockwize placing the result at the
center of an array mxm b
PARAMETERS: a _ Input image of n X n size
b _ Rotated image of m X m size
EXTERNAL SUBROUTINE :None

INTERNAL SUBROUTINE :None
KAk AR AR A KRR AR A KRR KA KRR AR KR AR K KRR R KRR AR A A ARk ko k Ak Ak kkkkkkhkkkkhk kK *

convert theta 1into radians

pi = 4. * atan(l.)
theta theta * (pi/180.)
costh cos (theta)
sinth sin (theta)

o

initial b

compute new coordinates (xd,yd) of rotate array

nn = n/2 + 1

mm = m/2 + 1

Compensation of the center position for rotation.
xcomp=nn+nn* (sinth - costh)
ycomp=nn-nn* (sinth + costh)

start process

do j
do i

l,n
l,n

generate 4-quadrant cartesian plan

y = float (j-nn)
x = flcat (i-nn)
2d = x * costh - y * sinth
yd = x * sinth + y * costh

compute both real and integer coordinates of array b
associated with the above transformation for later use
kx = mm+ nint (xd)
ky = mm+ nint (yd)
assign value of a at (j,i) to 9-point cell
of array b in wich the transformed coordinates

lie.
b (ky,kx-1) = a(j, i)
b(ky+l,kx) = a(j,1)
b(ky,kx) = a(j,1i)
b (ky-1,kx) = a(j,1i)
b (ky, kx+1l) = a(j,1i)
enddo
enddo
return

end




subroutine rotate_ four modify (a,n,b,m,theta)
real a(256,256),b(256,256)
integer =xu,yu,xd,yd,dul,eul,du2,eu2,vu(256),hu(256),ku(256)
integer gu(256)
AA KKK KK AKA AR RKR A A AKRAAKRKRRRA KRR A AR RR AR A Ak Ak khkkkkkkkkhkhkhkhkkhhkhkhkhkkkhkhkhkkhkkhkkkk
Function: This subroutine rotates an nXn array a through an angle theta
(given in degrees ) placing the result at the center of an mXm
array b.
PARAMETERS: a _ Input 1mage of n X n size
b = Rotated image of m X m size
EXTERNAL SUBROUTINE. :None
INTERNAL SUBROUTINE :None
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Convert theta into radients.
pi=4.*atan(l.)
theta=theta* (pi/180.)
initialize b

do i

Compute centers of array a and b
nn=n/2+1
mm=m/2+1

Compute the integer of horizontal and vertical displacement along the x and

y-axis which corresponds to n-pixel monement along the u-axis.
xu=nint (n*cos (theta))
yu=nint (n*sin(theta))
Compute the rotation parameters
dul=abs (yu)
du2=abssyu) -n
eul=abs (xu)
eu2=abs (xu) -n
vu{l)=abs(yu)-nn
hu(l)=abs (xu)-nn
ku(0)=0
gu(0)=0
do i=1l,nn
if (hu(i).ge. O) then
hu(1+l)—hu( )+eu2
gu(i)=gu(i-1)+
if (va(i). ge.O) then
vu(i+l)=vu(i)+du2
ku(i)=ku(i-1)+1
else
u(i+l)=vu (i) +dul
ku(i)=ku(i-1)
endif
else
hu (i+1)=hu (i) +eul
gu(i)=gu(i-1)
if (vu( ) . ge O) then
u{i+l)=vu (i) +du2
ku(i)=ku(i—l)+1
else
u(i+l)=vu (i) +dul
ku(i)=ku(i~1)
endif
endif
enddo
Indicate the direction of the rotated axes
if (xu.lt.0) then
do i=1l,nn
gu(i)=-gu(i)
enddo
endif




if (yu.gt.0) then
do i=1,nn
ku(i)=-ku(i)
enddo
endif
Compute new coordinates (xd,yd) of rotated array and assign the value of a at
(i,3) to the 4 appropriate cells of b which encloses these coordinates.
Generate 4-quadrant cartesian plane.
do i=1,nn
ku(-i)=-ku(i)
gu(~i)=-gu(i)
enddo
Start process
do j=1,n
do i=1,n
Employ coordinate transformation for rotation using the integer parameters.
yd=gu (i-nn)-ku(j-nn)
xd=gu (j-nn) +ku (i-nn)
Compute the integer coordinates of array b associated with the above
transformation.
kx=mm+xd
ky=mm+yd
Assign value of a at (i,j) to the 4_ cells of array b in which the
transformed coordinates lie.
b (ky, kx-1)=a(i, j)
b (ky+l,kx)=a(i, j)
b (ky, kx)=a (i, ])
b (ky-1,kx)=a(i, j)
b{(ky,kx+1l)=a(i, j)

enddo
enddo
return
end




subroutine rotate four neig (a,n,b,m,theta)
real a(256,256),b(256,256),w(256,256)
’ integer xu,yu,xd,yd,dul,eul,du2,eu2,vu(256),hu(256),ku(256)
integer gu(256)
Function: This subroutine rotates an nXn array a through an angle theta
(given in degrees ) placing the result at the center of an mXm
array b.
Convert theta into radients.
pi=4.*atan(1l.)
theta=theta* (pi/180.)

initialize b
do i=1,m
do j=1,m
b(j,1)=0.
w(j,1)=0.
enddo
enddo
Compute centers of array a and b
nn=n/2+1
mm=m/2+1
Compute the integer of horizontal and vertical displacement along the x and
y-axis which corresponds to n-pixel monement along the u-axis.
xu=nint (nn*cos(theta))
yu=nint (nn*sin(theta))
if (xu.lt.0) then
ml=-1
else
ml=1
endif
if (yu.lt.0) then
nl=1
else
nl=-
endif
Compute the rotation parameters
dul=2*abs (yu)
du2=2* (abs (yu) -nn)
eul=2*abs (xu)
eu2=2* (abs (xu)-nn)
vu(l)=2*abs (yu) -
hu (1)=2*abs (xu) -nn
ku(0)=0
gu(0)=
do i=1,nn
if (hu(i).ge.0) then
hu(i+1) hu(1)+eu2
gu(i)=gu(i-1)+
if (vu( ). ge 0) then
u(i+1l)=vu (i) +du2
ku(i)=ku(i—1)+1
else
vu (i+1)=vu (i) +dul
ku(i)=ku(i-1)

endif
else
hu(1+l) (1)+eul
gu(i)= ( 1)
if (va(i).ge.0) then
vu(i+l)=vu(i)+du2
ku(i)=ku(i-1)+1
else
u(i+l)=vu(i)+dul
ku(i)=ku(i-1)
endif
endif
enddo

(i,j) to the appropriate cell of b which encloses these coordinates.

Compute new coordinates (xd,yd) of rotated array and assign the value of a at




Generate 4-quadrant cartesian plane.
do i=l,nn
ku(-i)=-ku(i)
gu(-i)=-gu(i)
enddo
Start process
do j 1,n
do i=1,n
Employ coordinate transformatlon for rotation using the 1nteger parameters.
yd=ml*gu (i-nn)-nl*ku(j-nn)
xd=ml*gu (j-nn)+nl*ku(i-nn)
Compute the integer coordinates of array b associated with the above
transformation.
kx=mm+xd
ky=mm+yd
Assign value of a at (i,j) to the nearest cell of array b in which the
transformed coordinates lie.
b(ky+l,kx~-1)=a(i, Jj)
b (ky,kx=-1)=a(i, j)
b(ky-1,kx-1)=a(i, j)
b (ky+1,kx)=a(i, J)
b (ky, kx)=a(i,])
b (ky-1,kx)=a(i, J)
b(ky+1l, kx+l)=a(i, j)
b(ky,kx+1l)=a(i, )
b(ky-1,kx+1l)=a(i, j)

enddo
enddo
return
end




subroutine rotate_eight(a,n,b,m,theta)
real a(256,256),b(256,256),w(256,256)
A AR KA AR IR AKR KK AR KA ARAKRKRAAA KA A AR AR A AR AR A RKA A AR A Ak hk kA hkhkkhkkdhkhkkhhkhkkkk
FUNCTION : THIS SUBROUTINE ROTATES AN NXN ARRAY A

THROUGH AN ANGLE THETA (given in degree)

anticlockwize placing the result at the

center of an array mxm b
PARAMETERS: a Input image of n X n size

b _ Rotated image of m X m size
EXTERNAL SUBROUTINE :None

INTERNAL SUBROUTINE :None
AP g g S LR T

convert theta into radians

pi = 4. * atan(l.)
theta theta * (pi/180.)
costh cos (theta)
sinth sin (theta)

initial b

compute new coordinates (xd,yd) of rotate array

n/2 + 1
m/2 + 1

nn
mm

]

start process

do j
do i

i,n
l1,n
generate 4-quadrant cartesian plan
y = float(j-nn)
x = float (i-nn)
xd = x * costh - y * sinth
yd = x * sinth + y * costh
compute both real and integer coordinates of array b
associated with the above transformation for later use
kx mm+ nint (xd)
ky mm+ nint (yd)
assign value of a at (j,i) to 9-point cell
of array b in wich the transformed coordinates
lie.

b (ky+1l,kx-1)

b(ky,kx-1) =

b(ky-1,kx-1)

b(ky+l,kx) =
b(ky,kx) = a(]

) =

1)

)

/\‘ —

b(ky-1,kx
b(ky+1l, kx+
b(ky, kx+1)
b(ky-1,kx+l
enddo
enddo-
return

end

e il po Il o




subroutine rotate_eight neig (a,n,b,m,theta)
real a(256,256),b(256,256),w(256,256)
integer xu,yu,xd,yd,dul,eul,du2,eu2,vu(256),hu(256),ku(256)
integer gu(256)
Function: This subroutine rotates an nXn array a through an angle theta
(given in degrees ) placing the result at the center of an mXm
array b.
Convert theta into radients.
pi=4.*atan(l.)
theta=theta* (pi/180.)
initialize b

enddo
Compute centers of array a and b
nn=n/2+1
mm=m/2+1
Compute the integer of horizontal and vertical displacement along the x and
y-axis which corresponds to n-pixel monement along the u-axis.
xu=nint (nn*cos (theta))
yu=nint (nn*sin(theta))
if (xu.lt.0) then
ml=-1
else
ml=1
endif
if (yu.lt.0) then
nl=1
else
nl=-1
endif
Compute the rotation parameters
dul=2*abs (yu)
du2=2* (abs (yu) -nn)
eul=2*abs (xu)
eu2=2* (abs (xu) -nn)
vu (l)y=2*abs(yu)-nn
hu (1)=2*abs (xu) -nn
ku (0)=0
gu(0)=0
do i=1l,nn
if (hu(i).ge.0) then
hu(i+l)=hu(i)+eu2
gu(i)=gu(i-1)+1
if (vu(i).ge.0) then
vu(i+1l)=vu (i) +du2
ku(i)=ku(i-1)+1
else
vu (i+1)=vu (i) +dul
ku(i)=ku(i-1)
endif
else
hu(i+l)=hu(i
gu(i)=qgu(i-1

+eul

— —

if (vu(i).ge.0) then
vu(i+l)=vu(i)+du2
ku(i)=ku(i-1)+1

else
vu (i+1l)=vu(i)+dul
ku(i)=ku(i-1)
endif

endif

enddo
Compute new coordinates (xd,yd) of rotated array and assign the value of a at
(i,3) to the appropriate cell of b which encloses these coordinates.
Generate 4-quadrant cartesian plane.




do i=1l,nn

ku(-1i)=-ku{(i)

‘ gu(-i)=-gu (i)
enddo

Start process

do j=1,n

do i=1l,n
Employ coordinate transformation for rotation using the integer parameters.

yd=ml*gu (i-nn)-nl*ku(j-nn)

xd=ml*gu (j-nn)+nl*ku(i-nn) _
Compute the integer coordinates of array b associated with the above
transformation.

kx=mm+xd

ky=mm+yd
Assign value of a at (Jj,i) to the nearest cell of array b in which the
transformed coordinates lie.

b (ky+1,kx-1)=a(i, Jj)

b(ky,kx-1)=a (i, Jj)

b(ky-l,kx-1)=a(i, ])

b(ky+1l,kx)=a(i,])

b (ky,kx)=a(i,])

b(ky-1,kx)=a (i, ])

b (ky+1l,kx+l)=a(i, Jj)

b (ky,kx+l)=a (i, j)

b(ky-1,kx+1)=a (i, J)

enddo
enddo
return
end




subroutine rotate three pass(a,n,b,m,theta)
real a(256,256),b(256,256),w(256,256)
‘FUNCTION : THIS SUBROUTINE ROTATES AN NXN ARRAY A
THROUGH AN ANGLE THETA (given in degree)
anticlockwize placing the result at the
center of an array mxm b

convert theta into radians

pi = 4. * atan(l.)

theta = theta * (pi/180.)

tanth = tan(theta/2.)

sinth = sin(theta)
initial b

doi=1,m

do j = 1,m

b(j,i) = 0.

w(j,i) = 0.

enddo

enddo

compute new coordinates (xd,yd) of rotate array

n/2 + 1
m/2 + 1

nn
mm

hu

start process

do j
do i

l,m
l,m
generate 4-quadrant cartesian plan

V% float (j-nn)
X float (i-nn)

First pass
xl=x-y*tanth
yl=y

Second pass

x2=x1

y2=xl*sinth+yl

Third pass

xd=x2-y2*tanth

yd=y2 ’

compute both real and integer coordinates of array b

associated with the above transformation for later use
ax =mm+ =x=d '
ay = mmt+ yd

assign value of a at (j,i) to 9-point cell

of array b in wich the transformed coordinates

lie.

kx=nint (ax)
ky=nint (ay)
b(ky,kx)=a(j,1)

enddo
enddo
return
end




subroutine rotate_rectangle_sum(a,n,b,m,theta)
real a(256,256),b(256,256),ss5(256,256) ,w(256,256)
FUNCTION : THIS SUBROUTINE ROTATES AN NXN ARRAY A
THROUGH AN ANGLE THETA (given in degree)
anticlockwize placing the result at the

center of an array mxm b
convert theta into radians

pi = 4. * atan(l.)
theta = theta * (pi/180.)
costh = cos(theta)
sinth = sin(theta)
Zero pad image a with anint((m-n+l)/2) storing the result in the array ss.
The function anint is used in the case of (m-n+l) is even
nw=m-n+1
ml=m+nw-1
iframe=anint (float (m-n)/2.)
initial ss
do i=1,ml
doj=1,ml
ss(j,1)=0.
enddo
enddo
do i=1l,n
do j=1,n
ss(j+iframe,i+iframe)=a(j, i)
enddo
enddo
initial b

compute new coordinates (xd,yd) of rotate array

nn m/2 + 1
mm = ml/2 + 1

Compensation of the center position for rotation.
xcomp=nn+nn* (sinth - costh)
ycomp=nn-nn* (sinth + costh)

start process

do j
do i

1,m
i,m

generate 4-quadrant cartesian plan
y = float(j-nn)
x = float{(i-nn)
xd X * costh + y * sinth
yd -x * sinth + y * costh

o

compute both real and integer coordinates of array b
associated with the above transformation for later use
ax =nn+ =d
ay = nnt yd
assign value of a at (j,i) to 9-point cell
of array b in wich the transformed coordinates
lie.
fx=(ax-aint (ax))
fy=(ay-aint (ay))
kx=aint (ax)
ky=aint (ay)
dl=(1l.-fx)*(1.-fy) *ss (ky, kx)




: d2=fx*fy* ss(ky+l,kx+1l)
\ d3=fy* (1.-£x) *ss (ky+1, kx)
dd=£fx* (1.-fy) *ss (ky, kx+l)

} b(j,1i)=d1+d2+d3+d4

enddo
enddo
return
end




subroutine rotate_triangle sum(a,n,b,m,theta)
real a(256,256),b(256,256),ss(256,256),w(256,256)
FUNCTION : THIS SUBROUTINE ROTATES AN NXN ARRAY 2
THROUGH AN ANGLE THETA (given in degree)
anticlockwize placing the result at the
center of an array mxm b

convert theta into radians

pi = 4. * atan(1l.)

theta = theta * (pi/180.)_
costh = cos(theta)
sinth = sin(theta)

Zero pad image a with anint((m-n+1)/2) storing the result in the array ss.

The function anint is used in the case of (m-n+l) is even
nw=m-n+1
ml=m+nw-1
iframe=anint (float (m-n)/2.)

initial ss
do i=1,ml
doj=1,ml
ss(j,1)=0.
enddo
enddo
do i=1l,n
do j=1,n
ss(j+iframe,i+iframe)=a(j, i)
enddo
enddo

initial b

do i
do j
b(j,1)
wi(j, 1)
enddo
enddo

o
il
co3d3d

compute new coordinates (xd,yd) of rotate array

nn = m/2 + 1
mm = ml/2 + 1

Compensation of the center position for rotation.
xcomp=nn+nn* (sinth - costh)
ycomp=nn-nn* (sinth + costh)

start process

do j
do i

generate 4-quadrant cartesian plan
y = float (j-nn)
x = float (i~nn)
xd = x * costh + y * sinth

d
d -x * sinth + y * costh

%

compute both real and integer coordinates of array b
associated with the above transformation for later use
ax =nn+ xd
ay = nn+ yd
assign value of a at (j,i) to 9-point cell
of array b in wich the transformed coordinates
lie.

fx=ax-aint (ax)
fy=ay-aint (ay)
kx=aint (ax)
ky=aint (ay)



dl=(1l.-fy) *ss(ky, kx)
d2=£fy* ss(ky+l,kx+1)
d3=(1.-fx) *ss (ky+1, kx)
d4=fx*ss (ky, kx+l)

b(j,1)=(dl+d2+d3+d4) *.5

enddo
enddo
return
end




subroutine rotate_divide_ rectangle_sum(a,n,b,m,theta)
| real a(256,256),b(256,256),w(256,256)

FUNCTION : THIS SUBROUTINE ROTATES AN NXN ARRAY A

THROUGH AN ANGLE THETA (given in degree)
anticlockwize placing the result at the

center of an array mxm b

convert theta into radians

pi = 4. * atan(1l.)
theta theta * (pi/180.)
costh cos (theta)
sinth sin(theta)

initial b
do i
do j
b(j,1)
w(j,1)
enddo
enddo

i
[ Il
~ ~
co3 3

compute new coordinates (xd,yd) of rotate array

nn = n/2 + 1
mm = m/2 + 1

Compensation of the center position for rotation.
xcomp=nn+nn* (sinth - costh)
ycomp=nn-nn* (sinth + costh)

start process

do j
do i

l,m
l,m
generate 4-quadrant cartesian plan
y = float (j-nn)
x = float (i=-nn)
xd = x * costh - y * sinth
yd = % * sinth + y * costh
compute both real and integer coordinates of array b
associated with the above transformation for later use
ax =mm+ xd
ay = mm+ yd
assign value of a at (3j,i) to 9-point cell
of array b in wich the transformed coordinates
lie.

fx=(ax-aint (ax))
fy=(ay-aint (ay))

kx=aint (ax)

ky=aint (ay)
dl=(1l.-fx)*(l.-fy)*a(j,1)
d2=fy*(1.-fx)*a(j, 1)
d3=fx*(1.-fy)*a(j,1i)
dd=fx*fy*a(j,1)

b (ky,kx)=b (ky, kx) +dl

b (ky+1,kx)=b(ky+1, kx)+d2

b (ky, kx+1)=b (ky, kx+1)+d3
b(ky+1l,kx+1)=b(ky+l,kx+l)+d4

enddo
enddo
return
end




subroutine rotate_divide_triangle_sum(a,n,b,m,theta)
real a(256,256),b(256,256),w(256,256)

FUNCTION : THIS SUBROUTINE ROTATES AN NXN ARRAY A

THROUGH AN ANGLE THETA (given in degree)
anticlockwize placing the result at the

center of an array mxm b

convert theta into radians

pi = 4. * atan(l.)
theta theta * (pi/180.)
costh cos (theta)
sinth sin(theta)

initial b

compute new coordinates (xd,yd) of rotate array

nn n/2 + 1
mm = m/2 + 1

Compensation of the center position for rotation.
xcomp=nn+nn* (sinth - costh)
ycomp=nn-nn* (sinth + costh)

start process

do j
do i

l,m
l,m

generate 4-quadrant cartesian plan

y = float (j-nn)

x = float (i-nn)

xd = x * costh - y * sinth
yd = x * sinth + y * costh

compute both real and integer coordinates of array b
associated with the above transformation for later use
ax =mm+ =xzd
ay = mm+ yd
assign value of a at (j,i) to 9-point cell
of array b in wich the transformed coordinates
lie.
fx=.5*%(ax-aint (ax))
fy=.5* (ay-aint (ay))
kx=aint (ax)
ky=aint (ay)
dl=(.5-fy)*a(j, 1)
d2=(.5-fx)*a(j, 1)
d3=fx*a(j,1i)
d4=fy*a(j,1i)

b(ky, kxz)=b (ky, kx)+dl

b (ky+1l,kx)=b(ky+1, kx)+d2
b(ky,kxz+1)=b(ky, kx+1l)+d3
b(ky+1l,kx+1l)=b (ky+1,kx+1l)+d4

enddo
enddo
return
end




subroutine rotate_2dlinear sum(a,n,b,m,theta)
real a(256,256),b(256,256),ss(256,256),w(256,256)
FUNCTION : THIS SUBROUTINE ROTATES AN NXN ARRAY A
THROUGH AN ANGLE THETA (given in degree)
anticlockwize placing the result at the
center of an array mxm b .

convert theta into radians

pi = 4. * atan(l.)
theta = theta * (pi/180.)
costh = cos (theta)
sinth = sin(theta)
Zero pad image a with anint((m-n+l)/2) storing the result in the array ss.
The function anint is used in the case of (m-n+l) is even
nw=m-n+1
ml=m+nw-1
iframe=anint (float (m-n)/2.)
initial ss
do i=1l,ml
doj=1,ml
ss(j,1i)=0.
enddo
enddo
do i=l,n
do j=1,n
ss(j+iframe,it+iframe)=a(j, i)
enddo
enddo
initial b
do i =
do j =
b(j,1)
w(j,1i)
enddo
enddo

,m
;M
0

e

0.

compute new coordinates (xd,yd) of rotate array

nn = m/2 + 1

mm = ml/2 + 1

Compensation of the center position for rotation.
xcomp=nn+nn* (sinth - costh)
ycomp=nn-nn* (sinth + costh)

start process

do j
do i

l,m
l,m

generate 4-quadrant cartesian plan

y = float (j-nn)
x = float (i-nn)
xd = x * costh + y * sinth
yd = -x * sinth + y * costh

compute both real and integer coordinates of array b

associated with the above transformation for later use
ax =nn+ zd
ay = nn+ yd

assign value of a at (j,i) to 9-point cell

of array b in wich the transformed coordinates

lie.

kx=aint (ax)
ky=aint (ay)
zml=sqgrt ((ky-ay) **2.+ (kx-ax)**2.)
xmé=sqrt ((ky+l.-ay) **2.+ (kx+1l.-ax)**2.)
zm2=sqrt ((ky+l.-ay) **2.+ (kx-ax) **2.)




xm3=sqrt ((ky-ay) **2.+ (kx+1.-ax) **2.)
dl=xmd4*ss (ky, kx)
d2=xml* ss(ky+l,kxz+l)
d3=xm3*ss (ky+1, kx)
d4=xm2*ss (ky, kx+1)

b(j,1i)=d1+d2+d3+d4

enddo
enddo
return
end




subroutine rotate_divide 2dlinear sum(a,n,b,m,theta)
real a(256,256),b(256,256),w(256,256)

FUNCTION : THIS SUBROUTINE ROTATES AN NXN ARRAY A

| THROUGH AN ANGLE THETA (given in degree)
anticlockwize placing the result at the

center of an array mxm b

convert theta into radians

pi = 4. * atan(l.)

theta = theta * (pi/180.)

costh = cos(theta)

sinth = sin(theta)
initial b

do i =1,m

do j=1,m

b(j,i) = 0.

w(j,1) =0.

enddo

enddo

sgrt2=sqrt (2.)
compute new coordinates (xd,yd) of rotate array

nn = n/2 + 1
mm = m/2 + 1

Compensation of the center position for rotation.
xcomp=nn+nn* (sinth - costh)
ycomp=nn-nn* (sinth + costh)

start process

do j
do i

= 1,m
= 1,m
generate 4-quadrant cartesian plan
y = float (j-nn)
X float (i-nn)
xd = X * costh - y * sinth
yd = x * sinth + y * costh

i

compute both real and integer coordinates of array b
associated with the above transformation for later use
ax =mm+ xd
A ay = mm+ yd
assign value of a at (j,i) to 9-point cell
of array b in wich the transformed coordinates
lie.

kx=aint (ax)

ky=aint (ay)

xml=sqrt ( (ky-ay) **2.+ (kx-ax) **2.)
xmé=sqrt ((ky+l.-ay) **2.+ (kx+1l.-ax) **2.)
zm2=sqgrt ( (ky+l.-ay) **2.+ (kx-ax) **2.)

zm3=sqgrt ((ky-ay) **2.+ (kx+1l.-ax) **2.)
dli=xmd4*a(j, i)
d2=xm3*a (j, i)
d3=xm2*a (j, 1)
d4=xml*a (3, 1i)

b (ky, kx)=b (ky, kx) +dl

b (ky+1,kx)=b(ky+1, kx)+d2

b (ky,kx+1l)=b(ky, kx+l) +d3

b (ky+1,kx+l)=b (ky+1,kx+1l)+d4

enddo
enddo
return
end




subroutine rotate rectangle 12neigh sum(a,n,b,m,theta)
real a(256,256),b(256,256),ss(256,256), w(256 256)
FUNCTION : THIS SUBROUTINE ROTATES AN NXN ARRAY A

THROUGH AN ANGLE THETA (given in degree)
anticlockwize placing the result at the

center of an array mxm b

convert theta into radians

pi = 4. * atan(l.)

theta = theta * (pi/180.)
costh = cos(theta)
sinth = sin(theta)

Zero pad image a with anint((m=-n+l)/2) storing the result in the array ss.
The function anint is used in the case of (m-n+l) is even
nw=m-n+1
ml=m+nw=-1
iframe=anint (float (m-n)/2.)
initial ss '
do i=1l,ml
doj=1,ml
s(j,1)=0.
enddo
enddo
do i=1,n
do j=1,n
ss(j+iframe,i+iframe)=a(j, 1)
enddo
enddo
initial b
do i =
do j =
b(j,1)
w(j,1)
enddo
enddo

e
A ]
ooz 3

compute new coordinates (xd,yd) of rotate array

nn m/2 + 1
mm ml/2 + 1

Compensation of the center position for rotation.
xcomp=nn+nn* (sinth - costh)
ycomp=nn-nn* (sinth + costh)

start process

do j
do i

l,m
l,m

generate 4-quadrant cartesian plan

y = float (j-nn)
x = float (i-nn)
xd = x * costh + y * sinth
yd = -x * sinth + y * costh

compute both real and integer coordinates of array b
associated with the above transformation for later use
ax =nn+ xd :
ay = nn+ yd
assign value of a at (j,1i) to 9-point cell
of array b in wich the transformed coordinates
lie.
fx=(ax-aint (ax))
fy=(ay-aint (ay))
kx=aint (ax)
ky=aint (ay)
dl=(l.+fy)*(1.-£fx)/7




d2=(2.-fx)* (1.-fy) /7.
d3=(2.-fy)*fx/7.
da=fy* (1. +£x) /7.
ds5=(1l.-fy)*(1.-£fx) /7.
d6=(1.-fy)*£fx/7.
d7=£fy*£fx/7.

d8=fy* (1.-fx)/7.
do9=fy* (2.-£fx)/7.
dl0=(2.-fy)*(1.-£fx) /7.
dll=(1.+£fx)*(1.-£fy)/7.
dl2=(1l.+fy)*fx/7.

el=dl*ss (ky+1l, kx)
e2=d2* ss(ky,k=x)
e3=d3*ss (ky, kx+1)
ed=d4*ss (ky+1,kx+1)
e5=d5*ss (ky-1,kx)
e6=d6* ss(ky,kx+2)
e7=d7*ss (ky+2,kx+1)
e8=d8*ss (ky+1l,kx-1)
e9=d9%*ss (ky+2, kx)
el0=d10* ss(ky,kx-1)
ell=dll*ss (ky-1,kx+1)
el2=dl2*ss (ky+1l,kx+2)

b(j,1i)=el+e2+e3+ed+e5+ebt+te7+e8+e9+ell+ell+el?

enddo
enddo
return
end




subroutine rotate_rectangle_lé6neigh sum(a,n,b,m, theta)
real a(256,256),b(256,256),ss(256,256) ,w(256,256)
FUNCTION : THIS SUBROUTINE ROTATES AN NXN ARRAY A
THROUGH AN ANGLE THETA (given in degree)
anticlockwize placing the result at the
center of an array mxm b

convert theta into radians

pi = 4. * atan(l.)
theta = theta * (pi/180.)
costh = cos(theta)
sinth = sin(theta)
Zero pad image a with anint((m-n+l)/2) storing the result in the array ss.
The function anint is used in the case of (m-n+l) is even
nw=m-n+1
ml=m+nw-1
iframe=anint (float (m-n)/2.)
initial ss
do i=1l,ml
doj=1,ml
ss(j,1i)=0.
enddo
enddo
do i=1,n
do j=1,n
ss(j+iframe,it+iframe)=a(j,1i)
enddo
enddo
initial b

compute new coordinates (xd,yd) of rotate array

nn m/2 + 1
mm = ml/2 + 1
Compensation of the center position for rotation. |

I}

xcomp=nn+nn* (sinth - costh)
ycomp=nn-nn* (sinth + costh)

start process ’
l1,m :
i,m '
generate 4-quadrant cartesian plan

vy float (j-nn)

X float (i-nn)

xd = % * costh + y * sinth
yd = -x * sinth + y * costh

do j
do i

(1]

n

compute both real and integer coordinates of array b
assoclated with the above transformation for later use
ax =nn+ xd
ay = nn+ yd
assign value of a at (j,i) to 9-point cell
of array b in wich the transformed coordinates
lie.
fx=(ax~aint (ax))
fy=(ay-aint (ay))
kx=aint (ax)
ky=aint (ay)
dl=(1l.+fy)*(2.-fx)/16.




d2=(2.-fx)*(2.-fy)/16.
d3=(2.-fy)*(1.+£fx)/16.
d4=(1.+fy)*(1l.+£fx)/16.
ds=(1l.-fy)*(1l.-£fx)/16.

dé=fx* (1.-fy)/16.
d7=fy*£fx/16.
d8=fy*(1.-£fx)/16.
d9=fy* (2.-£fx)/16.
dl0=(2.-fy)*(1l.-£fx)/16.
dll=(1.+fx)*(1l.-fy)/16.
dl2=(1.+fy)*fx/16.
dl3=(1.-£fx)*(1.+£fy)/16.
dl4=(2.-fx)*(1.-fy)/16.
dl5=fx* (2.-fy)/16.
dlé=(1.+fx)*fy/16.

el=dl*ss (ky+1l,kx)
e2=d2* ss(ky,kx)
e3=d3*ss (ky, kx+1)
ed4=d4*ss (ky+1,kx+l)
e5=d5*ss (ky-1,kx-1)
e6=d6* ss(ky-1,kx+2)
e7=d7*ss (ky+2,kx+2)
e8=d8*ss (ky+2,kx-1)
e9=d9*ss (ky+1l,kx-1)
e10=d10* ss(ky-1,kx)
ell=dll*ss (ky, kx+2)
el2=dl2*ss(ky+2,kx+1l)
el3=d13*ss(ky+2, kx)
eld=dl4*ss (ky, kx-1)
el5=dl5*ss (ky-1,kx+1)
el6=dl6*ss (ky+1l, kx+2)

b(j,i)=el+e2+e3+ed+eb+tebteT7+e8+e9+ell+ell+el2+el3+eld+eldS+elb

enddo
enddo
return
end




subroutine rotate_triangle 1l2neigh sum(a,n,b,m,theta)
real a(256,256),b(256,256),ss(256,256),w(256,256)
‘FUNCTION : THIS SUBROUTINE ROTATES AN NXN ARRAY A

THROUGH AN ANGLE THETA (given in degree)
anticlockwize placing the result at the
center of an array mxm b

convert theta into radians

pi = 4. * atan(l.)

theta = theta * (pi/180.)
costh = cos(theta)
sinth = sin(theta)

Zero pad image a with anint ((m-n+l)/2) storing the result in the array ss.
The function anint is used in the case of (m-n+l) is even
nw=m-n+1
ml=m+nw-1
iframe=anint (float (m~n)/2.)
initial ss
do i=1,ml
doj=1,ml
ss(j,1)=0.
enddo
enddo
do i=1l,n
do j=1,n
ss (j+iframe,it+iframe)=a(j, i)
enddo
enddo
initial b
do i

compute new coordinates (xd,yd) of rotate array

nn = m/2 + 1
mm = ml/2 + 1

Compensation of the center position for rotation.
xcomp=nn+nn* (sinth - costh)
ycomp=nn-nn* (sinth + costh)

start process

do j

= 1,m
doi=1,m

generate 4-quadrant cartesian plan

y = float (j-nn)
x = float (i-nn)
%d = ¥ * costh + y * sinth
yd = -x * sinth + y * costh

compute both real and integer coordinates of array b
associated with the above transformation for later use
ax =nn+ xd
ay = nn+ yd
assign value of a at (j,1) to 9-point cell
of array b in wich the transformed coordinates
lie.

fx=(ax~aint (ax))
fy=(ay-aint (ay))
kx=aint (ax)
ky=aint (ay)
dl=.1%*(2.-fy)




d2=.1*(1.+£fx)
d3=.1%(1.+£fy)
dé4=.1*(2.-£f=xn)
ds=.1*(1.-£fx)
d6=.1%(1.-fy)
d7=.1*fx

d8=.1*fy

el=dl*ss (ky, kx)
e2=d2* ss(ky,kx+1)
e3=d3*ss (ky+1, kx+1)
ed=d4*ss (ky+1l,kx)
e5=d5*ss (ky+2, kx)
eb6=d6* ss(ky,kx-1)
e7=d7*ss (ky-1,kx+1)
e8=d8*ss (ky+1, kx+2)
e9=d6*ss (ky, kxt+2)
el0=d7* ss(ky+2,kx+1)
ell=d8*ss (ky+1,kx-1)
el2=d5*ss (ky-1, kx)

b(j,i)=el+e2+e3+ed+eS5+eb+e7+eB8+e%+ell+tell+el2

enddo
enddo
return
end




subroutine rotate triangle_léneigh sum(a,n,b,m,theta)
real a(256,256),b(256,256),ss(256,256) ,w(256,256)
FUNCTION : THIS SUBROUTINE ROTATES AN NXN ARRAY A
THROUGH AN ANGLE THETA (given in degree)
anticlockwize placing the result at the
center of an array mxm b

convert theta into radians

pi = 4. * atan(l.)

theta = theta * (pi/180.)
costh = cos(theta)
sinth = sin(theta)

Zero pad image a with anint((m-n+l1)/2) storing the result in the array ss.
The function anint is used in the case of (m-n+l) is even
nw=m-n+1
ml=m+nw=1
iframe=anint (float (m-n)/2.)
initial ss
do i=1l,ml
doj=1,ml
ss(j,1)=0.
enddo
enddo
do i=1l,n
do j=1,n
ss(j+iframe,i+iframe)=a(j, i)
enddo
enddo
initial b

compute new coordinates (xd,yd) of rotate érray

nn m/2 + 1
mm = ml/2 + 1

Compensation of the center position for rotation.
xcomp=nn+nn* (sinth - costh)
ycomp=nn-nn* (sinth + costh)

start process

do j
do i

l,m
l,m

generate 4-quadrant cartesian plan

y = float (j-nn)
x = float (i-nn)
xd = x * costh + y * sinth
yd = -x * sinth + y * costh

compute both real and integer coordinates of array b
associated with the above transformation for later use
ax =nn+ xd
ay = nn+ yd
assign value of a at (j,1) to 9-point cell
of array b in wich the transformed coordinates
lie.
fx=(ax-aint (ax))
fy=(ay-aint(ay))
kx=aint (ax)
ky=aint (ay)
dl=.05*(2.-fy)




d2=.05% (1.+£x)
d3=.05% (1.+fy)
d4=.05% (2. -£x)
dl13=.05*fy

dl4=.05% (1.-fx)
d15=.05% (1.-fy)
dl6=.05*fx

el=dl*ss (ky, kx)
e2=d2*ss (ky, kx+1)
e3=d3*ss (ky+1, kx+l)
ed=d4*ss (ky+1, kx)
e5=dl*ss (ky-1, kx)
e6=d2* ss(ky,kx+2)
e7=d3*ss (ky+2, kx+1)
e8=d4*ss (ky+l, kx-1)
e9=dl*ss (ky-1, kx+1)

el0=d2* ss(ky+l,kx+2)

ell=d3*ss (ky+2, kx)
el2=d4*ss (ky,kx-1)

el3=d13*ss(ky+t2,kx+2)
eld=dl4*ss (ky+2,kx-1)
e15=d1l5* ss(ky-1,kx-1)
el6=dl6*ss (ky-1,kx+2)

b(j,i)=el+e2+e3+ed+e5+eb+e7+e8+e9+ell+tell+tel2+el3+eld+el5+el6

enddo
enddo
return
end




subroutine rotate_triangle léneigh suml(a,n,b,m,theta)
real a(256,256),b(256,256),ss(256,256) ,w(256,256)

FUNCTION : THIS SUBROUTINE ROTATES AN NXN ARRAY A
THROUGH AN ANGLE THETA (given in degree)
anticlockwize placing the result at the

center of an array mxm b
convert theta into radians

pi = 4. * atan(l.)

theta = theta * (pi/180.)
costh = cos(theta)
sinth = sin(theta)

Zero pad image a with anint ((m-n+l)/2) storing the result in the array ss.

The function anint is used in the case of
nw=m-n+1
ml=m+nw-1
iframe=anint (float (m-n)/2.)

initial ss
do i=1,ml
doj=1,ml
ss(j,1)=0.
enddo
enddo
do i=1l,n
do j=1,n
ss(j+iframe,i+iframe)=a(j, i)
enddo
enddo
initial b

do i =
do j =
b(j, 1)
w(3, 1)
enddo
enddo

non ‘l—"l—‘
o33

(m=-n+l1l) is even

compute new coordinates (xd,yd) of rotate array

nn =m/2 + 1
mm = ml/2 + 1

Compensation of the center position for rotation.

xcomp=nn+nn* (sinth - costh)
ycomp=nn-nn* (sinth + costh)

start process

do j
do i

([}

l,m
l,m

generate 4-quadrant cartesian plan
y = float (j~-nn)
x = float (i-nn)
= x * costh + y * sinth
= -x * sinth + y * costh

xd
d

I

compute both real and integer coordinates of array b
associated with the above transformation for later use

ax =nn+ xd
ay = nn+ yd
assign value of a at (j,i) to 9-point cell

of array b in wich the transformed coordinates

lie.
fx=(ax~-aint (ax))
fy=(ay-aint (ay))
kx=aint (ax)
ky=aint (ay)
dl=(1.-fx)/32.




d2=(1.
d3=fx/
d4=fy/
ds=(2.
de= (1.
d7=(2.
d8= (1.

el=dl=*
e2=d2*
e3=d3*
ed=d4*
eb5=d5*
eb=d6*
eT7=d7*
e8=d8*

-fy)/32.
32.
32.
-fy)/32.
+fy) /32.
-fx)/32.
+fx)/32.

ss (ky+2,kx-1)
ss (ky-1,kx-1)
ss(ky-1,kx+2)
ss (ky+2,kx+2)
ss (ky-1,kx)
ss (ky+2,kx+1)

ss (ky+1,kx-1)
ss (ky, kx+2)

e9=3.*d3*ss (ky~-1,kx+1)

el0=3.
ell=3.
el2=3.
el3=3.
eld=3,
el5=3,
el6=3.

b(j,1i)=el+e2+e3+ed+e5+ebte7+e8+e9+ell+ell+el2+el3+eld+eld+elb

enddo
enddo
return
end

*d2* ss(ky,kx-1)
*d4*ss (ky+l,kx+2)
*dl*ss (ky+2, kx)
*d8*ss (ky, kx+1)
*d6*ss (ky+l,kx+1)
*d7* ss(ky+l,kx)
*d5*ss (ky, kx)




subroutine rotate divide rectanglelZn_sum(a,n,b,m,theta)
real a(256,256),b(256,256) ,w(256,256)

FUNCTION : THIS SUBROUTINE ROTATES AN NXN ARRAY A
THROUGH AN ANGLE THETA (given in degree)
anticlockwize placing the result at the
center of an array mxm b

convert theta into radians

pi = 4. * atan(l.)

theta = theta * (pi/180.)

costh = cos{(theta)

sinth = sin(theta)
initial ss

w(j,1)=0.
enddo
enddo

compute new coordinates (xd,yd) of rotate array

nn =n/2 +1

mm = m/2 + 1

Compensation of the center position for rotation.
xcomp=nn+nn* (sinth - costh)
ycomp=nn-nn* (sinth + costh)

start process

do j
do i

1,m
l,m

generate 4-quadrant cartesian plan

y = float (j-nn)

2 = float (i-nn)
xd = x * costh - y * sinth
yd = x * sinth + y * costh

compute both real and integer coordinates of array b
associated with the above transformation for later use
ax =mm+ xd
ay = mmt+ yd
assign value of a at (j,i) to 9-point cell
of array b in wich the transformed coordinates
lie.
fx=(ax-aint (ax))
fy=(ay-aint (ay))
kx=aint (ax)
ky=aint (ay)
dl=(1.+fy)*(1.-£fx) /7.
d2=(2.-fx)*(1.-£fy) /7.
d3=(2.-fy)*fx/7.
d4=Ffy* (1.+£x)/7.
dS5=(l.-fy)*(1.-£fx)/7.
dé=(1.-fy)*fx/7.
d7=fy*fx/7.
d8=fy* (1.-fx)/7.
d9=fy* (2.-£x)/7.
dl0=(2.-fy)*(1.-£fx) /7.
dll=(1l.+fx)*(1.-fy)/7.
dl2=(1l.+fy) *fx/7.

el=dl*a(j,1)
e2=d2*a(j,1i)
e3=d3*a(j, i)




ed=d4*a(j,1)
e5=dl*a(j, 1)
e6=d2* a(j,1i)
e7=d3*a(j,1)

e8=d4*a(j,1)
e9=dl*a(j, 1)
el0=d2* a(j,1i)
ell=d3*a(j,1i)
el2=d4*a(j,1i)
el3=dl13*a(j,1)
eld=dl4*a(j,1i)
el5=d1l5* a(j,1i)
elé=dle*a(]j,1i)

b (ky, kx)=b (ky, kx) +e2

b (ky,kx+1l)=b (ky, kx+l) +e3
b(ky+1l,kx+1l)=b (ky+1l,kx+1)+e4d
b(ky+1l,kx)=b(ky+1l, kx)+el
b(ky-1,kx)=b(ky-1,kx)+eb

b (ky,kx+2)=b (ky, kx+2) te6
b(ky+2,kx+1l)=b (ky+2, kx+1l)+e7
b(ky+1l,kx-1)=b (ky+1l,kx-1)+e8
b(ky-1,kx+1l)=b(ky-1,kx+1l)+ell
b(ky+1l,kx+2)=b (ky+1l,kx+2)+el2
b(ky+2,kx)=b(ky+2,kx)+e9

b (ky,kx-1)=b(ky,kx-1)+el0

enddo
enddo
return
end




subroutine rotate divide rectanglelén_sum(a,n,b,m,theta)
‘ real a(256,256),b(256,256),w(256,256)

FUNCTION : THIS SUBROUTINE ROTATES AN NXN ARRAY A
THROUGH AN ANGLE THETA (given in degree)
anticlockwize placing the result at the
center of an array mxm b

convert theta into radians

pi = 4. * atan(l.)

theta = theta * (pi/180.)

costh = cos(theta)

sinth = sin(theta)
initial ss

w(j,1)=0.
enddo
enddo

compute new coordinates (xd,yd) of rotate array

nn = n/2 + 1

mm = m/2 + 1

Compensation of the center position for rotation.
xcomp=nn+nn* (sinth - costh)
ycomp=nn-nn* (sinth + costh)

start process

1,m
l,m

Q.

(o]

’_l
]

generate 4-quadrant cartesian plan
y = float (j-nn)
x = float (i-nn)
xd = x * costh - y * sinth
yd = x * sinth + y * costh
compute both real and integer coordinates of array b
associated with the above transformation for later use
ax =mm+ xd
ay = mm+ yd
assign value of a at (j,i) to 9-point cell
of array b in wich the transformed coordinates
lie.
fx=(ax-aint (ax))
fy=(ay-aint (ay))
kx=aint (ax)
ky=aint (ay)
dl=(l.+fy)*(2.-fx)/16.
d2=(2.-fx)*(2.-fy)/16.
d3=(2.-fy)*(1.+£fx)/16.
d4=(1.+£fy)*(1l.+£fx)/16.
ds=(l.-fy)*(1.~-£fx)/16.
dé=(1l.-fy)*fx/16.
d7=fy*fx/16.
d8=fy* (1.-fx)/16.
do=fy* (2.-fx)/16.
dl0=(2.-fy)*(1.-fx)/16.
dll=(1.+fx)*(1.-fy)/16.
di2=(1.+fy)*fx/16.
dl3=(1l.+fy)*(1.-fx)/16.
dl4=(1l.-fy)*(2.-fx)/16.
dl5=fx* (2.-fy)/16.
dlé=fy*(l.+£fx)/16.

]




el=dl*a(j,1)
e2=d2*a(j, 1)
e3=d3*a(j, 1)
ed4=d4*a(j,1)
e5=d5*a(j, i)
eb6=d6* a(j,1i)
e7=d7*a(j, 1)
e8=d8*a(j,1)
e9=d9%*a(j, 1)
el0=d10* a(j,1i)
ell=dll*a(j, 1)
el2=dl2*a(j,1)
el3=dl3*a(j, 1)
eld4=dl4*a(j, 1)
el5=d15* a(j,1i)
elé=dlé6*a(j, 1)

b(ky+1l,kx)=b(ky+1l, kx)+el

b (ky, kx)=b (ky, kx) +e2

b(ky, kx+1)=b (ky, kx+1l) +e3
b(ky+1l,kx+1)=b(ky+1,kx+1) +ed
b(ky-1,kx-1)=b(ky-1,kx~1)+e5
b(ky-1,kx+2)=b(ky-1,kx+2)+eb
b(ky+2,kx+2)=b(ky+2, kx+2) +e7
b(ky+2,kx-1)=b(ky+2,kx-1) +e8
b(ky+1l,kx~-1)=b(ky+1l,kx-1)+e9
(ky-1,kx)=b(ky-1,kx)+el0
(ky, kx+2)=b (ky, kx+2) +ell
(ky+2,kx+1)=b(ky+2,kx+1l)+el2
(ky+2,kx)=b(ky+2,kx)+el3
(ky, kx-1)=b (ky,kx-1)+eld
(ky-1,kx+1l)=b(ky=-1,kx+1l)+elb
(ky+1,kx+2)=b(ky+l,kx+2)+el6

ocoooouoyuo

enddo
enddo
return
end




subroutine rotate divide trianglel2n_sum(a,n,b,m,theta)
real a(256,256),b(256,256),w(256,256)

FUNCTION : THIS SUBROUTINE ROTATES AN NXN ARRAY A
THROUGH AN ANGLE THETA (given in degree)
anticlockwize placing the result at the
center of an array mxm b

convert theta into radians

pi = 4. * atan(l.)

theta = theta * (pi/180.)

costh = cos(theta)

sinth = sin(theta)
initial ss

b(3,1)=0.
w(j,1)=0.
enddo
enddo

compute new coordinates (xd,yd) of rotate array

nn = n/2 + 1

mm = m/2 + 1

Compensation of the center position for rotation.
xcomp=nn+nn* (sinth - costh)
ycomp=nn-nn* (sinth + costh)

start process

do j
do i

1,m
l,m

generate 4-quadrant cartesian plan
y = float (j-nn)
x = float (i-nn)
xd x * costh - y * sinth
yd X * sinth + y * costh

o

compute both real and integer coordinates of array b
associated with the above transformation for later use
ax =mm+ xd
ay = mm+ yd
assign value of a at (j,i) to 9-point cell
of array b in wich the transformed coordinates
lie.
fx=(ax-aint (ax)
fy=(ay-aint (ay)
kxz=aint (ax)
ky=aint (ay)
dl=.1*(2.-fy)
d2=.1*(1.+£x)
d3=.1*(1.+£fy)
dd=.1*(2.~fx)
)
)

)
)

d5=.1% (1.-fx
d6=.1% (1.-fy
d7=.1%fx
d8=.1*fy

el=dl*a(j,1)
e2=d2*a(j,1i)
e3=d3*a(j,1i)
ed=d4*a (j,1)
e5=d5*a (j,1)
e6=d6* a(j,1i)
e7=d7*a(j, 1)

R




e8=d8*a(j,1)
e%9=d6*a(j, 1)
el0=d7* a(j, i)
ell=d8*a(j,1)
el2=d5*a(j, 1)

b (ky, kx)=b (ky, kx) +el

b (ky, kx+1)=b (ky, kx+1)+e2
b(ky+1l,kx+1l)=b (ky+1l,kx+l)+e3
b (ky+1l,kx)=b(ky+1l,kx) +ed
b(ky+t2,kx)=b (kyt+2, kx) +e5

b (ky,kx-1)=b (ky,kx-1) +teb
b(ky-1,kxz+1l)=b(ky-1,kx+1l) +e7
b (ky+1l,kx+2)=b (ky+1l,kx+2) +e8
b (ky,kx+2)=b (ky,kx+2) +e9

b (ky+2,kx+1)=b (ky+2,kx+1)+el0
b(ky+1l,kx-1)=b(ky+1l,kx-1)+ell
b (ky-1,kx)=b(ky-1,kx)+el2

enddo
enddo
return
end




subroutine rotate_divide_trianglelén_ sum(a,n,b,m,theta)
real a(256,256),b(256,256),w(256,256)

FUNCTION : THIS SUBROUTINE ROTATES AN NXN ARRAY A
THROUGH AN ANGLE THETA (given in degree)
anticlockwize placing the result at the
center of an array mxm b

convert theta into radians

pi = 4. * atan(l.)

theta = theta * (pi/180.)

costh = cos(theta)

sinth = sin(theta)
initial ss

w(j,1)=0.
enddo
enddo

compute new coordinates (xd,yd) of rotate array

nn = n/2 + 1
mm = m/2 + 1

Compensation of the center position for rotation.
xcomp=nn+nn* (sinth - costh)
ycomp=nn-nn* (sinth + costh)

start process

do j
do i

l,m
1,m

generate 4-quadrant cartesian plan
y = float (j-nn)
bid float (i=-nn)
xd x * costh - y * sinth
yd % * sinth + y * costh

[

compute both real and integer coordinates of array b
associated with the above transformation for later use
ax =mm+ xd
ay = mm+ yd
assign value of a at (j,i) to 9-point cell
of array b in wich the transformed coordinates
lie.
fx=(ax-aint (ax)
fy=(ay-aint (ay)
kx=aint (ax)
ky=aint (ay)
dl=.05*(2.-fy)
d2=.05%(1.+fx)
d3=.05*(1.+£fy)
d4=.05*(2.-£fx)
d13=.05*fy
dl4=.05*(1.-fx)
dl5=.05*(1.-fy)
dle=.05*fx

)
)

el=dl*a(j,1i)
e2=d2*a(j, 1)
e3=d3*a(j, i)
ed=d4*a(j, 1)
eS5=dl*a(j,1)
e6=d2* a(j,1)
e7=d3*a(j,1i)




e8=d4*a(j,1)
e9=dl*a(j,1)
el0=d2* a(j, 1)
ell=d3*a(j, 1)

el2=d4*a(j,1i)

el3=dl3*a(j, 1)
eld=dlé4*a(j, i)
el5=d15* a(j,1i)
el6=dl6*a(j, 1)

ky,kx)=b(ky,kx)+el

b (
b (ky,kx+1)=b (ky, kx+1) +e2
b (ky+1, kx+1)=b (ky+1,kx+1)+e3
b(ky+l,kx)=b(ky+1l,kx)+ed
b (ky-1,kx)=b(ky-1,kx) +e5
b(ky,kx+2)—b(ky,kx+2)+e6
b(ky+2,kx+1)=b(ky+2,kx+l)+e7
b (ky+1l,kx-1)=b(ky+l, kx~-1)+e8
b (ky-1,kx+1)=b(ky-1,kx+1l)+e9
b (ky+1,kx+2)=b(ky+1l,kx+2)+el0
b (ky+2,kx)=b (ky+2, kx) +ell
b (ky,kx-1)=b (ky, kx-1)+el2
b (ky+2,kx+2)=b(ky+2,kx+2) +el3
b (ky+2,kx-1)=b(ky+2, kx~ 1)+e14
b (ky-1,kx-1)=b(ky-1,kx-1)+el5
b(ky-1,kx+2)=b(ky-1,kx+2)+elb6
enddo
enddo
return

end




subroutine rotate divide trianglelén suml(a,n,b,m,theta)

‘ real a(256,256),b(256,256),w(256,256)

FUNCTION : THIS SUBROUTINE ROTATES AN NXN ARRAY A
THROUGH AN ANGLE THETA (given in degree)
anticlockwize placing the result at the
center of an array mxm b

convert theta into radians

pi = 4. * atan(l.)

theta = theta * (pi/180.)

costh = cos(theta)

sinth = sin(theta)
initial ss

w(j,1i)=0.
enddo
enddo

compute new coordinates (xd,yd) of rotate array

nn = n/2 +1

mm = m/2 + 1

Compensation of the center position for rotation.
xcomp=nn+nn* (sinth - costh)
ycomp=nn-nn* (sinth + costh)

start process

do j
do i

l,m
l,m

generate 4-quadrant cartesian plan
y = float (j-nn)
x = float (i-nn)
xd X * costh - y * sinth
yd X * sginth + y * costh

o

compute both real and integer coordinates of array b
associated with the above transformation for later use
ax =mm+ xzd
ay = mm+ yd
assign value of a at (j,i) to 9-point cell
of array b in wich the transformed coordinates
lie.
fx=(ax—-aint (ax))
fy=(ay-aint (ay))
kx=aint (ax)
ky=aint (ay)
dl=(1.-fx)/32.
d2=(1.-fy)/32.

d3=fx/32.

d4=fy/32.

d5=(2.-£y)/32.

d6=(1.+£y)/32.

d7=(2.-fx)/32. i
d8=(1.+fx)/32. !

el=dl*a(j,1i)
e2=d2*a(3j,1)
e3=d3*a (j,1)
ed=d4*a(j,1)
e5=d5*a(j,1)
e6=d6* a(j,1i)
e7=d7*a (j, 1)




e8=d8*a(j,1i)
e9=3.*d3*a(j,1)
el0=3.*d2* a(j,1i)
ell=3.*d4*a(j,1i)
el2=3.*dl*a(j,1i)
el3=3.*d8*a(j,1i)
el4=3.*d6*a(j,1i)
el5=3.*d7* a(j,1i)
el6=3.*d5*%a(]j,1)

ky,kx)=b(ky,kx)+el6

DoUoooooooboboobooouo

b(
(ky, kx+1)=b (ky, kx+1)+el3
(ky+1,kx+1)=b (ky+1l,kx+l)+eld
(ky+1,kx)=b(ky+1l, kx)+el5
(ky-1,kx)=b(ky-1,kx)+eb
(ky,kx+2)~b(ky,kx+2)+e8
(ky+2,kx+1l)=b (ky+2,kx+1) +eb
(ky+1, kx-1)=b (ky+1, kx-1) +e7
(ky-1,kx+1)=b (ky-1,kx+1)+e9
(ky+1,kx+2)=b (ky+1,kx+2) +tell
(ky+2, kx)=b (ky+2,kx)+el2
(ky, kx-1)=b (ky, kx-1)+el0
(ky+2,kx+2)=b (ky+2,kx+2) +e4
(ky+2,kx-1)=b (ky+2,kx-1) +el
(ky-1,kx-1)=b(ky-1,kx-1)+e2
(ky-1,kx+2)=b(ky-1,kx+2)+e3

enddo

enddo

return

end




subroutine rotate linear 12neigh sum(a,n,b,m,theta)
real a(256,256),b(256,256),ss(256,256) ,w(256,256)
FUNCTION : THIS SUBROUTINE ROTATES AN NXN ARRAY A
THROUGH AN ANGLE THETA (given in degree)
anticlockwize placing the result at the
center of an array mxm b

convert theta into radians

pi = 4. * atan(l.)

theta = theta * (pi/180.)
costh = cos(theta)
sinth = sin(theta)

Zero pad image a with anint((m-n+l)/2) storing the result in the array ss.
The function anint is used in the case of (m-n+l) is even
nw=m-n+1
ml=m+nw-1
iframe=anint (float (m-n)/2.)
initial ss
do i=1,ml
doj=1,ml
ss(j,1i)=0.
enddo
enddo
do i=1l,n
do j=1,n
ss(j+iframe,it+iframe)=a(j, 1)
enddo
enddo
initial b

compute new coordinates (xd,yd) of rotate array

nn = m/2 + 1
mm = ml/2 + 1

Compensation of the center position for rotation.
xcomp=nn+nn* (sinth - costh)
ycomp=nn-nn* (sinth + costh)

start process

do j
do i

l,m
l,m
generate 4-quadrant cartesian plan
y = float (j-nn)
x = float (i-nn)
xd X * costh + y * sinth
yd -%x * sinth + y * costh

o

compute both real and integer coordinates of array b
associated with the above transformation for later use
ax =nn+ xd
ay = nn+ yd
assign value of a at (j,i) to 9-point cell
of array b in wich the transformed coordinates
lie. ‘
fx=(ax—-aint (ax))
fy=(ay-aint (ay))
kx=aint (ax)
ky=aint (ay)
dl=sqrt ( ((ay-float (ky-1)) **2.+ (ax-float (kx+1))**2.)/5.)




d2=sqrt ( ( (ay-float (ky+1l))**2.+ (ax-float (kx+2)) **2.)/5.)
d3=sqrt ( ( (ay-£float (ky+2)) **2.+ (ax-float (kx))**2.)/5.)
d4=sqgrt ( ( (ay~float (ky)) **2.+ (ax-float (kx-1))**2.)/5.)

dS=sqrt (

(ay-float(ky+l))**2.+(ax-float(kx+1))**2.)/5.)
(ay—float(ky+1))**2.+(ax-float(kx))**2.)/5.)
(ay-float (ky) ) **2.+ (ax-float (kx))**2.)/5.)

(ay-float (ky)) **2.+ (ax-float (kx+1l))**2.)/5.)
(ay-float(ky))**2.+(ax—float(kx+2))**2.)/5.)
((ay—float(ky+2))**2.+(ax-float(kx+1))**2.)/
((ay-float (ky+1))**2.+ (ax-float (kx-1))**2.)/
(

(
(
(
(
(
E
(((ay-float (ky-1))**2.+ (ax~-float (kx))**2.) /5.

(
(
(
(
t 5.)
t 5.)
t )

~el=dl*ss(ky-1,kx+1)
e2=d2* ss(ky+l,kx+2)
e3=d3*ss (ky+2,kx)
ed=d4*ss (ky, kx-1)
e5=d5*ss (ky+1,kx+1)
e6=d6* ss(ky+l,kx)
e7=d7*ss (ky, kx)
e8=d8*ss (ky, kx+1)
e9=d9*ss (ky, kx+2)
el0=d10* ss(ky+2,kx+1)
ell=dll*ss (ky+l,kx-1)
el2=d1l2*ss (ky-1, kx)

b(j,1i)=el+e2+e3+ed+eS5+eb+eT+e8+e9+ell+elltel?

enddo
enddo
return
end




subroutine rotate_linear léneigh sum(a,n,b,m,theta)
real a(256,256),b(256,256),ss(256,256) ,w(256,256)
FUNCTION : THIS SUBROUTINE ROTATES AN NXN ARRAY A
THROUGH AN ANGLE THETA (given in degree)
anticlockwize placing the result at the
center of an array mxm b

convert theta into radians

pi = 4. * atan(l.)

theta = theta * (pi/180.)
costh = cos(theta)
sinth = sin(theta)

Zero pad image a with anint((m-n+1l)/2) storing the result in the array ss.

The function anint is used in the case of (m-n+l) is even

nw=m-n+1
ml=m+nw-1
iframe=anint (float (m-n)/2.)

initial ss
do i=1,ml
doj=1,ml
ss(j,1)=0.
enddo
enddo
do i=1l,n
do j=1,n
ss(j+iframe,i+iframe)=a(j,1i)
enddo
enddo

initial b

compute new coordinates (xd,yd) of rotate array

nn m/2 + 1
mm = ml/2 + 1

Compensation of the center position for rotation.
xcomp=nn+nn* (sinth - costh)
ycomp=nn-nn* (sinth + costh)

start process

do j

1l,m
do i 1l,m

generate 4-quadrant cartesian plan

y = float (j-nn)

x = float (i-nn)

xd = x * costh + y * sinth
yd = -x * sinth + y * costh

compute both real and integer coordinates of array b
associated with the above transformation for later use
ax =nn+ xd
ay = nn+ yd
assign value of a at (j,i) to 9-point cell
of array b in wich the transformed coordinates
lie.
fx=(ax-aint (ax
fy=(ay-aint (ay
kx=aint (ax)
ky=aint (ay)
dl=sqgrt (((ay-float (ky+2))**2.+ (ax-float (kx+2) ) **2.)/9.)

))
))




d2=sqrt ( ( (ay-float (ky+2)) **2.+ (ax-float (kx=1)) **2.)
d3=sqrt (( (ay-float (ky-1))**2.+(ax-float (kx-1)) **2.)
d4=sqrt ( ((ay-float (ky-1)) **2.+(ax~-float (kx+2)) **2.)
d5=sqrt ( ( (ay-float (ky+2))**2.+ (ax-float (kx+1)) **2.)
dé=sqrt ( ( (ay-float (ky+2))**2.+ (ax-float (kx))**2.) /9.
d7=sqrt ( ( (ay-float (ky-1)) **2.+ (ax-float (kx) ) **2.) /9.
d8=sqrt(((ay-float(ky-l))**2.+(ax—float(kx+l))**2.)/
d9=sqrt(((ay—float(ky+1))**2.+(ax—float(kx+2))**2.)/
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dl0=sqrt (( (ay-float (ky+1l)) **2.+ (ax-float (kx~1)) **2.) 9 )
dll=sqrt (( (ay-float (ky)) **2.+ (ax~-float (kx~1))**2.)/9.)
dl2=sqrt ( ( (ay-float (ky)) **2.+ (ax-float (kx+2))**2.)/9.)
di13=sqrt ( ((ay-float (ky+1))**2.+(ax-float (kx+1))**2.)/9.)
dl4=sqrt (((ay-float (ky+1l))**2.+(ax-float (kx))**2.)/9.)
dl5=sgrt (( (ay-float (ky) ) **2.+ (ax-float (kx))**2. )/9.)
dl6=sqrt(((ay—float(ky))**2 + (ax- float(ky+1))**2 Y/9.)

el=dl*ss (ky+2,kx+2)
e2=d2* ss(ky+2,kx-1)
e3=d3*ss (ky-1,kx-1)
e4=d4*ss (ky-1, kx+2)
e5=d5*ss (ky+2, kx+1)
e6=d6* ss(ky+2,kx)
e7=d7*ss (ky-1, kx)
e8=d8*ss (ky-1,kx+1)
e9=d9%*ss (ky+1,kx+2)
el0=d10* ss(kyt+l,kx-1)
ell=dll*ss(ky,kx-1)
el2=d12*ss (ky, kx+2)
el3=dl3*ss (ky+1l, kx+1)
eld=dlil4* ss(kyt+l,kx)
el5=d1l5*ss (ky, kx)
el6=d1l6*ss (ky, kx+l)

b(j,i)=el+e2+e3+ed+eS5+eb+eT7+eB8+e9+ell+ell+el2+el3+eld+elS+elt

enddo
enddo
return
end




subroutine rotate divide linearl2n_sum(a,n,b,m,theta)
real a(256,256),b(256,256),ss(256,256),w(256,256)
FUNCTION : THIS SUBROUTINE ROTATES AN NXN ARRAY A
THROUGH AN ANGLE THETA (given in degree)
anticlockwize placing the result at the
center of an array mxm b

convert theta into radians

pi = 4. * atan(l.)

theta = theta * (pi/180.)

costh = cos(theta)

sinth = sin{(theta)
initial ss

do i=1l,m

doj=1,m

b(jli)=0‘

w(j,1)=0.

enddo

enddo
compute new coordinates (xd,yd) of rotate array

nn = n/2 + 1

mm = m/2 + 1

Compensation of the center position for rotation.
xcomp=nn+nn* (sinth - costh)
ycomp=nn-nn* (sinth + costh)

start process

do j
do i

l,m
1

s

generate 4-quadrant cartesian plan

y = float (j-nn)
x = float (i-nn)
xd = x * costh - y * sinth
yd = x * sinth + y * costh

compute both real and integer coordinates of array b
associated with the above transformation for later use
ax =mm+ xd
ay mm+ yd
assign value of a at (j,i) to 9-point cell
of array b in wich the transformed coordinates

lie.
fx=(ax~aint (ax))
fy=(ay-aint (ay))
kx=aint (ax)
ky=aint (ay)

dl=sqrt ( ( (ay~-float (ky-1)) **2.+ (ax-float (kx+1)) **2.)/5.)
d2=sqrt (( (ay-float (ky+1)) **2.+ (ax-float (kx+2))**2.)/5.)
d3=sqrt ( ((ay-float (ky+2)) **2.+ (ax-float (kx)) **2.)/5.)
d4=sqrt ( ((ay~-float (ky)) **2.+ (ax-float (kx-1))**2.)/5.)
dS=sqrt ( ((ay-float (ky+1l)) **2.+ (ax-float (kx+1l))**2.)/5.)
dé=sqgrt (((ay-float (ky+1l) ) **2 .+ (ax-float (kx))**2.)/5.)
d7=sqrt (((ay-float (ky)) **2.+ (ax-float (kx))**2.)/5.)
d8=sqrt (((ay~-float (ky)) **2.+ (ax-float (kx+1))**2.)/5.)
d9=sqrt ( ( (ay-float (ky) ) **2.+ (ax-float (kz+2))**2.)/5.)
dl10=sqrt ( ((ay-float (ky+2) ) **2 .+ (ax-float (kx+1l)) **2.)/5.)
dll=sqgrt (( (ay-float (ky+1))**2.+ (ax~float (kx-1))**2.)/5.)
dl2=sqgrt (((ay-float (ky-1))**2.+ (ax-float (kx))**2.)/5.)

el=dl*a(j, 1)

e2=d2*a(j, 1)

e3=d3*a(j,')

ed=d4*a(j,1)

e5=d5*a(j,1)




e6=d6* a(j,1i)
e7=d7*a (j,1i)
e8=d8*a(j,1i)
e9=d9%*a(j,1)
el0=d10* a(j,1i)
ell=dli*a(j, i)
el2=dll*a(j,1i)

b (ky-1,kx+1)=b(ky-1, kx+1l) +el
b (ky+1l,kx+2)=b (ky+l, kx+2)+e2
b (ky+2,kx)=b (ky+2, kx) +e3
b(ky,kx-1)=b (ky,kx~1) +ed
b(ky+1l,kx+1)=b (ky+1l,kx+l)+e5
b (ky+1,kx)=b(ky+l,kx)+eb

b (ky, kx)=b(ky, kx) +e7

b (ky, kx+1l)=b (ky, kx+1l) +e8

b (ky, kx+2)=b (ky, kx+2) +e?9

b (ky+2,kx+1)=b (ky+2,kx+1) +el0
b(ky+1,kx-1)=b (ky+1l,kx-1)+ell
b (ky-1,kx)=b(ky-1,kx)+el2

enddo
enddo
return
end




subroutine rotate_divide linearlé6n_sum(a,n,b,m,theta)
real a(256,256),b(256,256),ss(256,256) ,w(256,256)
FUNCTION : THIS SUBROUTINE ROTATES AN NXN ARRAY A

THROUGH AN ANGLE THETA (given in degree)
anticlockwize placing the result at the

center of an array mxm b

convert theta into radians

pi = 4. * atan(l.)
theta theta * (pi/180.)
costh cos (theta)
sinth sin(theta)

initial ss

do i=1,m
doj=1,m

b(j,1)=0.
w(j,1i)=0.
enddo

enddo

compute new coordinates (xd,yd) of rotate array

nn = n/2 +1
mm = m/2 + 1

Compensation of the center position for rotation.
xcomp=nn+nn* (sinth - costh)
ycomp=nn-nn* (sinth + costh)

start process

do j
do i

l,m
l,m

generate 4-quadrant cartesian plan

y = float (j-nn)

x float (i-nn)
xd = x * costh - y * sinth
yd = x * sinth + y * costh

compute both real and integer coordinates of array b
associated with the above transformation for later use
ax =mm+ xzd
ay = mm+ yd
assign value of a at (j,i) to 9-point cell
of array b in wich the transformed coordinates
lie.
fx=(ax-aint (ax))
fy=(ay-aint (ay))
kx=aint (ax)
ky=aint (ay)
dl=sqgrt (( (ay-£float (ky+2)
d2=sqgrt ( ( (ay-float (ky+2)

) **2 .+ (ax-float (kx+2))**2.) /9.
y**2 .+ (ax-float (kx=-1)) **2. )/9.
d3=sqrt (((ay-float (ky-1)) **2.+ (ax-float (kx-1))**2.) /9.
dd=sqrt ( ( (ay-float (ky-1)) **2.+ (ax-float (kx+2) ) **2, y/9.
dS=sqrt (( (ay-float (ky+2)) **2 .+ (ax-float (kx+1) ) **2.
)
)
)
)
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)/9.
dé=sqrt (( (ay—-float (ky+2)) **2. +(ax float (kx))**2.)/9.)
d7=sqrt ( ((ay-float (ky-1))**2.+ (ax-float (kx)) **2. y/9.)
d8=sqrt ( ((ay-float (ky-1))**2.+(ax-float (kx+1l))**2.)/9.)
d9=sqrt ( ((ay-float (ky+1l))**2.+ (ax-float (kx+2) )**2. y/9.)
dl0=sqrt ( ((ay-float (ky+1l))**2.+ (ax-float (kx-1)) **2. y/9.)
dll=sqgrt (((ay-float (ky)) **2.+ (ax-float (kx-1)) **2. y/9.)
dl2=sqrt (( (ay-float (ky)) **2.+ (ax-float (kx+2))**2.)/9.)
dl3=sqrt ( ((ay-float (ky+1))**2.+ (ax~float (kx+1)) **2. y/9.)
dld4=sqrt ( ((ay-float (ky+1))**2.+ (ax-float (kx) ) **2. Yy/9.)
dl5=sqrt ( ((ay-float (ky)) **2.+ (ax-float (kx)) **2. y/9.)
dl6=sgrt ( ((ay-float (ky)) **2.+ (ax-float (kx+1l))**2.)/9.)

el=dl*a(j,1i)




e2=d2*a(j,1i)
e3=d3*a(j,1)
ed=d4*a(j, 1)
eb5=d5*a (jl i)
e6=d6* a(j,i)

e7=d7*a(j, 1)

e8=d8*a(j,1)

e9=d9%*a (j,1i)

el0=d10* a(j,1i)
ell=dll*a(j, 1)
el2=dll*a(j, 1)
el3=dl3*a(j, 1)
el4=d14* a(j,1i)
el5=dl5*a(j, 1)
elé=dl6*a(j,1i)

b (ky+2,kx+2)=b (ky+2,kx+2) +el
b (ky+2,kx-1)=b (ky+2, kx-1) +e2
b(ky-1,kx-1)=b(ky-1,kx-1)+e3
b (ky-1,kx+2)=b (ky-1,kx+2) +ed
b (ky+2,kx+1)=b (ky+2, kx+1) +ed
b (ky+2,kx)=b (kyt2,kx) +eb

b (ky-1,kx)=b(ky-1, kx)+e7

b (ky-1,kx+1)=b(ky-1,kx+1l)+e8
b (ky+1,kx+2)=b (ky+1l, kx+2)+e9
b (ky+1,kx-1)=b (ky+l, kx-1)+el0
b (ky,kx-1)=b (ky,kx-1)+ell

b (ky, kx+2)=b (ky, kx+2) +el2

b (ky+1l,kx+1l)=b (ky+1l, kx+1)+el3
b (ky+1,kx)=b (ky+1, kx)+eld

b (ky, kx)=b (ky, kx)+el5

b (ky, kx+1)=b (ky, kx+1l) +elb

enddo
enddo
return
end




subroutine moving average filter image(x,n,fl,msize)
real x(256,256),f1(256,256),xy(256,256),a(256,256)
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FUNCTION: Returns a digital image, filtered using the
neighbourhood averaging method.

AUTHOR: J M Blackledge
PARAMETERS

Input: x - digital image
n - array size
msize - size of mask or window over which neighbourhood
of pixels is selected.

Output: fl - filtered image
EXTERNAL SUBROUTINES: None

INTERNAL SUBROUTINES: average

R E T TR ELT S ELTESEI LRSS LRSS SEESSESSESEESSSEESELE L EEEE LSS EEEEREEE eSS s S S

Declare internal workspace.

real y(256,256)
real al(256,256)

First, frame the image x with an array of zeros
anint ((msize-1)/2 pixels wide. The framed image
is stored in the m x m array y.

Note: function anint is used in case msize is even;
msize = 2,4,6...

m=n+msize-1
!initialise

iframe=anint ( (float (msize)=1.)/2.)

do i=1,n

do j=1,n

y(j+iframe,it+iframe)=x(j,1)

enddo

enddo '

Start the process.

do i=1,n 4
do j=1,n

Find the msize x msize neighbourhood of pixels at centre (j,1i)
and store the result in the array a.

do k=1,msize

do kk=1,msize
al(kk,k)=y (j-1+kk,i-1+k)
enddo

enddo

Compute the average value of a.




| call average(al,av,msize)

Store the average value of the neighbourhood in f1(j,1i)
f1(j,1)=av

repeat the process , i.e., move on to the next centre (j,1i).

enddo
enddo

return
end

**********************************************************************

subroutine average(al,av,msize)
real al (256,256)

FUNCTION: Computes the average value av of a 2D array a
size msize x msize.

Sum pixels in array a.
sum=0.
do i=1,msize
do j=1,msize
sum=sum+al (j, i)
enddo
enddo

Compute the average value.

mask=msize*msize
av=sum/float (mask)

return
end




- subroutine fir_convolution_filter_image (s,p,£,n,nw)
real s(256,256),p(256,256),£(256,256),xy(256,256)
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function: Computes the fir(convolution) filter (local weighted average) of
a digital images s, i.e. computes the discrete convolution of s
with p.
Parameters:
Input: s - digital image
p - fir filter or ’kernel’
n - array size of image
nw -~ array size of kernel (must be <=n})
Output: f - filtered image
external subroutine :none
internal subroutine :convolve
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Declare internal workspace.
real ss(256,256),x(256,256),y(256,256)
First, zero pad image s with anint ((nw-1)/2) zeros storing the result in
array ss. The function anint is used in case the value of nw is even.
mm=n+nw-1
do i=1l,mm
do j=1,mm
ss(j,1)=0. !initialise
enddo
enddo
iframe=anint ((float (nw)-1.)/2.)
do i=l,n
do j=1,n
ss(j+iframe, i+iframe)=s(j, i)
enddo
enddo
Start the process
do i=1l,n
do j=1,n
Write the neighbourhood of samples in window nw to array X.
do k=1,nw
do kk=1,nw
%z (kk,k)=ss(j-1+kk,i-1+k)
enddo
enddo
Compute convolution of x with kernel p.
call convolve(x,p,nw,con)
Store result of convolution in f£.
f(j,1i)=con
Repeat the process, i.e. move window to the next point.
enddo
enddo
return
end
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subroutine convolve(x,p,nw,con)
real x(256,256),p(256,256)
sum=0,
do i=1,nw
do j=1,nw
sum=sum+x (j, i) *p (nw-j+1,nw-i+1)
enddo
enddo
con=sum
return
end




real x(256,256), f2(256 256), fl(256 256) xy (256,256)
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FUNCTION: Returns a median filtered digital image.
AUTHOR: J M Blackledge
PARAMETERS

Input: x - digital image
n - array size
msize - size of mask or window over which neighbourhood
of pixels is selected.

Output: f2 - filtered image
EXTERNAL SUBROUTINES: None

INTERNAL SUBROUTINES: median
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Declare internal workspace.

real y(256,256)
real a(256,256)

First, frame the image x with an array of zeros
anint ((msize~1)/2 pixels wide. The framed image
is stored in the m x m array y.

Note: function anint is used in case msize is even;
msize = 2,4,6..

m=n+msize-1

'initialise

iframe=anint ((float (msize)-1.)/2.)
do i=1l,n

do j=1,n

y(j+iframe, i+iframe)=x(j,1)

enddo

enddo

Start the process.

do i=1,n
do j=1,n

Find the msize x msize neighbourhood of pixels at centre (j,1)
and store the result in the array a.

do k=1,msize

do kk=1l,msize
a(kk,k)=y (j-1+kk,i-1+k)
enddo

enddo

Compute the median value of a.

call median(a, xmed,msize)




Store the median of the neighbourhood in £f2(j,1i)

£2(3,1) =xmed

kepeat the process , i.e., move on to the next centre (j,1i).

enddo
enddo

return
end
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subroutine median (a,xmed,msize)
real a(256,256),b(256)

UNCTION: Computes the median of a 2D array a

size msize x msize.
onvert array a into row vector b.

kkk=1

do k=1,msize
do kk=1,msize
b (kkk)=a (kk, k)
kkk=kkk+1
enddo

enddo

ompute the median value of b.
mask=msize*msize
call mdian?2 (b, mask, xmed)

return
end
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SUBROQUTINE MDIANZ (X,N,XMED)

UNCTION: Given an
XMED.

array X of N numbers,

returns their median value

The array X is not modified, and is accessed

sequentially in each consecutive pass.

dim X (N)
real x(256)
LOGICAL SORTED

SORTED = .FALSE.
IF (.NOT.SORTED) THEN
SORTED = .TRUE.
DO I=1,N-1
IF (X(I).LT.X(I+1))
TEMP=X (I)
X(I)=X(I+1)
X (I+1)=TEMP
SORTED = .FALSE.
ENDIF
enddo
GOTO 15
ENDIF
Comput the median
if (mod(n,2).eg.0) then
nn=n/2

THEN




xmed=.5* (x (nn) +x (nn+1))
else

nn=n/2+1

xmed=x (nn)

endif

RETURN

END




subroutine threshold filter image(x,n,f)
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FUNCTION: returns the rotated image with removing spikes.
PARAMETERS

Input: x -image
n - size of image = n x n

utput: £ - Threshold image
INTERNAL SUBROUTINES: None

XTERNAL SUBROUTINES: None
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real x(256,256),£(256,256)
real max
ind the absolute maximum value of the image.

max=0.

do i=l,n

do j=1,n

x1l=x(j, 1)
if(xl.gt.max) max=xl
enddo

enddo

write (6, *) 'max=’,xl

thr=max/2.
xeclude the spike value of array x

£f(0,0)=£(1,1)
do i=1,n
do j=1,n
if (x(j,i).gt.thr) then
f(]ll) = X(jli)
» else
ssign value of f at (j-1,i-1) to the nearest point cell
f array £
lie.
£(3,1) = £(3-1,i-1)

endif
enddo
enddo

return
end




APPENDIX B

FAST RADON TRANSFORM AND
1D PROCESS ROUTINES




program Fayed 1d process.for
real a(256,256),xy(256,256),xx(256,256),££(256,256)
real h(256),hl1(256),h2(256),h3(256),h4(256),s(256)
real h5(256),b(256,256),yy(256,256),abser(256,256)
character*6 answer
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FUNCTION: Generates an image on a DEC digital workstation using data
from a specified data file or produces a plot file.Also,
reconstruct the object using different rotation techniques
and apply the 1D & 2D median filter.

EXTERNAL SUBROUTINES: UNIRAS Library = groute

gopen
gclose

COMMON - read image, timer start, time elapsed,
display_image, 30:Rotation_Techniques
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Select route for gimage.

write(6,10)

format (1x,’View image (1) or generate plotfile (2)2’'$)
read (5, *)id

if(id.eqg.1l)then

call groute(’s mxll; e’) !for VAX workstations 2000 or 3200
endif

if(id.eq.2)then

write(6,11)

format (1%, ’Black and white (1) or colour (2) plotfile?’$)
read(6,*)ic

if(ic.eqg.l)then

call groute(’s hposta4; e’)

endif

if(ic.eq.2)then

call groute(’s hgcsl00a4; e’)
endif

if((ic.ne.l).and. (ic.ne.2))goto 2
endif

if((id.ne.l) .and. (id.ne.2))goto 1

call gopen !open UNIRAS window
call grpsiz(xsiz,ysiz)

Ask user for image parameters:
1. size of image
2. colour coding with options

continue !for looping back to examine another data file.

Open data file and read contents by calling
subroutine read image.
write(6,*)’enter your choice:’
write(6,*)’1l. read image’
write(6,*)’2. Generate rectangle’
write(6,*)’3. Generate circle’
write(6,*)’4. Generate var_ rectangle’
write(6,*)’5. Head phantom’
read(5,*) kil
if (kl.eg.l) then
call read image(a,n)
endif




if (kl.eq.2) then

write (6, *)’enter size of square image’
read(5,*)n

call rectangle(a,n)

call write image(a,n)

endif

if (kl.eq.3) then

write (6,*)’enter size of square image’
read(5,*)n

call circle(a,n)

call write image(a,n)

endif

if (kl.eg.4) then

write(6,*)’enter size of square image’
read(5,*)n

call var_rectangle(a,n)

call write image(a,n)

endif -

if (kl.eq.5) then

write(6,*)’enter size of square image’
read(5,*)n

call head phantom(a,n)

call write image(a,n)

endif -

continue !for looping back to examine a different colour code.

write (6, *)’ UNIRAS 6 colour scales’
write (6, *)

write (6, *) "Default colour scale 1....... (1)’
write (6, *) 'Default colour scale 2....... (2)'
write(6,*)'Grey scale........cvinennn (3)'
write (6, *)’ Topographic colour scale..... (4)'
write (6, *)’ Seismic colour scale......... (5)'

write (6, *)

write (6,80)

format (1x,’Scale (1-5)2’%)

read(5,*)icol

write (6,90)

format (1x,’Positive (1) or negative (-1)2’$)
read (5, *) ipol

Generate image using subroutine display image.

size=min (((0.90*xsiz)/2.), (0.90*ysiz))
xpos=(xsiz-2.*size) /3.
ypos=(ysiz-size) /2.0
call gimori (xpos,ypos)
call gimsiz(size,size)
call disp image(a,n,icol,ipol,size,xpos,ypos)
open (unit=1,file=’'spikel.128’,status="new’)

01 format (4 (1x,£f14.4))
write(1,101) ((a(j,1i),3J=1,128),1i=1,128)
close (1)
0 call greset

call gclear
m=nint (1.414213562*n)

write(6,*) ’1. Implementing 1D median filter process’
write(6,*) ’2. Implementing 2d median filter process’
write(6,*) ’3. Reconstruction using central slice’
xpos=2.* (xsiz-2.*size)/3. + size
call gimori (xpos,ypos)
call gimsiz (size,size)

read (5, *) nfn
write (6,*) ’‘window size’
read (5, *)msize

I



if (nfn.eq.l) then

call timer start (context)

call rtr nearest_neig(a,n,xy,m)

do i=1,m

do j=1,m

s(J)=xy(j,1)

enddo

call median_ filter signal(s,m,msize)

do k=1,m

b(k,i)=s (k)

enddo

enddo

call ift nearest neig(b,m,xx,n)

call time elapsed(context)

call disp image(xx,n,icol,ipol,size, xpos, ypos)
open (unit=1,file="medianld.128’,status='new’)

7 format (4(1x,£14.4))

write(1,117) ((xx(3,1i),3=1,128),i=1,128)
close(1l)
call write_ image (xy,m)
endif

if (nfn.eqg.2) then
call timer start (context)
call median filter image(a,n,ff,msize)
call time elapsed(context)
call disp image(ff,n,icol,ipol,size,xpos,ypos)
open (unit=1,file="median2d.128’,status='new’)
8 format (4(1x,£14.4))

write(1,118) ((ff(j,1),3=1,128),1i=1,128)
close (1)
call write_image (xy,m)
endif

if (nfn.eq.3) then
call timer start (context)
call rtr nearest neig(a,n,xy,m)
call time elapsed(context)
size=min (((0.90*xsiz)/2.), (0.90*ysiz))
Xpos=(xsiz-2.*size)/3.
ypos=(ysiz-size)/2.0
call gimori (xpos, ypos)
call gimsiz(size,size)
call disp image(xy,m,icol,ipol,size,xpos,ypos)

call timer start (context)
call ift nearest neig(xy,m,xx,n)
call time elapsed(context)
Xpos=2.%* (xsiz-2.*size) /3. + size
call gimori (xpos, ypos)
call gimsiz(size,size)
call disp image(xx,n,icol,ipol,size,xpos,ypos)
call write image (xx,m)
endif -
call greset
call gclear
call histogram image(xx,n,h2,lev,gsum)
call display histogram(h2,lev)
call greset
call gclear

Ask user if another is required.

write(6,111)
1 format (1x, " Select another? <n>’$)
read (5, 222)answer
2 format (a6)
if((answer.eq.’yes’).or. (answer.eq.’y’))goto 16

Ask user if another display is required.




write(6,1001)

01 format (1x,’Display another? <n>’$)
read(5,1002) answer

02 format (a6)
if((answer.eq.’yes’) .or. (answer.eq.’y’))goto 5

Terminate uniras.

Write out response to user indicating next stage for producing
a hardcopy (in the case of option for generating a plotfile).

if(ic.eq.1)then
write(6,*)’Your plot file is called post.dat’
endif

if(ic.eq.2)then
write (6, *)’Your plot file is called post.dat’
endif

call greset
call gclear
call gclose
stop
end




APPENDIX C

RECONSTRUCTION
ROUTINES




program Fayed nearest.for

real a(256,256),xy(256,256),xx(256,256)
real h(256),hl(256),h2(256),h3(256),h4(256)
real h5(256),b(256,256),yy(256,256)

real abser (256,256),difer(256,256),per (256)
character*6 answer

kA K KA KA KK A A AR AR AR KA A A AR AR AR A AR I AR R AR A AR A AR A I Ak hkhkhkkdAkhkhkdkhkdhkhkhkhkhkkxk

UNCTION: Generates an image on a DEC digital workstation using data

from a specified data file or produces a plot file.Also,
reconstruct the object using the nearest neighbour rotation
techniques and 1D inverse filter.

XTERNAL SUBROUTINES: UNIRAS Library - groute

gopen
gclose

DIPLIB - read image, timer_ start, time_elapsed,
display image, 30:Rotation_Techniques

[ E R E E R R LR RS EE R TR EFESEELSESSSSLES RS EEE LSS SR LR EEEEEEERSEEEESEEESE RS

elect route for gimage.

write (6,10)

format (1x,’View image (1) or generate plotfile (2)?2’S$)
read (5, *) id

if(id.eqg.1l)then

call groute(’s mxll; e’) !for VAX workstations 2000 or 3200
endif

if(id.eqg.2)then

write(6,11)

format (1x, ’Black and white (1) or colour (2) plotfile?’$)
read (6, *)1ic

if(ic.eq.1l)then

call groute(’s hposta4d; e’)

endif

if(ic.eqg.2)then

call groute(’s hgcsl004a; e’)
endif
if((ic.ne.l) .and. (ic.ne.2))goto 2
endif

if((id.ne.1l).and. (id.ne.2))goto 1

call gopen !open UNIRAS window

sk user for image parameters:

1. size of image
2. colour coding with options

continue !for looping back to examine another data file.

pen data file and read contents by calling
subroutine read image.

write(6,*)’enter your choice:’
write(6,*)’1. read image’
write(6,*)’2. Generate_rectangle’
write(6,*)’3. Generate circle’
write(6,*)’4. Generate var_ rectangle’
write(6,*)’5. Generate exp 2dimension’
write(6,*)’6. Generate multi circle’
read(5,*) k1l

if (kl.eg.l) then

call read image(a,n)

)




endif

if (kl.eq.2) then

write (6, *)’enter size of square image’
read(5,*)n

call rectangle(a,n)

call write image(a,n)

endif

if (kl.eq.3) then

write (6, *)’enter size of square image’
read(5,*)n

call circle(a,n)

call write image(a,n)

endif

if (kl.eq.4) then

write(6,*)’enter size of square image’
read(5,*)n

call var_ rectangle(a,n)

call write image(a,n)

endif -

if (kl.eg.5) then

write (6, *)’enter size of square image’
read(5,*)n

call exp_2d(a,n)

call write image(a,n)

endif

if (kl.eq.6) then

write (6, *)’enter size of square image’
read(5,*)n

call multi circle(a,n)

call write image(a,n)

endif

continue !for looping back to examine a different colour code.

write(6,*)’ UNIRAS 6 colour scales’
write (6, *)

write (6, *)'Default colour scale 1....... (1)’
write (6, *)’Default colour scale 2....... (2)7
write(6,*)/Grey scale........ .. (3)7
write (6, *) ' Topographic colour scale..... (4)"
write(6,*)’Seismic colour scale......... (5)'

write (6, *)

write(6,80)

format (1x,’Scale (1-5)7'$)

read (5, *)icol

write (6, 90)

format (1x,’Positive (1) or negative (=1)2’§%)
read (5, *)ipol

enerate image using subroutine display image.

call counter(a,n,necount,nzecount,npocount)
write (6, *) (' necount= ’,necount)
write (6, *) (!’ zecount= ’,nzecount)
write (6, *) (' pocount= ’,npocount)
call GSEGCR (1)
call display image_grey(a,n,icol,ipol)
call GSEGCL (1)
open (unit=1,file="datai.dat’,status=’'new’)

01 format (4 (1x,£14.4))
write(1,101) ((a(j,1i),3j=1,128),i=1,128)
close (1)
0 call greset

call gclear

write (6, *)’enter grey level=’
read (5, *) lev

call histogram image(a,n,h,lev,gsum)
write(6,*)’grey sum9 16=',gsum

call GSEGCR (2) -




call display_histogram(h, lev)

call GSEGCL (2)

call greset

call gclear

call norm histogram(h,lev,n,hl,dev,area)
write (6, *) " deviation=',dev
write(6,*)’Histogram Area=’, area
call GSEGCR (3)

call display histogram norm(hl,lev)
call GSEGCL (3)

call greset

call gclear
m=nint (1.414213562%*n)

write (6,*) ‘Computing reconstruction using nearest neig.:’

write(6,*) 7 1. optimum rotation algorithem’
write(6,*) 7 2. normal rotation algorithem ’
read (5,*) ix ‘
if ((ix.ne.l) .and.(ix.ne.2)) goto 20
if (ix.eg.l) then
write(6,*) ‘1. Optimum nearest neighbor pixel’
write(6,*) ’2. Optimum four neighbor pixels’
write(6,*) ’3. Optimum eight neighbor pixels '/
write (6, *) 74, Optimum 2 row neighbor pixels ’
write(6,*) /5. Optimum one row neighbor pixel’
read (5, *) nfn
if (nfn.eqg.l) then
call timer_ start (context)
call rtr nearest neig(a,n,xy,m)
call time elapsed(context)
open (unit=1,file="onnp.181’,status='new’)
format (4 (1x,£14.4))
write(1,116) ((xy(3,i),3j=1,181),1i=1,181)
close (1)
call GSEGCR (4)
call display image_grey(xy,m,icol,ipol)
call GSEGCL (4)
call radon_gauss_ noise (xy, )
open (unit=1,file='rgnon.181’,status="new’)
format (4 (1x, fl4 4))
write(1,116) ((xy(3,1i),3j=1,181),1i=1,181)
close (1)
call greset
call gclear
call GSEGCR (5)
call display image grey(xzy,m,icol,ipol)
call GSEGCL (5)
call write_image(xy,m)
call timer start (context)
call irtr nearest _neig(xy,m,xx,n)
call time elapsed(context)
open (unit=1,file="onnr.128’,status="new’)
format(4(1x,fl4.4))
write(1,117) ((xx(3j,1),3j=1,128),1=1,128)
close (1)
call write image (xy,m)
endif
if (nfn.eqg.2) then
call timer start (context)
call rtr_ four neig(a,n,xy,m)
call time elapsed{(context)
open (unit=1l,file="ofnp.181’,status="new’)
format (4 (1x,f14.4))
write(1,115) ((xy(j,i),Jj=1,181),1i=1,181)
close (1)
call GSEGCR (6)
call display image grey(xy,m,icol,ipol)
call GSEGCL (6)




call write_image (xy,m)
call timer start(context)
call irtr four _neig(xy,m,xx%,n)
call time elapsed(context)
open (unit=1,file='ofnr.128’,status='new’)
18 format(4(1x,f14.4))
write(1,118) ((xx(j,1),3j=1,128),1i=1,128)
close(1l)
call write image (xy,m)
endif
if (nfn.eq.3) then
call timer start (context)
call rtr elght neig(a,n,xy,m)
call time elapsed(context)
call GSEGCR (7)
call display image grey(xy,m,icol,ipol)
call GSEGCL (7)
call write_image(xy,m)
call timer start (context)
call irtr elght nelg(xy,m,xx,n)
call time elapsed(conteyt)
call write_ image (xy,m)
endif
if (nfn.eqg.4) then
call timer start (context)
call rtr 2rp neig(a,n,xy,m)
call time elapsed(context)
call GSEGCR (8)
call display image grey (xy,m,icol,ipol)
call GSEGCL (8)
call write image (xy,m)
call timer start (context)
call irtr 2rp neig(xy,m,xx,n)
call time_elapsed(context)
call write image(xy,m)
endif
if (nfn.eq.5) then
call timer start (context)
call rtr lrp neig(a,n,xy,m)
call time_elapsed(context)
call GSEGCR (9)
call display image grey (xy,m,icol,ipol)
call GSEGCL (9)
call write_image(xy,m)
call timer start (context)
call irtr 1rp neig(xy,m,xx,n)
call tlme_elapsed(conteyt)
call write image (xy,m)
endif
elseif (ix.eqg.2) then
write (6,*) 1. Normal nearest neighbor pixel’
write(6,*) /2. Normal four neighbor pixels’
write(6,*) /3. Normal eight neighbor pixels '
read(5,*) nfn
if (nfn.eq.l) then
call timer start (context)
call rtr nearest(a,n,xzy,m)
call time elapsed(context)
open (unit=1,file='"nnnp.181’,status='new’)

23 format (4 (1x,£14.4))
write(1,123) ((zxy(j,i),Jj=1,181),i=1,181)
close (1)

call GSEGCR (10)
call display image grey(xy,m,icol,ipol)
call GSEGCL (10)

call write image (xy,m)

call timer start (context)

call irtr nearest(zy,m,xx,n)

o




call time elapsed(context)
open (unit=1,file=’nnnr.128’,status='new’)
format (4 (l{,f14 4))

write(1l,114) ((xx(j,1),3=1,128),1i=1,128)

close(1l)
call write image(xy,m)
endif

if (nfn.eq.2) then
call timer start (context)
call rtr four(a,n,xy,m)
call time _elapsed (context)
open (unit=1, file="nfnp. 181',status "new’)
format(4(lx,f14.4))
write(1,122) ((xy(j,1i),3j=1,181),1i=1,181)
close (1) ,
call GSEGCR (11)
call display image grey(xzy,m,icol, 1pol)
call GSEGCL (11) , :
call write_image (xy,m)
call timer start (context)
call irtr four(xy,m,xx,n)
call time_elapsed(context)
open (unit=1,file="nfnr.128’,status="new’)
format (4 (1x,£14.4))
write(1,121) ((xx(j,1i),3j=1,128),1i=1,128)
close (1)
call write image (xy,m)
endif
if (nfn.eqg.3) then
call timer start (context)
call rtr eight(a,n,xy,m)
call time elapsed(context)
call GSEGCR (12)
call display image_grey(xy,m,icol,ipol)
call GSEGCL (12)
call write image (xy,m)
call timer start (context)
call irtr eight(xy,m,xx,n)
call time elapsed(context)
call write_ image (xy,m)
endif
else
endif
call greset
call gclear
call counter (xx,n,necount,nzecount,npocount)
write (6, *) (' necount= ’,necount)
write (6, *) (' zecount= ’,nzecount)
write (6, *) (' pocount= ’,npocount)
call GSEGCR (13)
call display_ image_ grey(xx,n,icol,ipol)
call GSEGCL (13)
open (unit=1,file=’datare.dat’,status="new’)
format (4 (1x,£f14.4))
write(1,119) ((xx(j,1),3=1,128),i=1,128)
close(l)
call greset
call gclear
call hlstogram image (#x,n,h2, lev gsum)
write (6,*)’grey sum9 16=',gsum
call GSEGCR (14)
call display histogram(h2, lev)
call GSEGCL (14)
call greset
call gclear
call norm histogram(h2,lev,n,h3,dev,area)
write (6, *)’deviation=’,dev
write(6,*)’Histogram Area=’,area




call GSEGCR (15)

call display histogram norm(h3,lev)
call GSEGCL (15)

call greset

call gclear

Compute least square error

61

call least square_error(a,x%x,n,er,abser, std)

open (unit=1,file=’abseron. 128',status "new’)

format (4 (1x, f14 4))

write(1,161) ((absexr(j,1i),3j=1,128),1i=1,128)

close (1)

write (6, *)'NMSE=’,er
write(6,*)’2D standard dev.=’,std

Compute projection (Rotation) least square error

call projection square error(a,xx,n,per)
call display_. signal (per,n)

call mean_standard(per n, xmean, stl)
write (6, *)’eld=’, xmean

write(6,*)’1D standard dev.=’,stl

call write signal (per,n)

write (6, *)"enter cutoff freqg. in pixels:’
read(5,*) icut
write (6, *)’enter order of the filter :’/
read (5, *) iord

call blpf image(xx,n,icut,iord)

call GSEGCR (16)

call display_image_grey(xx,n,icol,ipol)

call GSEGCL (16)

call greset

call gclear

call hlstogram image (xx, n h4,lev,gsum)
write(6,*)’grey sum9 16=’,gsum

call GSEGCR (17)

call display histogram(h4,lev)

call GSEGCL (17)

call greset

call gclear

call norm_histogram(h4,lev,n,hS,dev,area)
write (6, *)’deviation=’,dev
write (6, *)’Histogram Area=’,area

call GSEGCR (18)

call display histogram norm(h5,lev)

call GSEGCL (18)

call greset

call gclear

sk user if another filterig technique is required.

10
11

sk user if another reconstruction technique is required.

w N

write(6,110)

format (1x,’ filter another? <n>’3$)
read(5,111) re

format (a6)
if((re.eq.’y’).or.(re.eq.’Y¥’))goto 21
call compare rotate_ image (xy,m)

write(6,112)

format (1x,’ reconstruct another? <n>’$)
read(5,113)an

format (a6)
if((an.eq.’y’).or.{(an.eq.’¥’))goto 20

sk user if another display is required.

write(6,1001)




format (1x,’Display another? <n>’$)
read(5,1002) answer

format (a6)
if((answer.eq.’yes’) .or. (answer.eq.’y’))goto 5

Terminate uniras.

rite out response to user indicating next stage for producing
a hardcopy (in the case of option for generating a plotfile).

if(ic.eqg.1l)then
write (6, *)’Your plot file is called post.dat’
endif

if(ic.eqg.2)then
write (6, *)’Your plot file is called post.dat’
endif

call greset
call gclear
call gclose

stop

end




program Fayed interpolate.for

real a(256,256),xy(256,256) ,xx(256,256) ,per (256)

real h(256),hl(256),h2(256),h3(256),h4(256)

real h5(256),b(256,256),yy(256,256),abser (256,256)
, character*6 answer
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UNCTION: Generates an image on a DEC digital workstation using data
from a specified data file or produces a plot file.Also,
reconstruct the object using the interpolation techniques
and 1D inverse filter.

XTERNAL SUBROUTINES: UNIRAS Library - groute
gopen
gclose

DIPLIB - read image, timer_ start, time_elapsed,
display image, 30:Rotation_Techniques

ek kA A AR KA KAAKR KRR KR AR AKRKR AR A A IAKRAKRA AR R AR Ak kkhkkkhkhkkhkhkhkhhhkkhkhkhhkhhkhkhkhkkkxkx

Belect route for gimage.

write(6,10)

format (1x,’View image (1) or generate plotfile (2)2’$)
read (5, *)1id

if(id.eg.1l)then

call groute(’s mxll; e’) !for VAX workstations 2000 or 3200
endif

if(id.egq.2)then

write(6,11) ,
format (1x,’Black and white (1) or colour (2) plotfile?’$)
read (6, *)ic

if(ic.eq.l)then

call groute(’s hpostad; e’)

endif

if(ic.eq.2)then

call groute(’s hgcsl004a; e’)

endif

if((ic.ne.l) .and. (ic.ne.2))goto 2

endif

if((id.ne.l) .and. (id.ne.2))goto 1
call gopen !open UNIRAS window

sk user for image parameters:
1. size of image
2. colour coding with options

continue !for looping back to examine another data file.

Dpen data file and read contents by calling
subroutine read image.
write (6, *)’enter your choice:’
write(6,*)’1. read image’
write(6,*)’2. Generate rectangle’
write(6,*)’ 3. Generate circle’
write(6,*)’4. Generate var rectangle’
read(5,*) k1l
if (kl.eg.l) then
call read image(a,n)
endif
if (kl.eqg.2) then
write (6, *)’enter size of square image’




read(5,*)n

call rectangle(a,n)

call write image(a,n)

endif -

if (kl.eqg.3) then

write (6, *)’enter size of square image’
read(5,*)n

call circle(a,n)

call write_image(a,n)

endif

if (kl.eg.4) then

write (6, *) "enter size of square image’
read (5,*)n

call var rectangle(a,n)

call write_ image(a,n)

endif

continue !for looping back to examine a different colour code.

write(6,*)’ UNIRAS 6 colour scales’
write (6, *)

write (6, *) 'Default colour scale 1....... (1)’
write (6, *) 'Default colour scale 2....... (2)7
write(6,*)'Grey scale..... ... (3)7
write (6, *) " Topographic, colour scale..... (4)’
write(6,*)’Seismic colour scale......... (5)’
write (6, *)

write (6,80)

format (1x, " Scale (1-5)2'8%)

read(5,*)icol

write (6, 90)

format (1x,’ Positive (1) or negative (-1)2’8$)
read (5, *)ipol

fenerate image using subroutine display_ image.

call counter(a,n,necount,nzecount,npocount)
write (6, *) (/ necount= ’,necount)
write (6, *) (’ zecount= ’,nzecount)
write(6,*) (' pocount= ’,npocount)
call display_image grey(a,n,icol,ipol)
open (unit=1,file=’datai.dat’,status='"new’)
format (4 (1x,£14.4))
write(1,101) ((a(j,1i),3=1,128),1i=1,128)
close (1)
call greset
call gclear
write (6,*)’enter grey level=’
read (5, *) lev
call histogram image(a,n,h,lev,gsum)
write(6,*)’grey sum9_16=',gsum
call display_histogram(h,lev)
call greset
call gclear
call norm histogram(h,lev,n,hl,dev,area)
write (6,*)'deviation=’,dev
write (6, *)"Histogram Area=’,area
call display histogram norm(hl,lev)
call greset
call gclear
m=nint (1.414213562*n)

write (6,*) ’‘Computing reconstruction using Interpolation:’
write(6,*) 7 1. Forward pixzel mapping algorithem’
write(6,*) ’/ 2. Reverse pixel mapping algorithem '/
read (5,*) ix .
if ((ix.ne.l) .and. (ix.ne.2)) goto 20
if (ix.eq.l) then

write(6,*) ‘1. Bilinear (Rectangluar) interpolation’




write(6,*) ’2. Triangle interpolation’
write(6,*) /3. Two Dimension linear interpolation '’
read(5,*) nfn
if (nfn.eq.l) then
call timer start (context)
call rtr rectangle_sum(a,n,xy,m)
call time elapsed(context)
call display_ image grey(xy,m,icol,ipol)
call write image(xy,m)
call timer_ start (context)
call irtr_ rectangle_sum(zy,m, XX, n)
call time elapsed(context)
call write_ image(xy,m)
endif
if (nfn.eq.2) then
call timer start (context)
call rtr triangle_sum(a,n,xy,m)
call time_elapsed(context)
call display image grey(xy,m,icol,ipol)
open (unit=1,file=’datar.dat’,status="new’)
format (4 (1x,£14.4))
write(1,118) ((xy(3j,1i),J=1,181),1i=1,181)
close (1)
call write image(xy,m)
call timer start (context)
call irtr triangle sum(xy,m,xx,n)
call time elapsed(context)
call write_image (xXy,m)
endif
if (nfn.eqg.3) then
call timer start (context)
call rtr 2dlinear sum(a,n,xy,m)
call time_elapsed(context)
call display image_grey(xy,m,icol,ipol)
call write image(xy,m)
call timer start (context)
call irtr 2dlinear_sum(xy,m,xx,n)
call time_elapsed(context)
call write image (xy,m)
endif
elseif (ix.eqg.2) then '
write(6,*) ’1. Divide bilinear (rectangle) interpolation’
write(6,*) ’2. Divide triangle interpolation’
write(6,*) ’3. Divide two dimension linear interpolation’
read (5, *) nfn
if (nfn.eq.l) then
call timer start (context)
call rtr divide rectangle_sum(a,n,xy,m)
call time_elapsed(context)
call display image grey(xy,m,icol,ipol)
call write image(xy,m)
call timer start (context)
call irtr divide rectangle_ sum(xy,m,xx,n)
call time elapsed(context)
call write image(xy,m)
endif -
if (nfn.eq.2) then
call timer start (context)
call rtr divide_triangle_sum(a,n,xy,m)
call time elapsed(context)
call display image grey (xy,m,icol,ipol)
open (unit=1,file='datar.dat’,status="new’)
format (4 (1x,£14.4))
write(1,118) ((xy(j,i),Jj=1,181),1=1,181)
close (1) '
call write image (xy,m)
call timer start (context)
call irtr divide_triangle_sum(xy,m,xx,n)




call time_ elapsed(context)
call write_image (xy,m)
endif
if (nfn.eq.3) then
call timer start (context)
call rtr divide 2dlinear_sum(a,n,xy,m)
call time_elapsed(context)
call display_ image grey(xy,m,icol,ipol)
call wrlte_lmage(xy,m)
call timer_start (context)
call irtr divide 2dlinear sum(xy,m,Xxx,n)
call time elapsed(context)
call write_image (xy,m)
endif
else
endif
call greset
call gclear
call display image grey(xy n,icol,ipol)
open {(unit=1l flle—’datare dat’,status="new’)

19 format (4 (1%, f14.4))
write(1,119) ((xx(j,i),3=1,128),i=1,128)
close (1)

call greset
call gclear
call hlstogram image (xx,n,h2,lev, gsum)
write(6,*)/grey sum9 16=’,gsum
call display_ histogram(h2,lev)
call greset
call gclear
call norm_histogram(hZ,lev,n,h3,dev,area)
write(6,*)’deviation=’,dev
write (6, *)’Histogram Area=’,area
call display histogram norm(h3,lev)
call greset
call gclear
ompute least square error
call least_square_error(a,xx,n,er, abser, std)
open (unit=1, flle-’abseron 1287 ,status='new’)

61 format (4 (1x, fl4 4))
write(1,161) ((abser(j,i),3=1,128),1i=1,128)
close (1)

write (6,*)/NMSE=',er
write(6,*)’2D standard dev.=’,std

ompute projection (Rotation) least square error
call projection square_error(a,xx,n,per)
call display_ signal (per,n)
call mean_standard(per n, xmean, stl)
write(6,*)’eld=', xmean
write(6,*)’1D standard dev.=’,stl
call write_signal (per,n)

1 write(6,*)’enter cutoff freqg. in pixels:’
read(5,*) icut
write (6, *)’enter order of the filter :’
read(5,*) iord
call blpf image (ux,n,icut,iord)
call display image_grey(xx%,n,icol,ipol)
call greset
call gclear
call hlstogram image (xx,n, h4 lev, gsum)
write(6,*)’grey sum9 16= ’,gsum
call display hlstogram(h4 lev)
call greset
call gclear




call norm histogram(h4,lev,n,h5,dev,area)
write (6, *) "deviation=’,dev
write(6,*)’Histogram Area=’,area

call display histogram norm(h5, lev)

call greset
call gclear

Ask user if another filterig technique is required.

write (6,110)

10 format (1x,’ filter another? <n>’3$)
read(5,111) re
11 format (ab6)

if((re.eq.’y’).or.(re.eq.’¥"))goto 21
call compare_rotate_ image (xy,m)
Ask user if another reconstruction technique is required.

write(6,112)

D format (1x,’ reconstruct another? <n>’3$)
read(5,113)an
3 format (a6)

if((an.eq.’y’).or.(an.eq.’¥’))goto 20
nsk user if another display is required.

write(6,1001)

D1 format (1x,’Display another? <n>’$)
read(5,1002)answer
D2 format (a6)

if ((answer.eq.’yes’) .or. (answer.eq.’y’))goto 5

ferminate uniras.

rite out response to user indicating next stage for producing
b hardcopy (in the case of option for generating a plotfile).

if(ic.eqg.l)then
write (6, *)’Your plot file is called post.dat’
endif

if{ic.eqg.2)then
write(6,*)’Your plot file is called post.dat’
endif A

call greset
call gclear
"call gclose
stop
end




program Fayed Multi interpolation.for

real a(256,256),xy(256,256),xx (256, 256)

real h(256),h1(256),h2(256),h3(256),h4(256)

real h5(256),b(256,256),yy(256,256),abser(256,256)
character*6 answer
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UNCTION: Generates an image on a DEC digital workstation using data
from a specified data file or produces a plot file.Also,
reconstruct the object using multi-interpolation techniques
and 1D inverse filter

XTERNAL SUBROUTINES: UNIRAS Library - groute
gopen
gclose

DIPLIB - read image, timer start, time elapsed,
display image, 30: “Rotation_Techniques
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Belect route for gimage.

write(6,10)

format (1x,’View image (1) or generate plotfile (2)2’$)
read (5, *)id

if(id.eg.1l)then

call groute(’s mxll; e’) !for VAX workstations 2000 or 3200
endif

if(id.eq.2)then

write(6,11)

format (1x,’Black and white (1) or colour (2) plotfile?’S$)
read (6, *)ic

if(ic.eg.l)then

call groute(’s hpostadl; e’)
endif

if(ic.eq.2)then

call groute(’s ht4692; e’)

endif
if((ic.ne.l) .and. (ic.ne.2))goto 2
endif

f((id.ne.l) .and. (id.ne.2))goto 1
call gopen !open UNIRAS window
sk user for image parameters:
1. size of image
2. colour coding with options
continue !for looping back to examine another data file.

Dpen data file and read contents by calling
subroutine read image.

write (6, %)’ enter your choice:’
write(6,*)’ read image’

write(6 *)’2. Generate rectangle’
write (6, *)’3. Generate circle’

write (6, *)’/ Generate var_rectangle’

read (5, *) kl
if (kl.eqg.l) then

call read image(a,n)

endif

if (kl.eqg.2) then

write (6, *) enter size of square image’




read(5,*)n

call rectangle(a,n)

call write image(a,n)

endif -

if (kl.eqg.3) then

write (6, *)’enter size of square image’
read(5,*)n

call circle(a,n)

call write image(a,n)

endif

if (kl.eg.4) then

write (6, *)’enter size of square image’
read(5,*)n

call var_rectangle(a,n)

call write_ image(a,n)

endif

continue !for looping back to examine a different colour code.

write(6,*)’ UNIRAS 6 colour scales’

write (6, *)

write (6, *) "Default colour scale 1l....... (1)’
write (6, *)'Default colour scale 2....... (2)'
write(6,*)’Grey scale........cvviiinnn (3)’
write (6, *) ' Topographic colour scale..... (4)'
write(6,*)’Seismic colour scale......... (5)7

write(6,*)

write (6, 80)

format (1x,’Scale (1-5)2'9%)

read (5, *)icol

write (6, 90)

format (1x,’Positive (1) or negative (-1)?2’3)
read (5, *)ipol

enerate image using subroutine display image.

call counter (a,n,necount,nzecount,npocount)
write (6, *) (' necount= ’,necount)
write (6, *)(’zecount ! ,nzecount)
write(6,*) (’/ pocount ’ ,npocount)
call dlsplay image grey(a n,icol,ipol)
open (unit=1l flle—’datal dat’,status="new’)

1 format (4 (1%, fl4 4))
write(1,101) ((a(j,i),3j=1,128),1i=1,128)
close (1)

call greset

call gclear

write (6, *)’enter grey level=’ .
read (5, *) lev '
call hlstogram image(a,n,h,lev,gsum)
write (6, *)/grey sum9 16=",gsum

call display_hlstogram(h lev)

call greset

call gclear

call norm hlstogram(h lev,n,hl,dev, area)
write (6, *)’deviation=’,dev

write (6, *)’Histogram Area=’,area

call display histogram norm(hl, lev)
call greset

call gclear

m=nint (1.414213562%n)

write (6,*) ’‘Computing reconstruction using multi Interpolatlon ’
write(6,*) / 1. Forward pizel mapplng algorithem’
write(6,*) ’/ 2. Reverse pixel mapping algorithem '’
read (5,%*) ix
if ((ix.ne.l) .and. (izx.ne.2)) goto 20
if (ix.eq.l) then
write (6,*) ‘1. Rectangle 12 neigh. interpolation’




write(6,*) ’2. Triangle 12 neigh. interpolation’

write(6,*) ‘3. Rectangle 16 neigh. interpolation’
write(6,*) ’4. Triangle_16 neigh. interpolation’
write(6,*) ’5. Triangle_ 16 neigh. (another) interpolation’
read(5,*) nfn
if (nfn.eq.l) then
call timer start (context)
call rtr rectangle 12neigh_sum(a,n,xy,m)
call time elapsed(context)
call display_lmage_grey(yy,m icol, ipol)
call write_image(xy,m)
call timer_ start (context)
call irtr rectangle 12neigh sum(xy,m, %X, n)
- call time elapsed(conteyt)
call wrlte_lmage(yy,m)
endif
if (nfn.eqg.2) then
call timer start (context)
call rtr_trlangle 12neigh sum(a,n,xy,m)
call time elapsed(context)
call display_lmage_grey(xy,m,lcol ipol)
open (unit=1,file=’datar.dat’,status='new’)

8 format (4 (1x,£f14.4))
write(1,118) ((xy(3,1i),3=1,181),1i=1,181)
close (1)

call write_image(xy,m)
call timer start (context)
call irtr trlangle 12neigh sum(xy,m,x%,n)
call time elapsed(context)
call wrlte_lmage(xy, )
endif
if (nfn.eqg.3) then
call timer start (context)
call rtr rectangle l6éneigh sum(a,n,xy,m)
call time elapsed(context)
call display_lmage_grey(yy,m,lcol ipol)
call write_image(yy, )
call timer start (context)
call irtr rectangle l6neigh sum(xy,m,xx,n)
call time elapsed(context)
call wrlte_lmage(/y,m)
endif
if (nfn.eqg.4) then
call timer start (context)
call rtr trlangle l6neigh sum(a,n,xy,m)
call time elapsed(context)
call display image grey(xy,m,icol,ipol)
call write_image(xy,m) '
call timer start (context)
call irtr trlangle l6éneigh sum(xy,m, xx,n)
call time elapsed(context)
call write image(xy,m)
endif -
if (nfn.eg.5) then
call timer start (context)
call rtr triangle 1l6neigh_suml (a,n, xy,m)
call time elapsed(context)
call display image grey(xy,m,icol,ipol)
call write image (xy,m)
call timer start (context)
call irtr triangle 1l6neigh suml (xy,m,xx,n)
call time elapsed(context)
call write image (xy,m)
endif -
elseif (ix.eq.2) then
write(6,*) ‘1. Divide rectangle 12 neigh. interpolation’
write(6,*) ‘2. Divide triangle 12 neigh. interpolation’
write(6,*) 73. Divide:rectangle_l6 neigh. interpolation’




write(6,*) ‘4. Divide triangle 16 neigh. interpolation’
write(6,*) ’5. Divide _triangle_16 neigh. (another) inte.’
read(5,*) nfn
if (nfn.eq.l) then
call timer start (context)
call rtr divide _rectanglel2n sum(a,n,xy,m)
call time elapsed(context)
call display_lmage_grey(yy,m,lcol ipol)
call write_image(xy,m)
call timer start (context)
call irtr divide ~_rectanglel2n sum(xy,m, %x,n)
call time elapsed(context)
call wrlte_lmage(xy, m)
endif
else
endif
call greset
call gclear
call counter (xx,n,necount,nzecount,npocount)
write (6, *) (! necount= ’,necount)
write(6,*) (' zecount= /,nzecount)
write(6,*) (/ pocount= ! ,npocount)
call display_image grey(xx n,icol,ipol)
open (unit=1,file=’datare.dat’,status='new’)

1 9 format (4 (1x, f14 43)
write(1,119) ((xx(j,1i),3=1,128),1i=1,128)
close (1)

call greset

call gclear

call histogram image (xx,n,h2,lev,gsum)
write(6,*)’grey sum9 16=',gsum

call display histogram(h2, lev)

call greset

call gclear

call norm_histogram(hZ,lev,n,h3,dev,area)
write (6, *)’deviation=’,dev

write (6, *)’Histogram Area=’',area

call display_histogram norm(h3, lev)

call greset

call gclear

Compute least square error

call least square_ error(a,xx, n er,abser)
write (6, *) " Least square error=’,er

write(6,*)’enter cutoff freq. in pixels:’
read (5, *) icut

write(6,*) ' enter order of the fllter
read (5, *) iord

call blpf 1mage(xx n,icut,iord)

call display_ image grey(yx,n icol, 1pol)
call greset

call gclear

call histogram image (xx,n,h4, lev,gsum)
write(6,*)’grey sum9 16=',gsum

call display histogram(h4, lev)

call greset

call gclear

call norm histogram(h4,lev,n,h5, dev area)
write (6, *) deviation=’,dev

write (6, *)’Histogram Area=’',area

call display histogram norm(h5,lev)

call greset

call gclear

sk user if another filterig technique is required.

write(6,110)
D format (1x,’ filter another? <n>’S$)

e



read(5,111) re
l format (a6)
if((re.eq.’'y’) .or.(re.eq.”Y’))goto 21
call compare_rotate_image(xy,m)
Ask user if another reconstruction technique is required.

write(6,112)
P format (1x,’ reconstruct another? <n>’3$)
read(5,113)an
format (a6)
if((an.eq.’y’).or.(an.eq.’Y¥’))goto 20

hsk user if another display is required.

write(6,1001)

D1 format (1x, ’Display another? <n>’S$)
read(5,1002)answer
D2 format (a6)

if ((answer.eq.’yes’).or. (answer.eq.’y’))goto 5

rerminate uniras.

rite out response to user indicating next stage for producing
hardcopy (in the case of option for generating a plotfile).

if(ic.eq.l)then
write (6, *)’Your plot file is called 1lps40.plot’
endif

if(ic.eqg.2)then
write (6, *)’Your plot file is called t4510.plot’
endif

call greset

call gclear

call gclose

stop

end

subroutine counter (v, n,necount,nzecount,npocount)
real v(256,256)

necount=0

nzecount=0

npocount=0

do i=1l,n

do j=1,n

if (v(j,i).1t.0.) necount=necount+l
if (v(j,1i).eq.0.) nzecount=nzecount+l
if (v(3j,1i).gt.0.) npocount=npocount+l
enddo

enddo

return

end




program Fayed Nearest Hilbert.for

real a(256,256),xy(256,256) ,xzx(256,256)

real h(256),hl (256),h2(256),h3(256),h4(256)

real h5(256),b(256,256),yy(256,256) ,per (256) ,abser(256,256)
character*6 answer '

****************************************************.****************

UNCTION: Generates an image on a DEC digital workstation using data
from a specified data file or produces a plot file.Also,
reconstruct the object using nearest neighbour techniques
and Hilbert transform.

XTERNAL SUBROUTINES: UNIRAS Library = groute

gopen
gclose

DIPLIB - read image, timer start, time_elapsed,
display image, 30:Rotation_Techniques
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elect route for gimage.

write(6,10)

format (1x,’View image (1) or generate plotfile (2)2’$)
read(5,*)id

if(id.eq.l)then

call groute('s mxll; e’) !for VAX workstations 2000 or 3200
endif

if(id.eq.2)then

write(6,11)

format (1%, "Black and white (1) or colour (2) plotfile?’S$)
read(6,*)ic

if(ic.eqg.l)then

call groute(’s hposta4; e’)

endif

if(ic.eqg.2)then

call groute(’s hqgcsl004a; e’)
endif

if((ic.ne.l).and. (ic.ne.2))goto 2
endif

if((id.ne.1l) .and. (id.ne.2))goto 1
call gopen !open UNIRAS window

sk user for image parameters:
1. size of image
2. colour coding with options

continue !for looping back to examine another data file.

pen data file and read contents by calling
ubroutine read image.
write(6,*) " enter your choice:’
write(6,*)’1. read image’
write(6,*)’2. Generate rectangle’
write(6,*)’3. Generate circle’
write(6,*)’4. Generate var_rectangle’
read(5,*) k1l
if (kl.eg.l) then
call read image(a,n)
endif -
if (kl.eq.2) then
write(6,*)’enter size of square image’




read(5,*)n

call rectangle(a,n)

call write image(a,n)

endif -

if (kl.eqg.3) then

write (6, *)’enter size of square image’
read(5,*)n

call circle(a,n)

call write image(a,n)

endif

if (kl.eg.4) then

write(6,*)’enter size of square image’
read(5,*)n

call var_rectangle(a,n)

call write image(a,n)

endif -

continue !for looping back to examine a different colour code.

write(6,*)’ UNIRAS 6 colour scales’
write (6, *)

write (6, *)’Default colour scale 1....... (1)’
write (6, *)’Default colour scale 2....... (2)’
write(6,*)/Grey scale........covvvnn. (3)’
write (6, *)’ Topographic colour scale..... (4)7
write (6, *)’Seismic colour scale......... (5)’

write (6, *)

write(6,80)

format (1x,’ Scale (1-5)2’$)

read (5,*)icol

write (6, 90)

format (1x, "Positive (1) or negative (-1)2’$)
read (5, *) ipol

Cenerate image using subroutine display image.

call display image grey(a n,icol,ipol)
open (unit=1 flle—’datal dat’,status='new’)

D1 format (4 (1x, f14 4))
write(1,101) ((a(j,1i),3=1,128),1i=1,128)
close (1)
0 call greset

call gclear

write (6, *)’enter grey level=’'

read (5, *)lev

call hlstogram image(a,n,h,lev,gsum)
write(6,*)’grey sum9 16= ',gsum

call display . histogram(h, lev)

call greset

call gclear

call norm hlstogram(h lev,n,hl,dev, area)
write (6, *)’deviation=',dev
write(6,*)’ Hlstogram_Area—’ area
call display histogram norm(hl, lev)
call greset

call gclear
m=nint (1.414213562*n)

write (6,*) ‘Computing reconstruction using nearest neig.:’
write(6,*) ' 1. optimum rotation algorithem’
write(6,*) ’ 2. normal rotation algorithem '
read (5,%*) ix
if ((ix.ne.l) .and. (ix.ne.2)) goto 20
if (ix.eg.l) then :
write(6,*) ‘1. Optimum nearest neighbor pixel’
write(6,*) ‘2. Optimum four neighbor pixels’
write(6,*) ‘3. Optimum eight neighbor pixels
read(5,*) nfn
if (nfn.eq.l) then

4




call timer_ start(context)
call rtr_nearest neig(a,n,xy,m)
call time elapsed(context)
call display image grey(xy,m,lcol ipol)
call radon_gauss__ noise (xy,m)
open (unit=1,file=’rgnon.181’,status='new’)
format(4(1x,f14 4))
write(1,116) ((xy(j,i),j=1,181),i=1,181)
close(l)
call greset
call gclear
call display image grey(xy,m,icol,ipol)
call write_image(xy,m)
call timer start (context)
call irtr nearest _neig(xy,m,xx,n)
call time elapsed(context)
call wrlte_lmage(yy, m)
endif
if (nfn.eq.2) then
call timer_start(context)
call rtr four neig(a,n,xy,m)
call time elapsed(context)
call display_image_ grey(xy,m,lcol ipol)
open (unit=1,file=’datar.dat’,status='new’)
format (4 (1%, f14 4))
write(1,118) ((xy(j,i),3=1,181),1i=1,181)
close (1)
call write_image(xy,m)
call timer_ start (context)
call irtr four _neig(xy,m,xx,n)
call time elapsed(conteyt)
call wrlte_lmage(xy, m)
endif
if (nfn.eqg.3) then
call timer start (context)
call rtr elght _neig(a,n,xy,m)
call time elapsed(conte/t)
call display_lmage_grey( :y,m,icol,ipol)
call write_image(xy, m)
call timer start (context)
call irtr elght _neig(xy,m,xx,n)
call time elapsed(context)
call wrlte_lmage(xy,m)
endif
elseif (ix.eq.2) then
write(6,*) ‘1. Normal nearest nelghbor pixzel’
write(6,*) ’2. Normal four neighbor pixels’
write(6,*) ’3. Normal eight neighbor pixels ’
read(5,*) nfn
if (nfn.eq.l) then
call timer start (context)
call rtr nearest(a,n,xy,m)
call time elapsed(context)
call display image_grey(xy,m,icol,ipol)
call wrlte_lmage( ,m)
call timer start(context)
call irtr nearest (xy,m,xx,n)
call tlme_elapsed(context)
call write image (zy,m)
endif -
if (nfn.eg.2) then
call timer start (context)
call rtr four(a,n,xzy,m)
call time _elapsed(context)
call display image grey(xy,m,icol,ipol)
open (unit=1,file='datar. dat',status—’new )
format (4 (1x, fl4 4)) ‘
write(1,118) ((zxy(j,1i),3j=1,181),1i=1,181)




close (1)
call write image (xy,m)
call timer start (context)
call irtr four(xy,m,xx,n)
call time elapsed(context)
call write_image (xy,m)
endif
if (nfn.eqg.3) then
call timer start (context)
call rtr_eight(a,n,xy,m)
call time elapsed(context)
call display image grey(xy,m,icol,ipol)
call write image(xy,m)
call timer start (context)
call irtr eight(xy,m,x%,n)
call time elapsed(context)
call write image (xy,m)
endif
else
endif
call greset
call gclear
call counter (xx,n,necount,nzecount,npocount)
-write (6, *) (! necount= ’,necount)
write (6, *) (' zecount= ’,nzecount)
write(6,*) (/ pocount— ! ,npocount)
call display image grey(xx,n,icol,ipol)
open (unit=1l,file='datare.dat’,status="new’)

9 format (4 (1x, fl4.4))
write(1,119) ((xx(j,1i),3=1,128),i=1,128)
close(1l)

call greset
call gclear
call hlstogram image (zx,n,h2,lev,gsum)
write (6, *)’grey sumd 1l6= ’,gsum
call display_ histogram(h2,lev)
call greset
call gclear
call norm_histogram(hZ,lev,n,h3,dev,area)
write(6,*)’deviation , dev
write (6, *)’Histogram Area=’,area
call display histogram norm(h3,lev)
call greset
call gclear
ompute least square error ‘
call least square_error(a,zx,n,er, abser, std)
open (unit=1, flle—’abseron 128’,status=’new )

61 format (4 (1x, f14 4))
write(l,161) ((abser(j,i),3j=1,128),1i=1,128)
close (1)

write (6, *) 'NMSE=',er
write(6,*)’2D standard dev.=',std
ompute projection (Rotation) least square error
call prOJectlon square_error (a,xx,n,per)
call display_ signal (per,n)
call mean_standard(per n, xmean, stl)
write (6, *)’eld=’, xmean
write(6,*)’1D standard dev.=’,stl
call write signal (per,n)

1 write (6, *)’enter cutoff freqg. in pixels:’
read (5, *) icut
write (6, *)’enter order of the filter :’
read (5, *) iord
call blpf image (zx,n,icut,iord)
call display image grey(xx,n,icol,ipol)




call greset
call gclear
call hlstogram image (xx,n,h4, lev,gsum)
write(6,*)’grey sum9 16=',gsum
call display histogram(h4,lev)
call greset
call gclear
call norm_histogram(h4,lev,n,h5,dev,area)
write (6, *) " deviation=’',dev
write(6,*)’Histogram Area=’,area
call display_ hlstogram norm(h5, lev)
call greset
call gclear

sk user if another filterig technique is required.

write(6,110)
format (1x%,’ filter another? <n>’$)
read(5,111) re
format (a6)
if((re.eq.’y’).or. (re.eq.’¥’))goto 21
call compare_ rotate _image (xy,m)
sk user if another reconstruction technique is required.

write(6,112)

format (1x,’ reconstruct another? <n>’$)
read(5,113)an

format (a6)
if((an.eq.’y’).or.(an.eq.’Y¥’))goto 20

sk user if another display is required.

write(6,1001)

1 format (1x, 'Display another? <n>’S$)
read (5,1002)answer
2 format (a6)

f((answer.eqg.’yes’) .or. (answer.eq.’y’))goto 5

erminate uniras.

rite out response to user indicating next stage for producing
hardcopy (in the case of option for generating a plotfile).

if(ic.eqg.l)then
write(6,*)’Your plot file is called post.dat’
endif

if(ic.eq.2)then
write(6,*)’Your plot file is called post.dat’
endif

call greset
call gclear
call gclose
stop
end




program Fayed_nearest_Central_slice.for
real a(256,256),xy(256,256) ,xx(256,256)
real h(256),h1(256),h2(256),h3(256),h4(256)
real h5(256),b(256,256),yy(256,256)

real abser(256,256),per(256)

character*6 answer
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UNCTION: Generates an image on a DEC digital workstation using data
from a specified data file or produces a plot file.Also,
reconstruct the object using nearest neighbour techniques
and central slice theorem.

EXTERNAL SUBRQUTINES: UNIRAS Library - groute
gopen
gclose

COMMON - read_image, timer_start, time_elapsed,
display_image, 30:Rotation_Techniques
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Belect route for gimage.

write(6,10)

format (1x, 'View image (1) or generate plotfile (2)?'$)
read(5, *) id

if(id.eg.1)then

call groute(’s mx1ll; e’) !for VAX workstations 2000 or 3200
endif

if(id.eqg.2)then

write(6,11)

format (1x, ‘Black and white (1) or colour (2) plotfile?’$)
read (6, *)ic ‘
if(ic.eqg.l)then

call groute(’s hpostad; e’)

endif

if(ic.eq.2)then

call groute(’s hgcsl004a; e’)

endif

if((ic.ne.1l).and. (ic.ne.2))goto 2

endif

if((id.ne.1l) .and. (id.ne.2))goto 1
call gopen !open UNIRAS window

sk user for image parameters:
1. size of image
2. colour coding with options

continue !for looping back to examine another data file.

Dpen data file and read contents by calling
subroutine read_image.
write(6, *) ‘enter your choice:’
write(6,*)’'1l. read_image’
write(6,*)’'2. Generate_rectangle’
write(6, *)’3. Generate_circle’
write(6,*)’4. Generate var_rectangle’
write(6,*)’'5. Generate exp_2dimension’
write(6,*)’6. Generate multi_circle’
write(6, *)’7. Generate_vertical_lines ’
read(5,*) kl
if (kl.eg.l) then




call read_image(a,n)

endif

if (kl.eq.2) then

write(6,*)’'enter size of square image’
read(5,*)n

call rectangle(a,n)

call write_image(a,n)

endif

if (kl.eqg.3) then

write(6,*)’enter size of square image’
read(5,*)n

call circle(a,n)

call write_image(a,n)

endif

if (kl.eg.4) then

write(6,*)’enter size of square image’
read(5,*)n

call var_rectangle(a,n)

call write_image(a,n)

endif

if (kl.eg.5) then

write(6, *) 'enter size of square image’
read(5, *)n

call exp_2d(a,n)

call write_image(a,n)

endif

if (kl.eqg.6) then

write(6, *) 'enter size of square image’
read(5,*)n

call multi_circle(a,n)

call write_image(a,n)

endif

if (kl.eqg.7) then

write(6,*) 'enter size of square image’
read (5, *)n

call generate_vertical_lines(a,n)

call write_image({a,n)

endif

continue !for looping back to examine a different colour code.

write(6,*)’ UNIRAS 6 colour scales’
wr1te(6 *)
write(6, *) Default colour scale 1....... (1)’
write(6, *) 'Default colour scale 2....... (2)
wr1te(6,*) Grey scale.......iiiieieeen. =(3)'
write(6,*)'Topographic colour scale..... (4)"
write(6,*) 'Seismic colour scale......... (5)"
write(6,*)
write(6,80)

(

format (1x, ‘Scale (1-5)2’'$)

read(5, *)icol

write(6,90)

format (1x, 'Positive (1) or negative (-1)7?7'S$)
read (5, *)ipol

enerate image using subroutine display_image.
call GSEGCR (1)
call display_image_grey{a,n,icol,ipol)
call GSEGCL (1)
open (unit=1,file='datai.dat’,status='new’)

1 format (4 (1x,£f14.4))
write(1,101) ((a(j,1),3=1,128),1=1,128)
close (1)

call greset

call gclear

write(6, *) 'enter grey_level='
read(5, *)lev

call histogram_image(a,n,h,lev,gsum)




write(6,*) 'grey_sum9_16=’,gsum
call GSEGCR (2)

call display_histogram(h, lev)

call GSEGCL (2)

call greset

call gclear

call norm_histogram(h,lev,n,hl,dev,area)
write(6, *) ‘deviation=',dev
write(6,*) 'Histogram_Area=',area
call GSEGCR (3)

call display_histogram_norm(hl, lev)
call GSEGCL (3)

call greset

call gclear
m=nint(1.414213562*n)

write (6,*) ‘Computing reconstruction using nearest_neig.:

write(6,*) ’ 1. optimum rotation algorithem’
write(6,*) ' 2. normal rotation algorithem ‘
read (5,*) ix
if ({ix.ne.1l) .and.(ix.ne.2)) goto 20
if (ix.eqg.l) then
write(6,*) ‘1. Optimum nearest neighbor pixel’
write(6,*) ‘2. Optimum four_ neighbor pixels’
write(6,*) ‘3. Optimum eight neighbor pixels ‘'
write(6,*) ‘4. Optimum 2 row neighbor pixels ‘
write(6,*) ’5. Optimum one row neighbor pixel’
read(5,*) nfn
if (nfn.eq.l1l) then
call timer_start(context)
call rtr_nearest_neig(a,n,xy,m)
call time_elapsed{context) -
open (unit=1,file='onnp.181’,status='new’)
format (4(1x,£14.4))
write(1,116) ((xy(j,i),3j=1,181),i=1,181)
close(1l)
call GSEGCR (4)
call display_image_grey(xy,m,icol, ipol)
call GSEGCL (4)
call radon_gauss_noise (xy,m)
open (unit=1,file='rgnon.181’,status='new’)
format (4 (1x,£14.4))
write(1l,116) ((xy(3j,i),3j=1,181),i=1,181)
close(1)
call greset
call gclear
call GSEGCR (5)
call display_image_grey(xy,m,icol, ipol)
call GSEGCL (5)
call write_image(xy,m)
call timer_start(context)
call ift_nearest_neig(xy,m,b,n)
call time_elapsed(context)
open (unit=1,file='onnr.128’,status='new’)
format (4 (1x,£14.4))
write(1l,117) ((xx(j,1),j=1,128),1i=1,128)

close (1)
call write_image(xy,m)
endif

if (nfn.eqg.2) then
call timer_start (context)
call rtr_four_neig(a,n,xy,m)
call time_elapsed(context)
open (unit=1,file='ofnp.181’,status="new’)
format (4 (1x,£f14.4))
write(1,115) ((xy(3j,i),3=1,181),i=1,181)

close(1l)

call GSEGCR (6)




call display_image_grey(xy,m,icol, ipol) .
call GSEGCL (#6)
call write_image(xy,m)
call timer_start (context)
call ift_four_neig(xy,m,b,n)
call time_elapsed(context)
open (unit=1,file='ofnr.128’,status='new’)

18 format (4 (1x, f14 4))
write(1,118) ((xx(3j,1),3j=1, 128),1 1,128)
close(1l)
call write_image(xy,m)
endif

if (nfn.eq.3) then
call timer_start (context)
call rtr_eight_neig(a,n,xy,m)
call time_elapsed(context)
call GSEGCR (7)
call display_image_grey(xy,m, 1col ipol)
call GSEGCL (7)
call write_image(xy,m)
call timer_start (context)
call ift_eight_neig(xy,m,b,n)
call time_elapsed(context)
call write_image(Xy,m)
endif
if (nfn.eq.4) then
call timer_start (context)
call rtr_2rp_neig(a,n,xy,m)
call time_elapsed(context)
call GSEGCR (8)
call display_image_grey(xy,m,icol, ipol)
call GSEGCL (8)
call write_image(xy,m)
call timer_start (context)
call ift_2rp_neig(xy,m,b,n)
call time_elapsed{context)
call write_image (xy,m)
endif
if (nfn.eq.5) then
call timer_start (context)
call rtr_lrp_neig(a,n,xy,m)
call time_elapsed(context)
call GSEGCR (9)
call display_image_grey(xy,m,icol, 1pol)
call GSEGCL (9)
call write_image(xy,m)
call timer_start (context) ..
call ift_lrp_neig({xy,m,b,n)
call time_elapsed(context)
call write_image(xy,m)
endif
elseif (ix.eqg.2) then
write(6,*) ’1. Normal nearest neighbor pixel’
write(6,*) ’2. Normal four_ neighbor pixels’
write(6,*) ‘3. Normal eight neighbor pixels ’
read(5,*) nfn
if (nfn.eq.l) then
call timer_start (context)
call rtr_nearest(a,n,xy,m)
call time_elapsed(context)

D3 format (4 (1x,£14.4))
write(1,123) ((xy(j,1),3=1,181),1i=1,181)
close(l)

call GSEGCR (10)
call display_image_grey (Xy,m,icol, ipol)
call GSEGCL (10)

call write_image(xy,m)

open (unit=1,file='nnnp.181’,status='new’)




call timer_start (context)
call ift_nearest(xy,m,b,n)
call time_elapsed{context)
call display_image_grey(b,n,icol,ipol)
open (unit=1,file='nnnr.128’,status='new’)
format(4{1x,£14.4))
write(1,114) ((xx(j,1),j=1,128),1i=1,128)
close (1)
call write_image(xy,m)
endif
if (nfn.eqg.2) then
call timer_start(context)
call rtr_four(a,n,xy,m)
call time_elapsed(context)
open (unit=1,file='nfnp.181’,status='new’)
format (4(1x,£14.4))
write(1,122) ((xy(j,1i),3j=1,181),i=1,181)
close (1)
call GSEGCR (11)
call display_image_grey (xy,m,icol, ipol)
call GSEGCL (11)
call write_image(xy,m)
call timer_start(context)
call ift_four(xy,m,b,n)
call time_elapsed(context)
open (unit=1,file='nfnr.128’,status='new’)
format (4(1x,£14.4))
write(1,121) ((xx(j,1i),j=1,128),i=1,128)
close(1)
call write_image(xy,m)
endif
if (nfn.eq.3) then
call timer_start(context)
call rtr_eight(a,n,xy,m)
call time_elapsed(context)
call GSEGCR (12)
call display_image_grey (xy,m, icol,ipol)
call GSEGCL (12)
call write_image(xy,m)
call timer_start(context)
call ift_eight(xy,m,b,n)
call time_elapsed{context)
call write_image(xy,m)
endif
else
endif
call greset
call gclear
call counter (b,n,necount,nzecount, npocount)

write(6, *) (‘necount= ’,necount)
write(6,*) ('zecount= ’',nzecount)
write(6, *) (‘pocount= ’',npocount)

call GSEGCR (13)

call display_image_grey(b,n,icol, ipol)

call GSEGCL (13)
open (unit=1,file='datare.dat’,status='new’)
format (4 (1x,£f14.4))

write{1,119)((b(j,1),3j=1,128),1i=1,128)

close(1)

call greset

call gclear

call histogram_image(b,n,h2, lev,gsum)

write(6,*)’'grey_sum9_16=',gsum

call GSEGCR (14)

call display_histogram(h2, lev)

call GSEGCL (14)

call greset

call gclear




call norm_histogram{h2,lev,n,h3,dev,area)
write(6,*) 'deviation=',dev
write(6, *) 'Histogram_Area=', area
call GSEGCR (15)
call display_histogram_norm(h3, lev)
call GSEGCL (15)
call greset
call gclear
ompute least square error
call least_square_error(a,b,n,er,abser, std)
open (unit=1,file='abseron.128’,status='new’)

61 format (4 (1x,£f14.4))
write(1l,161) { (abser(j,1i),3j=1,128),1i=1,128)
~close(1l) :

write(6, *) 'NMSE=',er
write(6,*)’'2D standard dev.=',std

ompute projection (Rotation) least square error
call projection_square_error(a,b,n,per)
call display_signal (per,n)
call mean_standard(per,n,xmean,stl)
write(6,*)’eld="',xmean
write(6,*) 1D standard dev.=’,stl
call write_signal (per,n)

write(6,*)'enter cutoff freqg. in pixels:’
read (5, *) icut
write(6, *) ‘enter order of the filter :’
read(5, *) iord
call blpf_image(b,n,icut, iord)
call GSEGCR (16)
call display_image_grey(b,n,icol, ipol)
call GSEGCL (16)
call greset
call gclear
call histogram_image(b,n,h4, lev,gsum)
write(6, *) ’'grey_sum9_16=',gsum
call GSEGCR (17)
call display_histogram(h4, lev)
call GSEGCL (17)
call greset
call gclear :
call norm_histogram(h4, lev,n,h5,dev, area)
write(6,*) ‘deviation=',dev
write(6,*) 'Histogram_Area=',area
call GSEGCR (18)
call display_histogram_norm(h5, lev)
call GSEGCL (18)
call greset
call gclear

sk user if another filterig technique is required.

write(6,110)

0 format (1x, 'filter another? <n>'$)
read(5,111)re
1 format (a6)

if{(re.eq.’y').or.(re.eq.‘Y’))goto 21
call compare_rotate_image (xy,m)
sk user if another reconstruction technique is required.

write(6,112)

format (1x, 'reconstruct another? <n>’$)
read(5,113)an

format (a6)
if((an.eqg.’'y’).or.(an.eq.’'Y’))goto 20




hsk user if another display is required.

1
02

write(6,1001)

format (1x, ‘Display another? <n>'$)
read(5,1002)answer

format (a6)

if ((answer.eq.’'yes’).or. (answer.eq.'y’))goto 5

Ferminate uniras.

Nrite out response to user indicating next stage for producing
h hardcopy (in the case of option for generating a plotfile).

if(ic.eg.l)then
write(6, *)‘Your plot file is called post.dat’
endif :

if(ic.eqg.2)then
write(6,*)’'Your plot file is called post.dat’
endif

call greset
call gclear
call gclose
stop

end




-

program Fayed nearest convolution.for

real a(256,256),xy(256,256) ,xx(256,256)
real h(256),hl1(256),h2(256),h3(256),h4(256)
real h5(256),b(256,256),yy (256,256)

real abser(256,256),per (256)

character*6 answer
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UNCTION: Generates an image on a DEC digital workstation using data

from a specified data file or produces a plot file.Also,
reconstruct the object using nearest neighbour techniques
and back projection and deconvolution.

XTERNAL SUBROUTINES: UNIRAS Library - groute

gopen
gclose

DIPLIB - read image, timer start, time elapsed,
display image, 30:Rotation_Techniques
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elect route for gimage.

write(6,10)

format (1%,’View image (1) or generate plotfile (2)2’$)
read (5, *)id

if(id.eqg.1l)then

call groute(’s mxll; e’) !for VAX workstations 2000 or 3200
endif

if(id.eq.2)then

write(6,11)

format (1x,’Black and white (1) or colour (2) plotfile?’S$)
read(6,*)ic

if(ic.eqg.1l)then

call groute(’s hpostad; e’)

endif

if(ic.eq.2)then

call groute(’s hgcsl004a; e’)
endif

if((ic.ne.l).and. (ic.ne.2))goto 2
endif

if((id.ne.1) .and. (id.ne.2))goto 1
call gopen !open UNIRAS window

sk user for image parameters:
1. size of image
2. colour coding with options

continue !for looping back to examine another data file.

pen data file and read contents by calling
ubroutine read image.
write (6, *)’enter your choice:’
write(6,*)’1. read image’
write(6,*)’2. Generate rectangle’
write(6,*)’3. Generate circle’
write(6,*)’4. Generate var rectangle’
write(6,*)’5. Generate exp 2dimension’
write(6,*)’6. Generate multi circle’
read(5,*) kl
if (kl.eq.l) then
call read image(a,n)




endif
if (kl.eq.2) then
write (6, *)’enter size of square image’
read (5, *)n
| call rectangle(a,n)
ic call write image(a,n)
endif -
if (kl.eq.3) then
write (6, *)’enter size of square image’
read(5,*)n
call circle{(a,n)
c call write image(a,n)
endif
if (kl.eqg.4) then
write(6,*)’enter size of square image’
read(5,*)n
call var rectangle(a,n)
c call write image(a,n)
: endif -
if (kl.eqg.5) then
‘ write(6,*)’enter size of square image’
read (5, *)n
call exp 2d(a,n)
C call write image(a,n)
endif
if (kl.eqg.6) then
write (6, *)’enter size of square image’
read(5,*)n
call multi circle(a,n)

c call write image (a,n)
endif
4 continue !for looping back to examine a different colour code.
c
write(6,*)’ UNIRAS 6 colour scales’
write (6, *)
wr1te(6 *) Default colour scale 1....... (1)’
write (6, *)’Default colour scale 2....... (2)'
write(6,*) Grey scale........ .., (3)'
wr1te(6 *) ' Topographic colour scale..... (4)’
write (6,*)’Seismic colour scale......... (5)

write (6, *)

‘ write(6,80)

80 format (1x,’Scale (1-5)2’3)

: read (5, *)icol

; write (6, 90)

90 format (1x,’Positive (1) or negative (-1)?2’8$)
read (5, *)ipol

(@

c Generate image using subroutine display_image.
call GSEGCR (l)

call display image grey(a,n,icol,ipol)
call GSEGCL (1)

c open (unit=1,file="datai.dat’,status='new’)
c101 format (4 (1x,£f14.4))
c write(1,101) ((a(3j,1i),3=1,128),1i=1,128)
le} close (1)
100 call greset
call gclear
c write (6, *)’enter grey level=’
c read (5, *) lev

c call histogram image(a,n, h, lev,gsum)

c write(6,*)’grey sumd9 16=',gsum

c call GSEGCR (2)

c call display. histogram(h,lev)

c call GSEGCL (2)

c call greset

c call gclear

c call norm histogram(h,lev,n,hl,dev,area)

- .
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write (6, *)’deviation=’,dev
write (6, *)’Histogram Area=’,area

call GSEGCR
call display

(3)
histogram norm(hl, lev)

call GSEGCL (3)

call greset
call gclear

m=nint (1.414213562*n)

write (6, *)
write(6,*)
write(6,*)

’Computing reconstruction using nearest neig.

1. optimum rotation algorithem’
2. normal rotation algorithem '

read (5,*) ix
if ((ix.ne.l) .and.(ix.ne.2)) goto 20

if (ix.eq.l)
write (6, *)
write (6, *)
write (6, %*)
write (6, *)
write (6, *)
read (5, *)

then

1. Optimum nearest neighbor pixel’
’2. Optimum four neighbor pixels’
3. Optimum eight neighbor pixels '
4. Optimum 2 row neighbor pixels '/
5. Optimum one row neighbor pixel’

nfn

if (nfn.eq.l) then

call
call
call
open

timer start (context)
rtr_nearest_neig(a,n,xy,m)
time_elapsed(context)

(unit=1, file='onnp.181’,status='new’)

format (4 (1x,£14.4))

write

(1,116) ((XY(]IJ-) ,J=1,181) ,1=1,181)

close (1)

call GSEGCR
call display
call GSEGCL

(4)
image grey(xy,m,icol,ipol)
(4)

call radon_gauss_noise (xy,m)

open

(unit=1,file=’rgnon.181’,status=’'new’)

format (4(1x,£14.4))

write

(1,116) ((xy(3,1),3=1,181),i=1,181)

close(l)

call greset
call gclear
call GSEGCR
call
call GSEGCL
call
call
call
call
open

(3)

display_image grey(xzy,m,icol,ipol)
(5)

write image (xy,m)
timer start (context)

irtr nearest neig(xy,m,xx,n)

time elapsed(context)

(unit=1, file=’onnr.128’,status='new’)

format (4 (1x,£14.4))

(1,117) ((xx(j,1i),j=1,128),i=1,128)

write
close (1)
call write image (xy,m)
endif

if (nfn.eq.2) then

call
call
call
open

timer start (context)

rtr four neig(a,n,xy,m)

time elapsed(context)
(unit=1,file=’'o0fnp.181’,status="new’)

format (4 (1x,£f14.4))

write

(1,115) ((xy(3,3i),3=1,181),1i=1,181)

close(l)

call GSEGCR
call display

(6)
image grey(xy,m,icol,ipol)

call GSEGCL (6)

call
call
call
call
open

write image (xy,m)

timer start (context)

irtr four neig(zy,m,x%,n)

time elapsed(context)

(unit=1, file=’ofnr.128’,status="new’)




klls

c123

format (4 (1x,£f14.4))
write(1,118) ((xx(Jj,1),3=1,128),1i=1,128)
close (1)
call write image(xy,m)
endif
if (nfn.eq.3) then
call timer_ start (context)
call rtr elght _neig(a,n,xy,m)
call tlme_elapsed(conteyt)
call GSEGCR (7)
call display image grey(xy,m,icol,ipol)
call GSEGCL (7)
call wrlte_image(xy,m)
- call timer start (context)
call irtr elght _neig(xy,m,xx,n)
call time elapsed(conteyt)
call write image (xy,m)
endif
if (nfn.eqg.4) then
call timer start (context)
call rtr 2rp neig(a,n,xy,m)
call time elapsed(conteyt)
call GSEGCR (8)
call display_image_grey (xy,m,icol,ipol)
call GSEGCL (8)
call write_image(xy,m)
call timer start (context)
call irtr 2rp neig(xy,m,xx,n)
call time elapsed(context)
call wrlte_lmage(xy, )
endif
if (nfn.eq.5) then
call timer start (context)
call rtr 1rp _neig(a,n,xy,m)
call time elapsed(context)
call GSEGCR (9)
call display image grey (xy,m,icol,ipol)
call GSEGCL (9)
call wrlte_image(xy,m)
call timer start (context)
call irtr lrp neig(xy,m,xx,n)
call time elapsed(context)
call write image (xzy,m)
endif -
elseif (ix.eq.2) then
write(6,*) ’1. Normal nearest neighbor pixel’
write(6,*) ’2. Normal four neighbor pixels’
write(6,*) ’3. Normal eight neighbor pixels
read(5,*) nfn
if (nfn.eqg.l) then
call timer start (context)
call rtr_nearest(a,n,xy,m)
call time elapsed(context)
open (unit=1,file="nnnp.181’,status="new’)
format (4 (1x,£14.4)) -
write(1,123) ((xy(j,1),3=1,181),1i=1,181)
close (1)
call GSEGCR (10)
call display image grey(xzy,m,icol,ipol)
call GSEGCL (10)
call write image (xy,m)
call timer start (context)
call irtr nearest (xy,m,xx,n)
call time elapsed(context)
open (unit=1l,file='nnnr.128’,status='new’)
format (4 (1x,£14.4))
write(l,114) ((xx(j,1),3=1,128),1i=1,128)
close (1)




o call write image (xy,m)
endif
if (nfn.eq.2) then
call timer start (context)
call rtr four(a,n,xy,m)
call time_elapsed(context) ,
open (unit=1,file='nfnp.181’,status="new’)

122 format (4 (1x,£14.4))
write(1,122) ((xy(j,1),J=1,181),1i=1,181)
close (1)

call GSEGCR (11)
call display image_grey(xy,m,icol,ipol)
call GSEGCL (11)
call write image (xy,m)
call timer_start (context)
call irtr four(xy,m,xx,n)
call time elapsed(context)
open (unit=l,file=’'nfnr.128’,status=’'new’)
121 format(4(lx,f14 4))
write(1l,121) ((xx(j,1i),3=1,128),i=1,128)
close (1)
call write_image (xy,m)
endif
if (nfn.eqg.3) then
call timer start (context)
call rtr eight(a,n,xy,m)
call time elapsed(context)
call GSEGCR (12)
call display_ image_grey(xy,m,icol,ipol)
call GSEGCL (12)
call wrlte_image(xy,m)
call timer start (context)
call irtr elght(xy,m,zu,n)
call tlme_elapsed(context)
call write image (xy,m)
endif
else
endif
call greset
call gclear
call GSEGCR (13)
call display image_grey(xx,n,icol,ipol)
call GSEGCL (13)
open (unit=1,file='"datare. dat’,status—’new )

119 format (4(1x, fl4 4))
write(1,119) ((xx(j,1i),J=1,128), i= 1,128)
close(l)

call greset

call gclear
o call hlstogram image (xx%,n,h2,lev, gsum)
o write (6, *)’grey sum9 16=',gsum
C call GSEGCR (14)
C call display histogram(h2, lev)
o call GSEGCL (14)
c call greset
C call gclear
C call norm histogram(h2,lev,n,h3,dev,area)
c write (6, *)'deviation=’',dev
C write (6,*)’Histogram Area=’,area
C call GSEGCR (15)
c call display histogram norm(h3,lev)
c call GSEGCL (15)
c call greset
o] call gclear
¢ Compute least square error

call least square_error(a,xx,n,er, abser, std)

c open (unit=1, flle—'abseron 128’,status=’new )
clel format (4 (1x, f14 4))




0

110

111

QOO0 000000000000000000000000000000002A0

112
113
o}

C
1001
1002
c.

o}

write(1,161) ((abser(j,i),j=1,128),1i=1,128)
close(l)

write(6,*)’NMSE=’,er
write (6, *)’2D standard dev.=’,std

Compute projection (Rotation) least square error

call projection_square_error(a,xx,n,per)
call display__ signal (per,n)

call mean_ standard(per,n,xmean,stl)
write(6,*)’eld=’",xmean

write(6,*)’1D standard dev.=',stl

call write signal (per,n)

write (6, *)’enter cutoff freq. in pixels:’
read (5, *) icut
write (6, *)’enter order of the filter :’/
read(5,*) iord

call blpf image (xx,n,icut,iord)

call GSEGCR (16)

call display_ image grey (xx,n,icol,ipol)

call GSEGCL (16)

call greset

call gclear

call hlstogram image (xx,n,h4, lev,gsum)
write(6,*)’grey sum9 1l6= ’,gsum

call GSEGCR (17)

call display histogram(h4,lev)

call GSEGCL (17)

call greset

call gclear

call norm histogram(h4,lev,n,h5,dev,area)
write (6, *)’deviation=’,dev
write(6,*)’Histogram Area=’,area

call GSEGCR (18)

call display_ histogram norm(h5, lev)

call GSEGCL (18)

call greset

call gclear

Ask user if another filterig technique is required.

write(6,110)

format (1x,’ filter another? <n>’3$)
read(5,111) re

format (a6)

if((re.eq.’y"). .(re.eq.’Y¥’))goto 21
call compare_ rotate _image (xy,m)

Ask user if another reconstruction technigue is required.

write(6,112)

format (1x,’ reconstruct another? <n>’S$)
read(5,113)an

format (a6)
if((an.eq.’y’).or.(an.eq.’¥’))goto 20

c Ask user if another display is required.

write (6,1001)

format (1x,’Display another? <n>’$)
read(5,1002)answer

format (ab6)

if ((answer.eq.’yes’) .or. (answer.eq.’y’))goto 5

¢ Terminate uniras.




c

c Write out response to user indicating next stage for producing
¢ a hardcopy (in the case of option for generating a plotfile).

if(ic.eq.l)then
write (6,*)’Your plot file is called lps40.plot’
endif

if (ic.eqg.2)then
write (6, *)’Your plot file is called t4510.plot’
endif

call greset

call gclear

call gclose

stop
end

subroutine counter (v,n,necount,nzecount,npocount)
real v (256,256)
necount=0
nzecount=0
npocount=0

do i=1l,n

do j=1,n

if (v(3j,1i).1t.0.) necount=necount+l
if (v(j,1i).eq.0.) nzecount=nzecount+l
if (v(j,1i).gt.0.) npocount=npocount+l
enddo

enddo

return

end




subroutine rtr nearest(x,n,y,m)
real x(256,256),y(256,256),xy(256,256)
real w(256,256),2(256)

Ah kAR KKRKAKAKRA A K AR IR AR Ak kkhkkkkhkkkhkhkkhkkhkhkhkkkkhhkhkkkhkhx

Function: This subroutine computes the Radon Transform of
‘ n X n image.
External subroutines: Rotate nearest neig
Project

Internal subroutines: None
Parameters: x - n X n input array

y - m X m output array
A KK AR KRAAKRKRAKRKAKARKNRA A A kA Ak kA Ak kkkhkkhkhkhhkkhkkhhkhhkkhkkkhkkkkk

Send message to user ‘Computing Radon Transform...’

write(6,1)

format (1x,’Computing Radon Transform...’$)
initialize array y

do 3=1,m

de i=1,m

Y(]ll)=0

enddo

enddo
Compute angle of rotation in steps of 1 degree and rotate
thes.6bject, take projection of rotated object.

do i=1,m

theta=float (i-1)

call rotate_nearest(x,n,w,m,theta)

call project(w,z,m)
Stack projections together to form image of "Radon space”
data.

do j=1,m

Y(jll)=z(j)

enddo

enddo

return

end




subroutine rtr nearest neig(x,n,y,m)
real x(256,256),y(256,256),xy(256,256)
L real w(256,256),z(256)

*****************************************************
C Function: This subroutine computes the Radon Transform of
; n X n image.
External subroutines: Rotate_nearest_ neig

Project
Internal subroutines: None
Parameters: x - n X n input array
y — m X m output array

******************************************************

Send message to user ’Computing Radon Transform...’

write(6,1)
' format (1x,’ Computing Radon Transform...’$)
initialize array y
do j=1,m
do i=1,m
Y(]/l)=0
enddo
enddo
Compute angle of rotation in steps of 1 degree and rotate
the object, take projection of rotated object.
do i=1,m
theta= float(i 1)
call rotate nearest nelg(x n,w,m,theta)
call project (w,z,m)
Stack projections together to form image of "Radon space"
data.
do j=1,m
y(3,1)=2z (3
enddo
enddo
return
end




subroutine rtr lrp neig(x,n,y,m)
real x(256,256),y(256,256),xy (256, 256)
real w(256,256),z(256)

*****************************************************

> Function: This subroutine computes the Radon Transform of
) n X n image.
External subroutines: Rotate_nearest_neig
Project

Internal subroutines: None
Parameters: x - n X n input array

y = m X m output array
****************#*************************************

Send message to user ’Computing Radon Transform..

write(6,1)

format (1x,’Computing Radon Transform...’$)
initialize array y

do j=1,m

do i=1,m

Y(]/l)=0

enddo

enddo
Compute angle of rotation in steps of 1 degree and rotate
the object, take projection of rotated object.

do i=1,m

theta—float(i 1)

call rotate_lrp . neig(x,n,w,m,theta)

call prOJect(w,z m)
Stack projections together to form image of "Radon space"

» data.

do j=1,m
y(3,1) =z (3)
enddo
enddo
return

end




subroutine rtr_2rp neig(x,n,y,m)

real x(256,256),y(256,256),xy(256,256)

real w(256,256),z(256)
*****************************************************
Function: This subroutine computes the Radon Transform of

n X n image.
External subroutines: Rotate nearest_neig
Project
Internal subroutines: None
Parameters: x - n X n input array
y - m X m output array

******************************************************

Send message to user ‘Computing Radon Transform...’

write(6,1)

format (1x,’Computing Radon Transform...’$)
initialize array y

do j=1,m

do i=1,m

Y(jli)=0-

enddo

enddo
Compute angle of rotation in steps of 1 degree and rotate
the object, take projection of rotated object.

do i=1,m

theta=float (i-1)

call rotate_2rp_neig(x,n,w,m,theta)

call project(w,z,m)
Stack projections together to form image of "Radon space"
data.

do j=1,m

y{(3,1)=2z(3J)

enddo

enddo

return

end




subroutine rtr four(x,n,y,m)
real x(256,256),y(256,256),xy(256,256)
real w(256,256),z(256)

KKK KRKAKRK AR A A KRR Ak khkkkhkrhkkkhkhkkkkkhkkhhkhkkhkhhkhhkhkhkkkx

Function: This subroutine computes the Radon Transform of
n X n image.
External subroutines: Rotate_nearest_ neig
Project

Internal subroutines: None
Parameters: x - n X n input array

y - m X m output array
A KA K I A KAKAKRKRKRAKRKR AR AR A AR A AAR KRR AR kA Ak hkhk kA khkhhkhxhkhkhkkkkhkx

Send message to user ’Computing Radon Transform...’

write(6,1)

format (1x,’Computing Radon Transform...’$)
initialize array y

do j=1,m

do i=1,m

enddo

enddo
Compute angle of rotation in steps of 1 degree and rotate .
the object, take projection of rotated object.

do i=1,m

theta=float (i-1)

call rotate_four(x,n,w,m,theta)

call project(w,z,m) ]
Stack projections together to form image of "Radon space"
data.

do j=1,

Y(JI i)=

enddo

enddo

return

end

m
VA
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subroutine rtr four neig(x,n,y,m)
real x(256,256),y(256,256) ,xy(256,256)
real w(256,256),2z(256)
Ak kA AR KA AKA AR AKRKRAKRKRAR KKK Ak kA Ak kkkkkk kA kkhkhkkhkhhkhkxhkxk*k
' Function: This subroutine computes the Radon Transform of
’ n X n image.
External subroutines: Rotate_four_ neig
5 Project
- Internal subroutines: None
* Parameters: x - n X n input array
" y - m X m output array
W A KA A KA A AT A KRR KRR R A AR KR AKRKA AR AR AR A kA kA Ak kA Ak Ak kkhkkkkhkkk

> Send message to user ‘Computing Radon Transform...’

write(6,1)

format (1x,’Computing Radon Transform...’$)

t initialize array y

do j=1,m

do i=1,m

y(3,1)=0.

enddo

enddo

t Compute angle of rotation in steps of 1 degree and rotate
 the object, take projection of rotated object.

do i=1l,m

theta=float (i-1)

call rotate four neig(x,n,w,m,theta)

call project(w,z,m)

t Stack projections together to form image of "Radon space"

t data.

do j=1,m
Y(]ll)=z(])
enddo
enddo
return

"end




subroutine rtr eight(x,n,y,m)
real x(256,256),y(256,256),xy(256,256)
real w(256,256),2(256)
*****************************************************
Function: This subroutine computes the Radon Transform of
n X n image.
External subroutines: Rotate_nearest_neig
Project

Internal subroutines: None
Parameters: x - n X n input array

y - m X m output array
kA KKRAKKRKAKR A A AKR KR RAR KKK IR IR AR Rk khkhkhkkkhkhkkkhkkhhkhhhkhxk

Send message to user ‘Computing Radon Transform...’

write (6,1)

format (1x,’Computing Radon Transform...’$)
initialize array y

do j=1,m

do i=1,m

enddo

enddo
Compute angle of rotation in steps of 1 degree and rotate
the object, -take projection of rotated object.

do i=1l,m

theta=float (i-1)

call rotate eight(x,n,w,m,theta)

call project (w,z,m)
Stack projections together to form image of "Radon space"
data.

do j=1,m

Y(Jll)=z(])

enddo

enddo

return

end




subroutine rtr eight neig(x,n,y,m)
real x(256,256),y(256,256),xy(256,256)
real w(256,256),z(256)
Ak kA A KA AR IR A A KR IARA KRR KRR Rk k kA kA Ak kA kkkkkhkkhkhkhkhkkkhhkkx

Function: This subroutine computes the Radon Transform of
‘ n X n image.
External subroutines: Rotate_eight_neig

Project
Internal subroutines: None
Parameters: x - n X n input array
y = m X m output array

Ak A AKRAKAIAKRKRAAKRA KA KA AR Ak hAAA ARk kA hkhkkrrkhkkkkhkkhkkkkkkkkkkxk

Send message to user ’Computing Radon Transform...’

write (6,1)
format (1x,’Computing Radon Transform...’S$)
 initialize array y

do j=1,m

do i=1,m

Y(jri)=0-

enddo

enddo
Compute angle of rotation in steps of 1 degree and rotate
the object, take projection of rotated object.

do i=1,m

theta=flocat (i-1)

call rotate eight neig(x,n,w,m,theta)

call project(w,z,m)
Stack projections together to form image of "Radon space™
data.

do j=1,m

y(3,1)=2z(3)

enddo

enddo

return

end




subroutine rotate nearest(a,n,b,m,theta)
real a(256,256),b(256,256),w(256,256)
y ************************-k**********************************************
FUNCTION : This subroutine rotates an n X n array a
through an angle theta (given in degree)
anticlockwize placing the result at the
center of an array mxm b
PARAMETERS: a _ Input image of n X n size
b _ Rotated image of m X m size
EXTERNAL SUBROUTINE :None

INTERNAL SUBROUTINE :None
I N T I R S R R T SRS SRS R S R S s St St Tt s

convert theta into radians

pi = 4. * atan(l.)
theta theta * (pi/180.)
costh cos (theta)
sinth sin(theta)

onon

initial b
do i
do j
b(j, 1)
w(3, 1)
enddo
enddo

[I]
e
cozgd 3z

compute new coordinates (xd,yd) of rotate array

n/2 + 1
m/2 + 1

nn
mm

start process

do j
do i

1,n
l,n

generate 4-quadrant cartesian plan

y = float (j-nn)

x = float (i-nn)
% * costh - y * sinth
%X * sinth + y * costh

compute both real and integer coordinates of array b
associated with the above transformation for later use
kx mm+ nint (xd)
ky mm+ nint (yd)
assign value of a at (j,i) to the nearest_point cell
of array b in wich the transformed coordinates
lie.

b(ky,kx) = a(j,1i)

enddo
enddo
return
end




subroutine rotate nearest_neig (a,n,b,m,theta)
real a(256,256),b(256,256),w(256,256)
integer =xu,yu,xd,yd,dul,eul,du2,eu2,vu(256),hu(256),ku(256)
integer gu(256)
Function: This subroutine rotates an nXn array a through an angle theta
(given in degrees ) placing the result at the center of an mXm
array b.
Convert theta into radients.
pi=4.*atan(l.)
theta=theta* (pi/180.)
initialize b
do i=1l,m
do j=1,m
b(j,1)=0.
w(j,1)=0.
enddo
enddo
Compute centers of array a and b
nn=n/2+1
mm=m/2+1
Compute the integer of horizontal and vertical displacement along the x and
y-axis which corresponds to n-pixel monement along the u-axis.
xu=nint (nn*cos (theta))
yu=nint (nn*sin(theta))
if (xu.lt.0) then
ml=-1
else
ml=1
endif
if (yu.1lt.0) then
nl=1
else
nl=-1
endif
Compute the rotation parameters
dul=2*abs (yu)
du2=2* (abs (yu) —nn)
eul=2*abs (xu)
eu2=2*(abs(xu)-nn)
vu(l)=2*abs(yu) -
hu(l)=2*abs (xu) -nn
ku(0)=0
gu(0)=0
do i=1,nn
if (hu(i).ge.O) then

hu (i+1)=hu (i )+eu2
gu(i)=gu(i-1)+
if (vu(i). ge.O then

)
u(i+1l)=vu (i) +du2
ku(i)=ku(i-1)+1

else
vu(i+l)=vu(i)+dul
ku(i)=ku(i-1)

endif
else
hu(i+1) hu(1)+eul
gu (i)=gu(i-1)
if (vu(i).ge.0) then
u{i+l)=vu(i)+du2
ku(i)=ku(i-1)+1
else
vu(i+1l)=vu (i)+dul
ku(i)=ku(i-1)
endif
endif
enddo

Compute new coordinates (/d,yd) of rotated array and assign the value of a at
(i,3j) to the appropriate cell of b which encloses these coordinates.




T

Generate 4-quadrant cartesian plane.
do i=1l,nn
ku(-i)=-ku (i)
gu(-i)=-gu (i)
enddo

Start process

do j=1,n
do i=1l,n

* Employ coordinate transformation for rotation using the integer parameters.
yd=ml*gu (i-nn)-nl*ku(j-nn)

xd=ml*gu(j-nn)+nl*ku(i-nn) ‘

Compute the integer coordinates of array b associated with the above
transformation.

kx=mm+xd
ky=mm+yd

t Assign value of a at (i, j) to the nearest cell of array b in which the
t transformed coordinates lie.

b (ky+1, kx-1)=a (i, 3)

b (ky,kx-1)=a(i, J)

b (ky-1,kx~-1)=a(i, J)
b (ky+1l,kx)=a(i, Jj)

b (ky,kx)=a(i,])
b(ky-1,kx)=a(i,])

b (ky+1,kx+1l)=a (i, j)
b (ky,kx+l)=a(i, J)

b (ky-1,kx+1l)=a (i, j)
enddo

enddo

return

end




subroutine rotate_lrp neig (a,n,b,m,theta)
real a(256,256),b(256,256), w(256 256)
integer xu,yu,xd,yd,dul,eul,duZ,eu2,vu(256),hu(256),ku(256)
integer gu(256)
Function: This subroutine rotates an nXn array a through an angle theta
(given in degrees ) placing the result at the center of an mXm
array b.
Convert theta into radients.
pi=4.*atan(l.)
theta=theta* (pi/180.)

A\ AR AR A

r initialize b

enddo

t Compute centers of array a and b
nn=n/2+1

mm=m/2+1

f Compute the integer of horizontal and vertical displacement along the x and
b y-axis which corresponds to n-pixel monement along the u-axis.
xu=nint (nn*cos (theta))
yu=nint (nn*sin (theta))
if (x%u.lt.0) then
ml=-1

else

ml=1

endif

if (yu.lt.0) then
nl=1

else

nl=-1

endif

r Compute the rotation parameters
dul=2*abs (yu)
du2=2* (abs (yu)-nn)
eul=2*abs (xu)
eu2=2* (abs (xu) -nn)
vu(l)=2*abs(yu) -

hu (1)=2*abs (xu) -nn
ku(0)=
gu(0)=0

do i=1l,nn
if (hu(i).ge 0) then

hu(i+l)=hu(i )+eu2
gu (i) gu(l 1)+
if (vu(i). ge.O then

)
vu({i+l)=vu (i) +du2

ku(i)=ku(i-1)+1
else
vu(i+l)=vu (i) +dul
ku(i)=ku(i-1)
endif
else
hu(1+l) (1)+eul
gu(i)= ( 1)
if (vu(i) .ge.0) then
vu(i+l)=vu(i)+du2
ku(i)=ku(i-1)+1
else
va(i+1l)=vu (i) +dul
ku(i)=ku(i-1) i
endif ;
endif
enddo

- Compute new coordinates (xd,yd) of rotated array and assign the value of a at
- (i,3) to the appropriate cell of b which encloses these coordinates.
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Generate 4-quadrant cartesian plane.
do i=1l,nn
ku(-i)=-ku(i)
gu(~i)=-gu(i)
enddo

Start process
do j=1,n
do i=1,n

Employ coordinate transformation for rotation using the integer parameters.
yd=ml*gu (i-nn)-nl*ku(j-nn)
xd=ml*gu (j-nn)+nl*ku(i-nn)

Compute the integer coordinates of array b associated with the above

transformation.

. kx=mm+xd
ky=mm+yd

Assign value of a at (i,j) to the nearest cell of array b in which the

transformed coordinates lie.

b (ky,kx-1)=a(i, ]j)

b (ky+1,kx)=a(i, j)

b (ky,kxz)=a(i, )

b(ky-1,kx)=a(i, J)

b (ky,kz+l)=a(i, J)

enddo
enddo
return
end




subroutine rotate_ 2rp neig (a,n,b,m,theta)
real a(256,256),b(256,256),w(256,256)
integer =xu,yu,xd,yd,dul,eul,du2,eu2,vu(256),hu(256),ku(256)
integer gu(256)
Function: This subroutine rotates an nXn array a through an angle theta
(given in degrees ) placing the result at the center of an mXm
array b.
Convert theta into radients.
pi=4.*atan(1l.)
theta=theta* (pi/180.)

|PEE PP ENP]
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initialize b
do i=1,m
do j=1,m
b(j,1)=0.
w(j,i)=0.
enddo
enddo
Compute centers of array a and b
nn=n/2+1
mm=m/2+1
Compute the integer of horizontal and vertical displacement along the x and
y-axis which corresponds to n-pixel monement along the u-axis.
xu=nint (nn*cos (theta))
yu=nint (nn*sin (theta))
if (xu.lt.0) then
ml=-1
else
ml=1
endif
if (yu.lt.0) then
nl=1
else
nl=-1
endif
c Compute the rotation parameters
dul=2*abs (yu)
du2=2* (abs (yu) -nn)
eul=2*abs (xu)
eu2=2* (abs (xu) -nn)
vu (l)=2%*abs (yu)-nn
hu(l)=2*abs (xu)-nn

7

7 \J

i) .ge.0) then
i+1l)=hu (i) +eu2
i)=gu(i-1)+1
if (vu(i).ge.0) then
vu(i+l)=vu (i) +du2
ku(i)=ku(i-1)+1
else
vu(i+l)=vu(i)+dul
ku(i)=ku(i-1)
endif
else
hu (i+1l)=hu (i) +eul
gu (i)=gu(i-1)
if (vu(i).ge.0) then
vu(i+l)=vu(i)+du2
ku(i)=ku(i-1)+1
else
vu(i+l)=vu(i)+dul -
ku(i)=ku(i-1) <
endif

endif
enddo
Compute new coordinates (xd,yd) of rotated array and assign the value of a at
c (i,J) to the appropriate cell of b which encloses these coordinates.




Generate 4-quadrant cartesian plane.
do i=1,nn
ku(-i)=-ku (i)
gu(-i)=-gu(i)
enddo
Start process
do j=1,n
do i=1l,n
Employ coordinate transformation for rotation using the integer parameters.
yd=ml*gu (i-nn)-nl*ku(j-nn)
xd=ml*gu (j-nn)+nl*ku(i-nn)
Compute the integer coordinates of array b associated with the above
transformation.
kx=mm+xd
ky=mm+yd
» Assign value of a at (i,j) to the nearest cell of array b in which the
transformed coordinates lie.
b (ky,kx-1)=a (i, j)
b (ky+1, kx)=a (i, j)
b (ky, kx)=a (i, J)
b(ky-1,kx)=a(i, j)
b (ky,kx+1l)=a(i, j)

enddo
enddo
return
end
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subroutine rotate four(a,n,b,m,theta)
real a(256,256),b(256,256),w(256,256)
A A A KR AA KA A KA AR KA RAKRAAAR KR AKX A AARAKR A AR A RKRARA AR KA AR AR A Ak khkkhhkhkhhkhkhhkkhkkhkkx
FUNCTION : THIS SUBROUTINE ROTATES AN NXN ARRAY A

THROUGH AN ANGLE THETA (given in degree)

anticlockwize placing the result at the

center of an array mxm b
PARAMETERS: a _ Input image of n X n size

b _ Rotated image of m X m size
EXTERNAL SUBROUTINE :None

INTERNAL SUBROUTINE :None
Kk KKk AR A AR AR AR AR KA A KA AR R KRR KRR AR KA AR A KRR AR KKK AR I KA AR AR AR Ak Ak kkkkhhkk k%

convert theta into radians

pi = 4. * atan(1l.)

theta = theta * (pi/180.)

costh = cos(theta)

sinth = sin(theta)
initial b

doi=1,m

do j =1,m

b(j,i) = 0.

w(j,i) = 0.

enddo

enddo

compute new coordinates (xd,yd) of rotate array

nn n/2 + 1
mm m/2 + 1

Compensation of the center position for rotation.
xcomp=nn+nn* (sinth - costh)
ycomp=nn-nn* (sinth + costh)

nu

start process

do j
do i

o

l,n
l,n

generate 4-quadrant cartesian plan

y = float (j-nn)
%z = float (i-nn)
xd = x * costh - y * sinth
yd = x * sinth + y * costh

compute both real and integer coordinates of array b
associated with the above transformation for later use
kx mm+ nint (xd)
ky mm+ nint (yd)
assign value of a at (j,1) to 9-point cell
of array b in wich the transformed coordinates

o

lie.
b(ky,kx-1) = a(j,1)
b(ky+1l,kx) = a(j,1)
b(ky,kx) = a(j,1)
b(ky-1,kx) = a(j, 1)
b (ky, kx+l) = a(3,1i)
enddo
enddo
return

end




subroutine rotate four neig (a,n,b,m,theta)
real a(256,256),b(256,256),w(256,256)
integer =xu,yu,xd,yd,dul,eul,du2,eu2,vu(256),hu(256),ku(256)
integer gu(256)
Function: This subroutine rotates an nXn array a through an angle theta
(given in degrees ) placing the result at the center of an mXm

array b.

Convert theta into radients.
pi=4.*atan(1.)
theta=theta* (pi/180.)

initialize b
do i=

1,m
do j=1,m
1)=0
1)=0

oS~

b(j,1
W(jl
enddo
enddo

Compute centers of array a and b

nn=n/2+1
mm=m/2+1

Compute the integer of horizontal and vertical displacement along the x and
y-axis which corresponds to n-pixel monement along the u-axis.

xu=nint (nn*cos (theta))

yu=nint (nn*sin (theta))

if (xu.lt.0)

ml=-1
else
ml=1
endif

if (yu.lt.0) then

nl=1
else
nl=-
endif

Compute the rotation parameters

dul=2*abs (yu)
duz2=2* (abs (yu) -
eul=2*abs (xu)

eu2=2* (abs (xu
vu(l)=2*abs (yu)
hu(l)=2*abs (xu)-nn

then

) =nn)
-nn

ku (0)=0
gu(0)=0
do i=1,nn
if (hu{(i).ge.0) then
hu(i+l) hu(1)+eu2
gu(i)=gu(i-1)+
if (vu (1) . ge.O) then
vu (i+1)=vu (i) +du2
ku(i)=ku(i-1)+1
else
u(i+l)=vu (i) +dul
ku(i)=ku(i-1)
endif
else
hu(i+1) hu(1)+eul
gu(i)=gu(i-1)
if (vu(i) .ge.0) then
u(i+l)=vu (i) +du2
ku(i)=ku(i-1)+1
else
u(i+l)=vu(i)+dul
ku(i)=ku(i-1)
endif
endif
enddo

Compute new coordinates

(xd,yd)

of rotated array and assign the value of a at

(1i,3) to the appropriate cell of b which encloses these coordinates.




g
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Generate 4-quadrant cartesian plane.
do i=1,nn
ku(-i)=-ku(i)
gu(~i)=-qgu(i)
enddo

Start process
do j=1,n
do i=1l,n

 Employ coordinate transformation for rotation using the integer parameters.

yd—ml*gu('-nn)-nl*ku(j nn)
xd=ml*gu(j-nn)+nl*ku (i-nn)

t Compute the integer coordinates of array b assoc1ated with the above
 transformation.

- kx=mm+xd
ky=mm+yd

r Assign value of a at (i,3j) to the nearest cell of array b in which the
t transformed coordinates lie.

b (ky+1,kx-1)=a(i, )
b (ky,kx-1)=a (i,3)

b (ky-1,kx-1)=a(i,
b (ky+1,kx)=a(i, ])

b (ky,kx)=a (i, ])
b(ky-1,kx)=a(i, j)

b (ky+1,kx+1)=a (i, j)
b (ky,kx+l)=a(i, Jj)

b (ky-1,kx+1l)=a (i, j)

)

enddo
enddo
return
end




subroutine rotate eight(a,n,b,m,theta)
real a(256,256),b(256,256),w(256,256)

A AR A AR A KA K AKRAKRKRAKAAKRARKR KA KRR AR AR AR AR Ak kA kAR R A Rkhk kA hkhkhkhkhkkhkhkhkhkhkhkkhkkkkk
FUNCTION : THIS SUBROUTINE ROTATES AN NXN ARRAY A

THROUGH AN ANGLE THETA (given in degree)

anticlockwize placing the result at the

center of an array mxm b
PARAMETERS: a Input image of n X n size

b _ Rotated image of m X m size
EXTERNAL SUBROUTINE :None

INTERNAL SUBROUTINE :None
**********************************************************************

convert theta into radians

pi = 4. * atan(l.)

theta = theta * (pi/180.)
costh = cos(theta)
sinth = sin(theta)
initial b
doi=1,m
do j =1l,m
b(j,i) =0
w(j,i) =0
enddo
enddo

compute new coordinates (xd,yd) of rotate array

n/2 + 1
m/2 + 1

nn
mm

nu

start process

do j
do i

o

l,n
1

generate 4-quadrant cartesian plan

y = float (j-nn)
%z = float (i-nn)
zd = x * costh - y * sinth
yd = x * sinth + y * costh

compute both real and integer coordinates of array b
associated with the above transformation for later use
kx mm+ nint (xd)
ky mm+ nint (yad)
assign value of a at (j,i) to 9-point cell
of array b in wich the transformed coordinates
lie.

b(ky+l,kx-1) = a(j,1i)
b(ky,kx 1) = a(j,1i)

b (ky-1,kx-1) a(j,i)
b(ky+1, kx) j,1)
b(ky,kx) =
b(ky-1,kx)
b(ky+1,kx

b(ky,kx+1)

b(ky-1,kx+1
enddo
enddo
return
end
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subroutine rotate_eight neig (a,n,b,m,theta)
real a(256,256),b(256,256),w(256,256)
integer =xu,yu,xd,yd,dul,eul,du2,euz,vu(256),hu(256),ku(256)
integer gu(256)
Function: This subroutine rotates an nXn array a through an angle theta
(given in degrees ) placing the result at the center of an mXm

array b.

Convert theta into radients.
pi=4.*atan(l.)
theta=theta* (pi/180.)

initialize b
do i=1l,m
do j=1,m
b(3,1)=0
enddo
enddo

Compute centers of array a and b

nn=n/2+1
mm=m/2+1

Compute the integer of horizontal and vertical displacement along the x and
y-axis which corresponds to n-pixel monement along the u-axis.

xu=nint (nn*cos (theta))

yu=nint (nn*sin (theta))

if (xu.lt.0) then

ml=-1
else
ml=1
endif

if (yu.lt.0) then

nl=1
else
nl=-1
endif

Compute the rotation parameters
dul=2*abs (yu)
du2=2* (abs (yu) -nn)
eul=2*abs (xu)
eu2=2* (abs (xu)-nn)
vu(l)=2*abs(yu)-nn
hu (1)=2*abs (xu)-nn

ku(0)=0
gu(0)=0

do i=1,nn

if (hu(i).ge.0) then
hu(i+1)=hu (i) +eu2
gu(i)=gu(i-1)+1

if (vu(i).ge.0) then

vu(i+l)=vu(i)+du2
ku(i)=ku(i-1)+1
else
vu(i+l)=vu (i) +dul
ku(i)=ku(i-1)
endif
else
hu (i+1)=hu (i) +eul
gu(i)=gu(i-1)

Af (vu(i).ge.0) then
va(i+l)=vu (i) +du?
ku(i)=ku(i-1)+1

else
va(i+l)=vu(i)+dul
ku(i)=ku(i-1)

endif
endif
enddo

Compute new coordinates

(2xd,yd) of rotated array and assign the value of a at

(i,J) to the appropriate cell of b which encloses these coordinates.
Generate 4-quadrant cartesian plane.




Start process

Employ coordin

Compute the in
transformation.

do i=1l,nn
ku(-1i)=-ku(i)
gu(-i)=-gu (i)
enddo

do j=1,n
do i=1l,n

ate transformation for rotation using the integer parameters.
yd=ml*gu (i-nn)-nl*ku(j-nn)

xd=ml*gu (j-nn)+nl*ku(i-nn)
teger coordinates of array b assoc1ated with the above

. kx=mm+xd

Assign value o
transformed co

ky=mm+yd

f a at (j,i) to the nearest cell of array b in which the

ordinates lie.

b (ky+1l,kx-1)=a(i, j)
b(ky, x=1l)=a(i, 3)
b(ky-1,kx-1)=a(i, j)
b (ky+1,kx)=a (i, j)

b (ky, kx)=a (i, J)

b (ky-1,kx)=a(i, j)

b (ky+1,kx+l)=a(i, j)
b(ky,kx+1l)=a(i, 3j)
b(ky-1,kx+l)=a(i, j)

enddo
enddo
return
end




subroutine irtr_lrp  neig(x,m,y,n)
real x(256,256),y(256,256), xx(256 256)

) *******************************************************

 FUNCTION: This subroutine computes the inverse radon
E transform by:
1. Back progectlng all the projections stored
in array x giving the back projection
function y.
2. Deconvolving the array y using the inverse
filter SQRT(kx*kx + ky*ky*).
External subroutines: bpr nearest_neig
back pro;ectlon deconvolutlon
Internal subroutines: none
AR A KRR A AR AR KA AKRAKRARRARKRAAKRAR R A AR AR Ak Ak kA khkhkhkkhkhkkhkhkrhkhkkkxk

Send message to user ’'Filtering Radon Transform...’

write(6,1)
format (1x, 'Filtering Radon Transform...’$)
call projection filtering(x,m)
Send message to user ’‘Computing Inverse Radon Transform.

write(6,2)

format (1x,’Computing Inverse Radon Transform...’S$)
Initialize array =x=x

do i=1l,n

do j=1,n

xx(j,1)=0

enddo

enddo

t Back project projections stored in x
call bpr lrp neig(x,m,y,n)

return
end




subroutine irtr 2rp neig(x,m,y,n)
real x(256,256),y(256,256) ,2x(256,256)
AKAAKKAKKAAAA A RAKR KA KRR AAA XA ARARA KR IRk Ak ARA Ak hkkkhkhkkhhxhkxk
FUNCTION: This subroutine computes the inverse radon
transform by:
1. Back projecting all the projections stored
in array x giving the back_projection
function y.
2. Deconvolving the array y using the inverse_
filter SQRT (kx*kx + ky*ky*). _
External subroutines: bpr nearest neig ‘
back projection_deconvolution
Internal subroutines: none
AEAKKAAKRAKRAKRAKRAA KN AKRRKRARA KR A A Ak Ak kA kA hkkhkhkkhkhkkhhkkhkhkkhkhkhkhkk

Send message to user ‘Filtering Radon Transform...’

write(6,1)
format (1x, 'Filtering Radon Transform...’$)
call projection filtering(x,m)
Send message to user ’‘Computing Inverse Radon Transform...

write(6,2)

format (1x,’Computing Inverse Radon Transform...’$)
Initialize array xx

do i=l,n

do j=1,n

xx(j,1)=0.

enddo

enddo

Back project projections stored in x
call bpr 2rp neig(x,m,y,n)

return
end




subroutine irtr nearest'(x,m,y,n)
real x(256,256),y(256,256),xx(256,256)

b *******************************************************

 FUNCTION: This subroutine computes the inverse radon
transform by:
1. Back pro;ectlng all the pro;ectlons stored
in array x giving the back projection
function y.
2. Deconvolving the array y using the inverse
filter SQRT(kx*kx + ky*ky*).
External subroutines: bpr nearest neig
back pro;ectlon deconvolutlon
Internal subroutines: none
AAKAKR KKK A AR AR A AR AR AR A AR A RR AR I kA Ak hkkhk A khkhkhkhkhhhkx
Filtering Radon Transform.
Send message to user / Filtering Radon Transform...’

write (6,1)
format (1%, ’/Filtering Radon Transform...’$)

call projection_filtering(x,m)
Send message to user ’‘Computing Inverse Radon Transform...’

write (6,2)

format (1x, ' Computing Inverse Radon Transform...’S$)
Initialize array =x=x

do i=1,n

do j=1,n

xx(j,1)=0

enddo

enddo

Back project projections stored in x
call bpr nearest(x,m,y,n)

return
end




subroutine irtr nearest neig(x,m,y,n)
real x(256,256),y(256,256) ,xx(256,256)

KRR AKRK KRR AR KRR KRR R AR ARk kA Ak kAR Ak kkAkAA Ak khkkkhkkhkhkhhk

FUNCTION: This subroutine computes the inverse radon
transform by:
1. Back projecting all the projections stored
in array x giving the back_projection
function y.
2. Deconvolving the array y using the inverse_
filter SQRT (kx*kx + ky*ky*).
External subroutines: bpr nearest_neig
back_projection deconvolution
Internal subroutines: none
A A KKK AAKR AR KA KRAKAAKRA KRR AR AR A AR KR A AR AR AR R A AR A kA kA k Ak k*x
Filtering Radon Transform.
Send message to user / Filtering Radon Transform...’

write(6,1)
format (1x,’Filtering Radon Transform...’$)

call projection filtering(x,m)
Send message to user ’Computing Inverse Radon Transform...’

write (6,2)

format (1x,’Computing Inverse Radon Transform...’$)
Initialize array xx

do i=l,n

do j=1,n

xx(j,1)=0.

enddo

enddo

Back project projections stored in x
call bpr nearest neig(x,m,y,n)

return
end




subroutine irtr_ four(x,m,y,n)
real x(256,256),v(256,256),%x(256,256)
*******************************************************
FUNCTION: This subroutine computes the inverse radon
transform by:
1. Back prOJectlng all the projections stored
in array x giving the back_projection
function y.
2. Deconvolving the array y using the inverse
filter SQRT(kx*kx + ky*ky*). -
External subroutines: bpr nearest neig
back projection_ deconvolution
Internal subroutines: none
X E XTI EIEESSSS RS S LSS ELE S LS LSS S SR EEE SRR EEEREES]

Send message to user ’‘Filtering Radon Transform...’

write(6,1)
format (1x,’/Filtering Radon Transform...’$)
call projection filtering(x,m)
Send message to user ‘Computing Inverse Radon Transform..

write(6,2)

format (1x,’Computing Inverse Radon Transform...’$)
Initialize array =xx

do i=1l,n

do j=1,n

xx(j,1)=0.

enddo

enddo

Back project projections stored in x
call bpr four(x,m,y,n)

return
end




subroutine irtr four nelg(x m,y,n):
real x(256,256), y(256 256) ,%x(256,256)

*******************************************************

FUNCTION: This subroutine computes the inverse radon
transform by:
1. Back pro;ectlng all the projections stored
in array x giving the back projection
function y.
2. Deconvolving the array y using the inverse_
filter SQRT (kx*kx + ky*ky?*).
External subroutines: bpr_four neig
back prOJectlon deconvolution
Internal subroutines: none
AR A KAKRAKRKRKAKR KR KA AR AR AR AR I AR KRR A kAR A ARk Ak ok kA hkhkhkhhkkkhkhkkhkkxkx
Filtering Radon Transform.
Send message to user ' Filtering Radon Transform...’

write (6,1)
format (1x,’Filtering Radon Transform...’$)
call projection filtering(x,m)
Send message to user ’Computing Inverse Radon Transform...

write(6,2)
format (1x,’ Computing Inverse Radon Transform...’$)
Initialize array xx
de i=1,n
do j=1,n |
tx (j,1)=0. |
enddo |
enddo |

Back project projections stored in x
|
call bpr_ four neig(x,m,y,n)

open (unit=1, file="datair.dat’,status="new’)
119 format (4 (1x,£14.4))

write(1,119) ((y(j,1),3=1,128),i=1,128)

close (1)

return

end




subroutine irtr eight(x,m,y,n)
real x%(256,256),y(256,256),xx(256,256)
y kAR A KK AR A AR A AR A AR AR R A KRAKNA RNk Ak kA Ak khkhkhkkhkhkhkhhkkkhkkhkkkkhk
FUNCTION: This subroutine computes the inverse radon
transform by:
1. Back prOJectlng all the projections stored
in array x giving the back_projection
function y.
2. Deconvolving the array y using the inverse
filter SQRT(kx*kx + ky*ky*). -
External subroutines: bpr_nearest neig
back _projection_; deconvolution
Internal subroutines: none
A A AR A A A AR A AA KA KRR A AR KRR AARRRA R AR KRR A AR AR Ak hkhkhkhkhkhkhkkkhkkkk
Filtering Radon Transform.
Send message to user ’/ Filtering Radon Transform.

write(6,1)
format (1x,’/Filtering Radon Transform...’$)

call projection filtering(x,m)
Send message to user ’Computing Inverse Radon Transform...’

write(6,2)

format (1x,’ Computing Inverse Radon Transform...’$)
Initialize array =x=x

do i=1l,n

do j=1,n

xx(j,1)=0

enddo

enddo

Back project projections stored in x
call bpr_eight (x,m,y,n)

return
end
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subroutine irtr eight neig(x,m,y,n)
real x(256,256),y(256,256) ,xx(256,256)
AR KA A KKK AR AR AR KRR KRR KRR AKRA A AR AR R TR Ak kAR A ARk khkkhkkdkhkhkkhkhhxk
FUNCTION: This subroutine computes the inverse radon
transform by:
1. Back _projecting all the projections stored
in array x giving the back projection
function y.
2. Deconvolving the array y using the inverse
filter SQRT (kx*kx + ky*ky*). -
External subroutines: bpr _eight neig
back projection_deconvolution
Internal subroutines: none
AR KKK KAKRAARKAAA AT RIR AR R IR AR KRR A AR AR AR Ik kA Ak kkhkhkkxkkhhkkxx
Filtering Radon Transform.
Send message to user ’/ Filtering Radon Transform...’

write (6,1)
format (1%, 'Filtering Radecn Transform...’S$)

call projection filtering(x,m)
Send message to user ‘Computing Inverse Radon Transform...’

write (6,2)

format (1x,’Computing Inverse Radon Transform...’S$)
Initialize array =x '

do i=1,n

do j=1,n

xx(j,1)=0.

enddo

enddo

Back project projections stored in x
call bpr eight neig(x,m,v,n)

return
end
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subroutine bpr lrp neig(b,m,a,n)
real a(256,256),b(256,256) ,xx(256,256)
kA AT AA KRR A KA KR AR A KA A Ak Ik kA hkkhkkAhkkkkhkkhkkhkkkkhkkkhkhkknk
Function: this routine back-projects the
data stored in b to reconstruct
the image a.
External subroutines: Rotate nearest neig
Internal subroutines: None -
Parameters: b _ input, size m X m
a _ output, size n X n
A KA A A A A AR A A AR A AKX ARA AR KA KA A A AR AR A R A KA R kA Ak kk kA kkkhkhhh*x
X, y and sum are working space
real x(256,256),y(256,256)
real sum(256,256)
Send message to user ‘Computing zack projection

write(6,1)
format (1%, ' Computing back crojection...’$)

Compute size of image in which b will be rotated to prevent
corner clipping.
l=nint (sgrt(2.)*float (m))
Compute. centers of arrays to be used later
nn=n/2+1
11=1/2+1
ln=11l-nn
Initialize working space
do i=1,1
de j=1
2(3,1)

~ kW~

Compute the angle of rotation in the reverse direction
de k=1,m
theta=float (1-k)
3ack project projection
do i=1,m
do j=1,m
2(3,1)=b(3,k)
enddo
enddo
Rotate % by angle at which projection was taken
call rotate lrp neig(x,m,y,1,theta)
2dd result to previous back projection function
do i=1,1
do j=1,1
Sum(j,i)=SUIﬂ(j,i)+Y(j,i)
enddo
enddo

enddo
Window the back orojection function to extract reconstruction
(size n X n) and write it to outcut

do i=1,n

de j=1,n

a(j,i)=sum(j+ln,i+ln)

enddo

enddo

return
end
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subroutine bpr_ 2rp neig(b,m,a,n) -
real a(256,256),b(256,256),xx(256,256)

**********************************************************

Function: this routine back-projects the
data stored in b to reconstruct
the image a.
External subroutines: Rotate_nearest neig
Internal subroutines: None
Parameters: b _ input, size m X m
a _ output, size n X n
IR R E R SRS RS SR ELEEREEESELEESESES S S SRS ELESEELEREEEEEEEEE S S
X, y and sum are working space
real x(256,256),y(256,256)
real sum(256,256)

Send message to user ’Computing back projection ...’
write(6,1)
fermat (1x, ' Computing back projection...’$)

Compute size of image in which b will be rotated to prevent
corner clipping.
I=nint (sqrt (2.)*float (m))
Compute centers of arrays to be used later
nn=n/2+1
1i=1/2+1
n=1ll-nn
Initialize working space
ée i=1,1

z{ij,1)=0

f(jl.) =0,

~--1(jl i)
0.

e:ido
Compute zhe angle of rotztion in the reverse direction
¢z k=1,m
thata= float(l k)
Rack prciect projection
T de i=1,m
cc j=l,m
1:\:11)=b(3/k)
erddo
erddo
Rotate = by angle at whicd projeczion was taken
czll rotate 2rp neig(x,m,y,-,theta)
Add restuit to previous back progeptlon function
¢z i=1,1

erido

Window the back projectisa function to extract reconstruction

(size . X n) and write it to outzut

:1— [OIR#]
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subroutine bpr nearest(b,m,a,n)
real a(256,256),b(256,256),xx(256,256)

ThhkhkI Ak kXA hkhkArAAAhRIkAkkhkhkhkhkhkhkkhkkhkkhkrhkkhkhkhkhxkkhkhkhkhkkhkxrhkhkhhhkx

Function: this routine back-projects the
data stored in b to reconstruct
the image a.
External subroutines: Rotate_nearest_neig
Internal subroutines: None
Parameters: b _ input, size m X m
a _ output, size n X n
XSS S EEXESSESEERSEESLTEESEESLESE S S S LSS S S S SR E S SR LSS S S LS
X, y and sum are working space
real x(256,256),y(256,256)
real sum(256,256)
Send message to user ’Computing back_projection

write(6,1)
format (1x,’Computing back projection...’$)

Compute size of image in which b will be rotated to prevent
corner clipping.
l=nint (sqrt (2.)*float (m))
Compute centers of arrays to be used later
nn=n/2+1
11=1/2+1
ln=1l-nn
Initialize working space
do i=1,1
do j=1,1
x(3,1)=0.
y(3,1)=0.
sum(j,i)=0.
a(3i,i)=0.
xx(j,1)=0.
encdo
encdo
Compute the angle of rotation in the reverse direction
do x=1,m
theta=float (1-k)
Back project projection
do i=1,m
do j=1,m
encdo
encdo
Rotate = by angle at which projection was taken
cail rotate nearest(x,m,y,1l,<heta)
2dd result to previous back projection function
do i=1,1
do j=1,1
sum(j, 1) =sum(j, 1) +y (3, 1)
encdo
enddo

enddo
Window trne back projection functicn to extract reconstruction
(size n X n) and write it to outpu:

do i=1,n

do :=i,n

a(i,i)=sum(j+ln,i+1ln)

encdo

encdo

return
end
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-subroutine bpr_nearest_neig(b,m,a,n)
real a(256,256),b(256,256),xx%x(256,256)

Kk Ak kAR KA KA A AR AR A AR IKAR IR A AR AR Rk hkkkkkhkhkkkkkhkhkdhkkkhkkhhhkxkx

Function: this routine back-projects the
data stored in b to reconstruct
the image a.
External subroutines: Rotate nearest_neig
Internal subroutines: None
Parameters: b _ input, size m X m
a _ output, size n X n
A A AR A KER KA KRR KR KR AR AR A AR A AA AR AR AR AR Ak R Ak Ak hkkkhkkkkkhkkkhkxkhhhx
%, y and sum are working space
real 2(256,256),y(256,256)
real sum(256,256)
Send message to user ‘Computing back projection

write(6,1)
format (1x, ' Computing back_projection...’S)

Compute size of image in which b will be rotated to prevent
corner clipping.
l=nint (sqrt (2.) *float (m))
Compute centers of arrays to be used later
nn=n/2+1
11=1/2+1
In=1l-nn
Initialize working space
do i=1,1
do j=1,1
x(j,1)=0.
Y(]rl)=0
sum{j,1i)=0.
a(j,i)=0.
zx(j,1)=0.
enddo
enddo
Compute the angle of rotation in the reverse direction
do k=1,m
theta=float (1-k)
Back project projection
do i=1,m
do 3=1,m
:‘:(Jll):b(]lk)
enddo
enddo
Rotate x by angle at which projection was taken
call rotate_nearest_neig(x,m,y,l,theta)
Add result to previous back projection function
do i=1,1
do j=1,1
sum(j,i)=sum(j,i)+y (3, 1)
enddo
enddo

enddo
Window the back projection function to extract reconstruction
(size n X n) and write it to output

do i=1,n

do j=1,n

a(j,i)=sum(j+ln, i+1ln)

enddo

enddo

return
end




subroutine bpr four(b,m,a,n)

real a(256,256),b(256,256),xx(256,256)
A AR AR AR AR K AR AR KRKRAAKAKRARKRA KRR AR KRk ARk kA ARk hkkhkxkkhhhkhhkkkkkhhkkx
Function: this routine back-projects the
data stored in b to reconstruct
the image a.
External subroutines: Rotate_nearest_neig
Internal subroutines: None
Parameters: b _ input, sizem X m
a _ output, size n X n
KA KKK KRKRKA A AR AR AR AR R AAKRA A A A AR kA AR R AR R ARk hkkkhkhkhkhkhhkxhkhkkhkk
%X, y and sum are working space
real x%(256,256),y(256,256)
real sum(256,256)
Send message to user ’Computing back projection

C
c
c
c
C
C
C
C
C
C

write (6,1)
format (1x,’Computing back projection...’$)

c Compute size of image in which b will be rotated to prevent
¢ corner clipping.
l=nint (sgrt (2.)*float (m))
c Compute centers of arrays to be used later
nn=n/2+1
11=1/2+1
In=11-nn
¢ Initialize working space
do i=1,1
do j=1,1
x(j,1)=0.
Y(jri)=0-
sum(j,1)=0.
a(j,i)=0.
xx(j,1)=0.
enddo
enddo
c Compute the angle of rotaticn in the reverse direction
do k=1,m
theta=float (1-k)
c Back project projection
~ do i=1,m
do j=1,m
x(jli)=b(jlk)
enddo
enddo
¢ Rotate x by angle at which projection was taken
call rotate four(x,m,y,1l,theta)
c Add result to previous back projection function
do i=1,1
do j=1,1
sum(j,i)=sum(j,i)+y(j, i)
enddo
enddo

enddo
c Window the rack projection functicn to extract reconstruction
¢ (size n X n) and write it tc output

" do i=1,n

do j=1,n

a(j,i)=sum(j+in,i+ln)

enddo

enddo

return
end




ooaoaooaaoaa0aa

0

subroutine bpr four neig(b,m,a,n)
real a(256,256),b(256,256),xx(256,256)
A KA KK A KRR KA AR KA AR AKR A KRR R AR AR Ak kA kA k kA hkkhkhkhkkkhhkhkkhkkkkx
Function: this routine back-projects the
data stored in b to reconstruct
the image a.
External subroutines: Rotate_four neig
Internal subroutines: None
Parameters: b input, size m X m
a _ output, size n X n
A A KA KA AARKAR KA KR AR AR KRR AR AR KR A AR AR R AR AR KRR A KRR R AR AR AR ARk hkhkhkkhkhx
%, y and sum are working space
real x(256,256),y(256,256)
real sum(256,256)
Send message to user ’Computing back projection ...’

write (6,1)
format (1x,’Computing back projection...’$)

Compute size of image in which b will be rotated to prevent
corner clipping.
l1=nint (sqrt (2.) *float (m))

Compute centers of arrays to be used later
nn=n/2+1
11=1/2+1
ln=11-nn
Initialize working space
do i=1,1
do j=1,1
%x(j,1)=0.
Y(Jll)=0
sum(j, 1)=0
a(j,i)=0.
4;X(jr—)=0.
enddo
enddo
Compute the zngle of rotation in the reverse direction
do k=i,m

theta=Zloat (1-k)

Back project projection
do i=i,m
do j=i,m
x(]/l)=b(jlk)
enddo
enddo

Rotate x by zngle at which projection was taken
call ratate_four_neig(x,m,y,l,:heta)

Add result to previous back crojection function
do i=i,1
do j=%,1
sum(j,l)=sum(j,i)+y (3, )
enddo
enddo

enddo

Window the rzack projection function to extract reconstruction
(size n X n) and write it toc output

do i=I,n

do j=Z,n

a(j,ij=sum(j+1ln,i+ln)

enddo

enddo

return

end
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subroutine bpr eight(b,m,a,n)
real a(256,256),b(256,256),xx(256,256)
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Function: this routine back-projects the
data stored in b to reconstruct
the image a.
External subroutines: Rotate nearest_neig
Internal subroutines: None
Parameters: b _ input, size m X m
a _ output, size n X n
kAR KA AR KR KAKRAKR KR AR AAKRKRKRAKRAKRKR AR AR KRR AR ARk Ak kkkkkhkhkkhkkkhkk*k
%, y and sum are working space
real x(256,256),y(256,256)
real sum(256,256)
Send message to user ‘Computing back projection

write(6,1)
format (1x,’Computing back projection...’$)

Compute size of image in which b will be rotated to prevent
corner clipping.
l=nint (sqrt (2.)*float (m))
Compute centers of arrays to be used later
nn=n/2+1
11=1/2+1
in=11-nn
Initialize working space
do i=1,1
do j=1,1
x(j,1)=0.
Y(jri)':O-

a(j(i2=
xx(J,1)

enddo
Compute the zngle of rotation in the reverse direction
do k=1,m
theta=float (1-k)
Back project projection
do i=1,m
do 3=1,m
x(j,1)=p(J, k)
enddo
enddo
Rotate % by angle at which prciection was taken
call rotate_eight (x,m,y,3,theta)
Add result to previous back projection function
do i=1,1
do j=1,1
sum(j,i)=sum(j,i)+y (3, 1)
enddo
enddo

enddo
Window the back projection function to extract reconstruction
(size n X n) and write it to cutput

do i=1l,n

do j=1,n

a(j,i)=sum(j+1ln,i+1ln)

enddo

enddo

return
end




OO0 0000000

subroutine bpr eight neig(b,m,a,n)
real a(256,256),b(256,256) ,xx(256,256)
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Function: this routine back-projects the
data stored in b to reconstruct
the image a.
External subroutines: Rotate_eight_neig
Internal subroutines: None
Parameters: b _ input, size m X m

a output, size n X n
A AR A KA R AR A AN A AR AR A AR AR AAR AN A A AR Ak Ak kkhkkhkhkhkhhkhkhhkhkhkhkhkhkkrkxk

%, y and sum are working space
real x(256,256),y(256,25%)
real sum(256,256)
Send message to user ’‘Computing back projection

write(6,1)
format (1x,’Computing back projection...’$)

Compute size cf image in which b will be rotated to prevent
corner clipping.
l=nint (sqrt (2.)*float (m))
Compute centers of arrays to be used later
nn=n/2+1
11=1/2+1
In=11-nn
Initizlize working space
do i=1,1
do j=1,1

xx(j,1)=0.
enddo
enddo
Compute the angle of rotation in the reverse direction
do k=1,m
theta=flioat (1-k)
Back oroject crojection
do i=1,m
do j=1,m
x(jli)=b(jlk)
enddo
enddo
Rotate x by angle at which projection was taken
call rotzte eight neig(x,m,y,1l,theta)
Add result to oprevious back projection function
do i=1,
do j=1,%
sum(j,i)=sum(j,i)+y (3, 1)
enddo
enddo

enddo
Window the back projection function to extract reconstruction
(size n X n) zad write it to ocutput

do i=1,n

do j=1,=

a(j,i)=sum(j+1in,i+1ln)

enddo

enddo

return
end




subroutine projection filtering(a,n)

Function: This subroutine filters a Radon_ Transform
obtained by straight projection (filtered)
using the appropriate inverse filter, i.e.
ABS (kx) where kx is the spatial frequency.

Q0O0000n

real a(256,256),y(256,256),c(256,256),za(256)
real zb(256),zc(256),zd(256)

initialize array c

do i=1l,n
do j=1,n
C(311>=0
enddo
enddo
do j=

za(])
zb (3)
zc (3)
zd (3)
enddo

mn t—-'
[\
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take Fourier transform of a

nn=256/2+1
jframe=nint (float (256-n)/2.)
do i=1,n

do j=1,n

za (j+jframe)=a(j, 1)

enddo

call fftld(za,zb,256,-1)

multiply spectrum by inverse filzer

de 3=1,25%6
xk= abs( 1c
zc(j)=za (]
z2d(j)= zb(
enado

at (j-nn) /float (225))
) *xk
) *xk

call fftld(zc,zd,256,1)

c(j,i)=zc(jt+iframe)
enddo :
enddo

¢ write output |

do j=1,n |

do i=1,n

do j=1,n

a(j,i)=c(j,i) ‘
enddo l
enddo

return
end




subroutine project(a,b,n)
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Function: This subroutine sums

over all rows of an n X n array a giving 1D

projection of size n _ array b
AR A R KA AR KR AR KA A AR KA KRKARA AR A ARKA KRR A A AR AR R AR R ARk kA hkkhkhkhkkhkhkdhkhkkkx

real a(256,256),b(256),s(256,256),z(256)
initialize arrays s & b

do j=1,n

b(j)=0.

z(3)=0.

do i=1,n

s(j,1)=0.

enddo

enddo
set initial value for summing process and sum all pixels along
row i together

do j=1,n

S(jl l)=a(jl 1)

do i=2,n

S(j/ i)=s (jri_l)+a(j/i)

enddo
Assign value of sum at column j to output _b(J)

b(j)=s(3j,n)

enddo

return
end




subroutine back projection_deconvolution(a,n)

Function: This subroutine deconvolves a reconstruction
obtained by straight backprojection (un-filtered)
using the appropriate inverse filter, i.e.
sqrt (kx*kx+ky*ky) where kx and ky are the
spatial frequencies.

Qa0 00a0

real a(256,256),aa(256,256),xx(256,256)
real b(256,256),bb(256,256)

initialize array b

take Fourier transform of z
call fft2d(a,aa,n,-1)
multiply spectrum by inverse filter

nn=n/2+1

do i=1l,n

do j=1,n

xk=float (i-nn)/float (n)

yk=float (j-nn) /float (n)

fil=sqgrt (xk*zk+yk*yk) !value of inverse filter at (xk,vk)
b(j,i)=a(j,i)*fil

bb(j,i)=aa(3j,i)*£fil

enddo

enddo

call fft2d(b,bb,n,1)

c

c write output

c
do i=1,n
do j§=1,n
a(j,i)=b(3, 1)
enddo
enddo

c
return

end
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subroutine gnoise(s,n,iseed)
real s(256),w1(256)
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FUNCTION: Generates an n size array s of Gaussian distributed noise
with zero mean and unit variance.

AUTHOR: J M Blackledge
PARAMETERS

Input: iseed -set seed to a positive integer.
n - array size

Output: s - fGaussian distributed random signal.
EXTERNAL SUBROUTINES: None
INTERNAL SUBROUTINES: gasdev, ranl

NB : output consists of positive numbers only.
AR AR KK KR A KRR KK KR KRR AR AKX KRR A AR A AR KA A A AR AR KR RR AR AR KRR AKRR KAk Rk kA hkkkhkdrdhkhkk Ak hkxx %

use function gasdev to generate array of random numbers.

idum=-iseed
do i=1,n
NB : output consists of positive and negative numbers.

s (i)=gasdev (idum)
NB : output consists of positive numbers only.
s (i)=abs (gasczsv (idum))

enddo
return

end
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function gascav (idum)

FUNCTION: Returns z Gaussian distributed deviate with zero mean and unit
variance, using R2N1 (IDUM) as the source of uniform deviates.
(from ’Numerical Recipes’ oy Press et al. 1987).

data iset/0/

if (iset.eqg.?) then
vl=2.*rang(icum) -1.
v2=2.*rang(icum) -1.
r=vl1**2 ,+v2**2,

if (r.ge.l.) zZoto 1
fac=sqrt (-2.*2cg(r)/x)
gset=vl*fac
gasdev=v2*fac
iset=1

else

gasdev=gset

iset=0

endif

return

end
Ak R KA A AR A KA A A A A AR A XA KR IR AR A A RARAKRAAR KRR KAA AR AT A Ak Ak Ak kk kA kkkknwckhAkhkhkkxxkk

function rang{idum)
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FUNCTION: This function returns a uniform random number between 0. and 1.
set IDUM to any negative value to initiate or reinitiate the
sequence. This source code is taken from’Numerical Recipes’
by Press et al.

dimension r(97)

parameter (m1=259200,1al1=7141,1ic1=54773,rml=1./ml)
parameter (m2=134456,1a2=8121,ic2=28411, rm2=1./m2)
parameter (m3=243000,1ia3=4561,1ic3=51349)

data iff /0/

if (idum.lt.0.or.iff.eq.0) then
iff=1

ixl=mod (icl-idum,ml)
ixl=mod(ial*ixl+icl,ml)

ix2=mod (ix1l,m2)

ixl=mod (ial*ixl+icl,ml)

ix3=mod (ix1l,m3)

do i=1,97

ixl=mod (ial*ixl+icl,ml)

ix2=mod (ia2*ix2+ic2,m2)

r(i)=(float (ixl)+float (ix2) *rm2) *rml
enddo

idum=1

endif

ixl=mod(ial*ixl+icl,ml)
ix2=mod (ia2*ix2+ic2,m2)
ix3=mod (ia3*ix3+ic3,m3)

i=1+(97*%ix3)/m3

if (i.gt.97.0r.i.1t.1) pause

rang=r (i)

r(i)=(float (ixl)+float (ix2)*rm2) *rml
return

end
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subroutine fft2d(a,b,n,isgn)
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FUNCTION: This subroutine computes the DFT of a 2D array with
real and imaginary parts a and b respectively.

Note: This routine computes the ’‘optical’ transform - the
zero frequency occurs at (n/2+1,n/2+1).

PARAMETERS

a - real part of image
b - imaginary part of image
n - image size (=n x n where n=2**k; k-integer)
Note: n must be less than or equal to 512.
isgn = -1 gives forward Fourier transform
1 gives inverse Fouriler transform

Input:

Output:
EXTERNAL SUBROUTINES: None
INTERNAL SUBROUTINES: fftld
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Use subroutine fftld to desicn a 2D FFT by computing
the 1D FFT of the cclumns anc rows separately.

real a(256,258),b(256,256),c(256,256),d(256,256)
real aa (256),bs(256),cc(256),dd(256)

Put columns into sincle-dimension arrav and call fftld.
initialize arrays
do i=1,n

do j=1,n
aa(j)=a(j,1i)
bb(3)=b(3,1)
enddo

call fftld(aa,zb,n,isgn)

do j=1,n
c(j,1i)=aa(3)
d(3,1)=bb(3)
enddo

enddo

Put rows intoc single-dimensicn array and call f£ftld.
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enddo
call fftld(cec,dd,n,isgn)

do i=1l,n
a(j,i)=cc(i)
b(3,1)=dd(i)
enddo

enddo

return
end
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subroutine fftld(z,b,n,isgn)

This subroutine computes the DFT of a complex array whose

real and imaginary parts are a and b respectively

using the successive doubling method (’Digital Image Processing’
by Gonzalez and Wintz, zddison-Wesley publishing company, 1987).

The subroutine returns the real (a) and imaginary (b) parts
of the DFT. :

The size of the arrays n must be an integer power of 2
less than or equal to 5:2. If arrays larger than 512
are required, then the dimensions of a,b and c must
be adjusted accordingly.

Note: Zero frequency occurs at n/2+1.

By convention, the forward Fourier transform is obtained
when isgn=-1 and the inverse Fourir transform is obtained
when isgn=1l.

real a(256),b(256),aa(256),bb(256),cc(256),dd(256)
complex c(512),u,v,w,cmplx

if (isgn.1lt.0)den==Z1loat (n)
if(isgn.gt.0)den=_.

pi=4.*atan(l.)

p=float (n)

g=log(p)/log(2.)

k=int (q)

nh=n/2

nm=n-1

initialize complex arrzy C

do j=1,n

C(J)=(OIO)

enddo

j=1

do 1 i=nh+l,n

c(j)=cmplx(a(i),b(i))

j=j+1

do 2 i=1,nh

c(j)y=cmplz(a(i),c(i))

j=3+1

j=1

do 3 i=1,nm

if(i.ge.j)goto 17

v=c (Jj)
c(j)=c(i)
c(i)=v
jj=nh
;fgjj:ge.j)goto
)77
j3=33/2
. goto 4

(&)




3=3*33

do 6 1=1,k

11=2%*%]

12=11/2

u=(1.,0.)
z=pi*float (isgn) /12
w=cmplx (cos (x),sin(x))
do 6 j=1,12

do 5 i=3j,n,11
ii=i+12

v=c(ii) *u
c(ii)=c(i)-v
c{i)=c(i)+v

c(i)=c(i)/den
c(i)=c(i)/float (n)
do 8 i=nh+1l,n
a(j)=real(c(i))

b(j)=aimag(c(i))
j=9+1

do 9 i=1,nh
z(j)=real(c(i))

b(j)=aimag(c(i))
j=3+1

return

end




subroutine fftld(a,b,n,isgn)
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This subroutine computes the DFT of a complex array whose

real and imaginary parts are a and b respectively

using the successive doubling method (’Digital Image Processing’
by Gonzalez and Wintz, Addison-Wesley publishing company, 1987).

The subroutine returns the real (a) and imaginary (b) parts
of the DrT.

The size of the arrays n must be an integer power of 2
less than or equal to 512. If arrays larger than 512
are required, then the dimensions of a,b and c must

be adjusted accordingly.

Note: Zero frequency occurs at n/2+1.
By convention, the forward Fourier transform is obtained

when isgn=-1 and the inverse Fourir transform is obtained
when isgn=1l.

aoooacoaaaoaooa000Q00o000000a0

rezl a(256),b(256),2a(256),zb(256),2c(256),2d(256)
complex c(512),u,v,w,cmplx
if(isgn.lt.0)den=£float (n)
if(isgn.gt.0)den=1.
pi=4.*atan(1l.)
p=float (n)
g=log(p)/log(2.)
k=int (q)
nh=n/2
nm=n-1
c initialize complex array c
do j=1,n
c(:)=(0.,0.)
enddo
j=1
do 1 i=nh+l,n
c()=cmplxz(z(i),b(i))
1 j=+1
do 2 i=1l,nh
c(i)=cmplx(z(i),b(i))
2 j=5+1
do 3 i=1,nm
if(i.ge.j)goto 10
v=c (3)
c(i)=c(i)
c(i)=v
10 jj=nh
4 if(jj.ge.j)goto 3
172733
ji=33/2
goto 4
3 3=3+33
do 6 1=1,k
11=2**1
12=11/2
u={(1.,0.)
z=pi*float (isgn) /12
w=cmplx (cos (x¢),sin(x))
do 6 j=1,12
do 5 i=j,n,11
ii=i+12
v=c (1i) *u
c(ii)=c(i)-v




c(i)=c(i)+v
u=u*w

j=1

do 7 i=1,n
c(i)=c (i) /den
c(i)=c(i)/float (n)
do 8 i=nh+1,n
a(j)=real(c(i))

b{j)=aimag(c(i))
j=3+1

do 9 i=1,nh
a(j)=real(c(i))

b(j)=aimag(c (1))
j=3+1

return

end




subroutine signal noise_ratio(y,n)
real y(256,256),xy(256,256)

A A A AR A R A A AR A A A R AR A KRKR AR KRR RA A A AR KRR KRR A Ak Ik Ak kkhkhkhkkhkhkhhxkhkhhdxk
This subroutine add the required Signal to Noise ratio (SNR) to

the apropriate signal.
AR AR KR KA AR A A AR A A KRKRKR KA AR KRR KRR KRR A KA RAKRKR KA A A AR A ARk R A AR A kA Ak khkkkhkk

OaoaQaa

Create working space area
real se(256,256),sn(236),snr
do i=1,n
do j=1,n
se(j,1)=0.
enddo
enddo

do i=1,n

do j=1,n
se(j,i)=y(3,1)
enddo

enddo

write (6, *)’enter Signal to Noise Ratio=’
read (5, *) snr

do i=1,n

do j=1,n

sn(j)=se(j,1i)*(1./snx)
se(j,i)=se(j,i)+sn(3)

enddo

enddo

do i=1l,n

do j=1,n
y(j,i)=se(j,i)
enddo

enddo

return

end
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subroutine norm_signal (x1,n)
kA kA IR AR A A A A AR AR A I AR KRR KA KA KRAKRKRKR KRR AR KRR ARk kA kkkkhkkkhkkkkxkhkkkkht ik
FUNCTION: returns an image with absolute maximum value of 1.
PARAMETERS

Input: x1 - signal
n - size of signal

Output: =1 - normalized signal
INTERNAL SUBROUTINES: None
EXTERNAL SUBROUTINES: None

kA A AR R AR KA KR A AR KT ATAKRR IR A AR kA kR k Rk kA hkkkkhhkhhkxhkhkhhhkhhkkrhhkhhhhkx

real =1(256),31(256),w1(256)
real maxl
Generate working space

do i=1l,n
81 (1i)=x1(1)
enddo

Set the negative wvaliue to zero
do i=1l,n
if(s1(i).1t.0.) sl(i)=0.
enddo
Find the absolute mazximum value of the image.

maxi=0.

do i=1l,n

zm=s1 (1)
if(xm.gt.maxl) maxl=xm
endco

write (6,*) 'maxl=',xm
Normalize zhe image.

do i=1,n
endco

return
end




QOO0OQ0O0000a0

0

(9]

subroutine radon_gauss_noise (xy,m)
real xy(256,256),yt(256,256),ye(256,256)

Ak KA A AR AR AR KRAKRAKA AR KA KRR IR kAR hkkkhkhk kR A Ak hkkRkkhhhkhrhkhhkkkkhkhhkk

Function: This subroutine creates Gaussian noise with zero
with a selected Signal to Noise Ratio mean and

variance 1 and add it to the Radon Transform.
*************************************************************

real s(256,256),x1(256),wl(256)
real max(256)
Generate working space
do i=1,m
do j=1,m
s(j,i)=xy(3,1)
enddo
enddo

Set the negative value to zero
do i=1,m
do j=1,m
if(s(j,1).1t.0.) s(j,1)=0.
enddo
enddo
Find the absolute maximum value of the image.

do i=1,m

max (1) =0.

enddo

do i=1l,m

do j=1,m

x1l(i)=s(j, 1)

if(xl(i).gt.max(i)) ma=z(i)=x1(1)
enddo

enddo

create normalized Gaussian noise image.

do i=1,m

iseed=1i*10

call gnoise (wl,m,iseed)
call norm signal (wl,m)
do j=1,m

ye(J,1i)=wl(3)

enddo

enddo

Adc Radon transform image to noise image.

write (6,*) ‘enter Signal to Noise Ratio:’
read (5, *) snr

do i=1,m

do j=1,m ‘

yt(j,i)=s(j,1i) * snr + ye(j,i)*max(i)
enddo

enddo

xy(3,1)=yt (3, 1)
enddo

enddo

return
end




subroutine rtr rectangle_ sum(x,n,y,m)

real x(256,256),y(256,256),xy(256,256)

real w(256,256),2z(256)
Ak A A AARKR AR AR KAKRAKRKRARA KR KAk kA hkhkhkk kAR kkhkkxkkkkkkhhkhkkkkxkkx
Function: This subroutine computes the Radon Transform of

n X n image.
External subroutines: Rotate_rectangle_sum
Project
Internal subroutines: None
Parameters: x - n X n input array
y - m X m output array

A KKK KA AR I AR KA AR AKRKKR KRR AKX AR AR KR A AR KA AR Ak hkkkhkkkkhkhkk k)

Send message to user ’‘Computing Radon Transform...’

write(6,1)

format (1x,’Computing Radon Transform...’S$)
initialize array y

do j=1,m

do i=1,m

Y(Jll)=o

enddo

enddo
Compute angle of rotation in steps of 1 degree and rotate
the object, take projection of rotated object.

do i=1l,m

theta=float (i-1)

call rotate_rectangle_sum(x,n,w,m,theta)

call project(w,z,m)
Stack projections together to form image of "Radon space”
data.

do j=1,m

y(3,1)=2(7)

enddo

enddo

return

end
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subroutine rtr_triangle_sum(x,n,y,m)
real x(256,256),y(256,256),xy(256,256)
real w(256,256),z(256)
AR A KK A AR A AR KA A KR KAKAA KRR AAA KRR IR R AR AR R A Ak A A KRR Ak Ak hkhkkkkk k%
Function: This subroutine computes the Radon Transform of
n X n image.
External subroutines: Rotate_triangle sum
Project

Internal subroutines: None
Parameters: x - n X n input array

y - m X m output array
Ak A AkRAkARA AR A A XA RkAhkk kA hkhkhkhhkkhhkhkRTrxhhAhkkhkhkkkhkkkhhkkhkkhkkhkk

Send message to user ‘Computing Radon Transform...’

write (6,1)

format (1x,’Computing Radon Transform...’$)
initialize array y

do j=1,m

do i=l,m

Y(jli)=0-

enddo

enddo
Compute angle of rotation in steps of 1 degree and rotate
the object, take projection of rotated orject.

do i=1l,m

theta=float (i-1)

call rotate triangle sum(x,n,w,m,theta)

call project (w,z,m)
Stack projections together to form image of "Radon space"
data.

do j=1,m

Y(J/1)=z(:')

enddo

enddo

return

end




QOO0OO000000000N

subroutine rtr divide rectangle_sum(x,n,y,m)

real x(256,256),y(256,256),xy(256,256)

real w(256,256),z(256)
Ak Ak hkhkkhkhkxhk Rk kA h ARk kAR kkhkkkkkhkkhkdhkkhkhkhkkkkkkkkkkkkxkk
Function: This subroutine computes the Radon Transform of

n X n image.
External subroutines: Rotate_nearest_neig
Project
Internal subroutines: None
Parameters: x - n X n input array
y - m X m output array

Ak k kA kAR I KKK KRR KK kA A AR AR R I ARk kAT XAk hkkkkkhkhkhkkkxxkk

Send message to user ’Computing Radon Transform...’

write(6,1)

format (1x,’ Computing Radon Transform...’S$)
initialize array y

do j=1,m

do i=1,m

Y(]/1)=O

enddo

enddo
Compute angle of rotation in steps of 1 degree and rotate
~he object, take projection of rotated object.

do i=1l,m

theta=float (i-1)

call rotate_divide_rectangle_sum(x,n,w,m,theta)

call project(w,z,m)

projections together to form image of "Radon space"

return
end
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subroutine rtr divide trlangle sum(x,n,y,m)
real x(256,256), (256 256) ,xy(256,256)
real w(256,256), z(256)

*****************************************************

Function: This subroutine computes the Radon Transform of
n X n image.
External subroutines: Rotate nearest neig
Project
Internal subroutines: None
Parameters: x - n X n input array
y - m X m output array
AAKKERRI AT AR KA AR AKRKAAAA A AT A AR kA Ak Ak kA k kA hkkhkkhkhhkhkhkkkkhx

Send message to user ’‘Computing Radon Transform...’

write (6,1)

format (1x,’Computing Radon Transform...’$)
initialize array y

do j=1,m

do i=1,m

enddo

enddo
Compute angle of rotation in steps of 1 degree and rotate
the object, take projection of rotated object.

do i=1,m

theta=£float (i-1)

call rotate divide triangle_ sum(x,n,w,m,theta)

call prOJect(w z,m)
Stack projections Logether to form image of "Radon space"
data.

do j 1,m

y{(i,1)=2z(3)

enddo

enddo

return

end




subroutine rtr 2dlinear_sum(x,n,y,m)

real x(256,256),y(256,256) ,xy(256,256)

real w(256,256),2z(256)
kKA KA AR KAAKXXRA A A AR A AR A A Ak kA Ak kkhkkhkkhkkhhkkhkhkhkkhkhkhkkhkhhkhkkkkx
Function: This subroutine computes the Radon Transform of

n X n image.
External subroutines: Rotate_2dlinear_sum
Project
Internal subroutines: None
Parameters: X - n X n input array
y - m X m output array

Ak AKAKRARAKRKI XA R A kA k Ak hhhkdhkhhkhkhhkkhkkhkhkhkhkhkkhkkhkhhkkhhkkhkkk

Send message to user ’‘Computing Radon Transform...’

QO0O00000000a0

write(6,1)

format (1x, ' Computing Radon Transform...’$)
initialize array y

do j=1,m

do i=1,m

Y(jli)=o'

enddo

enddo
Compute angle of rotation in steps of 1 degree and rotate
the object, take projection of rotated object.

do i=1l,m

theta=float (i-1)

call rotate 2dlinear sum(x,n,w,m,theta)

call project (w,z,m)

projections together o form image of "Radon space"

do i=1,m
Y(]I.—)=Z(J)
enddo
enddo
return

end
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subroutine rtr_divide_Zdlinear_sum(x,n,y,m)

real x%(256,256),y(256,256),xy(256,256)

real w(256,256),2(256)
A KKK KKK A KRR KR AR KRKR AR AR KRKRKRKRAKRA A KA R Ak Ak khkkkkkkk kA RkXk Ak khkkkx
Function: This subroutine computes the Radon Transform of

n X n image.
External subroutines: Rotate nearest_neig
Project
Internal subroutines: None
Parameters: x - n X n input array
y - m X m output array

A A KA AT IAKRKRAKAAAKRAKR KRR kA ARk ARk ARk Ak kA Ak khkhkhkhkhkhkhkhkhkhkhkkhkhxk

Send message to user ’Computing Radon Transform...’

write(6,1)

format (1x,’ Computing Radon Transform...’S$)
initialize array y

do j=1,m

do i=1,m

Y(jll)=0

enddo

enddo
Compute angle of rotation in steps of 1 degree and rotate
the object, take projection cf rotated object.

do i=1,m

theta=float (i-1)

call rotate divide 2dlinear_sum(x,n,w,m,theta)

call project(w,z,m)
Stack projections together to form image of "Radon space"
data.

do j=1,m

y(3,1)=z(3J)

enddo

enddo

return

end




C
C
c
c
c
c
c

subroutine rotate_rectangle sum(a,n,b, m,theta)

real a(256,256),b(256,256),ss (256, 256) w(256,256)
FUNCTION : THIS SUBROUTINE ROTATES AN NXN ARRAY A
THROUGH AN ANGLE THETA (given in degree)
anticlockwize placing the result at the
center of an array mxm b

convert theta into radians

pi = 4. * atan(l.)

theta = theta * (pi/180.)
costh = cos(theta)
sinth = sin(theta)

Zero pad image a with anint ((m-n+l)/2) storing the result in the array ss.
The function anint is used in the case of (m-n+l) is even

initial ss

initial b

nw=m-n+1
ml=m+nw-1
iframe=anint (float (m-n)/2.)

do i=1,ml

doj=1,ml

ss(j,1)=0.

enddo

enddo

do i=1l,n

do j=1,n
ss(j+iframe,i+iframe)=a(j, 1)
enddo

enddo

do i =
do 3 =
b(3,4)

w(j,1i)
enddo
enddo

il ==
cozd a3

compute new coordinates (xd,yd) of rotate array

nn = m/2 + 1
mm = mi/2 + 1

Compensation of the center pcsition for rotation.

Start process

zcomp=nn+nn* (sinth - cocsth)
ycomp=nn-nn* (sinth + costh)

do j
do i

1,m
1,m

generate 4-cuadrant cartesian plan

y = float (j—-nn)

z = float(i-nn)

#d = 2 * costh + y * sinth
yd = -2 * sinth + y * costh

compute both real and integer coordirates of array b
associated with the zbove transformation for later use

ax =nn+ =zd
ay = nn+ yd

assign value of a at (j,i) tec 9-point cell
of array b in wich the transZormed coocrdinates

lie.

fx=(az~aint (a:xz))

fy=(ay-aint (ay))

kx=aint (ax)

ky=aint (ay)
dl=(1.-fx)*(1.-fy) *ss (ky, kx)



d2=fx*fy* ss(ky+l, kx+1)
d3=fy* (1.-£x) *ss (ky+1, k)
d4=fx* (1.-fy) *ss(ky, kx+1)

C

b(j,1i)=d1+d2+d3+d4
c

enddo

enddo

return

end
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subroutine rotate_triangle_sum(a,n,b,m,theta)
real a(256,256),b(256,256),ss(256,256),w(256,256)
FUNCTION : THIS SUBROUTINE ROTATES AN NXN ARRAY A
THROUGH AN ANGLE THETA (given in degree)
anticlockwize placing the result at the
center of an array mxm b

convert theta into radians

pi = 4. * atan(l.)

theta = theta * (pi/180.)
costh = cos(theta)
sinth = sin(theta)

Zero pad image a with anint((m-n+l)/2) storing the result in the array ss.
The function anint is used in the case of (m-n+l) is even
nw=m-n+1
ml=m+nw-1
iframe=anint (float (m-n)/2.)
‘initial ss
do i=1,ml
doj=1,ml
ss(j,1)=0.
enddo
enddo
do i=1,n
do j=1,n
ss(j+iframe,i+iframe)=a(j, i)
enddo
enddo
initizl b

=
codd

compute new coordinates (xd,yd) of rotate array

na=m/2 + 1
, mm = ml/2 + 1
Compensation of the center position for rotation.
xzcomp=nn+nn* (sinth - costz)

ycomp=nn-nn* (sinth + costh
start process

co
do

HetJ.
o

l,m
1l,m

generate 4-quadrant cartesian glan
float (j-nn)
float (i-nn)
x * costh + y * sinth
-x * sinth + y * costh

Y

b4

zd
7d

3

compute both real and integer ccordinates of array b
associated with the above transformaticn for later use
: =nn+ x=d
v nn+ vd
assign value of a at (j,i) to 9-point cell
of array b in wich the transformed coorcinates

lie.

e

&3
=3

fx=ax-aint (ax)
fy=ay-aint (ay)
kx=aint (ax)
ky=aint (ay)




dl=(1.-£fy) *ss (ky,kx)
d2=fy* ss(kyt+l,kx+1)
d3=(1.-£fx) *ss (ky+1, kx)
d4=fx*ss (ky, kx+l)

b(j,i)=(dl+d2+d3+d4)*.5

enddo
enddo
return
end




subroutine rotate divide rectangle sum(a,n,b,m,theta)
real a(256,256),b(256,256),w(256,256)
C FUNCTION : THIS SUBROUTINE ROTATES AN NXN ARRAY A
C THROUGH AN ANGLE THETA (given in degree)
c anticlockwize placing the result at the
c center of an array mxm b
c
c
c

convert theta into radians

pi = 4. * atan(l.)
theta theta * (pi/180.)
costh cos (theta)
sinth sin(theta)

initial b

compute new coordinates (xd,yd) of rotate array

nn = n/2 +1
mm =m/2 + 1

Compensation of the center position for rotation.
zcomp=nn+nn* (sinth - costh)
ycomp=nn-nn* (sinth + costh)

start process

do j l1,m
do i l,m

generate 4-quadrant cartesian plan
y = float (j-nn)
x = float (i-nn)
zd X * costh - y * sinth
yd x * sinth + y * costh

c compute zoth real and integer coordinates of array b
c associated with the above transformation Zor later use
ax =mm+ zd
ay = mm+ yd
c assign vzlue of z at (j,i) to 9-point cell
c of array o in wich the transformed coordizates
c lie.
x=(ax—aint (ax))
fy=(ay-aint (ay))
kxz=aint (ax)
ky=aint (ay)
dl=(l.-fx)*(1.~fy)*a (], 1)
d2=fy*(l1.-fx)*a(j, 1)
d3=fx*(1.-fy)*a(j, 1)
dé=fx*fy*a(j, 1)

b (xv,kx)=b(ky, kx)+cl

b (ky+1,kx)=b(ky+l,kz)+d2

b (v, kx+l)=b(ky,kz+1)+d3
D(xy+l,kz+1l)=b(ky+1l,kz+l) +c4

enddo
encdo
reTurn
end




subroutine rotate_divide_triangle_sum(a,n,b,m,theta)
real a(256,256),b(256,256),w(256,256)
FUNCTION : THIS SUBROUTINE ROTATES AN NXN ARRAY A
THROUGH AN ANGLE THETA (given in degree)
anticlockwize placing the result at the
center of an array mxm b

convert theta into radians

pi = 4. * atan(l.)
theta theta * (pi/180.)
costh cos (theta)
sinth sin(theta)

initial b
do i
do j
b(j,1)
w(j, 1)
enddo
enddo

|
[
cozd 3z

compute new coordinates (xd,yd) of rotate array

nn = n/2 + 1
mm = m/2 + 1

Compensation of the center positicn for rotation.
xcomp=nn+nn* (sinth - costh)
ycomp=nn-nn* (sinth + costh)

start process

do j
do 1

l1,m
l,m

generate 4-quadrant cartesian plan

y = float (j-nn)
x = float (i-nn)

xd = x * costh - y * sinth
yd = x * sinth + y * costh

compute both real and integer coordinates of array b

associated with the above transformation fcr later use
ax =mm+ xd
ay = mmt+ yd

assign value of a at (j,i) to 9-point cell

of array b in wich the transformed coordinates

lie.

fx=.5% (ax~aint (ax))

fy=.5* (ay-aiat (ay))

kx=aint (ax)

ky=aint (ay)

dl=(.5-fy)*a(j,1i)

d2=(.5-fx)*a(j, 1)

d3=fx*a(j,1i)

dd=£fy*a(j,1i)

b (ky, kx)=b (ky,kx)+dl

b (ky+1,kx)=b(ky+1, kx)+d2

b (ky,kx+1l)=b(ky, kx+1l)+d3
b(ky+1l,kz+l)=p(ky+1,kx+1)+d4

enddo
enddo
return
end




C
C
c
o
o
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subroutine rotate_2dlinear sum(a,n,b,m,theta)
real a(256,256),b(256,256),ss(256,256),w(256,256)
FUNCTION : THIS SUBROUTINE ROTATES AN NXN ARRAY A
THROUGH AN ANGLE THETA (given in degree)
anticlockwize placing the result at the
center of an array mxm b

convert theta into radians

pi = 4. * atan(l.)

theta = theta * (pi/180.)
costh = cos(theta)
sinth = sin(theta)

Zero pad image a with anint((m-n+l)/2) storing the result in the array ss.

The function anint is used in the case of (m-n+l) is even
nw=m-n+1
ml=m+nw-1
iframe=anint {float (m-n)/2.)
initial ss
do i=1,ml
doj=1,ml
ss(j,1)=0.
enddo
enddo
do i=1,n
do j=1,n
ss(j+iframe,i+iframe)=a(j, i)
enddo
enddo
initial b
do i

compute new coordinates (xc¢,yd) of rotate array

nn = m/2 + 1

mm = ml/2 + Z
Compensation of the center dosition for rotztion.
xcomp=nn+nn* (sinth - costh)

ycomp=nn-nn* (sinth + costh)
start process

do j
do i

1,m
1l,m

generate 4-quadrant cartesian plarn

y = float (j-nn)

x = float (i-nn)

xd = ¥ * costh + y * sinth
yd = -x * sinth + y * costh

compute both real and integer coordinates of array b

associated with the above transformation for later use
axz =nn+ =zd
ay = nn+ yd

assign value of a zt (j,1) o 9-point cell

of array b in wich the transformed coordinates

lie.

kx=aint (axn)
ky=aint (ay)
zmi=sqgrt ( (ky-ay) **2.+ (kx-ax) **2.)
zmé=sqgrt ((ky+l.-ay)**2.+ (kx+l.-ax)**2.)
xm2=sqrt ( (ky+l.-ay) **2.+ (kx-azx) **2.)




xm3=sqgrt ( (ky-ay) **2.+ (kx+1l.-ax) **2.)
dl=xmd*ss (ky, kx)

d2=xml* ss(ky+l,kx+1)

d3=xm3*ss (ky+1, kx)
d4=xm2*ss (ky, kx+l)

b(j,1i)=dl+d2+d3+d4

enddo
enddo
return
end
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subroutine rotate divide 2dlinear sum(a,n,b,m,theta)
real a(256,256),b(256,256),w(256,256)

FUNCTION : THIS SUBROUTINE ROTATES AN NXN ARRAY A

THROUGH AN ANGLE THETA (given in degree)
anticlockwize placing the result at the

center of an array mxm b

convert theta into radians

pi = 4. * atan(l.)

theta = theta * (pi/180.)
costh = cos(theta)
sinth = sin(theta)
initial b
doi=1,m
do j =1,m
D(jl i) = 0.
w(j, i) =0.
enddo
enddo

sqrt2=sqgrt (2.)
compute new coordinates (xd,yd) of rotate array

nn n/2 + 1
mm = m/2 + 1

Compensation of the center position for rotation.
zcomp=nn+nn* (sinth - costh)
ycomp=nn-nn* (sinth + costh)

start process

do j
do i

(I

generate 4-quadrant cartesian plan
v = float (j-nn)
v = float (i-nn)
xd = % * costh - y * sinth
vd x * sinth + y * costh

compute both rzal and integer coordinates of array b
associated witnh the above transformation for lzter use

assign value of a at (j:i) to 9-point cell
of array b in wich the transformed coordinates
lie.

kx=aint (ax)

xy=aint (ay)

zml=sqgrt ( (ky-ay) **2.+ (kx-ax) **2.)
zmé=sqrt ((ky+l.-ay) **2.+ (kx+l.-ax) **2.)

zm2=sqgrt ((ky+1l.-ay) **2.+ (kx-ax) **2.)
zm3= sqrt((ky ay) **2.+ (kx+l.-ax) *=2.)
dl=zméd*a(j,1i)

d2=xm3*a(j,i)

43=xm2*a(j, 1)

“4—Aml*‘(j,i)

o(ky, kx)= (ky,kV)*dl

o(ky+l,kz)=b(ky+l,kx)+d2
b(ky,kx._ b(ky,ky+l)+d3
o(ky+1l,kx+l)=b(ky+1l, kx+1)+d4

anddo
anddo
return
a2nd
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subroutine irtr rectangle sum(x,m,y,n)
real x(256,256),y(256,256),xx(256,256)

AR KAK A AKX IRAR A AR AR A ARKR KR AR R AR KRR AR KR I ARk ARk Rk Ak Ak hkAkkkkhkkk

FUNCTION: This subroutine computes the inverse radon
transform by:

1. Back projecting all the projections stored
in array x giving the back projection
function vy. -

2. Deconvolving the array y using the inverse
filter SOQRT (kx*kx + ky*ky*). -

External subroutines: bpr rectangle_ sum

back projection_deconvolution
Internal subroutines: none
IR R R ERESREESEESEEELEEESELEESESESEES SRS S S SR EEEEEEEESEE LS LS
Filtering Radon Transform.
Send message to user ’ Filtering Radon Transform...’

write (6,1)
format (1x,’Filtering Radon Transform...’S$)
call projection filtering(x,m)
Send message to user ’‘Computing Inverse Radon Transform...

write (6, 2)

format (1x,’Computing Inverse Radon Transform...’$)
Initialize array =xx

do i=1l,n

do j=1,n

zx(j,1)=0.

enddo

enddo

Back project projections stored in x
call bpr rectangle_sum(x,m,y,n)

return
end
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subroutine irtr triangle sum(x,m,y,n)
real x(256,256),y(256,256),xx(256,256)
KKK AT AAA AR AR KRR TR AR R Ak AR T Ak AR Rk Ak kkhkkAkkhkkkhkhkkhkkhkkkhkkkk
FUNCTION: This subroutine computes the inverse radon
transform by:
1. Back_projecting all the projections stored
in array =z giving the back projection
function y. v
2. Deconvolving the array y using the inverse_
filter SQRT (kx*kx + ky*ky~*).
External subroutines: bpr rectangle_ sum
back projection_deconvolution
Internal subroutines: none
I E X R ERET SRR LSS SESESEESSEL S S S EEL S S L LS LSS EEEEEEEE S &
Filtering Radon Transform.
Send message to user ’ Filtering Radon Transform...’

write(6,1)
format (1x,’Filtering Radon Transform...’S$)
call projection filtering(x,m)
Send message to user ’Computing Inverse =adon Transform...

write(6,2)

format (1x,’Computing Inverse Radon Transform...’S$)
Initialize array xx

do i=1,n

do j=1,n

zx(j,1)=0.

enddo

enddo

3ack project prcjections stored in x
call bpr_ triangle sum(x,m,y,n)

return
end
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subroutine irtr divide rectangle sum(x,m,y,n)
real x(256,256),y(256,256),xx(256,256)
AAKKRKK R A AKX A AA KRNI AR A IR R AR A A AR IR A A Ak kA hhkhkhkkkhkkhkkhkhkkkxhkhkx
FUNCTION: This subroutine computes the inverse radon
transform by:
1. Back projecting all the projections stored
in array x giving the back projection
function y.
2. Deconvolving the array y using the inverse
filter SQRT(kx*kx + ky*ky*).
External subroutines: bpr nearest neig
back projection_deconvolution
Internal subroutines: none
I E R R EETREERE S SRS SSESESSESESES S S L SRS S S S S SR EESERESEEREEEEEE
Filtering Radon Transform.
Send message to user ’ Filtering Radon Transform...’

write(6,1)
format (1x%,’/Filtering Radon Transform...’$)
call projection filtering(x,m)
Send message to user ’Computing Inverse Racon Transform...’

write(6,2)

format (1x,’Computing Inverse Radon Transform...’$)
Initialize array =x

do i=1,n

do 3=1,n

zxx(3j,1)=0.

encdo

encdo

Back proiject projections stored in x
call bpr div:de_rectangle_sum(x,m,y,x)

return
enc
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subroutine irtr_divide_triangle_sum(x,m,y,n)
real x(256,256),y(256,256),2x(256,256)

KA KA AKR KA KRR AR A A AR IR AAKRKRAA KRRk AR AA KRR AR Rk Akhkhkhkkkkkhkkhkhokxkkhk

FUNCTION: This subroutine computes the inverse radon
transform by:
1. Back_projecting all the projections stored
in array x giving the back projection
function y.
2. Deconvolving the array y using the inverse_
filter SQRT (kx*kx + ky*ky*).
External subroutines: bpr nearest_neig
back projection_deconvolution
Internal subroutines: none
IR EE LTSS E R LSS EE SR EEESSSESEEE LS LS ELEE LSS EEEEEEEEEEEE LSS LSS
Filtering Radon Transform.
Send message to user / Filtering Radon Transform...’

write(6,1)
format (1x,’Filtering Radon Transform...’$§)
call projection filtering(x,m)
Send message to user ‘Computing Inverse Radon Transform.

write(6,2)

format (1x,’Computing Inverse Radon Transform...’$)
Initialize array =xux

do i=l,n

do j=1,n

%x(j,1)=0.

enddo

enddo

Rack project projections stored in x
call bpr divide triangle_ sum(z,m,y,n)

return
end
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subroutine irtr_2dlinear sum(x,m,y,n)
real x(256,256),y(256,256),xx(256,256)
*******************************************************
FUNCTION: This subroutine ccmputes the inverse radon
transform by:
1. Back_project:i _ng all the projections stored
in array x giving the back_projection
function y.

2. Deconvolving the array y using the inverse_

filter SQRT (kx*kx + ky*ky*).
External subroutines: bpr_2clinear sum
back *rOJectﬂon deconvolution
Internal subroutines: none
Ak A AR A A kAR A A AR AR AAARKRRAA KR TXAAAKR A IR KA AR A Ak kkkkkkkkhkkkk
Filtering Radon Transform.
Send message to user ’ Filtering Radon Transform..

write(6,1)
format (1x,’Filtering Radon Transform...’$)
call projection_filtering(x,m)

Send message to user ’Computing Inverse Radon Transform...

write (6,2)

format (1x,’Computing Inverse Radon Transform...’$)
Initialize array xx

do i=1,n

do j=1,n

xx(3,1)=0

enddo

enddo

Back project projections stcred in =
call bpr 2dlinear_sum(z,m,y,n)

return
end
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subroutine irtr divide 2dlinear sum(x,m,y,n)
real x(256,256),y(256,256),xx(256,256)
KA KKK AK KA AR AKX R KA AKRRKRAKRKRKNA A AR Rk hkhkkhkhkkkkkkkkhkhkxkarhhkhkkhkkkk
FUNCTION: This subroutine computes the inverse radon
transform by:
1. Back projecting all the projections stored
in array x giving the back projection
function y.
2. Deconvolving the array y using the inverse
filter SQRT (kx*kx + ky*ky*). h
External subroutines: bpr nearest neig
back rcrojection_deconvolution
Internal subroutines: none
I FE X EEEIEETXILEREL S SRS ESESESESESESE SR EEEEESEEEESE S S
Filtering Radon Transform.
Send message to user ’/ Filtering Radon Transform...’

write(6,1)
format (1x%,’Filtering Radon Transform...’S$)
call projection filtering(x,m)
Send message to user ’Computing Inverse Radon Transform...’

write (6,2)

format (1x%,’Computing Zaverse Radon Transform...’$)
Initialize array xx

do i=1,n

<7
xx(j, 1)
enddo
enddo
Back project projections stored in x

call bpr divide 2dlinezr_ sum(x,m,y,n)

return
end
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Function:

subroutine projection filtering(a,n)

real a(256,256),y(256,256),c(256,256),za(256)

real zb(256),zc(256),2zd(256)

initialize array c¢

do i=1l,n
do j=1,n
c(j,1)=0.
enddo
enddo

do j=1,256
za (j)=0.
zb(3)=0.
zc(j)=0.
zd (j)=0.
enddo

take Fourier transforn of a

nn=256/2+1
jframe=nint (float (256-n)/2.)
do i=1,n

do j=1,n

za(j+jframe)=a(i, i)

enddo

call fftld(za,zb,256,-1)

multiply spectrum by Inverse Zilter

write

do j=1,256
xk=abs (float (j-nn)/float (256))
zc(j)=za(j) *xk

zd (j)=zb (J) *=k

enddo

call fftld(zc,z4,256,1)

do j=1,n
c(j,i)=zc(j+jfrzme)
enddo

enddo

output

do i=1,n

do j=1,n
a(j,i)=c(j,1)
enddo

enddo

return
end

This subroutine filters a Radon_Transform
obtained by straight projection (filtered)
using the appropriate inverse filter, i.e.
ABS (kx) where kx is the spatial frequency.
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subroutine project(a,b,n)
kA hkAAA AR Kk A AXA R AAhkA kAKX hkkhkhkkkhkhkhkhkhkhkhhkkhkhhkhkkxkkhkkkhkkhkhkkx
Function: This subroutine sums _
over all rows of an n X n array a giving 1D

projection of size n _ array b
AAKKAKKAAIAKRKAKAAKRA KA AA R Ak hkkkkkA kXA kA khkkhkhkkkkhkhkhkkhkkhkkkkkkkxk

real a(256,256),b(256),s5(256,256),2(256)
initialize arrays s & b

do j=1,n

b(3)=0.

z(3)=0.

do i=l

s(j,1)

enddo

enddo
set initial value for summing process and sum all pixels along
row i together

do j=1,n

s(j,1)=a(j,1)

do i=2,n

s (j,i)=S (jli—l)+a(jli)

enddo
Assign value of sum at column j to outzut b(j)

b(j)=s(j,n)

enddo

n
0.

I~

return
end
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subroutine bpr rectangle_sum(b,m,a,n)
real a(256,256),b(256,256),xx(256,256)
AhkKkAkhkhkARKA Ak hAhkb kA hkhAkkAhkhhhkArkhkkAkkhkhkhkkkhkkkhkhkkhkrkhkhkhkrkhkkkkxx
Function: this routine back-projects the
data stored in b to reconstruct
the image a.
External subroutines: Rotate_rectangle_sum
Internal subroutines: None
Parameters: b _ input, sizem X m
a _ output, size n X n
[EZEFE TR ETEEE L EEE SIS ESSLEETSSRESSESEEESESE LSS EEEESEEEEEE NS &
%, y and sum are working space
real x(256,256),y(256,256)
real sum(256,256)
Send message to user ’‘Computing back _projection I
write(6,1)
format (1x,’Computing back projection...’S)

Compute size of image in which b will be rotated to prevent
corner clipping.
l=nint (sgrt(2.)*float (m))
Compute centers of arrays to be used later
nn=n/2+1
11=1/2+1
ln=11l-nn
Initialize working space
do i=1,1
do j=1,1
x(j,1)=0.
sum(j,i)=9.
a(j,1)=0.
zx(3,1)=0.
enddo
enddo
Compute the angle of rotation in the reverse direction
do k=1,m
theta=flozt (1-k)
Back project prcijection
do i=1,m
do j=1,m
%(3,1)=b(Z,k)
enddo
enddo
Rotate = by angile at which projection was taken
call rotate rectangle_sum(x,m,y,l,theta)
Add result to previous pback projection Zunction
do i=1,1
do j=1,1
sum(j,i)=sum(j, 1) +y (3, 1)
enddo
enddo

enddo

Window the back oprojection function to extract reconstruction

(size n X n) anz write 1t to output
do i=1,n
do j=1,n
a(j,i)=sun(j+1ln,i+1ln)
enddo
enddo

return
end
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subroutine bpr triangle sum(b,m,a,n)
real a(256,256),b(256,256),xx(256,256)
A KK A A A AR IA A ARKAR AR KA AR A AR ARk R AR AR Ak A Ak Ak kkhkkhkhkkhkhkkhkhkkhkhhkhkhhkk
Function: this routine back-projects the
data stored in b to reconstruct
the image a.
External subroutines: 30:Rotation techniques
Internal subroutines: None
Parameters: b _ input, size m X m
a _ output, size n X n
R RS SR E TSR EE LSS TR ESEESESEESSSELSE SRS S S EEEE LS L SR & & X %1
%, y and sum are working space
real x(256,256),y(256,256)
real sum(256,256)
Send message to user ’‘Computing back projection

write(6,1)
format (1x,’ Computing back projection...’$)

Compute size of image in which b will be rotated to prevent
corner clipping.
l=nint (sqgrt (2.)*float (m))
Compute centers of arrays to be used later
nn=n/2+1
1i=1/2+1
In=11l-nn
Initialize working space
do i=1,1
do j=1,1
x(j,1)=0.
sum(j,1i)=0.
a(j,i)=0.
2z (j,1)=0.
enddo
enddo
Compute the angle of rotation in the reverse direction
do k=1,m
theta=float (1-k)
Back_project projection
do i=1,m
do j=1,m
2(J3,1)=b(J,k)
enddo
enddo
Rotate % by angle at which projection was taken
call rotate triancle sum(x,m,y,1l,theta)
2dd result to previous rack projection function
do i=1,1
do j=1,1
sum(j,i)=sum(Jj,1i)+v (3, 1)
enddo
enddo

enddo
Window the back orojection function to extract reconstruction
(size n X n) and write 1t to output

do i=1,n

do j=1,n

a(j,i)=sum(j+ln,i~-1ln)

enddo

enddo

return
end




subroutine bpr divide_rectangle_sum(b,m,a,n)
real a(256,256),b(256,256),x2(256,256)
Ak KA KA AAKRAARKA AR A IR A A KA KKK AKR A AR A XA A KAk hkhkkkhk kA kkAkhxxk
Function: this routine back-projects the

data stored in b to reconstruct

the image a.
External subroutines: Rotate nearest_neig :
Internal subroutines: None |
Parameters: b _ input, size m X m
a output, size n X n

A KR K KA A A AR KAR AR KA KR AKRRA A KRR KA AR AR A KA KA XK AR AR ARk A Kk khkhkkxhkkkkkx

o000

%, y and sum are working space
real x(256,256),y(256,256)
real sum(256,256)

c Send message to user ’‘Computing back_projection

write(6,1)
1 format (1x, ' Computing back projection...’$)

c Compute size of image in which b will be rotated to prevent
¢ corner clipping.
l=nint (sqrt(2.)*float (m))
c Compute centers of arrays to be used later
nn=n/2+1
11=1/2+1
lIn=1ll-nn
¢ Initialize working space
do i=1,1
do j=1,1
x(j,1)=0.
sum(j,1i)=0.
a(jli)=0'
xx(j,1)=0.
enddo
enddo
c Compute the angle of rotation in the reverse direction
do k=1,m
theta=float (1-k)
c Back project projesction
do i=1,m
do j=1,m
z(3,1)=b(3,%)
enddo
enddo
c Rotate x by angle at which projection was taken
call rotate_divide_rectangle_sum(x,m,y,l,theta)
c 2dd result to previous back projezzion function
do i=1,1
do j=1,1
sum(j,i)=sun(j, i) +y(j,1)
enddo
enddo

enddo
¢ ¥Window the back _crojection functicna to extract reconstruction
¢ (size n X n) and write it to outru:

do i=1,n '

do j=1,n

a(j,i)=sum(i+1ln,i+lin)

enddo

enddo

return
end




subroutine bpr_: divide_triangle sum(b,m,a, n)
real a(256,256), b (256,256),%xx(256,256)
**********************************************************
Function: this routine back-projects the
data stored in b to reconstruct
the image a.
External subroutines: Rotate_nearest_neig
Internal subroutines: None
Parameters: Db input, size m X m

a output, size n X n
*********************************************************
%, y and sum are working space

real x(256,256),y(256,256)
real sum(256,256)
Send message to user ’Computing back projection

AT T A T A O B O R T L T B L R

4 s

write(5,1)
format (1%, ’Computing back projection...’S$)

Compute size of image in which b will be rotated to prevent
corner clipping.
l=nint (sqrt (2.)*float (m))
Compute centers of arrays to be used later
nn=n/2+1
11=1/2+1
ln=11l-nn
Initialize working space
do i=1,1
do j=1,1
x(j,1)=0.
y(3,1)=0.
sum(j,i)=
a(j,1)=0
xx(j,1)=0
enddo
enddo
Compute the angle of rotation in the reverse dlrectlon
do k=1,m
theta=float (1-k)
Back_project projection
do i=1,m
do j=1,m
x(3,1)=b(3,k)
enddo
enddo
Rotate x by angle at which projection was taken
call rotate divide trlangle sum(x, m,y,_,theta)
Add result to previous back_crojection function
do i=1,1
do j=1,1
sum(j,i)=sum(j,i)+y(3,%)
enddo
enddo

enddo :
c Window the back projection function to extract reconstruction
c (size n X n) and write it to output

do i=1 n

do j=

a(j,l)—sum(]+ln 1+ln)

enddo

enddo

return
end




subroutine bpr__ 2dlinear sum(b,m,a,n)
real a(256,256),b(256,256),xx(256,256)
*‘*********************************************************
Function: this routine back-projects the
data stored in b to reconstruct
the image a.
External subroutines: Rotate_2dlinear sum
Internal subroutines: None
Parameters: b _ input, size m X m
a _ output, size n X n
Ak A A Ak AR ERR AR KAARKAAAA KRR AR ARk A ARk hk kA kkhkkkkkkhkhhkhhkhkhkhkhkhkhkkhkkhhkkkx
%, y and sum are working space
real x(256,256),y(256,256)
real sum(256,256)
Send message to user ’‘Computing back projection

o000 0Qan0n

write(6,1)
format (1x,’ Computing back projection...’S$)

Compute size of image in which b will be rotated to prevent
corner clipping. .
l=nint (sgrt (2.)*float (m))
Compute centers of arrays to be used later
nn=n/2+1
11=1/2+1
lIn=11l-nn
Initialize working space
do 1 1,1

il ovoor—'
[ .
O

O .

i
)

Compute the angle of rotation in the reverse direction
do k=1,m
theta=float (1- k)
Back prOJect projection
do i=1,m
do j=1,m
X(j,i)=b(j,k)
enddo
enddo
Rotate x by angle at which projection was taken
call rotate_ 2dlinear sum(x,m,y,1l,theta)
Add result to previous back _projection function
do i=1,1
do j=l,l
sum(j,i)=sum(j,i)+y(j, 1)
enddo
enddo

enddo
Window the back projection function to extract reconstruction
(size n X n) and write it to output

do i=1l,n

do i=1,n

a(j,i)=sum(j+in,i+1ln)

enddo

enddo

return
end




subroutine bpr_divide 2dlinear sum(b,m,a,n)
real a(256,256),b(256,256),xx(256,256)
**********************************************************
Function: this routine back-projects the
data stored in b to reconstruct
the image a.
External subroutines: Rotate_ nearest_neig
Internal subroutines: None
Parameters: b _ input, size m X m
a _ output, size n X n
A AR KA A KA KR A AR A AKX ARAAAKRKR AR AR ARKAR A AT AR AR IR Ak hkkkhkkkhkhkhkhhkkkkhkkk
%, y and sum are working space
real 2(256,256),y(256,256)
real sum(256,256)

oOo0o00000000

c Send message to user ’Computing back projection ...’
c
write (6,1)
1 format (1:x,/Computing back projection...’$) |

c Compute size of image in which b will be rotated to prevent
c corner clipping.
l=nint (sgrt(2.)*float (m))
c Compute centers of arrays to be used later
nn=n/2+1
11=1/2+1
ln=11-nn
¢ Initialize working space
do i=1,1
do j=1,1
z(3,1)=0.
y(j,i)=0.
sum(j, )=O.

enddo
c Compute the angle of rotation iIn the rsverse direction
do k=1,x
theta=float (1-k)
c Back project zrojection
do i=1,=
do j=l,:
% (3,1)=2(3,k)
enddo
enddo
¢ Rotate x by angle at which proiection was taken
call rotzte_ divide 2dlinear sum(x,m,y,1l,theta)
¢ Add result to previous back_p_ojectlon function
do i=1,>
do j=1,1
sum(j,1)=sum(j,i)+y (3, 1)
enddo
enddo

enddo
c Window the back projection function to extract reconstruction
C (size n ¥X n) =nd write it to cutput

do i=1,-

do j=1,=

a(j,1)=sum(j+ln,i+ln)

enddo

enddo

return
end




subroutine rtr_rectangle_l2neigh_sum(x,n,y,m)
real x(256,256),y(256,256),xy(256,256)
real w(256,256),z(256)
Ak khkhkhkhkhk kA kA KRR KRA KKK R KRRk Ak kkkkkhkhkkkkkkkhkhkhkkxkkkkk
Function: This subroutine computes the Radon Transform of
n X n image.
External subroutines: Rotate_nearest_neig
Project

Internal subroutines: None
Parameters: x - n X n input array

y = m X m output array
ok Ak hkhkkk kA AR KR kR IRk kA Ak khkhkkkxkhkhkhkhkkkkkhkhkhkhkhkkrkkkhkk

Send message to user ’Computing Radon Transform...’

write (6,1)

format (1x,’Computing Radon Transform...’$)
initialize array y

do j=1,m

do i=1l,m

Y(j/i)=0~

enddo

enddo
Compute angle of rotation in steps of 1 degree and rotate
the object, take projection of zotated object.

do i=1,m

theta=float (i-1)

call rotate_rectangle_lZneigh_sum(x,n,w,m,theta)

call project(w,z,m)
Stack projections together to form image of "Radon space”
data.

do j=1,m

Y(jri)=z(j)

enddo

enddo

return

end




OO0 0000000n

Q =

Q

O 0

subroutine rtr divide rectanglel2n sum(x,n,y,m)

real x(256,256),y(256,256),xy(256,256)

real w(256,256),2z(256)
AAKKAKKR KKk kAR KkA AR KAk hkhkhkhkAAkrkXkkhkrkkkkhkhkkkkhkkhhkkkhkkkhkkk
Function: This subroutine computes the Radon Transform of

n X n image.
External subroutines: Rotate_nearest neig
Project
Internal subroutines: None
Parameters: X - n X n input array
y - m X m output array

KA KA A IR A AAKA A RAA AR AR AR KRR A KRR ARk Ak kkhkkkkxhkhkhkhkkhkkhkkkk

Send message to user ‘Computing Radon Transform...’

write(6,1)

format (1%, ’Computing Radon Transform...’$)
initialize array y

do j=1,m

do i=1l,m

Y(jli)=o°

enddo

enddo
Compute angle of rotation in steps of 1 degree and rotate
the object, take projection of rotated cbject.

do i=1l,m

theta=float (i-1)

call rotate divide rectanglel2n sum(x,n,w,m,theta)

call project(w,z,m)
Stack projections together to form image of "Radon space"
data.

do j=1,m

y(j,1)=z(3)

enddo

enddo

return

end




subroutine rtr_rectangIe_l6neigh_sum(x,n,y,m) S
real x(256,256),y(256,256),xy(256,256)
real w(256,256),2(256)

A KA KKK KRAKRKRAKRKR KRR IR AKX AR kA Ak Ak xkhkkkkkkkkkhkhkkkhkkkk

c
C Function: This subroutine computes the Radon Transform of
c n X n image.
c External subroutines: Rotate_nearest neig
c Project
c Internal subroutines: None
c Parameters: x - n X n input array
C y - m X m output array
o] AR AR KKK KT IR A RK AR IR IR Ak kxhkkkkkkhkkkkkkhkkhkkkkkhkkkhhkxkkk
c Send message to user ‘Computing Radon Transform...’
C
write(6,1)
1 format (1x,’Computing Radon Transform...’S$)
c initialize array 7
do j=1,m
do i=1,m
Y(jli)=0'
enddo
enddo

c Compute angle of rotation in steps of 1 degree and rotate
c the object, take orojection of rotated object.
do i=l,m
theta=float (i-1)
call rotate_rectangle_l6neigh_sum(x,n,w,m,theta)
call projecz(w,z,m)
c Stack prcjections together to form image of "Radon space”
c data.

do j=1
y(3,1)
encdo

enddo

return
end

10
=2
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subroutine rtr_triangle 1l2neigh sum(x,n,y,m)
real x(256,256),y(256,256) ,xy(256,256)
real w(256,256),z(256)
AR KRK KR A AR A AKRAKR KRR AR ARA R kA kR kA Ak kA kAR A AR Rk hkkhkhkhkhkkkhkkkx
Function: This subroutine computes the Radon Transform of
n X n image.
External subroutines: Rotate_triangle_lé6neigh sum
Project l

Internal subroutines: None
Parameters: x - n X n input array

y - m X m output array
ARAKKAKRIKRKAAR AR A AA Ak Ak hkkhkhkhhkhkkhkhhhkhkhkkkkhhkhkhkhkhkhkhkhkhkhk

Send message to user ‘Computing Radon Transform...’

write(6,1)

format (1x,’Computing Radon Transform...’$)
initialize array y

do 3=1,m

do i=1l,m

Y(jri)’_'o-

enddo

endco
Compute angle of rotation in steps of 1 degree and rotate
the object, take projection of rotated object.

do i=1,m

theta=float (i-1)

call rotate triangle 1l2neigh sum(x,n,w,m,theta)

call project(w,z,m)
Stack projections together to form image of "Radon space"
cata.

do *=1,m

Y(Jr;)=z(])

endco

enddo

return
end
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subroutine rtr_triangle léneigh sum(x,n,y,m)
real x(256,256),y(256,256),xy(256,256)
real w(256,256),2z(256)
IR R R R R R R R R X E X RS E R R RS S S S ST LES S LSS E R EEEEEE S
Function: This subroutine computes the Radon Transform of
n X n image.
External subroutines: Rotate triangle léneigh_ sum
Project

Internal subroutines: None
Parameters: x - n X n input array

y - m X m output array
PR ARSI E SRR R RS R XS LRSS EESETLSEELE LSS S S SR LSS EELEEEEE S

Send message to user ’Computing Radon Transform...’

write(6,1)
format (1x%,’Computing Radon Transform...’$)
initialize array y
do j=1,m
do i=l,m
Y(jll)=0
enddo
enddo
Compute angle of rotation in steps of 1 degree and rotate
the object, take projection of rotated object.
do i=1l,m
theta=float (i-1)
call rotate_triangle_l6neigh_sum(x,n,w,m,theta)
call project(w,z,m)
Stack projections together to form image of "Radon space"
data.
do j=1,m
Y(Jll)=z(j)
enddo
enddo
return
end
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subroutine rtr triangle léneigh suml (x,n,y,m)
real x2(256,256),y(256,256),x2y(256,256)
real w(256,256),2z(256)
A kA KRR AR KRR KA AR R AR AR KRR AR AR ARk kkkhkkk kA kkkkhkkkkkkk
Function: This subroutine computes the Radon Transform of
n X n image.
External subroutines: Rotate triangle l6neigh sum
Project
Internal subroutines: None
Parameters: %X - n X n input array
y = m X m output array
Ak A A A AR KAKA AR IKRRA AR KA ARk Akkhkkkhk kA hkkkhkhkhkhkhkhkdkhhkkhkhkhkhkkkx

Send message to user ‘Computing Radon Transform...’

write (6,1)

format (1x, ' Computing Radon Transform...’$)
initialize array y

do j=1,m

do i=1l,m

enddo

enddo
Compute angle of rotation in steps of 1 degrese and rotate
the object, take prcjection of rotated object.

do i=1i,m

theta=float (i-1)

call rotate_triangle_lSneigh_suml(x,n,w,m,theta)

call project (w,z,m)
Stack projections together to> form image of "Radon space"
data.

do j=1,m

Y(Jll)=z(3)

enddo

enddo

return

end




subroutine rotate_rectangle l2neigh_sum(a,n,b,m,theta)
real a(256,256),b(256,256),ss(256,256), w(256 256) ’
FUNCTION : THIS SUBROUTINE ROTATES AN NXN ARRAY A !

THROUGH AN ANGLE THETA (given in degree)

anticlockwize placing the result at the

center of an array mxm b

convert theta into radians

pi = 4. * atan(l.)

theta = theta * (pi/180.) ‘ |
costh = cos{theta)
sinth = sin(theta)

Zero pad image a with anint ((m-n+l)/2) storing the result in the array ss.
The function anint is used in the case of (m-n+l) is even

nw=m-n+1

ml=m+nw-1

iframe=anint (float (m-n) /2.

initial ss

do i=1,ml

doj=1,ml

ss(j,1)=0.

enddo

enddo

do i=l1,n

do j=1,n

ss(j+iframe,i+iframe)=a(j, 1)

enddo

enddo

initial b

do i1 =

do j =

b(J/ 1)

wi(j, 1)

enddo
enddo

[ o
- ™™
oo3 3

compute new coordinates (xd,yd) of rotate array

nn =m/2 + 1
mm = mi/2 + 1

Compensation of the center pcsition for rotation.
xcomp=nn+nn* (sinth - costh)
ycomp=nn-nn* (sinth + costh)

start process

do j
do 1

=
~

s
m

generate 4-gquadrant cartesizan plan

y = float (j-nn)
x = float (i-nn)
xd = x * costh + y * sinth
yd = -z * sinth + y * costh

compute both real and integer coordinates of array b
associated with the zbove tr,nsformatlon for later use
ax =nn+ xud
ay = nnt+ yd
assign value of a at (j,1i) tc 9-point cell
of array b in wich the transformed coordinates
lie.
fx=(az-aint (ax))
fy=(ay-aint (ay))
kx=aint (ax)
ky=aint (ay)
dl=(1l.+fy)*(1.-£x)/7.



d2=(2.-fx)*(1.-£fy) /7.
d3=(2.-fy) *fx/7.
d4=fy* (1.+£x) /7.
ds5=(1.-fy)*(1.-£fx) /7.
d6=(1.-fy) *fx/7.
d7=fy*£x/7.
d8=fy*(1.-£fx)/7.
d9=fy*(2.-£fx)/7.
dl0=(2.-fy)*(1.-£fx) /7.
dll=(l.+fx)*(1.-fy) /7.
dl2=(1.+fy)*fx/7.

el=dl*ss (ky+1l, kx)
e2=d2* ss(ky,kx)
e3=d3*ss (ky, kx+l)
ed4=d4*ss (ky+1l,kx+1)
e5=d5*ss (ky-1, kx)
eb=d6* ss(ky,kxt2)
e7=d7*ss (ky+2, kx+l)
e8=d8*ss (ky+1l,kx-1)
e9=d9%*ss (ky+2,kx)
el0=d10* ss(ky,k=z-1)
ell=dll*ss (ky-1,kz+1)
el2=dl2*ss (ky+1, kx+2)

b(j,1)=el+e2+e3+ed+e5+eb6te7+e8+ed+ell+ell+el?

enddo
enddo
return
end




subroutine rotate_ divide rectanglelZn sum(a,n,b,m,theta)

real a(256,256),b(256,256),w(256,256)
C FUNCTION : THIS SUBROUTINE ROTATES AN NXN ARRAY A
c THROUGH AN ANGLE THETA (given in degree)
c anticlockwize placing the result at the \
c center of an array mxm b
c
c convert theta into radians |
c

pi = 4. * atan(1l.)
theta theta * (pi/180.)
costh cos (theta)
sinth sin(theta)

¢ 1initial ss
do i=1,m
doj=1,m
b(j/ )=
w(]/ 1)=
enddo
enddo

0.
0.

c compute new coordinates (xd,yd) of rotate array

nn =n/2 +1

mm = m/2 + 1
c Compensation of the center position for rotation.
c zcomp=nn+nn* (sinth - costih)
c ycomp=nn-nn* (sinth + costx)

¢ start process

do j

1,
do i 1,

8 d

o

Cc generate 4-quadrant cartesian plan
y = float(j-nn)
x = float(i-nn)
xd = x * costh - yv * sinth
vd = x * sinth + y * cost:z
compute both real and integer coordinates of array b
associated with the above transformaticnz for later use
ax =mm+ =d
a2y = mm+ vd
assign value of a at (j,1) to S-point cell
of array b in wich the transformed coorZinates
lie. ‘

[oNN®!

Q00

ky=aint (

dl=(1.+fy
d2=(2.-fz)
G3 (2.-fy)

d5=(1l.-fy)*(1.-£x)/7.
g6=(l.-fy)*fx/7.
S7=Ffy*fx/7.
38=fy*(1.-£fx)/7.
39=Ffy* (2.-£fx) /7.
d10=(2.-fy)*(l.—f{)/7
dll=(1l.+fz)*(1.-fy)/
dl2=(1l.+£fy)*fx/7.

el=dl*a(j,1)
e2=d2*a(j, i)
e3=d3*a(j,1)




ed4=d4*a(j, 1)
e5=dl*a(j, 1)
e6=d2* a(j,1i)
e7=d3*a(j, 1)
e8=d4*a(j, 1)
e9=dl*a(j,1)
el0=d2* a(j,1)
ell=d3*a(j, i)
el2=d4*a(3,1i)
el3=dl3*a(j,1)
eld=dl4*a(j, 1)
el5=dl5* a(j,1i)
elé=dlé*a(j, 1)

b (ky,kx)=b (ky, kx) +e2
b(ky,kx+1)=b(ky, kx+1l) +e3

b (ky+1,kx+1)=b (ky+1l, kx+1l) +ed
b (ky+1l,kx)=b(ky+l, kx)+tel
b(ky-1,kx)=b(ky-1,kz)+e5

b (ky,kx+2)=b (ky, kx+2) +eb

b (ky+2,kx+1l)=b (ky+2, kx+1l) +e7

b (ky+1,kx-1)=b(ky+1l,kx~1)+e8
b (ky-1,kx+1)=b (ky-1,kx+l)+ell
b (ky+1l,kx+2)=b (ky+l,kx+2) +el2
b (ky+2,kx)=b(ky+2,kx) +e9

b (ky,kx-1)=b(ky, kx~-1)+el0
enddo

enddo

return

end




subroutine rotate_rectangle léneigh_sum(a,n,b,m,
real a(256,256),b(256,256),55(256,256),w(256,256)
C FUNCTION : THIS SUBROUTINE ROTATES AN NXN ARRAY A

C — THROUGH AN ANGLE THETA (given in degree)

o anticlockwize placing the result at the

o] center of an array mxm b
c
C
o

convert theta into radians

pi = 4. * atan(l.)

theta = theta * (pi/180.)
costh = cos(theta)
sinth = sin(theta)

c Zero pad image a with anint ({m-n+l)/2) storing the result in the array ss.
c The function anint is used in the case of (m-n+l) is even
nw=m-n+1
ml=m+nw-1
iframe=anint (float (m-n)/2.)
c initial ss
do i=1l,ml
doj=1,ml
ss(j,i)=0.
enddo
enddo
do i=1,n
do j=1,n
ss(j+iframe,i+iframe)=a(j,1)
enddo
enddo

do i =
do j =

b(j,1i)
w(J, i)
enddo
enddo

e
ooid 3

c compute new coordinates (xd,yd) of rotate array

nn = m/2 + 1

mm = ml/2 + 1
c Compensation of the center position for rotztion.
C xcomp=nn+nn* (sinth - costh)
c ycomp=nn-nn* (sinth + costh)

Cc start process

do j
do i

l,m
1

¢ gesnerate 4-quadrant cartesian plan
y = float (j-nn)
x = float (i-nn)

xd = ¥ * costh + y * sinth

yd = -z * sinth + y * costh

c compute both real and integer coordinates of array b

c associated with the above transformation for later use
ax =nnt+ xd
ay = nn+ yd

c assign value of a zt (j,1i) o 9-point cell

c of array b in wich the transformed coordinates

c lie.
fx=(ax-aint (ax))

ax)
fy=(ay-aint (ay))
kx=aint (ax)
ky=aint (ay)
dl=(l.+fy)*(2.-fx)/l6.




d2=(2.-fx)*(2.-fy) /16.
d3=(2.-fy) *(1.+£x) /16.
da=(1.+£y) *(1.+fx)/16.
d5=(1.-£y)*(1.-£x)/16.
dé=fx*(1.-fy)/16.
d7=fy*£x/16.
dg=fy*(1.-£fx)/16.
d9=fy* (2.-fx)/16.
d10=1(2.-fy)*(1.~-£fx) /16.
dll=(1.+fx)*(1.-fy)/16.
dl2=(1.+fy)*£fx/16.
d13=(1.-fx)*(1.+fy)/16.
dld=(2.-fx)*(1.-fy)/16.
dl5=Ffx*(2.~fy)/16.
dl6=(1.+fx)*fv/16.

el=dl*ss (ky+1l, kx)
e2=d2* ss(ky,kx)
e3=d3*ss (ky, kxz+l)
ed=d4*ss (ky+1l,kx+1)
e5=d5*ss (ky-1,kx-1)
eb6=d6* ss(ky-1,kx+2)
e7=d7*ss (ky+2, kx+2)
e8=d8*ss (ky+2, kx-1)
e9=d%*ss (ky+1, kx~-1)
el0=d10* ss(ky-1,kx)
ell=dll*ss (ky, kx+2)
el2=d12*ss (ky+2,kx+1)
el3=dl3*ss (ky+2, kx)
el4=did*ss (ky, kx-1)
el5=di5*ss (ky-1,kx+1)
el6=di6*ss (ky+l, kut2)

b(j,i)=el+e2+e3+ed+eS+ebteT+es+ed+ell+ell+el2+el3+eld+elS+eld

enddoc
enddo
return
end




subroutine rotate triangle 12neigh sum(a,n,b,m,theta)
real a(256,256),b(256,256),ss(256,256), w(256 256)

C FUNCTION : THIS SUBROUTINE ROTATES AN NXN ARRAY A

C ' THROUGH AN ANGLE THETA (given in degree)

c anticlockwize placing the result zt the

c center of an array mxm b
c
c
c

convert theta into radians

pi = 4. * atan(l.)

theta = theta * (pi/180.) \
costh = cos(theta)
sinth = sin(theta)

¢ Zero pad image a with anint ((m-n+l)/2) storing the result in the array ss.
¢ The function anint is used in the case of (m-n+l) is even
nw=m-n+1
ml=m+nw-1
iframe=anint (float (m-n)/2.)
¢ 1initial ss
do i=1,ml
doj=1,ml
s(j,1)=0.
enddo
enddo
do i=1l,n
do j=1,n
s(j+iframe,i+iframe)=a(j,1)
enddo
enddo
¢ initial b
do i=
do j =
b(j,1)
W(J;x)
enddo
enddo

e

c compute new coordinates (xd,yd) of rotate array

nn m/2 + 1

mm mi/2 + 1
¢ Compensation of the center position for rotazlon
c xcomp= qn+nn*(s_nth - costh)
c ycomp=an-nn* (sinth + costh)

¢ start process

l,m
l,m

do j
do i

c generate 4-quadrant cartesizn plan
y = float (j-nn)
x = float (i-nn)

xd = x * costh + y * sinth

yd = -x * sinth + y * costh

c compute both real and integer coordinates of zrray b

c associated with the zbove transformation for later use
z =nn+ xd
ay = nn+ yd

c assign value of a at (j,1i) to 9-point cell

c of zrray b in wich the transformed coordinatss

c lie.
fx=(ax-aint (ax))
fy=(ay-aint (ay))
kx=ainzt (ax)

ky=aint (ay)
dl=.1%(2.-fy)




d2=.1* (1.
d3=.1% (1.+£fy)
d4=.1* (2.-fx)
dS=.1*(1.-fx)
dé=.1% (1.-fy)
d7=.1*fx

dg=.1l*fy

el=dl*ss (ky,kx)
e2=d2* ss(ky,kx+1)
e3=d3*ss (ky+1l,kz+1)
ed=dd*ss (ky+l, kx)
eS5=d5*ss (ky+2, kx)
e6=d6* ss(ky,kx-1)
e7=d7*ss (ky-1,kx+1)
e8=d8*ss (ky+l, kx+2)
e9=d6*ss (ky, kx+2)
el0=d7* ss{(ky+2,kx+1)
ell=d8*ss (ky+1, kx~-1)
el2=d5*ss (ky-1, xx)

b(j,i)=el+e2+e3+ed+eS5+ef+eT+eB8+ed+ell+ell+el2

enddo
enddo
return
end




subroutine rotate triangle léneigh_ sum(a,n,b,m,theta)
real a(256,256),b(256,256),ss(256,256), w(256 256)
FUNCTION THIS SUBROUTINE ROTATES AN NXN ARRAY A
THROUGH AN ANGLE THETA (given in degree)
anticlockwize placing the result at the
center of an array mxm b

convert theta into radians

pi = 4. * atan(l.)

theta = theta * (pi/180.)
costh = cos(theta)
sinth = sin(theta)

Zero pad image a with anint ((m-n+1)/2) storing the result in the array ss.
The function anint is used in the case of (m-n+l) is even

nw=m-n+1

ml=m+nw-1

iframe=anint (float (m-n)/2.)

initial ss

do i=1l,ml

doj=1,ml

ss(j,1)=0.

enddo

enddo

do i=1l,n

do j=1,n

ss(j+iframe,i+tiframe)=a(j,i)

enddo

enddo

initial b
do i =
do j =
b(j,1)

W(]I i)
enddo
enddo

o
™~ ™
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compute new coordinates (xd,yd) of rotate array

nn = m/2 + 1
mm = ml/2 + 1

Compensation of the center position for rotation.
xcomp=nn+nn* (sinth - costh)
ycomp=nn-nn* (sinth + costh)

start process

do j
do i

,m

1
1l,m

generate 4-quadrant cartesian plan

y = float (j-nn)
x = float(i-nn)
zd = x * costh + y * sinth
yd = -x * sinth + y * costh

compute both real and integer coordinates of array b
associated with the above transformation for later use
ax =nn+ =zd
gy = nn+ yd
assign value of a at (j,i) to S-point cell
of array b in wich the transformed coorcinates
lie.

%))

fu=(ax-aint(a

)
fy=(ay-aint (ay))
kxz=aint (ax)
ky=aint (ay)

.dl=.05*(2.-£fy)




d2=.05* (1.+£x)
d3=.05*(1.+£fy)
d4=.05* (2.-fx)
dl13=.05*fy

dl4=.05*(1.-£x)
dl5=.05*(1.-£fy)
dle=.05*fx

el=dl*ss (ky,kx)
e2=d2*ss (ky, kx+1)
e3=d3*ss (ky+1, kx+l)
ed=d4*ss (ky+1, kx)
eS5=dl*ss (ky-1, kx)
e6=d2* ss(ky,kx+2)
e7=d3*ss (ky+2, kxu+l)
e8=d4*ss (ky+l,kx-1)
e9=dl*ss (ky-1, kx+1)
el0=d2* ss(ky+l,kz+2)
ell=d3*ss (ky+2,k=x)
el2=d4*ss (ky,kx-1)
el3=dl3*ss (ky+2,kxz+2)
el4=dl4*ss (ky+2,kx-1)
el5=d15* ss(ky-1,kx-1)
el6=dl6*ss (ky-1,kxt+2)

b(j,i)=el+e2+e3+e4+e5+e6+e7+e8+e9+e10+e11+e12+e13+el4+e15+el6

enddo
enddo
return
end




Q

subroutine rotate_triangle léneigh_suml(a,n,b,m,theta
real a(256,256),b(256,256),ss(256,256),w(256,256)
FUNCTION : THIS SUBROUTINE ROTATES AN NXN ARRAY A
THROUGH AN ANGLE THETA (given in degree)
anticlockwize placing the result at the
center of an array mxm b

convert theta

initial ss

initial b

pi =
thet
cost

into radians

4, * atan(l.)
theta * (pi/180.)
cos (theta)

a
h

sinth = sin(theta)
Zero pad image a with anint ((m-n+l1)/2) storing the result In the array ss.
The function anint is used in the case of (m-n+l) is even

nw=m
ml=m

-n+l
+nw-1

iframe=anint (float (m-n)/2.)

do i
doj=
ss (]
endd

=1,ml

1,ml
,1)=0.
o)

enddo

do i
do j
ss (]
endd
endd

do j
b(j,
w3,
endd
endd

=1,n
=1l,n

+iframe,i+iframe)=a(j,i)
o
o)

o
o3 3

i)
i)
o
o)

compute new coordinates (xd,yd) cI rotate array

nn
mm

m/2 + 1
ml/2 + 1

Compensztion of the center position for rotation.
xcomp=nn+nn* (sinth - costh)
ycomp=nn-nn* (sinth + costh)

start process

do 3
do i

]

1,m
1l,m

generatz 4-quadrant cartesian pian

y=
x=
xd =
yd =

float (j-nn)

float (i-nn)

% * costh + y * sinth
-x * sinth + y * costh

compute both real and integer cocrdinates of array b
associacted with the above transfzrmation for later use

ax =
ay =

nn+ zd
nnt+ yd

assign —zlue of a at (j,i) to 9-zoint cell
of arrazvy b in wich the transformed coordinates

lie.

fa=(
fy=(
kx=a

ax-aint (ax))
ay-aint(ay))
int (ax)

ky=aint (ay)

dl=(

1.-£fx)/32.



\J
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As=(1l.-1Iy)/3<.
d3=fx/32.

d4=£fy/32.

ds=(2.-fy) /32.
dé=(1.+fy)/32.
d7=(2.-fx)/32.
dg=(1.+fx)/32.

el=dl*ss (ky+2,kx-1)
e2=d2*ss (ky-1, kx-1)
e3=d3*ss (ky-1,kx+2)
ed=d4*ss (ky+2,kx+2)
e5=d5*ss (ky-1, kx)
e6=d6* ss(ky+2,kxn+l)
e7=d7*ss (ky+1l, kx-1)
eB8=d8*ss (ky, kx+2)
e9=3.*d3*ss (ky-1,kx+1)
el0=3.*d2* ss(ky,kx-1)
ell=3.*d4*ss (ky+1l, kx+2)
el2=3.*dl*ss (ky+2,kx)
el3=3.*d8*ss (ky,kx+l)
eld=3.*d6*ss (ky+1,kz+l)
el5=3.*d7* ss(ky+1l,kx)
el6=3.*d5*ss (ky, kx)

b(j,1i)=el+e2+e3+ed+e>+ebt+teT+eB8+e9+ell+ell+el2+el3+eld+elS+eld

enddo
enddo
return
end




subroutine irtr rectangle_lZneigh sum(x,m,y,n
real x(256,256),y(256,256) ,xx(256,256)
Ak k kA A kAR A A Ak A AR AAAARAKR A ATk kA kA kkxhkkhkhkkkkkkkhkkkkkk
FUNCTION: This subroutine computes the inverse radon
transform by:
1. Back projecting all the projections stored
in array x giving the back_projection
function y.
2. Deconvolving the array y using the inverse_
filter SQRT (kx*kx + ky*ky*).
External subroutines: bpr nearest_neig
back projection deconvolution
Internal subroutines: none
Ak kAR AR AR A A AR A AR AR AARA KR AT A Ak kh kR kkhkkdkhkkkhkkkkkhxkkhkxk

Send message to user ’‘Filtering Radon Transform...’

write(6,1)
format (1x,’/Filtering Radon Transform...’$)
call projection filtering(x,m)
Send message to user ’Computing Inverse Radon Transform...

write (6,2)

format (1x,’Computing Inverse Radon Transform...’$)
Initialize array =z=x

do i=1,n

do j=1,n

xx(j,1)=0.

enddo

enddo

Back project projections stored in x
call bpr rectangle_ l2neigh_sum(x,m,y,n)

return
end
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subroutine irtr_divide_rectanglel2n_sum(x,m,y,n)
real x(256,256),y(256,256),xx(256,256)
A A AR KA AT A KRR KRR A KRKRKRAKRRA KRR AR Ak hkhkkkhkkkkkkhkkkkhkkkhkhkkxkkkkk
FUNCTION: This subroutine computes the inverse radon
transform by:
1. Back projecting all the projections stored
in array x giving the back _projection
function y.
2. Deconvolving the array y using the inverse_
filter SQRT (kx*kx + ky*ky*).
External subroutines: bpr nearest neig
back orojection_deconvolution
Internal subroutines: none
A KK A A A I A IR AAA KRR KR RAKR KRNI AR ARKRAKR AR AR KA AR kA ARk kA hkkxkkh%k

Send message to user ‘Filtering Radon Transform...’

write (6,1)
format (1x,’Filtering Radon Transform...’$)
call projection filtering(x,m)
Send message to user ’Computing Inverse Radon Transform..

write (6, 2)

format (1x, ' Computing Inverse Radon Transform...’$)
Initialize array ux ‘ ’

do i=1,n

do j=1,n

zx (j,1)=0.

enddo

enddo

Back project projections stored in
call bpr divide rectznglel2n sum(x,m,y,n)

return
end




subroutine irtr_rectangle_l6neigh_sum(x,m,y,n)
real x%(256,256),y(256,256),xx(256,256)
kA KA AR AR KR A A AAARKAAARRA IR Ak A Ak kkkhkhkh kA kA kAR kkkkkkhkhhhhkkkk
FUNCTION: This subroutine computes the inverse radon
transform by:
1. Back projecting all the projections stored
in array x giving the back_projection
function y.
2. Deconvolving the array y using the inverse_
filter SQRT (kx*kx + ky*ky*).
External subroutines: bpr nearest_neig _
back projection_deconvolution
Internal subroutines: none
A KA KA K IR AKRAKRAKR KA KRR R AR A AR Ak A R AR AR R I A ARk hkkkhkhkhkhhkkkhkk%k

Send message to user ‘Filtering Radon Transform...’

write (6,1)
format (1x,’Filtering Radon Transform...’$)
call projection filtering(x,m)
Send message to user ‘Computing Inverse Radon Transform..

write (6,2)

format (1x,’ Computing Irverse Radon Transform...’$)
Initialize array =x

do i=1,n

do j=1,n

xx(j,1)=0.

enddo

enddo

Back project projections stored in x

call bpr_rectangle_l6neigh_sum(x,m,y,n)

return
end
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subroutine irtr triangle 12neigh sum(x,m,y,n)
real x(256,256),y(256,256),xx(256,256)
A A AR AR I AR KRR AKRAKRKRAKRA KRR RX AR AR AR AR AR IR A AR RRKRA KRR KRR Ak kkkkkkk
FUNCTION: This subroutine computes the inverse radon
transform by:
1. Back pro;ectlng all the oro;ectlons stored
in array xz giving the back projection
function y.
2. Deconvolving the array v using the inverse
filter SQRT (kx*kx + ky*ky*). -
External subroutines: bpr triangle léneigh sum
back projection_ deconvolution
Internal subroutines: none
Ak kA A A AT IR AKR A KA AR AR A KRR A R IR ARk kA ARk kkxkhkkkkhkxkrhkkhhkkk

Send message to user ‘Filtering Radon Transform..

write(6,1)
format (1x,’Filtering Radon TransZorm...’$)
call projection filtering(x,m)
Send message to user ’Computing Inverse Radon Transform...

write (6,2)

format (1x,’Computing Inverse Radon Transform...’$)
Initialize array x=x

do i=1l,n

do j=1,n

%x(3,1)=0.

enddo

enddo

Back project projections stored in x
czll bpr_triangle_ 12neigh sum(x,=,y,n)

raturn
end
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subroutine irtr triangle léneigh sum(x,m,y,n)
real x(256,256),y(256,256),xx(256,256)
Ak A A AR AR K AR A A A IR KR AR KR A KA AR A ARIAKR AR RNk AR ARk Ak kkhhkkhh*k
FUNCTION: This subroutine computes the inverse radon
transform by:

1. Back_projecting all the projections stored
in array x giving the back projection
function vy.

2. Deconvolving the array y using the inverse_
filter SQRT(kx*kx + ky*ky*).

External subroutines: bpr triangle lé6neigh_sum

back projection_deconvolution
Internal subroutines: none
IR RS SRS R ER RS RS S SEEESEESESLEESSSSESEE S S LSS EEE SRS EEEEE LSS &

Send message to user ’‘Filtering Radon Transform...’

write(6,1)
format (1x,’Filtering Radon Transform...’$)
call projection filtering(x,m)
Send message to user ‘Computing Inverse Radon Transform...

write(6,2)

format (1x,’Computing Inverse Radon Transform...’$)
Initialize array xx

do i=l,n

do j=1,n

% (j,1i)=0.

enddo

enado

Back project projections stored in x
call bpr triangle léneigh sum(x,m,y,n)

return
end




subroutine irtr triangle léneigh suml (x,m,y,n)
real x(256,256),y(256,256), xx% (256, 256)
*******************************************************
FUNCTION: This subroutine computes the inverse radon
transform by:
1. Back progectlng all the projections stored
in array = giving the back_projection
function y.
2. Deconvolving the array y using the inverse
filter SQRT (kx*kx + ky*ky*).
External subroutines: bpr triangle l6neigh_sum
back projection_ deconvolution
Internal subroutines: none
Ak A KA KA KX IAKR AR A IR KRR AR AR A A RAR R KRR A A Ak AR Ak AR Ik Rk hkkhkhkkhxkkhxk

Send message to user ’Filtering Radon Transform...’

write(6,1)
format (1x,’Filtering Radon Transform...’S$)
call projection filtering(x,m)
Send message to user ’Computing Inverse Radon Transform...

write (6, 2)
format (1x,’Computing Inverse Radon Transform...’S$)
Initialize array xx
do i=1l,n
do j=1,n
2(j,1)=0.
enddo
enddo

Back procject projections stored in x
call bpr_triangle_ léneigh suml (%,m,y,n)

return

end



subroutine projection_filtering(a,n)

Function: This subroutine filters a Radon_Transform
obtained by straight projection (filtered)
using the appropriate inverse filter, i.e.
ABS (kx) where kx is the spatial frequency.

real a(256,256),y(256,256),c(256,256),2za(256)
real zb(256),zc(256),2d(256)

initialize array c

do i=1,n
do j=1,n
c(j,1)=0. -
enddo
enddo

do j=1,256
za (j)=0.
zb (3)=0.
zc (3)=0.
zd (j)=0.
enddo

take Fourier transform of a

nn=256/2+1
jframe=nint (£loat (256-n)/2.)
do i=1l,n

do j=1,n

za(j+jframe)=a(j, 1)

enddo

call fftld(za,zb,256,-1)

multiply spectrum by inverse filter

do j=1,256

xk=abs (float (j-nn) /float (256))
zc(j)=za (j) *xk

zd (j)=zb (j) *xk

enddo

call fftld(zc,zd,256,1)

do j=1,n
c(j,i)=zc(j+jframe)
enddo
enddo

write output

do i=1,n

do 3=1,n
a(j,i)=c(3j, 1)
enddo

enddo

return’
end
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subroutine project(a,b,n)
A K KKK A KA A AR KA A RKRKAARKR KRR AR KT RKR A AR AR AR R ARk A Ak kkkhkhkhkhkkhkhkkhkkx
Function: This subroutine sums
over all rows of an n X n array a giving 1D

projection of size n _ array b
Ak A KA A A A KA AR AN A AARA KRR KRAR KRR A A A AR A KA AR A Ak khkhkhkkkkkhkkkkkhhkikkx

real a(256,256),b(256),s(256,256),z(256)
initialize arrays s & b

do j=1,n

b(3)=0.

z(3)=0.

do i=1,n

s(j,1)=0.

enddo

enddo
set initial value for summing process and sum all pixels along
row i together

do j=1,n

s(j,1)=a(3j,1)

do i=2,n

s(j,i)=s(j,i-1)+a (3, 1)

enddo
Assign value of sum at column j to output _Db(J)

b(j)=s(3j,n)

enddo

return
end




subroutine bpr_rectangle 12neigh sum(b,m,a,n)
real a(256,256),b(256,256) ,xx(256,256)
AAKAKRIKARKA KK AR A AR A AR AAkAAKA ARk Ak hkhkkhkhkhkhkhhhkhkhkkhkhkkkkkkhkkhkkhkkx
b Function: this routine back-projects the
data stored in b to reconstruct
the image a.
External subroutines: Rotate nearest_neig
Internal subroutines: None
Parameters: b _ input, size m X m
a _ output, size n X n
A KA KA IR A AR KRR KR AR A AAKNKARARKRA R AR A A AR KRR AR A AR Ak hkkhkkkkhkhkhkkhkk
%, y and sum are working space '
real x(256,256),y(256,256)
real sum(256,256)
Send message to user ‘Computing back projection

write(6,1)
format (1x,’Computing back projection...’$)

Compute size of image in which b will be rotated to prevent
corner clipping.
l=nint (sgrt (2.)*float (m))
Compute centers of arrays to be used later
nn=n/2+1
11=1/2+1
ln=11l-nn
Initialize working space
do i=1,1
do j=1,1
x(j,1)=0.
Y(j/i)=o-
sum(j,1)=0.
a(j,i)=0.
%x(j,1)=0.
enddo
enddo
Compute the angle of rotation in the reverse direction
do k=1,m
theta=float (1-k)
r Back project projection
" do i=1,m
do j=1,m
x(3,1)=b(3,k)
enddo
enddo
F Rotate x by angle at which projection was taken
call rotate_rectangle_l2neigh_sum(x,m,y,l,theta)
t Add result to previous back projection function
do i=1,1
do j=1,1
sum(j, i)=sum(j, i)+y (3, i)
enddo
enddo

enddo
Window the back projection function to extract reconstruction
(size n X n) and write it to output

do i=1,n

do j=1,n

a(j,i)=sum(j+ln,i+1ln)

enddo

enddo

L\ AR Y

return
end







subroutine bpr_triangle 12neigh sum(b,m,a,n)
real a(256,256),b(256,256),xx(256,256)
ARk kA AR A KK A A A AR ARAA R I IAKR AR AR AR Ak Ak hkhkhkkhkhkhkhkk Ak khkkhkkhkkk
Function: this routine back-projects the
data stored in b to reconstruct
the image a.
External subroutines: Rotate triangle lé6neigh_ sum
Internal subroutines: None
Parameters: b _ input, size m X m
a _ output, size n X n
Ak k kAR A Rk kA kA kR ARAAAKRKRKRAAA AR ARk kA ARk kA hkhkkkhkkhkkhkhkhkhkkkkhk*k
%, y and sum are working space ‘
real x(256,256),y(256,25%)
real sum(256,256)
Send message to user ’Computing back projection

write(6,1)
format (1%, ’Computing back projection...’$)

Compute size of image in which b will be rotated to prevent
corner clipping.
l=nint (sgrt (2.) *float (m))
Compute centers of arrays to be used later
nn=n/2+1
11=1/2+1
_ ln=11l-nn
Initialize working space
do i=1,1
do j=1,1
x(j,1)=0.
Y(]rl)=0
sum(j,1)=0.
a(jri)=0-
xx(j,1)=0.
enddo
enddo
Compute the angle of rotation in the reverse direction
do k=1,m
theta=float (1-k)
Back_project projection
do i=1,m ~
do j=1,m
x(3,1)=b (3, k)
enddo
enddo
Rotate x by angle at which projection was taken
call rotate triangle l2neigh sum(x,m,y,1,theta)
Add result to orevious back projection function
do i=1,1
do j=1,1
sum(j, i)=sum(j,i)+y(3,1)
enddo
enddo

enddo
Window the back projection function to extract reconstruction
(size n X n) and write it to cutput

do i=1,n

do j=1,n

a(j,i)=sum(j+in,i+ln)

enddo

enddo

return
end



subroutine bpr triangle léneigh sum(b,m,a,n
real a(256,256),b(256,256),xx(256,256)
**********************************************************
Function: this routine back-projects the
data stored in b to reconstruct
the image a.
External subroutines: Rotate_triangle_l6neigh_sum
Internal subroutines: None
Parameters: b _ input, sizem X m
a output, size n X n
AR A A A A AR KR A KA KA AR KA KRA KRR AR KA AR KA Ak Ak kkkkhk kA kkkkhkhkkkk*x
%, y and sum are working space
real x(256,256),y(256,256)
real sum(256,256)
Send message to user ‘Computing back_projection ...’

write(6,1)
format (1x,’Computing back projection...’$)

Compute size of image in which b will be rotated to prevent
corner clipping.
l=nint (sqrt(2.)*float (m))
Compute centers of arrays to be used later
nn=n/2+1
11=1/2+1
ln=11-nn
Initialize working space
do i=1,1
do j=1,1
x(3,1)=0
Y(jri)=0'
sum(j,1)=0.
a(j,i)=0.
zx(j,1)=0.
enddo
enddo
Compute the angle of rotation in the reverse direction
do k=1,m
theta=float (1-k)
Back project projection
do i=1,m
do j=1,m
x(3,1)=b (3, k)
enddo
enddo -
Rotate x by angle at which projection was taken
call rotate trlangle l6éneigh sum(x,m,y,1l,theta)
Add result to prev1ous back _projection function
do i=1,1 .
do j=1,1
sum(j,') =sum(j,1)+y (3, 1)
enddo
enddo

enddo
t Window the back projection function to extract reconstruction
(size n X n) and write it to output

do i=1,n

do j=1,n

a(j,i)=sum(j+ln,i+ln)

enddo

enddo

return
end




subroutine bpr_triangle_léneigh suml (b,m,a,n)
real a(256,256),b(256,256),xx(256,256)

**********************************************************

Function: this routine back-projects the
data stored in b to reconstruct
the image a.
External subroutines: Rotate triangle_léneigh sum
Internal subroutines: None
Parameters: b _ input, size m X m
a _ output, size n X n
A A A KAKRIKRAKRKAA KR KRR KRR KA AR AR R AARAN KA AR R AR AR R A A Rk khkkkhkhkhkhkkkhkk
%, y and sum are working space
real x(256,256),y(256,256)
real sum(256,256)
Send message to user ’Computing back projection ...’

write(6,1)
format (1x, ' Computing back projection...’$)

Compute size of image in which b will be rotated to prevent
corner clipping.
l=nint (sgrt (2.) *float (m))
Compute centers of arrays to be used later
nn=n/2+1
11=1/2+1
ln=1l-nn
Initialize working space
do 1 1,1
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enddo
Compute the angle of rotation in the reverse direction
do k=1,m
theta=float (1-k)
Back progect projection
do i=1,m
do j=1,m
X(j,i)=b(j,k)
enddo
enddo
Rotate x by angle at which projection was taken
call rotate trlangle l6neigh suml (x,m,y,1, theta)
Add result to previous back progectlon function
do i=1,1
do j=1,1
sumU,l)—sum(j, )+y (3, 1)
enddo
enddo

enddo
Window the back projection function to extract reconstruction
(31ze n X n) and write it to output

do i=1l,n

do 3=1,n

a(j,i)=sum(j+ln,i+ln)

enddo

enddo

return
end




subroutine bpr_divide rectanglel2n sum(b,m,a,n)
real a(256,256),b(256,256),xx(256,256)
**********************************************************
Function: this routine back-projects the
data stored in b to reconstruct
the image a.
External subroutines: Rotate nearest_neig
Internal subroutines: None
Parameters: b input, size m X m.

a _ output, size n X n
kAR IR AR KKK AR A AR A AR RARIRARAR AR A Ak Ak kkkkhkhkhkkkhkkhkhkhkkhkk
%, y and sum are working space

real x(256,256),y(256,256)
real sum(256,256)
Send message to user ‘Computing back projection

write(6,1)
format (1x, ' Computing back projection...’$)

Compute size of image in which b will be rotated to prevent
corner clipping.
l=nint (sqrt (2.)*float (m))
Compute centers of arrays to be used later
nn=n/2+1
11=1/2+1
In=11l-nn
Initialize working space
do i=1,1
do j=1,1
x(3,1)=0.
Y(j,i)=0.
um(j,i)=0.
a(j,i)=0.
x(j,1)=0.
enddo
enddo
Compute the angle of rotation in the reverse direction
do k=1,m
theta=float (1-k)
Back prOJect projection
do i=1,m
do j=1,m
%(3,1)=b (3, %)
enddo
enddo
Rotate x by angle at which projection was taken
call rotate divide _rectanglelZn_sum(x,m,y,1l,theta)
Add result to previous back projection function
do 1i=1,1
do j=1,l
sum(j,i)=sum(Jj,i)+y (3, 1)
enddo
enddo

enddo
Window the back projection function to extract reconstruction
(size n X n) and write it to output

do i=1,n

do j=1,n

a(j,i)=sum(j+ln,i+lin)

enddo

enddo

return
end

|



subroutine rtr nearest (x,n,y,m)
real x(256,256),y(256,256),xy(256,256)
real w(256,256),z(256)

Ahkhkhkhkhkhkhhkhkdhkkhkhhkhkhkhkhkhkkhkhkhhkkhhkhkhkhkhkhkkkhkkhkkhkhkkkhkhkhkhhkhkhkkkhkhixk

Function: This subroutine computes the Radon Transform of
n X n image.
External subroutines: Rotate nearest neig
Project

Internal subroutines: None
Parameters: x - n X n input array

y — m X m output array
R SRS S S ST RS ST ESEEELEE S SRS LS EESEEESEEEEEE LS EEEETEEEEEE SR

Send message to user ’‘Computing Radon Transform...’

write(6,1)
format (1x, ' Computing Radon Transform...’$)
initialize array y
do j=1,m
do i=1l,m
y(3,1)=0.
enddo
enddo
Compute angle of rotation in steps of 1 degree and rotate
the object, take projection of rotated object.
do i=1,m
theta=float (i~1)
call rotate nearest (x,n,w,m,theta)
call project (w,z,m)
Stack projections together to form image of "Radon space"
data.
do j=1
y(3,1)
enddo
enddo
return
end

Fa
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subroutine rtr nearest neig(x,n,y,m)
real x(256,256),y(256,256),xy(256,256)
real w(256,256),z(256)

SRR SRS S S S S EEEEETSEEEEEE S SRR S SR ELEESESEEEEEEEEE S EEE

Function: This subroutine computes the Radon Transform of
n X n image.
External subroutines: Rotate nearest neig
Project

Internal subroutines: None
Parameters: x - n X n input array

y - m X m output array
AAkA KA AKX AAITRAA A A AKX AAAAA A Ak hkhkhkhkhhkhkhkhkkhkhxhkhkhhkhhkkkhkhkkhkhkhkkhkkhkkkhkkkxk

Send message to user ’Computing Radon Transform...’

write(6,1)

format (1x,’Computing Radon Transform...’$)
initialize array y

do j=1,m

do i=1l,m

y(3,1)=0.

enddo

enddo
Compute angle of rotation in steps of 1 degree and rotate
the object, take projection of rotated object.

do i=1l,m

theta=float (i-1)

call rotate nearest neig(x,n,w,m,theta)

call project (w,z,m)
Stack projections together to form image of "Radon space"
data.

do j=1,m

Y(jll)=z(j)

enddo

enddo

return

end




subroutine rtr_four(x,n,y,m)
real x(256,256),y(256,256),xy(256,256)
real w(256,256),2z(256)

IR S SR SRS S S E S S S E LSS EEEEEEEREEEEEEEEEEEEEEEEEEEE LRSS

Function: This subroutine computes the Radon Transform of
n X n image.
External subroutines: Rotate nearest neig
Project
Internal subroutines: None
Parameters: x - n X n input array
y = m X m output array .
KAKKKEKAKKEAKAKRKRAAXRAXAKRAAXTARAKR A AR A A ARk kA hhkhkhkhhkxhkhkhkhkhkhkkkkkixk

Send message to user ‘Computing Radon Transform...’

write(6,1)

format (1x,’ Computing Radon Transform...’$)
initialize array y

do j=1,m

do i=l,m

Y(jli)=0-

enddo

enddo
Compute angle of rotation in steps of 1 degree and rotate
the object, take projection of rotated object.

do i=1l,m

theta=float (i-1)

call rotate four(x,n,w,m,theta)

call project (w,z,m)
Stack projections together to form image of "Radon space"
data.

do j=1,m

y(3,1)=z(3)

enddo

enddo

return

end




subroutine rtr_ four neig(x,n,y,m)

real x(256,256),y(256,256),xy(256,256)

real w(256,256),2z(256)
AAKAKAKAKAKAKAKRAARAKARAAAKRARAAA KA RAA AR ANk Ahk kA ki hkhkhkrhhkhik%k
Function: This subroutine computes the Radon Transform of

n X n image.
External subroutines: Rotate four neig
Project
Internal subroutines: None
Parameters: x - n X n input array
y — m X m output array

R R RS S SRS SRS REESEL SRS LTSS EEEEEEEREEEESEEEEEEEEEEEE LT

Send message to user ’Computing Radon Transform...’

write(6,1)

format (1x,’Computing Radon Transform...’S$)
initialize array y :

do j=1,m

do i=1l,m

Y(jri)=0-

enddo

enddo
Compute angle of rotation in steps of 1 degree and rotate
the object, take projection of rotated object.

do i=1,m

theta=float (i-1)

call rotate four neig(x,n,w,m,theta)

call project(w,z,m)
Stack projections together to form image of "Radon space"
data.

do j=1,m

y(j,1)=z(3)

enddo

enddo

return

end




subroutine rtr eight(x,n,y,m)

real x(256,256),y(256,256),xy(256,256)
real w(256,256),z(256)

Ahkkhkhkkhkhkkhkkkhkhkhkhkhkkhhkhhkhkhhkhkhhkhkhkhkhkhhohkhkhkhkkhkhkhhkhkhkhkhkhhkhkhhhkhkkk

Function: This subroutine computes the Radon Transform of
n X n image.
External subroutines: Rotate nearest neig
Project

Internal subroutines: None
Parameters: x - n X n input array

y - m X m output array
R RS S SRS SR SRS SRS EL S LS EEEEEE SR L EREEEREEEEEEEEEEEEEE L ST

Send message to user ’‘Computing Radon Transform...’

write (6,1)

format (1x,’Computing Radon Transform...’S$)
initialize array y

do j=1,m

do i=1,m

Y(jli)=0-

enddo

enddo
Compute angle of rotation in steps of 1 degree and rotate
the object, take projection of rotated object.

do i=1l,m

theta=float (i-1)

call rotate eight(x,n,w,m,theta)

call project (w,z,m)
Stack projections together to form image of "Radon space"
data.

do j=1,m

Y(jrl)=z(j)

enddo

enddo

return

end




subroutine rtr elght _neig(x,n,y,m)

real x(256, 256),y(256 256), xy(256 256)

real w(256,256),2(256)
*****************************************************
Function: This subroutine computes the Radon Transform of

n X n image.
External subroutines: Rotate_eight neig
Project
Internal subroutines: None
Parameters: x - n X n input array
y — m X m output array

KEAKKAKAAKXAK AR KA A KA R A AA A A hhkhkhkhkhkkhkhhkkAhhkhkkhkhkhkhkhkkhkhkhkkhkhkhkkkkk

Send message to user ’Computing Radon Transform...’

write(6,1)

format (1x, ' Computing Radon Transform...’S$)
initialize array y

do j=1,m

do i=1,m

Y(jri)=0-

enddo

enddo
Compute angle of rotation in steps of 1 degree and rotate
the object, take projection of rotated object.

do i=1,m

theta=float (i-1)

call rotate eight neig(x,n,w,m,theta)

call project (w,z,m)
Stack projections together to form image of "Radon space"
data.

do j =1l,m

y(3,1)=2z(3)

enddo

enddo

return

end




subroutine rotate nearest(a,n,b,m,theta)
real a(256,256),b(256,256),w(256,256)
A A KA KRR A AR AR KRR KA AAKRKAAKRKARA AR AR AR A KRR I A Ak kA hk kA khkhkhk kA kA hkhkhkhhkhkhrkhkhkhkhkhkkk
FUNCTION : This subroutine rotates an n X n array a
through an angle theta (given in degree)
anticlockwize placing the result at the
center of an array mxm b
PARAMETERS: a _ Input image of n X n size
b  Rotated image of m X m size
EXTERNAL SUBROUTINE :None

INTERNAL SUBROUTINE :None
KKK AR KA KKK IR A R A AR AR AR R AR KRR R KA AR R KA R AR AR KA AR Ik A AR Ak Ak kkhkkkkkkhkkhkkkk

convert theta into radians

pi = 4. * atan(l.)
theta theta * (pi/180.)
costh cos (theta)
sinth sin (theta)

initial b
do i =
do j =
b(j, i)
w(j,1i)
enddo
enddo

Il
- W
co33

compute new coordinates (xd,yd) of rotate array

nn n/2 + 1
mm m/2 + 1

start process

do j 1,n
do i 1,n

generate 4-quadrant cartesian plan

y = float (j-nn)

X float (i-nn)
xd = x * costh - y * sinth
yd = x * sinth + y * costh

compute both real and integer coordinates of array b
associated with the above transformation for later use
kx mm+ nint (xd)
ky mm+ nint (yd) '
assign value of a at (j,i) to the nearest point cell
of array b in wich the transformed coordinates
lie.
b(ky,kx) = a(j,1)

enddo
enddo
return
end




subroutine rotate nearest neig (a,n,b,m,theta)
real a(256,256),b(256,256),w(256,256)
integer xu,yu,xd,yd,dul,eul,du2,eu2,vu(256),hu(256),ku(256)
integer gu(256)
Function: This subroutine rotates an nXn array a through an angle theta
(given in degrees ) placing the result at the center of an mXm
array b.
Convert theta into radients.
: pi=4.*atan(l.)
theta=theta* (pi/180.)
initialize b

b(j,i
w(j,1

1
do j=1
)
)

enddo
Compute centers of array a and b
nn=n/2+1
mm=m/2+1
Compute the integer of horizontal and vertical displacement along the x and
y-axis which corresponds to n-pixel monement along the u-axis.
xu=nint (nn*cos (theta))
yu=nint (nn*sin (theta))
if (xu.lt.0) then
ml=-1
else
ml=1
endif
if (yu.lt.0) then
nl=1
else
nl=-1
endif
Compute the rotation parameters
dul=2*abs (yu)
du2=2* (abs (yu) -nn)
eul=2*abs (xu)
eu2=2* (abs (xu) -nn)
vu (l)=2*abs (yu)-nn
hu(l)=2*abs (xu)-nn
ku (0)=0
gu(0)=0
do i=l,nn
if (hu(i).ge.0) then
hu(i+l)=hu (i) +eu2
gu(i)=gu(i-1)+1
if (vu(i).ge.0) then
vu (i+1l)=vu (i) +du?2
ku(i)=ku(i-1)+1
else
vu(i+l)=vu(i)+dul
ku(i)=ku(i-1)
endif
else
hu(i+1l)=hu(i)+eul
gu(i)=gu(i-1)
if (vu(i).ge.0) then
vu{i+l)=vu (i) +du2
ku(i)=ku(i-1)+1
else
vu(i+l)=vu (i) +dul
ku(i)=ku(i-1)
endif
endif
enddo
Compute new coordinates (xd,yd) of rotated array and assign the value of a at
(1,J) to the appropriate cell of b which encloses these coordinates.



Generate 4-quadrant cartesian plane.
do i=1,nn
u(-i)=-ku(i)
gu(-i)=-gu(i)
enddo
Start process
do j=1,n
do i=1,n
Employ coordinate transformation for rotation using the integer parameters.
yd=ml*gu (i-nn)-nl*ku(j-nn)
xd=ml*gu (j~nn)+nl*ku (i-nn)
Compute the integer coordinates of array b associated with the above
transformation.
kx=mm+xd
ky=mm+yd
Assign value of a at (i,]j) to the nearest cell of array b in which the
transformed coordinates lie.
b(ky+l,kx-1)=a (i, J)
b (ky,kx-1)=a(i, J)
b(ky-1,kx-1)=a (i, j)
b(ky+1,kx)=a(i, j)
b (ky, kx)=a (i, j)
b(ky-1,kx)=a(i, j)
b(ky+1,kx+1l)=a (i, j)
b (ky,kx+l)=a(i, Jj)
b(ky-1,kx+1l)=a (i, j)

enddo
enddo
return
end



subroutine rotate four(a,n,b,m,theta)
real a(256,256),b(256,256),w(256,256)
SRS RS TS EEESEE SRS S SIS SSEELSSEE SRS L EE LTSS ESSE SRS ESEEEEESEESEEEEEESEEE SN
FUNCTICON : THIS SUBROUTINE ROTATES AN NXN ARRAY A
THROUGH AN ANGLE THETA (given in degree)
anticlockwize placing the result at the
center of an array mxm b
PARAMETERS: a _ Input image of n X n size
b _ Rotated image of m X m size
EXTERNAL SUBROUTINE :None

INTERNAL SUBROUTINE :None
R R R R R e T Ty 2T

convert theta into radians

pi = 4. * atan(l.)
theta = theta * (pi/180.)
costh = cos(theta)
sinth = sin(theta)

initial b

compute new coordinates (xd,yd) of rotate array

nn = n/2 + 1

mm = m/2 + 1

Compensation of the center position for rotation.
xcomp=nn+nn* (sinth - costh)
ycomp=nn-nn* (sinth + costh)

start process
do j = 1,n
do i =1,n

generate 4-quadrant cartesian plan
y = float (j-nn)

X float (i-nn)
xd = x * costh - y * sinth
yd = x * sinth + y * costh

compute both real and integer coordinates of array b
associated with the above transformation for later use
kx mm+ nint (xd)
ky mm+ nint (yd)
assign value of a at (j,1i) to 9-point cell
of array b in wich the transformed coordinates

lie.
b(ky,kx-1) = a(j,1i)
b(ky+l,kx) = a(j,1i)
b(ky,kx) = a(jli)
b(ky-1,kx) = a(j, i)
b(ky,kx+l) = a(j, 1)
enddo
enddo
return

end




subroutine rotate four neig (a,n,b,m,theta)
real a(256,256),b(256,256),w(256,256)
integer xu,yu,xd,yd,dul,eul,du2,eu2,vu(256),hu(256),ku(256)
integer gu(256)
Function: This subroutine rotates an nXn array a through an angle theta
(given in degrees ) placing the result at the center of an mXm
array b.
Convert theta into radients.
pi=4.*atan(l.)
theta=theta* (pi/180.)
initialize b
do i=1,m
do j=1,m
b(3,1)=0.
w(j,1i)=0.
enddo
enddo
Compute centers of array a and b
nn=n/2+1
mm=m/2+1
Compute the integer of horizontal and vertical displacement along the x and
y—-axis which corresponds to n-pixel monement along the u-axis.
xu=nint (nn*cos (theta))
yu=nint (nn*sin (theta))
i1f (xu.lt.0) then
ml=-1
else
ml=1
endif
if (yu.lt.0) then
nl=1
else
nl=-1
endif
Compute the rotation parameters
dul=2*abs (yu)
du2=2%* (abs (yu) -nn)
eul=2*abs (xu)
eu2=2* (abs (xu) -nn)
vu(l)=2*abs (yu)-nn
hu(l)=2*abs (xu)-nn
ku(0)=0
gu(0)=0
do i=1l,nn
if (hu(i).ge.0) then
hu(i+1)=hu (i) +eu2
gu(i)=gu(i-1)+1
if (vu(i).ge.0) then
vu(i+l)=vu(i)+du2
ku(i)=ku(i-1)+1
else
vu(i+l)=vu(i)+dul
ku(i)=ku(i-1)
endif
else
hu(i+l)=hu(i)
gu (i)=gu(i-1)
if (vu(i).ge.0) then
vu(i+l)=vu (i) +du2
ku(i)=ku(i-1)+1
else
vu(i+l)=vu(i)+dul
ku(i)=ku(i-1)
endif

+eul

endif

enddo
Compute new coordinates (xd,yd) of rotated array and assign the value of a at
(i,J) to the appropriate cell of b which encloses these coordinates.




Generate 4-quadrant cartesian plane.

Start process

Employ coordinate transformation for rotation using the integer parameters.
yd=ml*gu (i-nn)-nl*ku(j-nn)

xd=ml*gu (j-nn)+nl*ku(i-nn)

Compute the integer coordinates of array b associated with the above

do i=l,nn
ku(=1i)=-ku (i)
gu(-i)=-gu(i)
enddo

do j=1,n
do i=1,n

transformation.

Assign value of a at

kx=mm+xd
ky=mm+yd

transformed coordinates lie.

b (ky+1, kx-1)=a (i, j)
b (ky,kx-1)=a(i, J)

b (ky-1,kx-1)=a(i, J)
b (ky+1,kx)=a(i, j)

b (ky, kx)=a (i, J)
b(ky-1,kx)=a(i, j)

b (ky+1,kx+1l)=a(i, j)
b (ky, kx+1)=a(i, )

b (ky-1,kx+1l)=a(i, j)
enddo

enddo

return

end

(i,J) to the nearest cell of array b in which the



subroutine rotate_eight (a,n,b,m,theta)
real a(256,256),b(256,256),w(256,256)

AAKKAKKAAKAAKAAAAAKRKR A A A ARA A A Ak A A kAR hkdkhkhhkhkkhkkhkhkhkhkhkhkkkhkdkkhkhkhkkhkkkhhhhkkx

FUNCTION : THIS SUBROUTINE ROTATES AN NXN ARRAY A
THROUGH AN ANGLE THETA (given in degree)
anticlockwize placing the result at the
center of an array mxm b

PARAMETERS: a _ Input image of n X n size

b Rotated image of m X m size

EXTERNAL SUBROUTINE :None

INTERNAL SUBROUTINE :None
Kk AR KA AR A KA A KA KA R A KRR R AR KRR KRR KA AR R KA R KA AR KA AR KA R KA AR AR R AR AR R KRR kAKX

convert theta into radians

pi = 4. * atan(l.)

theta = theta * (pi/180.)

costh = cos(theta)

sinth = sin(theta)
initial b

doi=1,m

do j=1,m

b(jll) = 0.

w(j,i) = 0.

enddo

enddo

compute new coordinates (xd,yd) of rotate array

nn = n/2 + 1

mm = m/2 + 1
start process

do j =1,n

doi=1,n

generate 4-quadrant cartesian plan

y = float (j-nn)

x = float (i-nn)
xd = x * costh - y * sinth
yd = x * sinth + y * costh

compute both real and integer coordinates of array b
associated with the above transformation for later use
kx mm+ nint (xd)
ky mm+ nint (yd)
assign value of a at (j,i) to 9-point cell
of array b in wich the transformed coordinates
lie.

hon

b (ky+1l,kx-1)
b(ky,kx-1) =
b(ky-1,kx-1)
b (ky+1l,kx) =
b(ky,kx) = a

) =
1

b(ky+1 kx+1)
b (ky,kx+1)

b(ky-1,kx+1)

enddo

enddo

return

end

||m||mCTm||w|




subroutine rotate eight neig (a,n,b,m,theta)
real a(256,256),b(256,256),w(256,256)
integer xu,yu,xd,yd,dul, eul,du2,eu2,vu(256),hu(256),ku(256)
integer gu(256)
Function: This subroutine rotates an nXn array a through an angle theta
' (given in degrees ) placing the result at the center of an mXm
array b.
Convert theta into radients.
pi=4.*atan(l.)
theta=theta* (pi/180.)
initialize b
do i=1,m ‘
do j—l,m !
b(j,1)=0 ‘
enddo
enddo
Compute centers of array a and b
nn=n/2+1
=m/2+1
Compute the integer of horizontal and vertical displacement along the x and
y-axis which corresponds to n-pixel monement along the u-axis.
xu=nint (nn*cos(theta))
yu=nint (nn*sin(theta))
if (xu.lt.0) then
ml=-1
else
ml=1
endif
if (yu.lt.0) then
ni=1
else
nl=-1
endif
Compute the rotation parameters
dul=2*abs (yu)
du2=2* (abs (yu) -nn)
eul=2*abs (xu)
eu2=2* (abs (xu) -nn)
vu(l)=2*abs (yu) -
hu (1) =2*abs (xu) -nn
ku (0)=0
gu(0)=0
do i=1l,nn
if (hu(i).ge.0) then
hu(i+1)=hu(1)+eu2
gu(i)=gu(i-1)+
if (vu(i). ge O) then
vu (i+1)=vu (i) +du2
ku(i)=ku(i-1)+1
else
vu (i+l)=vu(i)+dul
ku(i)=ku(i-1)
endif
else
hu (i+1)=hu (i) +eul
gu(i)=gu(i-1)
if (vu(i).ge. 0) then
u(i+l)=vu(i)+du2
ku(i)=ku(i~1)+1
else
vu(i+l)=vu(i)+dul
ku(i)=ku(i-1)
endif
endif
enddo
b Compute new coordinates (xd,yd) of rotated array and assign the value of a at
(i,j) to the appropriate cell of b which encloses these coordinates.
» Generate 4-quadrant cartesian plane.




do i=1,nn
ku(-i)=-ku(i)
gu (-i)=-gu (i)
enddo

Start process

do j=1,n

do i=1,n
Employ coordinate transformation for rotation using the integer parameters.

yd=ml*gu (i-nn)-nl*ku(j-nn)

xd=ml*gu (j-nn)+nl*ku(i-nn)
Compute the integer coordinates of array b associated with the above
transformation.

kx=mm+xd

ky=mm+yd
Assign value of a at (j,i) to the nearest cell of array b in which the
transformed coordinates lie.

b (ky+1l,kx-1)=a (i, j)

b (ky, kx-1)=a(i, J)

b (ky-1,kx-1)=a (i, j)

b (ky+1,kx)=a(i, j)

b (ky, kx)=a (i, ])

b (ky-1,kx)=a(i, J)

b (ky+1,kx+1)=a (i, j)

b (ky,kx+1l)=a(i, j)

b (ky-1,kx+1l)=a(i, j)

enddo
enddo
return
end




subroutine irtr nearest(x,m,y,n)
real x(256,256),y(256,256) ,xx(256,256)
A A KKK KAAARKAKAARKRAA KRR KA A KRR IR ARk A A Ak Ak hk kA khkkhkhkkhkhhhkhhhkhxk
FUNCTION: This subroutine computes the inverse radon
transform by:
1. Back_progectlng all the projections stored -
in array x giving the back projection
function y.
2. Deconvolving the array y using the inverse_
_ filter SQRT (kx*kx + ky*ky*).
External subroutines: bpr nearest neig
back progectlon deconvolution
Internal subroutines: none
kK rk KAk KA R ARKRKR A Ak AAR Ak A Ahkkhkhkrkhkhkkrkhkkkhkhkhkkikhkhhkhkhkhkkhkkhkkhkkkx
Differentiating and taking Hilbert Transform.
Send message to user
' Differentiating and taking Hilbert Transform.

write(6,1)

format (1x,’'Differentiating and taklng Hilbert Transform..

call filtered back _projection(x,m)
Send message to user ’‘Computing Inverse Radon Transform...’

write (6,2)

format (1x,’Computing Inverse Radon Transform...’$)
Initialize array xx

do i=1l,n

do j=1,n

xx(j,1)=0.

enddo

enddo

Back project projections stored in x

call bpr nearest(x,m,y,n)

return
end

.'8)




subroutine irtr nearest neig(x,m,y,n)
real x(256,256),y(256,256),xx(256,256)
AKhkhkkhkAAkAkhkAhkAhkkkhhkhkhkhkkkkhkhhkhkhhkhkhhkhkhkhkhkhkhkkhkkkhkkkkkhkkhhkhkkkhkkkkx
FUNCTION: This subroutine computes the inverse radon
transform by:
1. Back projecting all the projections stored
in array x giving the back projection
function y.
2. Deconvolving the array y using the inverse
filter SQRT(kx*kx + ky*ky*).
External subroutines: bpr nearest neig
: back projection deconvolution
Internal subroutines: none
AKAKKAKRKAKRKKAKRA KA A A AR AAIT KR AR AT AN AR A AR A A AR A I A Ak khkhkkhkhkhkhkhkhkkk
Differentiating and taking Hilbert Transform.
Send message to user
’ Differentiating and taking Hilbert Transform...’

write(6,1)

format (1x,’Differentiating and taking Hilbert Transform...’$)

call filtered back projection(x,m)

Send message to user ‘Computing Inverse Radon Transform...’

write (6, 2)

format (1x,’Computing Inverse Radon Transform...’$)
Initialize array =xx

do i=1l,n

do j=1,n

xx(3,1)=0.

enddo

enddo

Back project projections stored in x
call bpr nearest neig(x,m,y,n)

return
end




subroutine irtr four(x,m,y,n)
real x(256,256),y(256,256),xx(256,256)
Ahkhkkhkkhhkhkkhkhkhkhhkhkhkhkhkhkkkhkhhkhkhhkhkhhkhkkhkkhkkhhkhkhkhkkhhkhkhkkkhkhkkkkk
FUNCTION: This subroutine computes the inverse radon
transform by:
1. Back projecting all the projections stored
in array x giving the back projection
function vy. ,
2. Deconvolving the array y using the inverse_
filter SQRT (kx*kx + ky*ky*).
External subroutines: bpr nearest neig
back projection deconvolution
Internal subroutines: none
hhkkkhkkhkkkhkkhkhkkkhkhkkhkhkhkkhhkhkhkhhkhkhkdhkhkhkkhkhkhkhkhkhkhkhkhhkhkkhkhhkhkhhkhkihkhkrkkhkikk
Differentiating and taking Hilbert Transform.
Send message to user
’ Differentiating and taking Hilbert Transform...’

write(6,1)

format (1x,’Differentiating and taking Hilbert Transform..

call filtered back projection(x,m)
Send message to user ’‘Computing Inverse Radon Transform...’

write (6, 2)

format (1x, 'Computing Inverse Radon Transform...’$)
Initialize array =xx

do i=1l,n

do j=1,n

xx(3j,1)=0.

enddo

enddo

Back project projections stored in x
call bpr four(x,m,y,n)

return
end

78)




subroutine irtr_ four neig(x,m,y,n)
real x(256,256),y(256,256),xx(256,256)
Khkhkkkkhhkhkhkhkhkhkhkkhkhkhkhkhhkhkhkhkhhhkhhhhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkkhkhkkkkhkhkhkhx
FUNCTION: This subroutine computes the inverse radon
transform by:
1. Back projecting all the projections stored
in array x giving the back projection
function y.
2. Deconvolving the array y using the inverse
filter SORT (kx*kx + ky*ky*).
External subroutines: bpr four neig
back projection_deconvolution
Internal subroutines: none
SRS S S S E SRS S S S SR EEE LS SR LTSRS EEEEERESEEEEEEEEEE SRS SN
Differentiating and taking Hilbert Transform.
Send message to user
’ Differentiating and taking Hilbert Transform...’

write(6,1)

format (1x,’Differentiating and taking Hilbert Transform..

call filtered back projection(x,m)
Send message to user ‘Computing Inverse Radon Transform...’

write(6,2)

format (1x,’Computing Inverse Radon Transform...’$)
Initialize array xx

do i=1,n

do j=1,n

xx(j,1)=0.

enddo

enddo

Back project projections stored in x
call bpr_ four neig(x,m,y,n)

open{unit=1, file=’'datair.dat’,status="new’)
119 format (4 (1x,£14.4))

write(1,119) ((y(3,1i),I)=1,128),i=1,128)

close (1)

return

end

8)




subroutine irtr eight (x,m,y,n)
real x(256,256),y(256,256) ,xx(256,256)

Ak A kA A RAAAAAKRA AR AR AN Ak hhkkkhkkkhkkhhhkhhhhhkhkhkhkhhkhkhkkhhhkkkhkx

FUNCTION: This subroutine computes the inverse radon
transform by:
1. Back pro;ectlng all the projections stored
in array x giving the back projection
function y.
2. Deconvolving the array y using the 1nverse
filter SQRT (kx*kx + ky*ky*).
External subroutines: bpr nearest neig
back projection_deconvolution
" Internal subroutines: none
kAR AKAAAKA KA AKX A AT AR KK AARARAAAA A A AR Ak kA hkhhhkhhhkhkhkhdrhkhkhkhkhkhxx
Differentiating and taking Hilbert Transform.
Send message to user
" Differentiating and taking Hilbert Transform..

write (6,1)

format (1x,’Differentiating and taking Hilbert Transform..

call filtered back projection(x,m)

Send message to user ’Computing Inverse Radon Transform.

write(6,2)

format (1x,” Computing Inverse Radon Transform...’$)
Initialize array xx

do i=1l,n

do j=1,n

x(j,1)=0.

enddo

enddo

Back project projections stored in x
call bpr eight(x,m,y,n)

return
end

S)




subroutine irtr eight neig(x,m,y,n)
real x(256,256),y(256,256) ,xx(256,256)
AEKKAKAKAKKR KA ARk KR AR A kA hkAAAhkhkhkhkhkhkhkhhhkkhhkhkkkhkkhkhkdAhkkkhkhkkkikkhkkhkhhk
FUNCTION: This subroutine computes the inverse radon
transform by:

1. Back_projecting all the projections stored
in array x giving the back projection
function vy.

2. Deconvolving the array y using the inverse
filter SQRT(kx*kx + ky*ky*).

External subroutines: bpr_eight neig

back projection deconvolution
Internal subroutines: none
XSS S LSS LRSS S S S ESEESEESERELEESEEEESEESEES LSS EEEELEEEEEEEEEE
Differentiating and taking Hilbert Transform.
Send message to user
’ Differentiating and taking Hilbert Transform...’

write(6,1)
format (1x,’Differentiating and taking Hilbert Transform...’$)

call filtered back projection(x,m)

Send message to user ‘Computing Inverse Radon Transform...’

write(6,2)

format (1x,’Computing Inverse Radon Transform...’S$)
Initialize array =xx

do i=1l,n

do j=1,n

xx(j,1)=0.

enddo

enddo

Back project projections stored in x
call bpr_eight neig(x,m,y,n)

return
end




subroutine bpr nearest (b,m,a,n)

real a(256,256),b(256,256) ,xx(256,256)

AAAAKIAKRA AR A KRR A A AAKRAR A A A A AR A AR AR AR A A A Ak hkhkhkhhkhkkkhkhkkhkkhrhhhkhhhkk

Function: this routine back-projects the
data stored in b to reconstruct
the image a.
External subroutines: Rotate nearest neig
Internal subroutines: None
Parameters: b _ input, size m X m
a _ output, size n X n
KAKAKKAKAKKAAKRAAKXRA KR AR AR AR AKR KA AR R A AR AR A A A A ARk A ARk Ak hhhkhkhkkhhkhkk
X, y and sum are working space
real x(256,256),y(256,256)
real sum(256,256)
Send message to user ’Computing back_projection ...’

write(6,1)
format (1x,’Computing back projection...’$)

Compute size of image in which b will be rotated to prevent
corner clipping.
l=nint (sqrt (2.) *float (m))
Compute centers of arrays to be used later
nn=n/2+1
11=1/2+1
In=11-nn
Initialize working space
do i=1,1
do j=1,1
x(j,1)=0.
Y(jri)=0-
sum(j,1)=0.
a(j,i)=0.
xx(j,1)=0.
enddo
enddo
Compute the angle of rotation in the reverse direction
do k=1,m
theta=float (1-k)
Back project projection
do i=1l,m
do j=1,m
x(j,1)=b (3, k)
enddo
enddo
Rotate x by angle at which projection was taken
call rotate nearest(x,m,y,1l,theta)
Add result to previous back projection function
do i=1,1
do j=1,1
sum(j,i)=sum(j,i)+y(j, 1)
enddo
enddo

enddo
Window the back projection function to extract reconstruction
(size n X n) and write it to output

do i=1l,n

do j=1,n

a(j,i)=sum(j+in,i+1ln)

enddo

enddo

return
end




subroutine bpr nearest neig(b,m,a,n)
real a(256,256),b(256,256) ,xx(256,256)

A KK AKARKRI AR KK AR AR A AR I AR A A A AR A A ARk hk kA Ak Ak Ak kA hkhkhhkhkhhkdkhkhkkxk

Function: this routine back-projects the
data stored in b to reconstruct
the image a.
External subroutines: Rotate nearest neig
Internal subroutines: None
Parameters: b _ input, size m X m
a _ output, size n X n
T TR EE LS LSS ST EEEESEESEELIE L SELTSEEEL S S EEEERE LSS LSS LSS
%X, y and sum are working space
real x(256,256),y(256,256)
real sum(256,256)
Send message to user ’Computing back projection ...’

write(6,1)
format (1x,’Computing back_projection...’S$)

Compute size of image in which b will be rotated to prevent
corner clipping.
l=nint (sgrt (2.) *float (m))
Compute centers of arrays to be used later
nn=n/2+1
11=1/2+1
in=11-nn
Initialize working space
do i=1,1
do j=1,1
x(j,1)=0.
Y(jli)=0-
sum(j,1i)=0.
a(j,i)=0.
xx (j,1)=0.
enddo
enddo
Compute the angle of rotation in the reverse direction
do k=1,m
theta=float (1-k)
Back project projection
do i=1,m
do j=1,m
x(3,1)=b (3, k)
enddo
enddo
Rotate x by angle at which projection was taken
call rotate nearest neig(x,m,y,1l,theta)
Add result to previous back projection function
do i=1,1
do j=1,1
sum(j,1i)=sum(j, i) +y(3,1)
enddo
enddo

enddo
Window the back projection function to extract reconstruction
(size n X n) and write it to output

do i=1,n

do j=1,n

a(j,i)=sum(j+ln,i+1ln)

enddo

enddo

return
end




subroutine bpr four(b,m,a,n)

real a(256,256),b(256,256) ,xx(256,256)

Rk Ak Rk Ak Ak khkhk Ak kA hkhhkhkhkhkkhkhkhkhkhhkhkkhhhhkhhhhhkhhbhkhhhhkhdrhhhhhhhkk

: Function: this routine back-projects the
! data stored in b to reconstruct
! the image a.

: External subroutines: Rotate_nearest neig

+ Internal subroutines: None

. Parameters: b _ input, size m X m
, , a _ output, size n X n
B S L EEE LTSS S EEEERE SRS EEEEESSEEERSEELESEETEEEEETEEEEEEEEEEEEE
X, y and sum are working space

real x(256,256),y(256,256)

real sum(256,256)
Send message to user ‘Computing back projection

write (6,1)
format (1%, ’Computing back projection...’$)

Compute size of image in which b will be rotated to prevent
corner clipping.
l=nint (sqrt (2.)*float (m))
Compute centers of arrays to be used later
nn=n/2+1
11=1/2+1
ln=1l-nn
Initialize working space
do i=1,1
do j=1,1
x(3,1)=0.
Y(jri)=o-
sum(j,1i)=0.
a(j,1)=0.
-xx(j,1)=0.
enddo
enddo :
Compute the angle of rotation in the reverse direction
do k=1,m
theta=float (1-k)
Back project projection
do i=1l,m
do j=1,m
x(3,1)=b(3,k)
enddo
enddo
Rotate x by angle at which projection was taken
call rotate four(x,m,y,1l,theta)
Add result to previous back projection function
do i=1,1
do j=1,1
sum(j,i)=sum(j,i)+y(j,1i)
enddo
enddo

enddo
Window the back projection function to extract reconstruction
(size n X n) and write it to output

do i=l1l,n

do j=1,n

a(j,i)=sum(j+1ln,i+1ln)

enddo

enddo

return
end




subroutine bpr four neig(b,m,a,n)
real a(256,256),b(256,256),xx(256,256)

**********************************************************

Function: this routine back-projects the
data stored in b to reconstruct
the image a.
External subroutines: Rotate four neig
Internal subroutines: None
Parameters: b _ input, size m X m
a _ output, size n X n
AAkhAkkAA KAk AIAAAKRKRAA KA A ARk A AA A Ak Ahkhhkhkkhkhkhkhhhhhkhkhkhkhkkhkhkhkhkkkkhkhkhkx
%, y and sum are working space
real x(256,256),y(256,256)
real sum(256,256)
Send message to user ’‘Computing back projection

write(6,1)
format (1x, ' Computing back _projection...’$)

Compute size of image in which b will be rotated to prevent
corner clipping.
l=nint (sqgrt (2.) *float (m))
Compute centers of arrays to be used later
nn=n/2+1
11=1/2+1
in=11-nn
Initialize working space
do i=1,1
do j=1,1
X(J/1)=O
y(3,1)=0.
sum(j,1i)=0.
a(jli)=0-
xx(j,1)=0.
enddo
enddo
Compute the angle of rotation in the reverse direction
do k=1,m
theta=float (1-k)
Back project projection
do i=1,m
do j=1,m
x(3,1)=b (3, %)
enddo
enddo
Rotate x by angle at which projection was taken
call rotate_ four nelg(x m,y,l,theta)
Add result to previous back _projection function
do i=1,1
do j=1,1
sum(j,l) =sum(j,1i)+y(j,1)
enddo
enddo

enddo
Window the back projection function to extract reconstruction
(size n X n) and write it to output

do i=1,n

do j=1,n

a(j,i)=sum(j+ln,i+1ln)

enddo

enddo

return
end




subroutine bpr_eight(b,m,a,n)
| real a(256,256),b(256,256),x%xx(256,256)
' **********************************************************
Function: this routine back-projects the
data stored in b to reconstruct
the image a.
External subroutines: Rotate nearest neig
Internal subroutines: None
Parameters: b input, size m X m

a _ output, size n X n
Ak hkkhkARkARkkhkAkhAAkAAXRAR Ak hkkhkkhhkhkhkhkkhkkkhkhkhkkhkhkkhkhkkhkkhkhkhkkhkhkkixkxxk
¥, y and sum are working space
real x(256,256),y(256,256)
real sum(256,256) .
Send message to user ’‘Computing back projection ...’/

write(6,1)
format (1x,’ Computing back projection...’$)

Compute size of image in which b will be rotated to prevent
corner clipping.
l=nint (sgrt (2.)*float (m))
Compute centers of arrays to be used later
nn=n/2+1
11=1/2+1
ln=11-nn
Initialize working space
do i=1,1
do j=1,1
x(3,1)=0.
y(3,1i )=O
sum(j,i)=
a(jl )=0
xx(3,1)=0
enddo
enddo
Compute the angle of rotation in the reverse direction
do k=1,m
theta=float (1-k)
Back project projection
~ do i=1,m
do j=1,m
x(j,i)=b (3, k)
enddo
enddo
Rotate x by angle at which projection was taken
call rotate eight(x,m,y,1,theta)
Add result to previous back projection function
do i=1,1
do j=1,1
sum(j,i)=sum(]j, i)+y (3, i)
enddo
enddo

enddo
Window the back projection function to extract reconstruction
(size n X n) and write it to output

do i=1,n

do j=1,n

a(j,i)=sum(j+ln,i+1ln)

enddo

enddo

return
end




subroutine bpr_eight neig(b,m,a,n)
real a(256,256),b(256,256) ,xx(256,256)

AKKKKAAAKRKA AR KA AR KK A AR I KA A kAR Rk hhA kA kA Ak hkkhkkhdhkhkhkhhhhkkhrhkhhk

Function: this routine back-projects the
data stored in b to reconstruct
the image a.
External subroutines: Rotate_eight neig
Internal subroutines: None
Parameters: b _ input, sizem X m
a _ output, size n X n
ARKKAAKRAARKRIA KA AXTR KA A A AR hhkhkhkhkkhkhhrhkrkhkhkrkhkhkhhkhkrhkhkhhkhkkhkhkhhkkhkxkk
x, y and sum are working space
real x(256,256),vy(256,256)
real sum(256,256)
Send message to user ’Computing back projection ...’

write(6,1)
format (1x, ' Computing back_projection...’$)

Compute size of image in which b will be rotated to prevent
corner clipping.
l=nint (sqrt (2.) *float (m))
Compute centers of arrays to be used later
nn=n/2+1
11=1/2+1
ln=11l-nn
Initialize working space
do i=1,1
do j=1,1
x(j,1)=0.
Y(jli)=o°
sum(j,1)=0.
a(j,i)=0.
xx(j,1)=0.
enddo
enddo
Compute the angle of rotation in the reverse direction
do k=1,m
theta=float (1-k)
Back project projection
do i=1l,m
do j=1,m
x(3,1)=b (3, k)
enddo
enddo
Rotate x by angle at which projection was taken
call rotate eight neig(x,m,y,1l,theta)
Add result to previous back projection function
do i=1,1
do j=1,1
sum(j,i)=sum(j,1i)+y (3, 1)
enddo
enddo

enddo
Window the back projection function to extract reconstruction
(size n X n) and write it to output

do i=1,n

do j=1,n

a(j,i)=sum(j+ln,i+1ln)

enddo

enddo

return
end




subroutine hilbert (s, n)
A AR AKAKAKRA KR I I AAKR K ARRKR AR AT R ARk A AR Ak ARk kA kA kA hkhkhkhkkhkhkkhkhkhkkk
Function: This subroutine filters a Radon_Transform
obtained by straight projection (filtered)
using the appropriate inverse filter, i.e.
ABS (kx) where kx is the spatial frequency.
AR KAKRAAKARKAKR A KA A A IR A Ak AR AKRA KA R I Ak hkhAkhk A khkkhkkhhkhkkkhkhkkhkhkhkkhkhkhkkkhkkk
real s(512),za(512)
real zb(512),zc(512),2zd(512)

initialize arrays.

o]

nmnniger

OO OO

za (Jj)
enddo

take Fourier transform of za
call f£ftld(za,zb,n,-1)

set za and zb to ZERO for all negative values of j.
(since ZERO frequency occurs at j=n/2+1 ).

nn=n/2+1

do j=1,nn-1

za(j)=0.

zb (3)=0.

enddo

do j=nn,n

zc(j)=2.*za(j)

zd (3)=2.%*zb (J)

enddo

call fftld(zc,zd,n,1)

write output
do j=1,n
s (j)=zd(J)
enddo
return
end




subroutine filtered back projection(a,n)
KA KK A AR AR AKRA AR KAAKRKRAKAA AR KR AR AR A I kTR A A kA kk A hkkkhkkhkhhkkhhkhkkkhkkkk
. Function: This subroutine filters a Radon Transform
obtained by straight projection
using the appropriate differentation and
applying Hilbert transform.
AAKRKAA KA A AR AR AR AR AARA AR A A KR AR A AR A KA R AR AR A AR A Ak Ak hkhhhkhkhkhkhkhkhkkx
real a(256,256),y(256,256),c(256,256),ze(256)
v real z£f(256),x(256,256)
Send message to user
" Computing backward Difference approximation ...’

write (6,1)
format (1x, ’ Computing Backward Difference approximation...’$)

initialize array c

do i=1,n
do j=1,n
c(j,i)=0.
enddo
enddo

do j=1,256
ze (j)=0.
zf (j)=0.

enddo

e

jframe=nint (float (256-n)/2.)

ze (n+jframe+1)=0.

do i=1l,n

do j=1,n

ze(j+jframe)=a(j, i)
Differentiating ze using
1 Forward difference approximation.

zf (J+jframe)=ze (j+jframe+l) -ze (j+jframe)
2 Backward difference approximation.
zf (j+jframe)=ze (j+jframe)-ze (j+jframe-1)
3 Central difference approximation.
zf (j+jframe)=(ze (j+jframe+l) -ze (j+jframe-1))/2.

enddo
Computing Hilbert transform.

call hilbert (z£f,256)

do j=1,n
c(j,1)=zf(j+jframe)
enddo
enddo

write output

do i=1l,n

do j=1,n
a(j,i)=c(j, i)
enddo

enddo

return
end




Function:

subroutine back_projection_deconvolution(a,n)

This subroutine deconvolves a reconstruction
obtained by straight backprojection (un-filtered)
using the appropriate inverse filter, i.e.

sgrt (kx*kx+ky*ky) where kx and ky are the
spatial frequencies.

real a(256,256),aa(256,256),xx(256,256)
real b(256,256) ,bb(256,256)

initialize array b

take Fourier transform of a

multiply spectrum by inverse filter

write

call fft2d(a,aa,n,-1)

nn=n/2+1

do i=1l,n

do j=1,n

xk=float (i-nn)/float (n)

yk=float (j-nn) /float (n)

fil=sqrt (xk*xk+yk*vyk) !value of inverse filter at (xk,yk)
b(j,i)=a(j,1i)*£fil

bb(j,i)=aa(j,i)*fil

enddo

enddo

call £fft2d(b,bb,n,1)
output

do i=1,n

do j=1,n
a(j,i)=b(j, i)
enddo

enddo

return
end




subroutine norm signal (x1,n)

A A KK ARAKRIAKR AT A XA KA ARA A A KR AR AT A A AA KRR A A ARk kA hkhkAhkhhkkhkhkhkhkhkhkhkhkhkhkhhkhkhohkkhhkkkhkkk

FUNCTION: returns an image with absolute maximum value of 1.
PARAMETERS

Input: x1 - signal
n - size of signal

Output: xl1 - normalized signal
INTERNAL SUBROUTINES: None
EXTERNAL SUBROUTINES: None

AAk KA AAAKRKAAAA KA A A KRR A IA A AR AR KRR A AR Ak AR A kA hkhkhhkhkhkhkkhkhhkhhkhkkhkhkhkhkhkkhkkxhkkhkdhhhkhkkkkkx

real x1(256),s1(256),wl(256)
real maxl
Generate working space

do i=1l,n
sl (i)=x1(1)
enddo

Set the negative value to zero
do i=1l,n
if(sl1(i).1t.0.) sl(i)=0.
enddo
Find the absolute maximum value of the image.

maxl=0.

do i=1l,n

xm=s1 (1)

if (xm.gt.maxl) maxl=xm
enddo

write (6, *) 'maxl=’,xm
Normalize the image.

do i=1,n
x1 (i)=s1 (i) /maxl
enddo

return
end




subroutine project(a,b,n)
IR E R SRS E SRS S LTS EEESLTESETEESEESESSEESEEEEESEESELSEEEEEEELEESEEEES

Function: This subroutine sums

over all rows of an n X n array a giving 1D

projection of size n array b
Ak A AR AR KRR KRR KA A A A AR A AR KRR AR AR KA RAKR AR AR ARR AR R AA KRR AR AR AR KRR KKK

real a(256,256),b(256),s(256,256),2(256)

initialize arrays s & b

do j=1,n
b(j)=0.
z(3j)=0.
do i=1
S(jli)
enddo
enddo

I~

n
0.

set initial value for summing process and sum all pixels along
row i together

do j=1,n

s(j,1)=a(j,1)

do i=2,n
s{j,i)=s(j,i-1)+a(j, 1)
enddo

Assign value of sum at column j to output _b(3j)

b(j)=s(j,n)
enddo

return
end




subroutine radon gauss_noise (xy,m)
real xy(256,256),yt(256,256),ye(256,256)

A A K KR AR AR A A AR A A AR ARAAKRIAKRRAKR A AR AR R AR AR A A A hkk Ak hkkhkkkhkhkdhkhkhkkkhkkhkk

Function: This subroutine creates Gaussian noise with zero
with a selected Signal to Noise Ratio mean and

variance 1 and add it to the Radon Transform.
Ak A A A A A A A KA KA AR KA A KA AR AR KRR AAAKR KR AR AARKRKR AR AR AR AR Ahkhkhkkhkhkhkkhkdkihhkhixk

real s(256,256),x1(256),wl(256)
real max(256)
Generate working space
do i=1,m
do j=1,m
S(jli)=XY(jli)
enddo
enddo

Set the negative value to zero
do i=1,m
do j=1,m
if(s(j,i).1t.0.) s(j,1)=0.
enddo
enddo
Find the absolute maximum value of the image.

do i=1l,m

max (i)=0.

enddo

do i=1,m

do j=1,m

xl(i)=s(Jj,1)

if(x1(i).gt.max(i)) max(i)=xl(i)
enddo

enddo

create normalized Gaussian noise image.

do i=1,m

iseed=1i*10

call gnoise (wl,m,iseed)
call norm signal (wl,m)
do j=1,m

ye (3, 1) =wl (3)

enddo

enddo

: Add Radon transform image to noise image.

write (6,*) ‘enter Signal to Noise Ratio:’
read(5,*) snr

do i=1l,m

do j=1,m

vyt (j,i)=s(j,1i) * snr + ye(j,1i)*max(i)
enddo

enddo

do i=1l,m

do j=1,m

xy(j,1)=yt(3,1)

enddo

enddo

return
end




subroutine rtr nearest (x,n,y,m)

real x(256,256),y(256,256),xy(256,256)

real w(256,256),2(256)
X EE R EEE R R ETE LSRR SLSE LS L LS L LSS EEEE SRS 58 S5 TN
Function: This subroutine computes the Radon Transform of
4 n X n image.
+ External subroutines: Rotate_nearest_neig

Project
Internal subroutines: None
 Parameters: x - n X n input array
y = m X m output array

AhkAkKkAAKRAKXAKkhkhkhkkhkhkhkhkhkrkhAhkkhhkhhkkhkhhkdkhhkhkhhhkhkkhkhkhkhkhkkhkkhkkxk

Send message to user ’‘Computing Radon Transform...’

write (6,1)

format (1x, ' Computing Radon Transform...’$)
initialize array y

do j=1,m

do i=1l,m

Y(jli)=0°

enddo

enddo
Compute angle of rotation in steps of 1 degree and rotate
the object, take projection of rotated object.

do i=1l,m

theta=float (i-1)

call rotate nearest (x,n,w,m,theta)

call project(w,z,m)
Stack projections together to form image of "Radon space"
data.

do j=1,m

Y(jll)=z(j)

enddo |

enddo |

return

end



subroutine rtr nearest neig(x,n,y,m)

real x(256,256),y(256,256),xy(256,256)

real w(256,256),z(256)
LR RS EES RS EE S ST S S ESEESEEEEELTEEEEESE SRS EEEEEEEEEEREEEEES
Function: This subroutine computes the Radon Transform of

n X n image.
External subroutines: Rotate nearest neig
Project
Internal subroutines: None
Parameters: x -~ n X n input array
y — m X m output array

KAAKKAAKAAA A KA KA A A AR A AR A AAAkA XA A A A kA Ak Ak kA kA khkhkhkhkhkhkhkdkhkhkkhkkkx

Send message to user ’Computing Radon Transform...’

write(6,1)

format (1x,’Computing Radon Transform...’$)
initialize array y

do j=1,m

do i=1,m

y(3,1)=0.

enddo

enddo
Compute angle of rotation in steps of 1 degree and rotate
the object, take projection of rotated object.

do i=1,m

theta=float (i-1)

call rotate nearest neig(x,n,w,m,theta)

call project (w,z,m)
Stack projections together to form image of "Radon space"
data.

do j=1,m

y(3,1)=2z(3)

enddo

enddo

return

end



subroutine rtr_lrp_heig(x,n,y,m)
real x(256,256),y(256,256),xy(256,256)
real w(256,256),z(256)

Ak kAR AkhhkAAk AR XAk AkA kA AAI ARk hkkhhkrhkhkhkdkhkkhhkhkkhkhkhkkhkhkhhhkkxk

Function: This subroutine computes the Radon Transform of
n X n image.
External subroutines: Rotate_ nearest neig
Project

Internal subroutines: None
Parameters: x - n X n input array

y - m X m output array
[ EEEEF TSI E LTSS S SEETEESELESESEEESE LSS EEE LSS EEEEESEEE RS EESE

Send message to user ’‘Computing Radon Transform...’

write(6,1)

format (1x,’Computing Radon Transform...’$)
initialize array y

do j=1,m

do i=1l,m

enddo

enddo
Compute angle of rotation in steps of 1 degree and rotate
the object, take projection of rotated object.

do i=1,m

theta=float (i-1)

call rotate 1lrp neig(x,n,w,m,theta)

call project (w,z,m)
Stack projections together to form image of "Radon space"
data.

do j=1,m

Y(jrl)=z(j)

enddo

enddo

return

end




subroutine rtr 2rp neig(x,n,y,m)

real x(256,256),y(256,256),xy(256,256)

real w(256,256),2z(256)
LE R EE R RS SRS L SRS EEE S SRS ELE LS RS EEE LTSRS EEEELEEEEEEEE
Function: This subroutine computes the Radon Transform of

n X n image.
External subroutines: Rotate_ nearest neig
Project
Internal subroutines: None
Parameters: x — n X n input array
y = m X m output array

AKAKKRKRKAAKRAAKRAA KA AR kAR AKkAAkkdhkhkhkhkhkhkhhhkhkhkhhkhkhkkhhkkkdhkhkhkkhkkkx

Send message to user ’‘Computing Radon Transform...’

write(6,1)

format (1x,’Computing Radon Transform...’$)
initialize array y

do j=1,m

do i=1l,m

Y(jli)=0-

enddo

enddo
Compute angle of rotation in steps of 1 degree and rotate
the object, take projection of rotated object.

do i=1l,m

theta=float (i-1)

call rotate 2rp neig(x,n,w,m,theta)

call project (w,z,m)
Stack projections together to form image of "Radon space"
data.

do j=1,m

y(3,1)=z(J)

enddo

enddo

return

end




subroutine rtr four(x,n,y,m)
real x(256,256),y(256,256),xy(256,256)
real w(256,256),z(256)
ARAKKAKKAIEARK AR AN A KR A AR AR AT AR AR AR kA A khkhkdhhkhkhkdkhhhikhkkkhkhk
Function: This subroutine computes the Radon Transform of
n X n image.

External subroutines: Rotate_ nearest neig
Project
Internal subroutines: None
Parameters: x - n X n input array
y — m X m output array
IR S S SR SRS SRS LSS S REELESESELEEEEEEETEEEEEEEEEEEREEEEEEEEEE

Send message to user ’Computing Radon Transform...’

write(6,1)

format (1x,’Computing Radon Transform...’S$)
initialize array y

do j=1,m

do i=1l,m

Y(jli)=0-

enddo

enddo
Compute angle of rotation in steps of 1 degree and rotate
the object, take projection of rotated object.

do i=1l,m

theta=float (i-1)

call rotate four(x,n,w,m,theta)

call project(w,z,m)
Stack projections together to form image of "Radon space"
data.

do j=1,m

y(3,1)=2z(3J)

enddo

enddo

return

end




subroutine rtr four neig(x,n,y,m)

real x(256,256),y(256,256),xy(256,256)

real w(256,256),z(256)
AAAKRKAAKRKAAKRKAKAA Nk kA A hkdkA kA hkhkhhhkhkhhkhkhhhkkhkhkhkhrhkkhkhkkhhkhkhkhkkk
Function: This subroutine computes the Radon Transform of

n X n image. '
External subroutines: Rotate four neig
Project
Internal subroutines: None
Parameters: x - n X n input array
y - m X m output array :

AAKKAKAKAA I A A A A K AAA KA A A A AR AR RA A AAA A AR A AAhAhkhhkhkhhkhkhkhk

Send message to user ’Computing Radon Transform...’

write(6,1)

format (1x, ' Computing Radon Transform...’$)
initialize array y

do j=1,m

do i=1l,m

Y(jli)=0-

enddo

enddo
Compute angle of rotation in steps of 1 degree and rotate
the object, take projection of rotated object.

do i=1,m

theta=float (i-1)

call rotate four neig(x,n,w,m,theta)

call project (w,z,m)
Stack projections together to form image of "Radon space"
data:

do j=1,m

y(3,1)=2(3)

enddo

enddo

return

end



subroutine rtr_eight(x,n,y,m)
real x2(256,256),y(256,256),xy(256,256)
real w(256,256),2(256) :

AKAKAKXKAKAKRAKR A A A A A A A A A AKRARARAR KA AR KR A A AT A A A A Ak hhkhkhkhkhkkkkhkhkkx

Function: This subroutine computes the Radon Transform of
n X n image.
External subroutines: Rotate_nearest neig
Project

Internal subroutines: None
Parameters: x - n X n input array

y = m X m output array
KAAKAKRARAAKAAAKRAAAA KR AAA AR A A A A A A KAk Ak Ahk kA hhkhkkhkkkhkkkhbhhkkkkk

Send message to user ’Computing Radon Transform...’

write(6,1)

format (1x,’Computing Radon Transform...’$§)
initialize array y

do j=1,m

do i=1,m

y(3,1)=0.

enddo

enddo
Compute angle of rotation in steps of 1 degree and rotate
the object, take projection of rotated object.

do i=1,m

theta=float (i-1)

call rotate_eight (x,n,w,m,theta)

call project (w,z,m)
Stack projections together to form image of "Radon space"
data.

do j=1,m

y(3,1)=2(3)

enddo

enddo

return

end




subroutine rtr eight neig(x,n,y,m)

real x%(256,256),y(256,256) ,xy(256,256)

real w(256,256),2z(256)
AAKAKAKRK A AR AKRAKRAKRAAKR KA I AR KA KA KA AR AAk Rk kkhkhkhkkhkrxhkkkkk
Function: This subroutine computes the Radon Transform of

n X n image.
External subroutines: Rotate eight neig
: Project
Internal subroutines: None
Parameters: x - n X n input array
y - m X m output array

I F R R R XS TS EEREEESESEEL S LS L ELEEEELEEE S L EEE S EEE S S S LSS LTS EE

Send message to user ’Computing Radon Transform...’

write(6,1)

format (1x,’ Computing Radon Transform...’$)
initialize array y

do j=1,m

do i=1,m

y(j,1)=0.

enddo

enddo
Compute angle of rotation in steps of 1 degree and rotate
the object, take projection of rotated object.

do i=1l,m

theta=float (i-1)

call rotate eight neig(x,n,w,m,theta)

call project(w,z,m)
Stack projections together to form image of "Radon space"
data.

do j=1,m

y(3,1)=z ()

enddo

enddo

return
end




subroutine rotate nearest (a,n,b,m,theta)

real a(256,256),b(256,256),w(256,256)
S RS S SR SRS LSS SRS SRS ST ELEEEESESEREEEEEEESEEEEELEEEEEEESEETETEEEEEEEREEE
FUNCTION : This subroutine rotates an n X n array a
through an angle theta (given in degree)
anticlockwize placing the result at the
center of an array mxm b
PARAMETERS: a Input image of n X n size
b ~ Rotated image of m X m size
EXTERNAL SUBROUTINE :None
|
\
\
\

INTERNAL SUBROUTINE :None
R g R R R R T T

convert theta into radians

pi = 4. * atan(l.)
theta * (pi/180.)
cos (theta)
sin (theta)

theta
costh
sinth

unon

initial b

hi-e
ocod s

compute new coordinates (xd,yd) of rotate array

n/2 + 1
m/2 + 1

nn
mm

I

start process

do j
do i

l,n
1l,n
Execlude the rotation of zero wvalue of array a

if (a(j,1i).eq.0.0) goto 100
generate 4-quadrant cartesian plan
y = float (j-nn)
x = float (i-nn)
xd = x * costh - y * sinth
yd = x * sinth + y * costh
compute both real and integer coordinates of array b
associated with the above transformation for later use
kx mm+ nint (xd)
ky mm+ nint (yd)
assign value of a at (j,i) to the nearest point cell
of array b in wich the transformed coordinates
lie.

b(ky,kx) = a(j, 1)

00 enddo
enddo
return
end



subroutine rotate eight (a,n,b,m,theta)
real a(256,256),b(256,256) ,w(256,256)
AR KA KA IR AR KR AR IAKRKRKNRAAA AR AR A AR KA AT R AR A AR A Ak hhkhkhhkkhkkkhhhkkhkkhkhkkhhkkkkhkk
FUNCTION : THIS SUBROUTINE ROTATES AN NXN ARRAY A
THROUGH AN ANGLE THETA (given in degree)
anticlockwize placing the result at the
center of an array mxm b
PARAMETERS: a _ Input image of n X n size
b  Rotated image of m X m size
EXTERNAL SUBROUTINE :None

INTERNAL SUBROUTINE :None
KA A KKK KRR A AR AR AR A KRR R KK AR R AR KK R AR kAR KA R AR ARk kAR A kA ARk AR Rk kkhkhkkkkk k%

convert theta into radians

pi = 4. * atan(l.)

theta = theta * (pi/180.)

costh = cos(theta)

sinth = sin(theta)
initial b

doi=1,m

do j =1,m

b(j,i) = 0.

w(j,i) = 0.

enddo

enddo

compute new coordinates (xd,yd) of rotate array

n/2 + 1
m/2 + 1

nn
mm

start process

do j
do i

2!

1
1,n

Execlude the rotation of zero value of array a
if (a(j,i).eq.0.0) goto 100

generate 4-quadrant cartesian plan
y = float (j-nn)
b4 float (i-nn)
xd = x * costh - y * sinth
yd = x * sinth + y * costh

compute both real and integer coordinates of array b
associated with the above transformation for later use
kx = mm+ nint (xd)
ky = mm+ nint (yd)
assign value of a at (j,1) to 9-point cell
of array b in wich the transformed coordinates
lie.
b(ky+1l, kx-1
b (ky,kx-1)
b (ky-1,kx-1
b (ky+1, kx)
b(ky,kx) =
b (ky~-1, kx)
b (ky+1, kx+l
b (ky, kx+1)
b(ky-1, kx+1
00 enddo
enddo
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return
end




subroutine rotate eight neig (a,n,b,m,theta)
real a(256,256),b(256,256),w(256,256)
integer =zu,yu,xd,yd,dul,eul,du2,eu2,vu(256),hu(256),ku(256)
integer gu(256)
Function: This subroutine rotates an nXn array a through an angle theta
(given in degrees ) placing the result at the center of an mXm
array b.
Convert theta into radients.
pi=4.*atan(1l.)
} theta=theta* (pi/180.)
initialize b
do i=1l,m
do j=1,m
b(j,1)=0
enddo
enddo
Compute centers of array a and b
nn=n/2+1
mm=m/2+1
Compute the integer of horizontal and vertical displacement along the x and
y-axis which corresponds to n-pixel monement along the u-axis.
xu=nint (nn*cos (theta))
yu=nint (nn*sin (theta))
if (xu.lt.0) then
ml=-1
else
ml=1
endif
if (yu.lt.0) then
nl=1 |
else |
nl=-1
endif
Compute the rotation parameters
dul=2*abs (yu)
du2=2* (abs (yu) -nn)
eul=2*abs (xu)
eu2=2* (abs (xu) —-nn)
vu{l)=2*abs (yu)-nn
hu(l)=2*abs(xu)-nn
ku (0)=0
gu (0)=0
do i=1l,nn |
if (hu(i).ge.0) then |
hu(i+l)=hu(i)+eu2 |
gu(i)=gu(i-1)+1
if (vu(i).ge.0) then
vu (i+l)=vu (i) +du2
ku(i)=ku(i-1)+1
else
vu(i+l)=vu (i) +dul
ku(i)=ku(i-1)
endif
else
hu (i+1)=hu (i) +eul
gu (i)=gu(i-1)
if (vu(i).ge.0) then
vu (i+1l)=vu (i) +du2
ku(i)=ku(i-1)+1
else
va(i+1l)=vu (i) +dul
ku(i)=ku(i-1)
endif
endif
enddo
Compute new coordinates (xd,yd) of rotated array and assign the value of a at
(i, j) to the appropriate cell of b which encloses these coordinates.
Generate 4-quadrant cartesian plane.




do i=1l,nn
ku (-i)=-ku(i)
gu (-i)=-gu (i)
enddo

Start process

do j=1,n
do i=1,n

Execlude the rotation of zero value of array a

if (a(i,j).eq.0.0) goto 100
Employ coordinate transformation for rotation using the integer parameters.
yd=ml*gu(i-nn)-nl*ku(j-nn)
xd=ml*gu(j-nn)+nl*ku(i-nn)
Compute the integer coordinates of array b associated with the above
transformation.
kx=mm+xd
ky=mm+yd
Assign value of a at (j,1i) to the nearest cell of array b in which the
transformed coordinates lie.
b (ky+1, kx-1)=a (i, j)
b (ky, kx-1)=a (i, j)
b (ky-1,kx-1)=a (1,3)
b (ky+1l,kx)=a(i, j)
b(ky,kx)=a(i,]j) -
b (ky-1,kx)=a(i, j)
b (ky+1,kx+1l)=a(i, j)
b (ky, kx+l)=a(i, j)
b (ky-1,kx+1l)=a(i, j)

00 enddo
enddo
return
end




subroutine rotate_four(a,n,b,m,theta)
real a(256,256),b(256,256),w(256,256)

IR R LTRSS S FERS SRR SRS S SEESS S LRSS S S S S S EEELER S SR ERESER SRS EEEEESE S

FUNCTION : THIS SUBROUTINE ROTATES AN NXN ARRAY A
THROUGH AN ANGLE THETA (given in degree)
anticlockwize placing the result at the
center of an array mxm b

PARAMETERS: a _ Input image of n X n size

b _ Rotated image of m X m size

EXTERNAL SUBROUTINE :None

INTERNAL SUBROUTINE :None
Ak k kR Ak kA kAR KA A KAk ARk kA AR KK KRR A KA A K KRR K AR KKK AR KA Rk kAR h kA Ak Ak kkkkkkk

convert theta into radians

pi = 4. * atan(l.)

theta = theta * (pi/180.)

costh = cos(theta)

sinth = sin(theta)
initial b

doi=1,m

do j =1,m

b(j,i) = 0.

w(j,i) = 0.

enddo

enddo

compute new coordinates (xd,yd) of rotate array

nn = n/2 + 1
mm = m/2 + 1

Compensation of the center position for rotation.
xzcomp=nn+nn* (sinth - costh)
ycomp=nn-nn* (sinth + costh)

start process

do j
do i

l,n
1,n
Execlude the rotation of zero value of array a

if (a(j,i).eq.0.0) goto 100
generate 4-quadrant cartesian plan

y = float (j-nn)

x = float (i-nn)

xd = x * costh - y * sinth
yd = x * sinth + y * costh

compute both real and integer coordinates of array b
associated with the above transformation for later use
kx mm+ nint (xd)
ky mm+ nint (yd)
assign value of a at (j,i) to 9-point cell
of array b in wich the transformed coordinates

lie.
b (ky, kx-1) = a(j, i)
b(ky+1l,kx) = a(j, 1)
b(ky,kx) = a(jll)
b(ky-1,kx) = a(j,1)
b(ky,kx+1) = a(j,1)
00 enddo
enddo
return




subroutine rotate four neig (a,n,b,m,theta)
real a(256,256),b(256,256),w(256,256)
integer =xu,yu,xd,yd,dul,eul,du2,eu2,vu(256),hu(256),ku(256)
integer gu(256) '
Function: This subroutine rotates an nXn array a through an angle theta
(given in degrees ) placing the result at the center of an mXm
array b.
Convert theta into radients.
pi=4.*atan(1l.)
theta=theta* (pi/180.)
initialize b

Compute centers of array a and b
nn=n/2+1
mm=m/2+1
Compute the integer of horizontal and vertical displacement along the x and
y-axis which corresponds to n-pixel monement along the u-axis.
xu=nint (nn*cos (theta))
yu=nint (nn*sin(theta))
if (xu.lt.0) then
ml=-1
else
ml=1
endif
if (yu.lt.0) then
nl=1
else
nl=-1
endif
Compute the rotation parameters
dul=2*abs (yu)
du2=2* (abs (yu) -nn)
eul=2*abs (xu)
eu2=2* (abs (xu) -nn)
vu(l)=2*abs(yu)~-nn
hu(l)=2*abs (xu)-nn
ku(0)=0
gu(0)=0
do i=l,nn
if (hu(i).ge.0) then
hu (i+1)=hu(i) +eu2
gu(i)=gu(i-1)+1
if (vu(i).ge.0) then
vu(i+l)=vu (i) +du2
ku(i)=ku(i-1)+1
else
vu(i+l)=vu (i) +dul
ku(i)=ku(i-1)
endif
else
hu (i+1)=hu (i) teul
gu(i)=gu(i-1)
if (vu(i).ge.0) then
vu(i+l)=vu (i) +du2
ku(i)=ku(i-1)+1

else /
vu (i+1)=vu (i) +dul /
ku(i)=ku(i-1) 7
endif
endif
enddo
Compute new coordinates (xd,yd) of rotated array and assign the value of a at

> (1i,3) to the appropriate cell of b which encloses these coordinates.
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Generate 4-quadrant cartesian plane.
do i=1,nn
ku(-i)=-ku (i)
gu(-i)=-gu(i)
enddo

Start process

Execlude the rotation of zero value of array a

if (a(i,Jj).eq.0.0) goto 100
Employ coordinate transformation for rotation using the integer parameters.

yd=ml*gu(i-nn)-nl*ku(j-nn)

xd=ml*gu (j-nn)+nl*ku(i-nn)
Compute the integer coordinates of array b associated with the above
transformation.

kx=mm+xd

ky=mm+yd
Assign value of a at (i,j) to the nearest cell of array b in which the
transformed coordinates lie.

b (ky+1l,kx-1)=a(i, J)

b (ky, kx-1)=a(i, j)

b{ky-1,kx-1)=a(i,J)

b (ky+1l,kx)=a(i, j)

b (ky,kx)=a(i, j)

b(ky-1,kx)=a(i,J)

b(ky+1l,kx+1l)=a(i, j)

b (ky,kx+1l)=a(i, )

b(ky-1,kx+l)=a (i, ])

00 enddo
enddo
return
end




subroutine ift nearest(a,m,b,n)
real a(256,256),b(256,256),xy(256,256)
real rl(256,256),11(256,256),x%xx(256)
I E SR RS S S S SRR SRS S S S LS LSS LSS LSS SRS SRR EEEEEEEEEEEEEEESSEEEEEEEEEEEETEE
FUNCTION : This subroutine rotates an slice n X 1 array a
through an angle theta (given in degree)
anticlockwize placing the result at the
center of an array mxm b
PARAMETERS: a Input image of n X n size
b ~ Rotated image of m X m size
EXTERNAL SUBROUTINE :None
INTERNAL SUBROUTINE :None
IR RS SRS S S S S S S EEE LSS SR ELEL S SRS S SRS S S EL SRR S EESE LTS EEEEEELEEEEEREEE
real za(256),zb(256),zc(256),2zd(256),c(256,256)
real re(256,256),im(256,256)
Send message to user ’computing reconstruction using centre slice...’

write(6,1)
format (1x,’Computing centre slice reconstruction...’$)

initial arrays

do i = 1,256
do j = 1,256
rl(j,i) = 0.
il(j,i) = 0.
enddo
enddo

initialize array c

do 1i
do j
c(j,1
enddo
enddo

II ll

1l,m
l1,m
i)=0

do i=1l,m

do j=1,m
c(j,i)=a(j,i)
enddo

enddo

e
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take Fourier transform of a

nnl=256/2+1
jframe=nint (float (256-m) /2.)
do i=1l,m

do j=1,m
za(j+jframe)=c(j, i)

enddo

call fftld(za,zb,256,~1)

do j l,m
e(j,i)y=za(jt+jframe)
m(j,i)=zb(j+jframe)

enddo

enddo

call centre slice nearest (re,m)
call centre slice nearest (im,m)

call deconvolution (re,m)




call deconvolution (im,m)

open (unit=1,file="ft.181’,status='new’)

D1 format (4 (1x,£f14.4))
write(1,101) ((b (k,Jj),k=1,181),3=1,181)
close (1)
do i=1l,m
do j=1,m

rl (j+jframe, i+jframe)=re(j, i)
il (j+jframe, i+jframe)=im(j, i)
enddo
enddo

ake 2DI Fourier transform of re,im arrays
call fft2d(rl,il,256,1)

iframe=nint (float (256-n)/2.)
do i=1,n
do j=1,n
b(j,i)=rl (j+iframe, i+iframe)
enddo
enddo

return

end




subroutine ift nearest neig(a,m,b,n)
real a(256,256),b(256,256),xy(256,256)
real rl(256,256),1i1 (256, 256) xx(256)

k**********************************************************************

FUNCTION : This subroutine rotates an slice n X 1 array a
through an angle theta (given in degree)
anticlockwize placing the result at the
center of an array mxm b
ARAMETERS: a _ Input image of n X n size
b  Rotated image of m X m size
XTERNAL SUBROUTINE :None
NTERNAL SUBROUTINE :None
KAAAAKAAKAAKA I IA A A hkAhkA bk Ak hkkhkhkhhkhhhhkAkhkhkhkhhkhhkhhhkhhhkhkhkkhhkhkhhkhkhkhkhkhhkhhhkhkhkk
real za(256),zb(256),zc(256),2zd(256),c(256,256)
real re(256,256),im(256,256)
end message to user ’‘computing reconstruction using centre slice...’

write(6,1)
format (1x,’Computing centre slice reconstruction...’$)

initial arrays

do i = 1,256
do j = 1,256
rl(j,i) = 0.

il(j,i) = 0.
enddo

enddo

itialize array c

I nne

QOO O~

ke Fourier transform of a

nnl=256/2+1
jframe=nint (float (256-m)/2.)
do i=1l,m

do j=1,m

za(jtjframe)=c(j, i)

enddo

call fftld(za,zb,256,-1)

do j=1,m
re(j,i)=za(j+jframe)
m(j,i)=zb(j+jframe)
enddo

enddo

call centre slice nearest neig(re,m)
call centre slice _nearest nelg(lm m)

call deconvolution (re,m)




call deconvolution (im,m)

open (unit=1,file=’£ft.181’,status=’'new’)

D1 format (4 (1x,£f14.4))
write(1,101) ((b (k,Jj),k=1,181),3=1,181)
close (1)
do i=1l,m
do j=1,m

rl (j+jframe,i+jframe)=re(j, i)
il (j+jframe,i+jframe)=im(j, i)
enddo
enddo

ake 2DI Fourier transform of re,im arrays
call fft2d(rl,il1,256,1)

iframe=nint (float (256-n)/2.)
do i=1l,n
do j=1,n
b(j,i)=rl (j+iframe,i+iframe)
enddo
enddo

return

end




subroutine rotate 2rp neig (a,n,b,m,theta)
real a(256,256),b(256,256),w(256,256)
integer =xu,yu,xd,yd,dul,eul,du2,eu2,vu(256),hu(256),ku(256)
integer gu(256)
"unction: This subroutine rotates an nXn array a through an angle theta
(given in degrees ) placing the result at the center of an mXm
array b.
lonvert theta into radients.
pi=4.*atan(l.)
theta=theta* (pi/180.)
nitialize b
do i=1l,m
do j=1,m
b(jli)=0-
w(j,1)=0.
enddo
enddo
ompute centers of array a and b
nn=n/2+1
mm=m/2+1
mpute the integer of horizontal and vertical displacement along the x and
axis which corresponds to n-pixel monement along the u-axis.
xu=nint (nn*cos{(theta))
yu=nint (nn*sin(theta))
if (xu.lt.0) then
ml=-1
else
ml=1
endif
if (yu.lt.0) then
nl=1
else
nl=-1
endif
mpute the rotation parameters
dul=2*abs (yu)
du2=2* (abs (yu) -nn)
eul=2*abs (xu)
eu2=2* (abs (xu) -nn)
vu(l)=2*abs(yu)-nn
hu(l1)=2*abs (xu)-nn
ku(0)=0
gu (0)=0
do i=l,nn
if (hu(i).ge.0) then
hu(i+l)=hu (i) +eu2
gu(i)=gu(i-1)+1
if (vu(i) .ge.0) then
vu(i+l)=vu (i) +du2
ku(i)=ku(i-1)+1
else
vu(i+l)=vu (i) +dul
ku(i)=ku(i-1)
endif

else
hu(i+l)=hu(i)+eul
gu(i)=gu(i-1)
if (vu(i).ge.0) then
vu (i+l)=vu (i) +du2
ku(i)=ku(i-1)+1
else
vu (i+l)=vu(i)+dul
ku(i)=ku(i-1)
endif

endif

enddo
pute new coordinates (xd,yd) of rotated array and assign the value of a at
j) to the appropriate cell of b which encloses these coordinates.




;enerate 4-quadrant cartesian plane.
do i=1l,nn

ku(-i)=-ku(i)

gu(-i)=-gu(i)

enddo

ptart process

do j=1,n
do i=1,n

Lxeclude the rotatetion of zero value of array a

if (a(i,j).eq.0.0) goto 100
mploy coordinate transformation for rotation using the integer parameters.
yd=ml*gu (i-nn)-nl*ku(j-nn)
xd=ml*gu(j-nn)+nl*ku(i-nn)
ompute the integer coordinates of array b associated with the above
ransformation.
kx=mm+xd
ky=mm+yd
ssign value of a at (i, ]Jj) to the nearest cell of array b in which the
ransformed coordinates lie.
b(ky,kx=-1)=a(i,])
b (ky+1, kx)=a (i, j)
b (ky, kx)=a (i, ]j)
b(ky-1,kx)=a(i,])
b(ky,kx+1l)=a(i,])

enddo
enddo
return
end




subroutine rotate lrp neig (a,n,b,m,theta)
real a(256,256),b(256,256),w(256,256)
integer =xu,yu,xd,yd,dul,eul,du2,eu2,vu(256),hu(256),ku(256)
integer gu(256)

runction: This subroutine rotates an nXn array a through an angle theta
(given in degrees ) placing the result at the center of an mXm
array b.

fonvert theta into radients.

pi=4.*atan(1l.)

theta=theta* (pi/180.)

nitialize b

ompute centers of array a and b
nn=n/2+1
mm=m/2+1 -
ompute the integer of horizontal and vertical displacement along the x and
-axis which corresponds to n-pixel monement along the u-axis.
xu=nint (nn*cos (theta))
yu=nint (nn*sin(theta))
if (xu.lt.0) then
ml=-1
else
ml=1
endif
if (yu.lt.0) then
nl=1
else
nl=-1
endif
mpute the rotation parameters
dul=2*abs (yu)
du2=2* (abs (yu) -nn)
eul=2%*abs (xu)
eu2=2%* (abs (xu)-nn)
vu(l)=2*abs (yu)-nn
hu(l)=2*abs (xu)-nn
ku(0)=0
gu(0)=0
do i=1,nn
if (hu(i).ge.0) then
hu(i+1)=hu (i) +eu2
gu(i)=gu(i-1)+1
if (vu(i).ge.0) then
vu(i+l)=vu (i) +du2
ku(i)=ku(i-1)+1
else
vu(i+l)=vu(i)+dul
ku(i)=ku(i-1)
endif

else
hu(i+l)=hu(i)+eul
gu(i)=gu(i-1)
if (vu(i).ge.0) then
vu (i+l)=vu (i) +du2
ku(i)=ku(i-1)+1
else
vu(i+l)=vu(i)+dul
ku(i)=ku(i-1)
endif
endif
enddo '
pute new coordinates (xd,yd) of rotated array and assign the value of a at
»J) to the appropriate cell of b which encloses these coordinates.



senerate 4-quadrant cartesian plane.
do i=l,nn
ku(-i)=-ku (i)
gu(-i)=-gu (i)

enddo

btart process

do j

do i

xeclude the rotatetion of zero value of array a

if (a(i,j).eq.0.0) goto 100
mploy coordinate transformation for rotation using the integer parameters.
yd=ml*gu(i-nn)-nl*ku(j-nn)
xd=ml*gu (j-nn)+nl*ku(i-nn)
ompute the integer coordinates of array b associated with the above
ransformation.
kx=mm+xd
ky=mm+yd
ssign value of a at (i, j) to the nearest cell of array b in which the
ransformed coordinates lie.
b (ky,kx-1)=a (i, ])
b(ky+l,kx)=a(i, j)
b(ky,kx)=a(i, j)
b (ky-1,kx)=a (i, j)
b (ky, kx+1l)=a(i, j)

enddo
enddo
return
end




subroutine rotate_ lrp neig (a,n,b,m,theta)

real a(256,256),b(256,256),w(256,256)

integer =xu,yu,xd,yd,dul,eul,du2,eu2,vu(256),hu(256),ku(256)
integer gu(256)

function: This subroutine rotates an nXn array a through an angle theta
(given in degrees ) placing the result at the center of an mXm
array b.

fonvert theta into radients.

pi=4.*atan(l.)

theta=theta* (pi/180.)

nitialize b
do i=
do j=
b (31
w(j,1
enddo
enddo
ompute centers of array a and b
nn=n/2+1
mm=m/2+1
mpute the integer of horizontal and vertical displacement along the x and
axis which corresponds to n-pixel monement along the u-axis.
xu=nint (nn*cos (theta))
yu=nint (nn*sin (theta))
if (xu.lt.0) then
ml=-1
else
ml=1
endif
if (yu.lt.0) then
nl=1
else
nl=-1
endif
mpute the rotation parameters
dul=2*abs (yu)
du2=2* (abs (yu) ~nn)
eul=2*abs (xu)
eu2=2%* (abs (xu) -nn)
vu(l)=2*abs (yu)-nn
hu(l)=2*abs (xu)-nn
ku(0)=0
gu(0)=0
do i=1l,nn
if (hu(i).ge.0) then
hu(i+1)=hu (i) +eu2
gu(i)=gu(i-1)+1
if (vu(i).ge.0) then
vu(i+l)=vu(i)+du2
ku(i)=ku(i-1)+1
else
vu(i+l)=vu(i)+dul
ku(i)=ku(i-1)
endif

1
1
)
)

s~

m
m
0.
0.

else
hu (i+1)=hu (i)
gu(i)=gu(i-1)
if (vu(i).ge.0) then
vu (i+l)=vu (i) +du2
ku(i)=ku(i-1)+1
else
vu (itl)=vu (i) +dul
ku(i)=ku(i-1)
endif

+eul

endif

enddo
pute new coordinates (xd,yd) of rotated array and assign the value of a at
j) to the appropriate cell of b which encloses these coordinates.




Btart process

Generate 4-quadrant cartesian plane.

do i=1l,nn
ku(=1i)==ku (i)
gu(=-i)=-gu (i)
enddo

do j=1,n
do i=1l,n

Execlude the rotatetion of zero value of array a

if (a(i,]j).eq.0.0) goto 100

Imploy coordinate transformation for rotation using the integer parameters.
yd=ml*gu (i-nn)-nl*ku(j-nn)

xd=ml*gu (j-nn)+nl*ku(i-nn)

fompute the integer coordinates of array b associated with the above
ransformation.

kx=mm+xd
ky=mm+yd

ssign value of a at (i, j) to the nearest cell of array b in which the
ransformed coordinates 1lie.

b (ky+1, kx-1)=a (i, j)
b (ky, kx-1)=a (i, )

b(ky-1,kx-1)=a(i, j)
b(ky+1,kx)=a (i, Jj)
b(ky,kx)=a (i, ])
b(ky-1,kx)=a(i,J)

b (ky+1l,kx+1l)=a(i, j)
b (ky, kx+1)=a(i, j)
b(ky-1,kx+1)=a(i, j)
enddo

enddo

return




subroutine ift 1lrp neig(a,m,b,n)
real a(256,256),b(256,256),xy(256,256)
real rl (256,256),11(256,256),xx(256)
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FUNCTION : This subroutine rotates an slice n X 1 array a
through an angle theta (given in degree)
anticlockwize placing the result at the
center of an array mxm b
PARAMETERS: a _ Input image of n X n size
b  Rotated image of m X m size
CXTERNAL SUBROUTINE :None
INTERNAL SUBROUTINE :None
A A AR KKK AR K AR AKAARKRAKRAAAKRKRARAKAR AR A AR Ak Ak hkkhkhkhkhkhkhhhkhhhhkhkkhkkkhkhkhkkhkkhkkhkhkkhkkhkhkdk
real za(256),zb(256),2zc(256),2zd(256),c(256,256)
real re(256,256),im(256,256)
end message to user ’computing reconstruction using centre slice...’

write(6,1)
format (1x,’Computing centre_slice_reconstruction...’$)

initial arrays
do i
do j
rl(j,i)
11(3,1)
enddo
enddo

itialize array c

2
2

1,256
1,256
0
0

([ I

do i=1,m
do j=1,m

enddo
enddo

nnine
[\S]
wm
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ke Fourier transform of a

nnl=256/2+1
jframe=nint (float (256-m)/2.)
do i=1l,m

do j=1,m

za(jtjframe)=c(j, 1)

enddo

call fftld(za,zb,256,-1)

do j=1,m
re(j,i)=za(j+jframe)
im(j,i)=zb(j+jframe)
enddo

enddo

call centre slice lrp neig(re,m)
call centre slice 1lrp neig(im,m)

call deconvolution (re,m)



call deconvolution (im,m)

- open (unit=1,file="ft.181’,status="new’)
1 format (4 (1x,£f14.4))

write(1,101) ((b (k,Jj),k=1,181),3=1,181)
close (1)
do i=1l,m
do j=1,m

rl (j+jframe, i+jframe)=re(j, 1)
il(jt+jframe,i+jframe)=im(j, i)
enddo
enddo

ake 2DI Fourier transform of re,im arrays
call fft2d(rl,il1,256,1)

iframe=nint (float (256~n)/2.)
do i=1,n
do j=1,n
b(j,i)=rl (j+iframe,it+iframe)
enddo
enddo

return

end




subroutine ift 2rp neig(a,m,b,n)
real a(256,256),b(256,256),xy(256,256)
real rl(256,256),11(256,256),xx(256)
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FUNCTION : This subroutine rotates an slice n X 1 array a
through an angle theta (given in degree)
anticlockwize placing the result at the
center of an array mxm b
ARAMETERS: a _ Input image of n X n size
b  Rotated image of m X m size
XTERNAL SUBROUTINE :None
NTERNAL SUBROUTINE :None
AEAAKAKRAKAAA AKX KA KR AR REAAA A A AR A A A AR AR AR A A kAR ARk hkhkhhhhkhhhkhhkhkhkhhkhhkhkhkhkhkkkkk
real za(256),zb(256),zc(256),2d(256),c(256,256)
real re(256,256),im(256,256)
end message to user ‘computing reconstruction using centre slice...’

write(6,1)
format (1x,’Computing centre_slice_ reconstruction...’$)

initial arrays
doi=1
do 3 =1
rl(j,1)
i1(3,1)
enddo
enddo

itialize array c

256
256
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do i=1,m
do j=1,m
c(j,i)=0.
enddo
enddo

do i=1,m

do j=1,m
c(j,i)=a(j,1)
enddo

enddo

[\S)
w
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ke Fourier transform of a

nnl=256/2+1
jframe=nint (float (256-m)/2.)
do i=1,m

do j=1,m

za (jt+jframe)=c(j,1i)

enddo

call fftld(za,zb,256,-1)

do j=1l,m
re(j,i)=za(j+jframe)
im(j,i)=zb(j+jframe)
enddo

enddo

call centre_slice 2rp neig(re,m)
call centre slice 2rp neig(im,m)

call deconvolution (re,m)




w

do i=l1l,m
do j=1,m
rl(j+3jfr
il (j+ifr
enddo
enddo

ake 2DI Fouri
call fft

iframe=n
do i=1,n
do j=1,n
b(j,1i)=r
enddo
enddo

call deconvolution (im,m)
open (unit=1,file=’ft.181’,status="new’)
format (4 (1x,£f14.4))

rite(1,101) ((b (k,j),k=1,181),3=1,181)
close(l)

ame, it+jframe)=re(j, i)
ame, it+jframe)=im(j, i)

er transform of re,im arrays
2d(rl,il,256,1)

int (float (256-n)/2.)

1 (j+iframe,i+iframe)

return
end




subroutine ift four neig(a,m,b,n)
real a(256,256),b(256,256) ,xy (256,256)
real rl(256,256),11(256,256) ,xx(256)
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FUNCTION : This subroutine rotates an slice n X 1 array a
through an angle theta (given in degree)
anticlockwize placing the result at the
center of an array mxm b
PARAMETERS: a _ Input image of n X n size
b  Rotated image of m X m size
I XTERNAL SUBROUTINE :None
NTERNAL SUBROUTINE :None
I E T E X T XSS S ELELTEET ST EEELSEEEEEEESEEESEEE LT L EEEELEEEEEEEEEEEEEEEEEEEE RS
real za(256),zb(256),2zc{(256),2d(256),c(256,256)
real re(256,256),im(256,256)
end message to user ’computing reconstruction using centre slice.

write(6,1)
format (1x,’Computing centre_slice_ reconstruction...’S$)

initial arrays
do 1
do j
1(3,1)
1(3,1)
enddo
enddo
itialize array c

1,256
1,256

o
ocouwm
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do i=1l,m
do j=1,m
c(j,1i)=0.
enddo
enddo

do i=1l,m

do j=1,m
c(j,i)=a(j,i)
enddo

enddo

N
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ke Fourier transform of a

nnl=256/2+1
jframe=nint (float (256-m) /2.)
do i=1,m

do j=1,m

za(jtjframe)=c(j, 1)

enddo

call fftld(za, zb,256,-1)

do j 1,m
e(j,i)=za(jt+jframe)
m(j,i)=zb(j+tijframe)

enddo

enddo

call centre slice four neig(re,m)
call centre sllce four nelg(lm m)

call deconvolution (re,m)




call deconvolution (im,m)

open (unit=1,file="ft.181’,status="new’)
format (4 (1x,£f14.4))

write(1,101) ((b (k,3j),k=1,181),3=1,181)
close (1)

do i=1,m

do j=1,m

rl (jt+jframe,i+jframe)=re(j,1i)
il (j+jframe,it+jframe)=im(j, i)
enddo

enddo

ake 2DI Fourier transform of re,im arrays
call fft2d(rl,il,256,1)

iframe=nint (float (256-n)/2.)
do i=1l,n
do j=1,n
b(j,i)=rl (j+iframe,i+iframe)
enddo
enddo

return

end




subroutine ift_four(a,m,b,n)
real a(256,256),b(256,256),xy(256,256)
real r1(256,256),1i1(256,256),xx(256)
KAAKAAKKAAKRAKR KA KA KA AR KA A AR A ARA Ak kA Ak hkkhhhhkhkhkhkhkhkhkhkhhkhkhkhkhkhkhhkhkhkhkhkhhbhkhkkhkhkhx
FUNCTION : This subroutine rotates an slice n X 1 array a
through an angle theta (given in degree)
anticlockwize placing the result at the
center of an array mxm b
PARAMETERS: a __ Input image of n X n size
b _ Rotated image of m X m size
[XTERNAL SUBROUTINE  :None
NTERNAL SUBROUTINE :None
AAKAKAAKRKRA AR AR AR AKRAKR KA KR AR KRR A AT AR A AT ARk kA bk kA hkhkhkhkhkhkhkhkhkkhkkhkkkhkhkkhkhbhkhkrhkkxx
real za(256),zb(256),2zc(256),2zd(256),c(256,256)
real re(256,256),im(256,256)
end message to user ’‘computing reconstruction using centre slice...’

write(6,1)
format (1x,’Computing centre slice reconstruction...’$)

initial arrays
do i=1
do §j =1
rl(j,i)
i1(3,1)
enddo
enddo

itialize array c¢

256
256

o~ ~

o outul

do i=1l,m

do j=1,m
c(j,i)=a(j, i)
enddo

enddo

i ne
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ke Fourier transform of a

nnl=256/2+1
jframe=nint (float (256-m)/2.)
do i=l,m

do j=1,m

za (jtjframe)=c(j, i)

enddo

call fftld(za,zb,256,-1)

a(j+jframe)
zb (j+jframe)

call centre slice four(re,m)
call centre slice four(im,m)

call deconvolution (re,m)




call deconvolution (im,m)

open (unit=1,file=’ft.181’,status='nevw’)

1 format (4 (1x,£f14.4))
write(1,101) ((b (k,3J),k=1,181),3=1,181)
close(1l)
do i=1l,m
do j=1,m

rl (j+jframe,i+jframe)=re(j, i)
il (j+jframe,i+jframe)=im(Jj, 1)
enddo
enddo

ake 2DI Fourier transform of re,im arrays
call fft2d(rl,il,256,1)

iframe=nint (float (256-n)/2.)
do i=1l,n
do j=1,n
b(j,i)=rl(j+iframe,i+iframe)
enddo
enddo

return

end




subroutine ift eight(a,m,b,n)
real a(256,256),b(256,256),xy(256,256)
real rl1(256,256),11(256,256),xx(256)
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FUNCTION : This subroutine rotates an slice n X 1 array a
through an angle theta (given in degree)
anticlockwize placing the result at the
center of an array mxm b
PARAMETERS: a _ Input image of n X n size
b _ Rotated image of m X m size
EXTERNAL SUBROUTINE :None
INTERNAL SUBROUTINE :None
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real za(256),zb(256),2c(256),2d(256),c(256,256)
real re(256,256),im(256,256)
end message to user ’computing reconstruction using centre slice...’

write(6,1)
format (1x,’Computing centre slice reconstruction...’$)

initial arrays
do i
do j
rl(j,1)
i1(j, 1)
enddo
enddo

itialize array c

1,256
1,256

s~
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do i=1,m
do j=1,m

enddo
enddo

N
wm
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ke Fourier transform of a

nnl=256/2+1
jframe=nint (float (256-m)/2.)
do i=1,m

do j=1,m

za(jtjframe)=c(j,1)

enddo

call fftld(za,zb,256,-1)

do j=1,m
re(j,i)=za(j+jframe)
im(j,1i)=zb(j+jframe)
enddo

enddo

call centre slice eight (re,m)
call centre slice eight (im,m)

call deconvolution (re,m)




call deconvolution (im,m)

open (unit=1,file=’'ft.181’,status="new’)
format (4(1x,£14.4))

write(1l,101) ((b (k,3J),k=1,181),3=1,181)
close (1)

do i=1l,m

do j=1,m

rl (j+jframe, i+jframe)=re(j, i)
il (j+jframe, i+jframe)=im(j, 1)
enddo

enddo

ake 2DI Fourier transform of re,im arrays
call fft2d(rl,il,256,1)

iframe=nint (float (256-n)/2.)
do i=1,n
do j=1,n
b(j,1)=rl(j+iframe, i+tiframe)
enddo
enddo

return

end




subroutine ift eight neig(a,m,b,n)
real a(256,256),b(256,256),xy(256,256)
real rl(256,256),11(256,256),xx(256)
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FUNCTION : This subroutine rotates an slice n X 1 array a
through an angle theta (given in degree)
anticlockwize placing the result at the
center of an array mxm b
PARAMETERS: a _ Input 1mage of n X n size
b 7 Rotated image of m X m size
IXTERNAL SUBROUTINE :None
NTERNAL SUBROUTINE :None
KKK KA AR A AR KA AR A KA AR AT KRR KR ARA KRRk A A AR A AR AR ARk A Ak bk khhkhkkkhkhkhhkhkhkhkhkhkhkhkhkhkkixk
real za(256),zb(256),2zc(256),2d(256),c(256,256)
real re(256,256),im(256,256)
end message to user ‘computing reconstruction using centre slice...’

write(6,1)
format (1x, ' Computing centre_slice~reconstruction...’$)

initial arrays
do i =1,256

do j = 1,256
rl(j,i) = 0.
il(j,i) = 0.
enddo
enddo
itialize array c

do i=1,m

do j=1,m

c(j,1)=0.

enddo

enddo

do i=1,m

do j=1,m

c(j,i)=a(j,1)

enddo

enddo

do j=1,256

za(3j)=0.

zb(3)=0.

zc (J)=0.

zd (J)=0.

enddo

ke Fourier transform of a

nnl=256/2+1
jframe=nint (float (256-m)/2.)
do i=1l,m

do j=1,m 4
za(j+jframe)=c(j,1i)

enddo

call fftld(za,zb,256,-1)

do j= 1,m
e(j,i)=za(j+jframe)
m(j,i)=zb(jt+jframe)

enddo

enddo

call centre slice eight _neig(re,m)
call centre slice _eight_neig(im,m)

call deconvolution (re,m)




call deconvolution (im,m)

open (unit=1,file=’ft.181’,status="new’)
~ format (4 (1x,£14.4))
write(1,101) ((b (k,3),k=1,181),3=1,181)
close(l)

do i=1l,m

do j=1,m

rl (j+ijframe,i+jframe)=re(j, i)
il(j+jframe,i+jframe)=im(j,1i)
enddo

enddo

ake 2DI Fourier transform of re,im arrays
call fft2d(r1,il,256,1)

iframe=nint (float (256-n)/2.)
do i=1,n
do j=1,n
b(j,i)=rl (j+iframe,i+iframe)
enddo
enddo

return

end




subroutine centre slice nearest (a,m)
real a(256,256),b(256,256),w(256,256)
real cm(256,256),am(256,256) ,bc(256,256)
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FUNCTION : This subroutine rotates an slice n X 1 array a
through an angle theta (given in degree)
anticlockwize placing the result at the
center of an array mxm b
PARAMETERS: a _ Input image of n X n size
b Rotated image of m X m size
P XTERNAL SUBROUTINE :None
[NTERNAL SUBROUTINE :None
EEEEFEETEETELSETESELTEERESELEELESEEEES LSS ESELEEESEEEEEEEEEEEEEEEEEEEEEE S S

real za(256),2zb(256),zc(256),2zd(256),c(256,256)

initial arrays
do i
do j
am(j,1)
enddo
enddo

=1,m
=1,m

0.

do i =1,
do j =1,
cm(j,i) =
b(j,i) =0.
bec(j,1) =
enddo

enddo

==

m

m
0.

0.

mput array centre
mm=m/2+1
art process
py each profile to the horizontal array through the image centre.

do i=1,m

do k =1,m

if (k.eq.mm) then

do j=1,m

am(j, k)=a(j, i)

enddo

else

do j =1,m
m(j,k)=0.0

enddo

endif

enddo

theta = float {i-1)

call rotate nearest (am,m,bc,m,theta)
do kk=1,m

do jj=1,m

cm(kk, j3)=cm(kk, jj)+bc(kk, j3)

enddo

“enddo

enddo

=P

‘
, . .
cm(j,1)

open (unit=1,file="ft.181’,status='new’)
format (4 (1x,£14.4))

write(1,101) ((b (k,]J),k=1,181),3j=1,181)
close (1)







subroutine centre slice nearest neig(a,m)
real a{256,256),b(256,256),w(256,256)
real cm(256,256),am(256,256),bc(256,256)
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EXTERNAL SUBROUTINE :None
[NTERNAL SUBROUTINE :None

initial arrays
do i
do j
am(j,1)
enddo
enddo

I
S

Q.

(o}

'_l
o
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do j ’
cm(j,i) =
b(j,i) =0.
bec(j,1) =
enddo
enddo

mput array centre
mm=m/2+1
art process

py each profile to the horizontal array through the image centre.

do i
do k

1l,m
l1,m

FUNCTION : This subroutine rotates an slice n X 1 array a
through an angle theta (given in degree)
anticlockwize placing the result at the
center of an array mxm b

PARAMETERS: a _ Input image of n X n size

b Rotated image of m X m size
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real za(256),zb(256),zc(256),2d(256),c(256,256)

if (k.eqg.mm) then

do j=1,m
am(k,j)=a(j,1i)
enddo

else

do j=1,m
am(k, j)=0.0
enddo

endif

enddo

theta = float (1-1)

call rotate_nearest_neig(am,m,bc,m,theta)

do kk=1,m
do jj=1,m

cm(kk, 3j)=cm(kk, jj) +bc (kk, j7)

enddo
enddo

enddo

open (unit=1,file=’'ft.181’,status="new’)
format (4(1x,£14.4))

write (1,101) ((b
close (1)

(k,3),k=1,181),3=1,181)



return
end




subroutine centre;slice_lrp_neig(a,m)
real a(256,256),b(256,256),w(256,256)
real cm(256,256),am(256,256),bc (256,256)
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FUNCTION : This subroutine rotates an slice n X 1 array a
through an angle theta (given in degree)
anticlockwize placing the result at the
center of an array mxm b

PARAMETERS: a _ Input image of n X n size

b _ Rotated image of m X m size

EXTERNAL SUBROUTINE :None

[NTERNAL SUBROUTINE :None

real za(256),zb(256),zc(256),z2d(256),c(256,256)

initial arrays
do i
do j
am(j,1)
enddo
enddo

I
-

,m
,m
= 0.

mput array centre
mm=m/2+1

art process

py each profile to the horizontal array through the image centre.
do i 1l,m
do k l1,m
if (k.eq.mm) then
do j=1,m
am(k,j)=a(j,1)
enddo
else
do j=1,
am(k, j)
enddo
endif
enddo

m
=0.0

theta = float (i-1)

call rotate lrp neig(am,m,bc,m,theta)
do kk=1,m

do jj=1,m

cm (kk, jj)=cm(kk, j3j) +bc (kk, j3)

enddo

enddo

enddo

open (unit=1l,file=’'ft.181’,status='new’)
format (4 (1x,£14.4))

write(1,101) ((b (k,3),k=1,181),3=1,181)
close(l)

EEEEE RS EEEEEEETESELEEESEEEEE LSS ELELEEEEEEEEEEEEEEEEEEEESEEEEEEEE SRR RS




return
end




subroutine centre slice 2rp neig(a,m)
real a(256,256),b(256,256),w(256,256)
real cm(256,256),am(256,256) ,bc(256,256)

KAKAAKAAA KA AR AR Ahkhkhkhhkhhkhhhhkhhkhkhkhkhkhkhkrhhkhkhhkkhkhkhkhkhkhkhhkhhkkhkrhkhkhkkhkhkhkkhhkkhkkkkx

FUNCTION : This subroutine rotates an slice n X 1 array a
through an angle theta (given in degree)
anticlockwize placing the result at the
center of an array mxm b

PARAMETERS: a _ Input image of n X n size

b  Rotated image of m X m size

CXTERNAL SUBROUTINE :None

[NTERNAL SUBROUTINE :None

real za(256),zb(256),2zc(256),2zd(256),c(256,256)

initial arrays
do i
do j
am(j,1)
enddo
enddo

1,m
1,m

14
4

0.

do i ,
do j ’
cm(j,i) =
b(j,i) =0.
bec(j,1) =
enddo

enddo

=1,m
= 1,m

mput array centre
mm=m/2+1

art process

py each profile to the horizontal array through the image centre.
do i 1,m
do k 1,m
if (k.eq.mm) then
do j=1,m
am(k,j)=a(j,1i)
enddo
else
do j=1,
am(k, J)
enddo
endif
enddo

m
=0.0

theta = float (i-1)

call rotate 2rp neig(am,m,bc,m,theta)
do kk=1,m

do jj=1,m

cm (kk, 33)=cm (kk, 33) +bc (kk, 33)

enddo

enddo

enddo

[ ]

2
P2
cm(j,1)

open (unit=1l,file=’"£ft.181’,status='new’)
format (4 (1x,£14.4))

write(1,101) ((b (k,J),k=1,181),3=1,181)
close (1)
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subroutine centre slice four(a,m)
real a(256,256),b(256,256),w(256,256)
real cm(256,256),am(256,256),bc (256,256)
ek kKA A KA K AA KA A AR I AAKRAAAARRA A A AR A kA Ak hkhkhkhkhkhkhkhkhkhkhkhkkhkhkrhkhkhkhkhkhhhkhhkhkhkkhkhkhkkkhkxkx
FUNCTION : This subroutine rotates an slice n X 1 array a

through an angle theta (given in degree)

anticlockwize placing the result at the

center of an array mxm b
PARAMETERS: a _ Input image of n X n size

b  Rotated image of m X m size

CXTERNAL SUBROUTINE :None ‘
' NTERNAL SUBROUTINE :None
EEEESETETSETIELISEELESSEEEESESETESESELEEESESEEESSELELELEEEEEEEEEEEEEEEEEEEE S

real za(256),zb(256),2c(256),2d(256),c(256,256)

initial arrays
do i
do j
am(j,1)
enddo
enddo

do i =1,
do j =1,
cm(j,i) =
b(jli) =0.
bec(j,1) =
enddo

enddo

omput array centre

mm=m/2+1
art process
bpy each profile to the horizontal array through the image centre.
do i = 1,m
do k =1,m
if (k.eg.mm) then
do j=1,
am(k, j)
enddo
else
do j=1,
am(k, j)
enddo
endif
enddo

i 8341

a(j,i)

m
=0.0

theta = float (i-1)

call rotate_ four(am,m,bc,m,theta)
do kk=1,m

do jj=1,m

cm(kk, jj)=cm(kk, jj) +bc (kk, jJ)
enddo

enddo

enddo

open (unit=1,file=’ft.181’,status="new’)
format (4 (1x,£14.4))

write(1,101) ((b (k,Jj),k=1,181),3=1,181)
close (1)




return
end




‘ subroutine centre slice four neig(a,m)

real a(256,256),b(256,256),w(256,256)
real cm(256,256),am(256,256),bc(256,256)
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FUNCTION : This subroutine rotates an slice n X 1 array a
through an angle theta (given in degree)
anticlockwize placing the result at the
center of an array mxm b
PARAMETERS: a _ Input image of n X n size
b _ Rotated image of m X m size
EXTERNAL SUBROUTINE :None
[NTERNAL SUBROUTINE :None
EEEEETEETZEEEISELTLESESETEESESEEELEESEEESESLEEEEESEEEEEEEEEEEEEEEEEEEEEEEEEE S

real za(256),2zb(256),2c(256),2d(256),c(256,256)

initial arrays
do i
do j
am(j,1)
enddo
enddo

do i ’
do j ’
cm(j, i) =
b(j,1i) =0.
be(j,1) =
enddo

enddo

omput array centre
mm=m/2+1

art process

py each profile to the horizontal array through the image centre.
doi=1,m
do k = 1,m
if (k.eg.mm) then
do j=1,m
am(k,j)=a(j,1i)
enddo
else
do j=1,
am(k, j)
enddo
endif
enddo

m
=0.0

theta = float (i-1)

call rotate four neig(am,m,bc,m,theta)
do kk=1,m

do jj=1,m

cm(kk, 3jj)=cm(kk, jj)+bc(kk, jJj)

enddo

enddo

enddo

do i
do j
a(j,1i)
enddo
enddo

(I
I =

;M
y M
cm(j, i)

open (unit=1,file=’ft.181’,status=’'new’)
format (4 (1x,£14.4))

write(1,101) ((b (k,J),k=1,181),3=1,181)
close (1)




return
end




subroutine centre slice_eight (a,m)
real a(256,256),b(256,256) ,w(256,256)
real cm(256,256),am(256,256) ,bc(256,256)

EEEEEEETETESLEEETEEEEESELEIS LS EETEEEE SRS EESE SRS S S S SRS SEEEEEEELEEEEESERE SRR

FUNCTION : This subroutine rotates an slice n X 1 array a
through an angle theta (given in degree)
anticlockwize placing the result at the
center of an array mxm b
PARAMETERS: a _ Input image of n X n size
b  Rotated image of m X m size
EXTERNAL SUBROUTINE :None
[NTERNAL SUBROUTINE :None
EEEETEFETETEEEEETEEESEESESESESSTELESESEESEETESEEELLEEEEEEEESEEEEEEEEE R LRSS LRSS S8 S

real za(256),2zb(256),2zc(256),2d(256),c(256,256)

initial arrays
do i
do j
am(j,1)
enddo
enddo

1,m
1,m

14
14

0.

do 1 =
do j =
cm(j,i) =
b(j,i) =0.
be(j,1i) =0.
enddo

enddo

Pl
,m
0.

mput array centre
mm=m/2+1
art process
py each profile to the horizontal array through the image centre.
doi=1,m
do k = 1,m
if (k.eq.mm) then
do j=1,m
am(k, j)=a(j, i)
enddo
else
do j=1,m
am(k, j)=0.0
enddo
endif
enddo

theta = float (i-1)

call rotate eight (am,m,bc,m,theta)
do kk=1,m

do jj=1,m

cm (kk, 33)=cm(kk, 3) +bc (kk, 33)
enddo

enddo

enddo

I =

1M
,m
cm(j,1)

open (unit=1,file="f£ft.181’,status="new’)
format (4 (1x,£14.4))

write(1,101) ((b (k,3),k=1,181),3j=1,181)
close (1)




return
end




subroutine centre slice_eight neig(a,m)
real a(256,256),b(256,256),w(256,256)
real cm(256,256),am(256,256) ,bc(256,256)

KKK KKK KA AKA AR KA KA AR A AR KR KA A AR A AR AAARR A A AR AR A A AR ARk R Ak hkhkhkhhkhkhkhkhhkhkhhkhkkkkkkhkkkx

FUNCTION : This subroutine rotates an slice n X 1 array a
through an angle theta (given in degree)
anticlockwize placing the result at the
center of an array mxm b

ARAMETERS: a _ Input image of n X n size

b _ Rotated image of m X m size

XTERNAL SUBROUTINE :None

NTERNAL SUBROUTINE :None

real za(256),zb(256),2zc(256),2d(256),c(256,256)

initial arrays
do i
do j
am(j,1)
enddo
enddo

[/
=

do i ’
do j p
cm(j,i) =
b(jli) =0.
bc(jli) =
enddo

enddo

omput array centre
mm=m/2+1

tart process

opy each profile to the horizontal array through the image centre.
do i 1,m
do k l,m
if (k.eq.mm) then
do j=1l,m
am(k,j)=a(j, 1)
enddo
else
do j=1,m
am(k, 3)=0.0
enddo
endif
enddo

theta = float (i-1)

call rotate eight neig(am,m,bc,m, theta)
do kk=1,m

do jj=1,m

cm (kk, jj)=cm(kk, jj) +bc (kk, jJ)

enddo

enddo

enddo

do i
do j
a(j,i)
enddo
enddo

oo

1
1

3383

'4
, . .
cm(j,1)

open (unit=1,file="ft.181’,status="new’)
format (4(1x,£14.4))

write(1,101) ((b (k,3),k=1,181),3j=1,181)
close (1)
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return
end




subroutine deconvolution(a,m)

Function: This subroutine deconvolves a reconstruction
obtained by straight backprojection (un-filtered)
using the appropriate inverse filter, i.e.

sqgrt (kx*kx+ky*ky) where kx and ky are the
spatial frequencies.

real a(256,256),aa(256,256),xx(256,256)
real b(256,256),bb(256,256)

initialize array b

ake Fourier transform of a
call fft2d(a,aa,n,-1)
ultiply spectrum by inverse filter

mm=m/2+1

do i=1l,m

do j=1,m

xk=float (i-mm) /float (m)

yk=float (j-mm) /float (m)

fil=sqgrt (xk*xk+yk*yk) !value of inverse filter at (xk,yk)
b(j,i)=a(j,i)*£fil

bb(j,i)=aa(j,i)*£fil

enddo

enddo

call fft2d(b,bb,n,1)
output

do i=1,m

do j=1,m
a(j,1)=b(3j,1)
enddo

enddo

return
end




subroutine project(a,b,n)
AKXKKAkKKARNKARKRAAKR AR AR A I AR kA kkhkhhkhkhhkhkhkhkhkhkhkhkhhkkhhkhkkhhkhhkhkhrhkkhkk
unction: This subroutine sums

over all rows of an n X n array a giving 1D

projection of size n _ array b
KAk AIAAKRKRKAIAA KA IRAAKAKR AR I I AR AR Nk hkhkkhkdhkhkhkhhkhkkhhkhhhhhkkhkhkhkhkkhkhikx
real a(256,256),b(256),s(256,256),2z(256)
initialize arrays s & b

do j=1,n

b(3)=0.

z (3)=0.

do i=1,n

s(j,i)=0.

enddo

enddo
et initial value for summing process and sum all pixels along
ow 1 together

do j=1,n

s(j,1)=a(j,1)

do i=2,n

s(j,i)=s(j,i-1)+a(3,1i)

enddo
ssign value of sum at column j to output b(3J)

b(j)=s(j,n)

enddo

return
end




subroutine rtr nearest(x,n,y,m)
real x(256,256),y(256,256) ,xy(256,256)
real w(256,256),2(256)
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Function: This subroutine computes the Radon Transform of

n X n image.

xternal subroutines: Rotate nearest neig

Project

[nternal subroutines: None
Parameters: x - n X n input array

y = m X m output array

S SRS S S LS LSRR E L SRS EEEEEEEEELESEEEEEEEESEELEREEEEEEEE S
bend message to user ‘Computing Radon Transform...’

write(6,1)
format (1x,’ Computing Radon Transform...’$)

nitialize array y

do j=1,m
do i=1l,m
y(j,1)=0.
enddo
enddo

ompute angle of rotation in steps of 1 degree and rotate
he object, take projection of rotated object.

tack
ata.

do i=1,m

theta=float (i-1)

call rotate nearest(x,n,w,m,theta)

call project (w,z,m)

projections together to form image of "Radon space"

do j=1,m
Y(jli)=z(j)
enddo
enddo
return

end




subroutine rtr nearest neig(x,n,y,m)
real x(256,256),y(256,256) ,xy(256,256)
real w(256,256),2z(256)
AAKKKIAAAAKRAARKR AR A A A A AR A kA hkk A hkhhkhkhkkhhkhhkhkhkkhkhkhkhkhhkrhkhkhhkhhkxk
Function: This subroutine computes the Radon Transform of
n X n image.
External subroutines: Rotate_nearest neig
Project
Internal subroutines: None
Parameters: x - n X n input array
y - m X m output array
EEEEET LTS TS ESESESESESEERELTEEETLSEEESEEEETEESEEEEETEEEEE LT EEE T LS

Bend message to user ’‘Computing Radon Transform...’

write(6,1)

format (1x,’Computing Radon Transform...’$)
lnitialize array y

do j=1,m

do i=1,m

y(3j,1)=0.

enddo

enddo
ompute angle of rotation in steps of 1 degree and rotate
he object, take projection of rotated object.

do i=1l,m

theta=float (i-1)

call rotate nearest neig(x,n,w,m,theta)

call project(w,z,m)
tack projections together to form image of "Radon space"
ata.

do j=1,m
y(3ri)=z(3)
enddo
enddo
return

end




subroutine rtr lrp neig(x,n,y,m)

real x(256,256),y(256,256),xy(256,256)

real w(256,256),2(256)
ISR ST S S TSRS ST ESTETETEESEEEEELEESEEEEERELEEEEEEEEEEE LRSS E S
Function: This subroutine computes the Radon Transform of
n X n image.
External subroutines: Rotate nearest neig
Project
Internal subroutines: None
Parameters: x - n X n input array
y - m X m output array
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Fend message to user ’‘Computing Radon Transform...’

write(6,1)
format (1x, " Computing Radon Transform...’$)
Iinitialize array y

do j=1,m

do i=l,m

y(3,1)=0.

enddo

enddo
ompute angle of rotation in steps of 1 degree and rotate
he object, take projection of rotated object.

do i=1,m

theta=float (i-1)

call rotate lrp neig(x,n,w,m,theta)

call project (w,z,m)

projections together to form image of "Radon space"

do j=1,m
y(i,1)=2(3)
enddo
enddo
return

end




subroutine rtr 2rp neig(x,n,y,m)

real x(256,256),y(256,256),xy(256,256)

real w(256,256),z(256)

kA A AKAAKXARKRAKR AR A AR AARA AR AATIAAA AR A A A R ARk Ak hkhkhkhkhhkkhhkkkk
Function: This subroutine computes the Radon Transform of
n X n image.

Fxternal subroutines: Rotate nearest neig

Project

[nternal subroutines: None

Parameters: x - n X n input array

y -~ m X m output array

REEEEEEEEE LS SR SRS S LSS LEESEEELE S ST EEETEEEEEESEESEEEEEE

bend message to user ’‘Computing Radon Transform...’

write(6,1)

format (1x, ' Computing Radon Transform...’$)
initialize array y

do j=1,m

do i=1l,m

y(3,1)=0.

enddo

enddo
ompute angle of rotation in steps of 1 degree and rotate
he object, take projection of rotated object.

do i=1,m

theta=float (i-1)

call rotate 2rp neig(x,n,w,m,theta)

call project (w,z,m)

projections together to form image of "Radon space"

do j=1,m
y(3,1)=2(3)
enddo
enddo
return

end




subroutine rtr_ four(x,n,y,m)
real x%(256,256),y(256,256),xy(256,256)
real w(256,256),z(256)

R L R R R R I IR I I I s ITIIIIIIT

Function: This subroutine computes the Radon Transform of
n X n image.

External subroutines: Rotate_nearest neig

Project

Internal subroutines: None

Parameters: x — n X n input array

y — m X m output array

EEEREEEEELE LSRR EEEESEELEEELELEEEEEEEEEEESEEREEEEEEEE SR

Bend message to user ’‘Computing Radon Transform...’

write(6,1)
format (1x,’Computing Radon Transform...’$§)
nitialize array y

do j=1,m

do i=1,m

Y(jli)=0'

enddo

enddo
ompute angle of rotation in steps of 1 degree and rotate
he object, take projection of rotated object.

do i=1l,m

theta=float (i-1)

call rotate four(x,n,w,m,theta)

call project (w,z,m)
tack projections together to form image of "Radon space"

do j 1,m
y(3,1)=2(J)




subroutine rtr four neig(x,n,y,m)

real x(256,256),y(256,256) ,xy(256,256)

real w(256,256),z(256)
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Function: This subroutine computes the Radon Transform of
n X n image.
External subroutines: Rotate four neig
Project
ITnternal subroutines: None
Parameters: x ~ n X n input array
y = m X m output array
EEEFEEESESESETEESE LTSS SR ESLTSEESTEEETEE ST EEEEEREEEREEER TS

fend message to user ’Computing Radon Transform...’

write(6,1)

format (1x, ' Computing Radon Transform...’$)
initialize array y

do j=1,m

do i=1l,m

y(3,1)=0.

enddo

enddo
ompute angle of rotation in steps of 1 degree and rotate
he object, take projection of rotated object.

do i=1,m

theta=float (i-1)

call rotate four neig(x,n,w,m,theta)

call project(w,z,m)

projections together to form image of "Radon space"

do j=1,m
y(3,1)=z(3)
enddo

enddo
return

end




subroutine rtr eight(x,n,y,m)
real x(256,256),y(256,256),xy(256,256)
real w(256,256),z(256)
KKK AkAKAAA AR A kA Ak kA kA hkhkhkhkhkkhkhkhkhhkhhkhkhkhkkkhkhhhkkrkhkrtkhkkkkkkk
Function: This subroutine computes the Radon Transform of
n X n image.
xternal subroutines: Rotate nearest neig
Project
Internal subroutines: None
arameters: x - n X n input array
y = m X m output array
R RS RS S TSR L SRS S S LSS LTSRS ST SEEETETEEEEETEEEEEEEEEEEEEE LN M

end message to user ’‘Computing Radon Transform...’

write(6,1)

format (1x,’Computing Radon Transform...’$)
nitialize array y

do j=1,m

do i=1,m

y(j,1)=0.

enddo

enddo
ompute angle of rotation in steps of 1 degree and rotate
he object, take projection of rotated object.

do i=l,m

theta=float (i-1)

call rotate eight(x,n,w,m,theta)

call project(w,z,m)
tack projections together to form image of "Radon space"
ata.

do j=1,m

y (3,i)=2 (3)

enddo

enddo

return

end




subroutine rtr eight neig(x,n,y,m)

real x(256,256),y(256,256),xy(256,256)

real w(256,256),z(256)
AXAKAKRAKKAAIAKAKAAR A A A A A I A AT A A A Ik A A kA A hhkrkhkhkhkhkhkrhkhhkdxkkkxk
unction: This subroutine computes the Radon Transform of

n X n image.
xternal subroutines: Rotate eight neig
Project
nternal subroutines: None
arameters: x - n X n input array
y - m X m output array

KAAKR AR A A A A I A AR A AkAAhhhkhkhkhhkhkhhkkhkhkhkAhhhkhkkhkhkkhkAkxkhkhkhkhkhkhkikikkkhkkxk

end message to user ’‘Computing Radon Transform...’

write(6,1)

format (1x, ' Computing Radon Transform...’$)
nitialize array y

do j=1,m

do i=l,m

y(j,i)=0.

enddo

enddo
ompute angle of rotation in steps of 1 degree and rotate
he object, take projection of rotated obiject.

do i=1l,m

theta=float (i-1)

call rotate eight neig(x,n,w,m,theta)

call project(w,z,m)
tack projections together to form image of "Radon space"
ata.

do j=1,m

y(3,1)=z(J)

enddo

enddo

return

end




subroutine rotate nearest(a,n,b,m,theta)
real a(256,256),b(256,256),w(256,256)

AAAKKAKR KK AA AR KA AR AKR KA KRR A AAKRAR R AR KRR A A AR A AR KRR AR AR R A A A kA hkhkhkkhhkhhhkhhhhhkhkkkkk

FUNCTION : This subroutine rotates an n X n array a
through an angle theta (given in degree)
anticlockwize placing the result at the
center of an array mxm b

PARAMETERS: a _ Input image of n X n size

b  Rotated image of m X m size
EXTERNAL SUBROUTINE :None

INTERNAL SUBROUTINE :None
SRR R R R e R R LRt R T R R L R TR

convert theta into radians

pi = 4. * atan(l.)
theta theta * (pi/180.)
costh cos (theta)
sinth sin(theta)

oo

initial b

ompute new coordinates (xd,yd) of rotate array

nn
mm

n/2 + 1
m/2 + 1

nn

tart process

do j
do i

1l,n

l1,n

generate 4-quadrant cartesian plan
y = float (j-nn)
x = float (i-nn)

xd = x * costh - y * sinth

yd = x * sinth + y * costh

mpute both real and integer coordinates of array b

sociated with the above transformation for later use
kx mm+ nint (xd)
ky mm+ nint (yd)

sign value of a at (j,i) to the nearest point cell

array b in wich the transformed coordinates
lie.

b(ky,kx) = a(j,1i)

enddo
enddo
return
end




subroutine rotate_nearest neig (a,n,b,m,theta)

real a(256,256),b(256,256),w(256,256)

integer xu,yu,xd,yd,dul,eul,du2,eu2,vu(256),hu(256),ku(256)
integer gu(256)

Function: This subroutine rotates an nXn array a through an angle theta
(given in degrees ) placing the result at the center of an mXm
array b.

Convert theta into radients.

pi=4.*atan(1l.)

theta=theta* (pi/180.)

initialize b

do i

Compute centers of array a and b
nn=n/2+1
mm=m/2+1
ompute the integer of horizontal and vertical displacement along the x and
-axis which corresponds to n-pixel monement along the u-axis.
xu=nint (nn*cos (theta))
yu=nint (nn*sin(theta))
if (xu.lt.0) then
ml=-1
else
ml=1
endif
if (yu.lt.0) then
nl=1
else
nl=-1
endif
ompute the rotation parameters
dul=2*abs (yu)
du2=2* (abs (yu) -nn)
eul=2*abs (xu)
eu2=2* (abs (xu) -nn)
vu(l)=2*abs(yu)-nn
hu(l)=2*abs (xu)-nn
ku(0)=0
gu(0)=0
do i=1,nn
if (hu(i).ge.0) then
hu(i+l)=hu{i)+eu2
gu(i)=gu(i-1)+1
: if (vu{(i).ge.0) then
vu (i+l)=vu (i) +du2
ku(i)=ku(i-1)+1
else
vu (i+l)=vu(i)+dul
ku(i)=ku(i-1)
endif

else
hu (i+1l)=hu (i) +eul
gu(i)=gu(i-1)
if (vu(i).ge.0) then
vu(i+l)=vu (i) +du2
ku{i)=ku(i-1)+1
else
vu(i+l)=vu(i)+dul
ku(i)=ku(i-1)
endif

endif

enddo
mpute new coordinates (xd,yd) of rotated array and assign the value of a at
+J) to the appropriate cell of b which encloses these coordinates.

]



Generate 4-quadrant cartesian plane.
do i=1l,nn
ku(-i)=-ku(i)
gu(-i)=-gu(i)
enddo
Start process
do j=1,n
do i=1l,n
Employ coordinate transformation for rotation using the integer parameters.
yd=ml*gu(i-nn)-nl*ku(j-nn)
xd=ml*gu(j-nn)+nl*ku (i-nn) '
Compute the integer coordinates of array b associated with the above
fransformation.

kx=mm+xd

_ ky=mm+yd

Assign value of a at (i,]j) to the nearest cell of array b in which the
Fransformed coordinates lie.

b(ky+l,kx-1)=a(i, j)

b(ky,kx-1)=a (i, J)

b(ky-1,kx-1)=a(i, j)

b(ky+1,kx)=a (i, j)

b(ky,kx)=a (i, j)

b(ky-1,kx)=a(i, j)

b(ky+1l,kx+1)=a(i, j)

b(ky,kx+l)=a(i, Jj)

b(ky-1,kx+1l)=a(i, Jj)

enddo
enddo
return
end




subroutine rotate lrp neig (a,n,b,m,theta)

real a(256,256),b(256,256),w(256,256)

integer xu,yu,xd,yd,dul,eul,du2,eu2,vu(256),hu(256),ku(256)
integer gu(256)

Function: This subroutine rotates an nXn array a through an angle theta
(given in degrees ) placing the result at the center of an mXm
array b.

Convert theta into radients.

pi=4.*atan(l.)

theta=theta* (pi/180.)

initialize b

Compute centers of array a and b
nn=n/2+1
mm=m/2+1
ompute the integer of horizontal and vertical displacement along the x and
-axis which corresponds to n-pixel monement along the u-axis.
xu=nint (nn*cos (theta))
yu=nint (nn*sin (theta))
if (xu.lt.0) then
ml=-1
else
ml=1
endif
if (yu.lt.0) then
nl=1
else
nl=-1
endif
ompute the rotation parameters
dul=2*abs (yu)
du2=2* (abs (yu) -nn)
eul=2*abs (xu)
eu2=2* (abs (xu)-nn)
vu(l)=2*abs (yu)-nn
hu(l)=2*abs (xu)-nn
ku(0)=0
gu(0)=0
do i=1l,nn
if (hu(i).ge.0) then
hu(i+l)=hu(i)+eu2
gu(i)=gu(i-1)+1
if (vu(i).ge.0) then
vu(i+l)=vu(i)+du2
ku(i)=ku(i-1)+1
else
vu (i+l)=vu (i) +dul
ku(i)=ku(i-1)
endif

else
hu(i+1)=hu (i) +eul
gu(i)=gu(i-1)
if (vu(i).ge.0) then
vu(i+l)=vu(i)+du2
ku{(i)=ku(i-1)+1
else
vu(i+l)=vu(i)+dul
ku(i)=ku(i-1)
endif

endif

enddo
mpute new coordinates (xd,yd) of rotated array and assign the value of a at
rJ) to the appropriate cell of b which encloses these coordinates.




Generate 4-quadrant cartesian plane.

do i=1l,nn

ku(-i)=-ku(i)

gu(-i)=-gu(i)

enddo
Start process

do j=1,n

do i=1,n
Employ coordinate transformation for rotation using the integer parameters.
yd=ml*gu(i-nn)-nl*ku(j-nn)
xd=ml*gu (j-nn)+nl*ku(i-nn)
Compute the integer coordinates of array b associated with the above
transformation.

kx=mm+xd

v ky=mm+yd

Assign value of a at (i,j) to the nearest cell of array b in which the
Fransformed coordinates lie.

b (ky, kx-1)=a(i, j)

b(ky+1l,kx)=a(i, j)

b (ky,kx)=a (i, j)

b (ky-1,kx)=a(i, j)

b (ky,kx+1)=a (i, ])

enddo
enddo
return
end




subroutine rotate 2rp neig (a,n,b,m,theta)
real a(256,256),b(256,256),w(256,256) '
integer =xu,yu,xd,yd,dul,eul,du2,eu2,vu(256),hu(256),ku(256)
integer gu(256)
Function: This subroutine rotates an nXn array a through an angle theta
(given in degrees ) placing the result at the center of an mXm
array b.
Convert theta into radients.
pi=4.*atan(l.)
theta=theta* (pi/180.)

initialize b
do i

Fompute centers of array a and b
nn=n/2+1
mm=m/2+1
ompute the integer of horizontal and vertical displacement along the x and
-axis which corresponds to n-pixel monement along the u-axis.
xu=nint (nn*cos (theta))
yu=nint (nn*sin(theta))
if (xu.lt.0) then
ml=-1
else
ml=1
endif
if (yu.lt.0) then
nl=1
else
nl=-1
endif
ompute the rotation parameters
dul=2*abs (yu)
du2=2* (abs (yu) -nn)
eul=2*abs (xu)
eu2=2* (abs (xu) -nn)
vu(l)=2*abs(yu)-nn
hu(l)=2*abs(xu)-nn
ku (0)=0
gu(0)=0
do i=1l,nn
if (hu(i).ge.0) then
hu (i+1)=hu (i) +eu2
gu(i)=gu(i-1)+1
if (vu(i).ge.0) then
vu (i+1l)=vu (i) +du2
ku(i)=ku(i-1)+1
else
vu(i+l)=vu (i) +dul
ku(i)=ku(i-1)
endif

else
hu(i+l)=hu(i) +eul
gu(i)=gu(i-1)
if (vu{(i).ge.0) then
vu(i+l)=vu(i)+du2
ku(i)=ku(i-1)+1
else
vu(i+l)=vu(i)+dul
ku(i)=ku(i-1)
endif
endif
enddo

;j) to the appropriate cell of b which encloses these coordinates.

mpute new coordinates (xd,yd) of rotated array and assign the value of a at




Generate 4-quadrant cartesian plane.
do i=1,nn
ku(-i)=-ku (i)
gu(-i)=-gu (i)

enddo .

Start process
do j=1,n
do i=1,n
Employ coordinate transformation for rotation using the integer parameters.
yd=ml*gu (i-nn)-nl*ku(j-nn)
xd=ml*gu (j-nn)+nl*ku(i-nn)
Compute the integer coordinates of array b associated with the above
transformation.
kx=mm+xd
ky=mm+yd
hssign value of a at (i,j) to the nearest cell of array b in which the
ransformed coordinates lie.
b(ky,kx-1)=a(i,])
b (ky+1l,kx)=a (i, Jj)
b (ky,kx)=a (i, j)
b(ky-1,kx)=a(i, J)
b(ky,kx+1)=a (i, ]j)

enddo
enddo
return
end




subroutine rotate four(a,n,b,m,theta)
| real a(256,256),b(256,256),w(256,256)
AR KA A AR KT A A AR A AR AR AR AR I A A AR AKX AR AR KRKR IR A AR A KA R A A A AR A Rk Ak A Ak kkkkhkhkkhkkhkhhkkx
FUNCTION : THIS SUBROUTINE ROTATES AN NXN ARRAY A
THROUGH AN ANGLE THETA (given in degree)
anticlockwize placing the result at the
center of an array mxm b
PARAMETERS: a _ Input image of n X n size
b _ Rotated image of m X m size
FEXTERNAL SUBROUTINE :None

INTERNAL SUBROUTINE :None
R R R R T e X n

convert theta into radians

pi = 4. * atan(l.)
theta theta * (pi/180.)
costh cos (theta)
sinth sin (theta)

initial b
do i =
do j =
b(j, i)
w(j, i)
enddo
enddo

it =P
co3 3

ompute new coordinates (xd,yd) of rotate array

nn = n/2 + 1
mm = m/2 + 1

ompensation of the center position for rotation.
xcomp=nn+nn* (sinth - costh)
ycomp=nn-nn* (sinth + costh)

tart process

do j
do i

[

l1,n
l,n
enerate 4-quadrant cartesian plan
y = float (j-nn)
x = float (i-nn)
xd = x * costh - y * sinth
yd = x * sinth + y * costh

mpute both real and integer coordinates of array b
sociated with the above transformation for later use
kx mm+ nint (xd)
ky mm+ nint (yd)
sign value of a at (j,i) to 9-point cell
array b in wich the transformed coordinates

o

lie.
b(ky,kx~1) = a(j,1)
b(ky+l,kx) = a(j,1i)
b(ky,kx) = a(j,1)
b(ky_lrkx) = a(jli)
b(ky,kx+1l) = a(jli)
enddo
enddo
return

end




subroutine rotate_ four neig (a,n,b,m,theta)
real a(256,256),b(256,256),w(256,256)
integer xu,yu,zd,yd,dul,eul,du2,eu2,vu(256),hu(256),ku(256)
integer gu(256)
unction: This subroutine rotates an nXn array a through an angle theta
(given in degrees ) placing the result at the center of an mXm
array b.
onvert theta into radients.
pi=4.*atan(l.)
theta=theta* (pi/180.)
initialize b

do j
wi(j,1)

enddo
Compute centers of array a and b
nn=n/2+1
mm=m/2+1
ompute the integer of horizontal and vertical displacement along the x and
-axis which corresponds to n-pixel monement along the u-axis.
xu=nint (nn*cos (theta))
yu=nint (nn*sin(theta))
if (xu.lt.0) then
ml=-1
else
ml=1
endif
if (yu.1lt.0) then
nl=1
else
nl=-1
endif
ompute the rotation parameters
dul=2*abs (yu)
du2=2* (abs (yu) -nn)
eul=2*abs (xu)
eu2=2* (abs (xu) -nn)
vu(l)=2*abs(yu)-nn
hu(l)=2*abs(xu)-nn
ku (0)=0
gu(0)=0
do i=1,nn
if (hu(i).ge.0) then
hu (i+1)=hu (i) +eu2
gu(i)=gu(i-1)+1
if (vu(i).ge.0) then
vu (i+1l)=vu (i) +du2
ku(i)=ku(i-1)+1
else
vu(i+l)=vu(i)+dul
ku(i)=ku(i-1)
endif

else
hu(i+l)=hu(i)+eul
gu(i)=gu(i-1)
if (vu(i).ge.0) then
vu(i+l)=vu (i) +du2
ku(i)=ku(i-1)+1
else
vu (i+1l)=vu (i) +dul
ku(i)=ku(i-1)
endif

endif

enddo
mpute new coordinates (xd,yd) of rotated array and assign the value of a at
,J) to the appropriate cell of b which encloses these coordinates.




Generate 4-quadrant cartesian plane.

do i=1l,nn

ku(-i)=-ku (i)

gu(-i)=-gu(i)

enddo
Start process

do j=1,n

do i=1l,n
Employ coordinate transformation for rotation using the integer parameters.
yd=ml*gu (i-nn)-nl*ku(j-nn)
xd=ml*gu(j-nn)+nl*ku(i-nn)
Compute the integer coordinates of array b associated with the above
transformation.

kx=mm+xd

ky=mm+yd
Assign value of a at (i,j) to the nearest cell of array b in which the
Fransformed coordinates lie.

b (ky+l,kx~-1)=a(i, j)

b (ky,kx~1)=a (i, ])

b(ky-1,kx~-1})=a(i, j)

b (ky+l,kx)=a(i, 3)

b (ky,kx)=a(i, j)

b(ky-1,kx)=a(i,])

b(ky+l,kx+1l)=a(i, Jj)

b (ky,kx+1l)=a (i, j)

b(ky-1,kx+1)=a(i, j)

enddo
enddo
return
end




subroutine rotate eight(a,n,b,m,theta)
| real a(256,256),b(256,256),w(256,256)

RS SRR S S EE RS ST ESEEEERE LSS EELESE SRS LSS SRS S EEEEEESEEEEE SR EEEEEEEEEE RS

FUNCTION : THIS SUBROUTINE ROTATES AN NXN ARRAY A
THROUGH AN ANGLE THETA (given in degree)
anticlockwize placing the result at the
center of an array mxm Db

PARAMETERS: a _ Input 1mage of n X n size

b = Rotated image of m X m size
EXTERNAL SUBROUTINE :None

INTERNAL SUBROUTINE :None
R R R R R R R X R T R T X

convert theta into radians

pi = 4. * atan(l.)

theta = theta * (pi/180.)

costh = cos(theta)

sinth = sin(theta)
initial b

do i=1,m

do j=1,m

b(j,1i) = 0.

w(j,1) = 0.

enddo

enddo

ompute new coordinates (xd,yd) of rotate array

nn = n/2 +1

mm = m/2 + 1
tart process

do j = 1,n

doi=1

generate 4-quadrant cartesian plan

y = float (j-nn)

x = float (i-nn)
xd = x * costh - y * sinth
yd = x * sinth + y * costh

mpute both real and integer coordinates of array b
sociated with the above transformation for later use
kx mm+ nint (xd)
ky mm+ nint (yd)
sign value of a at (j,1) to 9-point cell
array b in wich the transformed coordinates
lie.

b(ky+1l,kx-1
b (ky,kx-1)
b(ky-1,kx-1
b (ky+1, kx)
b(ky,kx) =
b (ky-1,kx)
b(ky+1l, kx+1
b (ky, kx+1)
b(ky-1,kx+1
enddo l
enddo

—_— —

el wa.wm |

)
1)
2 (3,1
i
)

return
end




subroutine rotate eight neig (a,n,b,m,theta)
real a(256,256),b(256,256) ,w(256,256)
integer xu,yu,xd,yd,dul,eul,du2,eu2,vu(256),hu(256),ku(256)
integer gu(256)
Function: This subroutine rotates an nXn array a through an angle theta
(given in degrees ) placing the result at the center of an mXm
array b.
Convert theta into radients.
pi=4.*atan(1.)
theta=theta* (pi/180.)
initialize b
do i=1l,m
do j=1,m
b(j,1)=0
enddo
enddo
Compute centers of array a and b
nn=n/2+1
mm=m/2+1
ompute the integer of horizontal and vertical displacement along the x and
-axis which corresponds to n-pixel monement along the u-axis.
xu=nint (nn*cos (theta))
yu=nint (nn*sin(theta))
if (xu.lt.0) then
ml=-1
else
ml=1
endif
if (yu.lt.0) then
nl=1
else
nl=-1
endif
ompute the rotation parameters
dul=2*abs (yu)
du2=2%* (abs (yu) -nn)
eul=2*abs (xu)
euZ=2* (abs (xu) -nn)
vu(l)=2%abs(yu)-nn
hu (1)=2*abs (xu) -nn
ku (0)=0
gu(0)=0
do i=1l,nn
if (hu(i).ge.0) then
hu (i+1)=hu (i) +eu2
gu(i)=gu(i-1)+1
if (vu(i).ge.0) then
vu (i+1)=vu (i) +du2
ku(i)=ku(i-1)+1
else
vu(i+l)=vu (i) +dul
ku(i)=ku(i-1)
endif

else
hu (i+1)=hu (i) +eul
gu(i)=gu(i-1)
if (vu(i).ge.0) then
vu (i+1)=vu (i) +du2
ku(i)=ku(i-1)+1
else
vu(i+l)=vu (i) +dul
ku(i)=ku(i-1)
endif

endif

enddo
mpute new coordinates (xd,yd) of rotated array and assign the value of a at
;J) to the appropriate cell of b which encloses these coordinates.
nerate 4-quadrant cartesian plane.




Start process

Employ coordinate transformation for rotation using the integer parameters.
yd=ml*gu (i-nn)-nl*ku(j-nn)

xd=ml*gu (j-nn)+nl*ku(i-nn)

Compute the integer coordinates of array b associated with the above

do i=l,nn
ku(-i)=-ku (i)
gu(-i)=-gu(i)
enddo

do j=1,n
do i=1,n

rransformation.

pssign value of a at (j,1) to the nearest cell of array b in which the

kx=mm+xd
ky=mm+yd

ransformed coordinates lie.

b(ky+1l,kx-1)=a (i, j)
b(ky,kx-1)=a (i, Jj)

b (ky-1,kx-1)=a(i, j)
b (ky+1,kx)=a (i, j)

b (ky,kx)=a(i,])

b (ky-1,kx)=a (i, J)

b (ky+1, kx+1l)=a (i, Jj)
b (ky,kx+1l)=a (i, ])
b(ky-1,kx+1)=a(i, j)

enddo
enddo
return
end




subroutine irtr nearest(x,m,y,n)

real x(256,256),y(256,256),xx(256,256)
AAKKAKAAKRKAKAA A A ARKA R KA A AT AR A Ak khkhkhkhkhkhkhkhkhkkhkhkhhhkkkkxhxhkkkkkx
FUNCTION: This subroutine computes the inverse radon
transform by:

1. Back _projecting all the projections stored
in array x giving the back projection
function y. :

2. Deconvolving the array y using the inverse
filter SOQRT (kx*kx + ky*ky*). -

External subroutines: bpr nearest neig
back projection_deconvolution

Internal subroutines: none
Pk Ak A A A AR A A AR KA AR AR AR AAARRKR AR AR KRAT AR AAAR KR AR ANAA R AR A ARk kR k%%

Send message to user ’‘Computing Inverse Radon Transform...’

write (6,1)

format (1x,’Computing Inverse Radon Transform...’$)
nitialize array xx

do i=l,n

do j=1,n

xx(j,1)=0.

enddo

enddo

ack project projections stored in x
call bpr nearest(x,m,y,n)

end message to user’ Deconvolve the reconstruction...’
write(6,2)
format (1x, 'Deconvolving the reconstruction process...’$§)

call back projection_deconvolution(y,n)

return
end




subroutine irtr nearest_neig(x,m,y,n)
real x(256,256),y(256,256) ,xx(256,256)
I F XS TS ST ELE SIS EEEESESEESEEESEEE LSS EEEEEEEEEEEEEEEE
FUNCTION: This subroutine computes the inverse radon
transform by:
1. Back_projecting all the projections stored
in array x giving the back projection
function y.
2. Deconvolving the array y using the inverse
filter SQRT (kx*kx + ky*ky*). -
External subroutines: bpr nearest_neig
back _projection_deconvolution
Internal subroutines: none
AAKKKAAAKRA KA KA A A A KA AR A A A Ak A kAkhkkhkhAhkhkhkhkhhkkhkhkkhkhkkkhkhkkhkhkhhkhkhkhk

write(6,1)

format (1x, ' Computing Inverse Radon Transform...’$)
nitialize array =xx

do i=1l,n

do j=1,n

xx(j,1)=0.

enddo

enddo

ack project projections stored in x
call bpr nearest_neig(x,m,y,n)

end message to user’ Deconvolve the reconstruction...’
write (6, 2)

format (1x, "Deconvolving the reconstruction process.

call back projection_deconvolution(y,n)

return
end

Send message to user ’‘Computing Inverse Radon Transform...’

.79)




subroutine irtr lrp neig(x,m,y,n)

real x(256,256),y(256,256),xx(256,256)
AhkhkhkAAAkRkAAA XA kA kA hkhkhAhhkhhhkkhkhkkhhkhkhkhkhhkhkhkhkhhkkhkkhkkkhkhkkkkhkkkkhkkkikx
FUNCTION: This subroutine computes the inverse radon
transform by:

1. Back _projecting all the projections stored
in array x giving the back projection
function y.

2. Deconvolving the array y using the inverse
filter SQRT (kx*kx + ky*ky*).

External subroutines: bpr nearest neig

back projection deconvolution
Internal subroutines: none

k kA AAAhkAhkhkhkhkhkhhkhkhkhkhhhkhhhhkkhkhkhkhhkhkkhkkkkhkkhkkkkhkkkkhkkhkhkhkkkkkkkkk

Send message to user /Computing Inverse Radon Transform...’

write(6,1)

format (1%, ’Computing Inverse Radon Transform...’$)
nitialize array =xx

do i=1,n

do j=1,n

xx(j,1)=0.

enddo

enddo

ack project projections stored in x
call bpr lrp neig(x,m,y,n)

end message to user’ Deconvolve the reconstruction...’
write(6,2)
format (1x,’Deconvolving the reconstruction process...’$)

call back projection deconvolution(y,n)
return
end




subroutine irtr 2rp neig(x,m,y,n)
real x(256,256),y(256,256) ,xx(256,256)
R E R SRS S S EE S S ST EESEEEESE S ELELTEEEEEEEREEREEEEEEEEEEEE S TS
FUNCTION: This subroutine computes the inverse radon
transform by:

in array x giving the back projection
function y.

filter SQRT (kx*kx + ky*ky*).
External subroutines: bpr nearest neig
back projection_deconvolution

Internal subroutines: none
IR AR EEEESSETREESEREEEEESSISEEEEEELSEESSIEESEEEEEEEEEEEELEEEEE

write(6,1)

format (1x, "Computing Inverse Radon Transform...’$)
nitialize array =xx

do i=1,n

do j=1,n

xx(j,1)=0.

enddo

enddo

ack project projections stored in x
call bpr 2rp neig(x,m,y,n)

end message to user’ Deconvolve the reconstruction...’
write (6, 2)

format (1x, 'Deconvolving the reconstruction process.

call back projection_deconvolution(y,n)
return
end

1. Back _projecting all the projections stored

2. Deconvolving the array y using the inverse_

Send message to user ’‘Computing Inverse Radon Transform...

. 78)




subroutine irtr four(x,m,y,n)

real x(256,256),y(256,256),xx(256,256)
AhAKAAAKRAKAKAAAKA AR AKX KA A ARk hkhkhkhkhkhkkkhkhkhkhhhkhkhkhkhkkhkxkhkkhkhkkkhkhkkhkkx
FUNCTION: This subroutine computes the inverse radon
transform by:

1. Back projecting all the projections stored
in array x giving the back projection
function y.

2. Deconvolving the array y using the inverse_
filter SQRT (kx*kx + ky*ky¥*).

External subroutines: bpr nearest neig

back_projection deconvolution
Tnternal subroutines: none

EEEE LTSS ETEELTEEEEESESEELELSELESEELELEREEEEEEELEEEREEEEEEEE]

Send message to user ’Computing Inverse Radon Transform...’

write(6,1)

format (1x,’ Computing Inverse Radon Transform...’$§)
nitialize array xx

do i=l,n

do j=1,n

xx(j,1)=0.

enddo

enddo

ack project projections stored in x
call bpr four(x,m,y,n)

end message to user’ Deconvolve the reconstruction...’
write (6, 2)
format (1x,’Deconvolving the reconstruction process...’$)

call back projection _deconvolution(y,n)

return
end




subroutine irtr four neig(x,m,y,n)

real x(256,256),y(256,256),xx(256,256)
I EE R R L SRS S S SRS EESETESEEETEEESESEESEEE S EEEEEEEEEEEEEEEEEE S
FUNCTION: This subroutine computes the inverse radon
transform by:

1. Back projecting all the projections stored
in array x giving the back projection
function vy.

2. Deconvolving the array y using the inverse_
filter SQRT (kx*kx + ky*ky*).

External subroutines: bpr four neig

back projection deconvolution
Tnternal subroutines: none

Pk kA A A XA KA RA A A A A AA A A A ATk kA hkkk kA hkhkhkhkhhkhkhAhkkhkhhhkhkkhkhkkhkhkkhkkhkkhkkxk

Send message to user ‘Computing Inverse Radon Transform...

write(6,1)

format (1x,’Computing Inverse Radon Transform...’$)
nitialize array =xx

do i=1l,n

do j=1,n

xx(j,1)=0.

enddo

enddo

ack project projections stored in x
call bpr four neig(x,m,y,n)

open (unit=1,file=’datair.dat’,status="new’)

9 format (4 (1x,£14.4))
write(1,119) ((y(3j,1),J=1,128),i=1,128)
close (1)
end message to user’ Deconvolve the reconstruction...’
write(6,2)
format (1x, ' Deconvolving the reconstruction process...’$)

call back projection deconvolution(y,n)

return
end




subroutine irtr eight (x,m,y,n)
real x(256,256),y(256,256) ,xx(256,256)
L E SR SR SR EL ST S EEELSESESEE ST ELEEEEEEEEEEEEEEEEESEEEEEESE
FUNCTION: This subroutine computes the inverse radon
transform by:

1. Back projecting all the projections stored
in array x giving the back projection
function vy.

2. Deconvolving the array y using the inverse_
filter SOQRT (kx*kx + ky*ky*).

External subroutines: bpr nearest neig

back projection deconvolution
Internal subroutines: none
IS SR S S S ST EE SRS SRS EEEEEEELEEEEEEEEEEEEEEEEEEESEEEE LS

Send message to user ’‘Computing Inverse Radon Transform..

write(6,1)

format (1x, ' Computing Inverse Radon Transform...’$)
Tnitialize array xx

do i=1,n

do j=1,n

xx(j,1)=0.

enddo

enddo

ack project projections stored in x
call bpr eight (x,m,y,n)

end message to user’ Deconvolve the reconstruction...’
write(6,2)
format (1x, "Deconvolving the reconstruction process...’$)

call back projection deconvolution(y,n)
return
end




subroutine irtr eight neig(x,m,y,n)
| real x(256,256),y(256,256) ,xx(256,256)
RS SR SRS S S LSS E LS EEEEEELEEEEEELEEEREEEEEEEEEEEEREE ST
FUNCTION: This subroutine computes the inverse radon
transform by:
1. Back_projecting all the projections stored
in array x giving the back projection
function y.
2. Deconvolving the array y using the inverse
filter SQRT (kx*kx + ky*ky¥*).
External subroutines: bpr eight neig
back projection deconvolution

Tnternal subroutines: none
R Rt R A R S ST LS E LTSS LSS ST EEELTSEEELTEEEEEEEEEEEEEEE

Send message to user ’Computing Inverse Radon Transform...’

write(6,1)

format (1x,’Computing Inverse Radon Transform...’S$)
nitialize array xx

do i=1,n

do j=1,n

xx(j,1)=0.

enddo

enddo

ack project projections stored in x
call bpr eight neig(x,m,y,n)

end message to user’ Deconvolve the reconstruction...’
write(6,2)
format (1x,’Deconvolving the reconstruction process...’S$)

call back projection deconvolution(y,n)

return
end




subroutine bpr nearest(b,m,a,n)

real a(256,256),b(256,256),xx(256,256)

IR RS S S S S LSS S EE LSS EESEEEESTEEEEEEEEEEEEEEEEEEEREEEEEEEE R

Function: this routine back-projects the
data stored in b to reconstruct
the image a.
External subroutines: Rotate_nearest neig
Internal subroutines: None
Parameters: b _ input, sizem X m
a _ output, size n X n
LR RS RS ESETTSEEELS S SSEEEELEEE SRS S LS LSS LR LSS EEEESEEEEEEEE S
x, y and sum are working space
real x(256,256),y(256,256)
real sum(256,256)
Send message to user ’Computing back projection ...’

write(6,1)
format (1x, ' Computing back projection...’S$)

Compute size of image in which b will be rotated to prevent
orner clipping.
l=nint (sgrt (2.)*float (m))
ompute centers of arrays to be used later
nn=n/2+1
11=1/2+1
In=11-nn
nitialize working space
do i=1,1
do j=1,1
x(j,1)=0.
y(3,1)=0.
sum(j,i)=0.
a(j,i)

|

enddo
ompute the angle of rotation in the reverse direction
do k=1,m
theta=float (1-k)
ack project projection
" do i=1l,m
do j=1,m
x(j,1)=b(j, k)
enddo
enddo
otate x by angle at which projection was taken
call rotate_nearest(x,m,y,1l,theta)
dd result to previous back projection function
do i=1,1
do j=1,1
sum(j,i)=sum(j,i)+y(j, i)
enddo
enddo

enddo
indow the back projection function to extract reconstruction
ize n X n) and write it to output

do i=1,n

do j=1,n

a(j,i)=sum(j+ln,i+1ln)

enddo

enddo

return
end




subroutine bpr nearest neig(b,m,a,n)
real a(256,256),b(256,256),x%xx(256,256)

KAhkhkhkhkkhkhkhkkhkkhkAhkhkhhkhkhkAhkhkAkhhkhkrkhhkhhkkkhkhkhAhhkhhkhhkhkkhkhhkkkhhkhkkkkx

Function: this routine back-projects the
data stored in b to reconstruct
the image a.
External subroutines: Rotate nearest neig
Internal subroutines: None
Parameters: b _ input, size m X m
a output, size n X n
R R R R R L R g R R R R R R R P R P R R R R R P R P S R
X, y and sum are working space
real x(256,256),y(256,256)
real sum(256,256)
Send message to user ’Computing back projection ...’/

write(6,1)
format (1x, " Computing back projection...’$)

Compute size of image in which b will be rotated to prevent
orner clipping.
1=nint (sqrt (2.)*float (m))
ompute centers of arrays to be used later
nn=n/2+1
11=1/2+1
1n=11-nn
nitialize working space
do i=1,1
do j=1,1
x(j, 1 )—
y(3,1)
sum(j, i
a(jli)=
xx (3,1)=0.
enddo
enddo
ompute the angle of rotation in the reverse direction
do k=1,m
theta=float (1-k)
ack prOJect projection
do i=1,m
do j=1,m
x(3,1)=b (3, k)
enddo
enddo
otate x by angle at which projection was taken
call rotate nearest neig(x,m,y,1l,theta)
dd result to previous back projection function
do i=1,1
do j=1,l
sum(j,i)=sum(j,i)+y(j,1)
enddo
enddo

0.

0.
)=0.
0.

enddo
indow the back projection function to extract reconstruction
ize n X n) and write it to output

do i=1,n

do j=1,n

a(j,i)=sum(j+ln,i+1n)

enddo

enddo

return
end




subroutine bpr_ lrp neig(b,m,a,n)
real a(256,256),b(256,256),xx(256,256)

RS S S S LT EESE S ST EREEEESELIEEELEEEEEEEEEEEEEEEEEEREREEE LSRR

Function: this routine back-projects the
data stored in b to reconstruct
the image a.

External subroutines: Rotate nearest _neig

Internal subroutines: None

Parameters: b input, size m X m

a _ output, sizen X n
KA KAKAKAAARA KA A A AR A A AR KRNI AKR A AR A AR KA R A A R AR A ARk A Ak hhhhkkkhkk
%, y and sum are working space
real x(256,256),y(256,256)
real sum(256,256)
Send message to user ’Computing back projection ...’

write(6,1)
format (1x, ' Computing back projection...’$)

ompute size of image in which b will be rotated to prevent
orner clipping.
l=nint (sqrt (2.)*float (m))
ompute centers of arrays to be used later
nn=n/2+1
11=1/2+1
Iln=11l-nn
nitialize working space
do i=1,1
do j=1,1
x(j,1)=0.
y(3,1)=0.
sum(j,1)=0.
a(j,i)

enddo
ompute the angle of rotation in the reverse direction
do k=1,m
theta=float (1-k)
ack project projection
“ do i=1,m
do j=1,m
x(3,1)=b (3, k)
enddo
enddo '
otate x by angle at which projection was taken
call rotate lrp neig(x,m,y,1l,theta)
dd result to previous back projection function ,’
do i=1,1
do j=1,1 ;
sum(j,i)=sum(j, i) +y (j, 1) |
enddo
enddo

enddo
indow the back projection function to extract reconstruction
size n X n) and write it to output

do i=1l,n

do j=1,n

a(j,i)=sum(j+ln,i+ln)

enddo

enddo

return
end




subroutine bpr 2rp neig(b,m,a,n)
| real a(256,256),b(256,256),xx%(256,256)

AAAKAAKRKAKAAKRAXAAR AR AKRKAAKRA AT A Ak hkkhkhkhkhkhkhkkhkhkhkrkhkhkhhkrhkkhhkhkkkhkhkkkx

Function: this routine back-projects the
data stored in b to reconstruct
the image a.
External subroutines: Rotate nearest neig
Internal subroutines: None
Parameters: b _ input, size m X m
a _ output, size n X n
R R R R SRS SRS L ERE S SERESEE S EREEEEEEELEEEEEEEEEEEEEEEESEEE LSS
%, y and sum are working space
real x(256,256),y(256,256)
real sum(256,256)
Send message to user ’‘Computing back projection ...’/

write(6,1)
format (1x,’Computing back projection...’S$)

ompute size of image in which b will be rotated to prevent
orner clipping.
l1=nint (sqrt (2.)*float (m))
ompute centers of arrays to be used later
nn=n/2+1
11=1/2+1
In=11-nn
nitialize working space
do i=1,1
do j=1,1
x(3,1)=0.
y(3,1)=0.
sum(j,i)=0.
a(jri).

enddo
ompute the angle of rotation in the reverse direction
do k=1,m
theta=float (1-k)
ack project projection
do i=l,m
do j=1,m
x(3,1)=b (3, k)
enddo
enddo
otate x by angle at which projection was taken
call rotate 2rp neig(x,m,y,1l,theta)
dd result to previous back projection function
do i=1,1
do j=1,1
sum(j,i)=sum(j,i)+y(j, 1)
enddo
enddo

enddo
indow the back projection function to extract reconstruction
ize n X n) and write it to output

do i=1,n

do j=1,n

a(j,i)=sum(j+ln,i+1ln)

enddo

enddo

return
end




subroutine bpr four(b,m,a,n)
real a(256,256),b(256,256),xx(256,256)

IhhkhkAkhkAAhkhAXhkhkhkh kA hkhA kA kkhkhkhkhkkhhkhkhkhkhkhhkhkhkhkhhhkhhkkrhkxhhkhhkhhkkk

Function: this routine back-projects the
data stored in b to reconstruct
the image a.
External subroutines: Rotate nearest neig
Internal subroutines: None
Parameters: b _ input, size m X m
a _ output, size n X n
LR RS SR S S S S SRS SRS ES S LSS SRS SEE LTS EEEEEEEEESEEEEE SR D LS
x, y and sum are working space
real x(256,256),y(256,256)
real sum(256,256)
Send message to user ’Computing back projection ...’

write(6,1)
format (1%, ’ Computing back projection...’S$)

Compute size of image in which b will be rotated to prevent
orner clipping.
l=nint (sgrt (2.)*float (m))
ompute centers of arrays to be used later
nn=n/2+1
11=1/2+1
ln=11-nn
nitialize working space

ompute the angle of rotation in the reverse direction
do k=1,m
theta=float (1-k)
ack project projection
T do i=1,m
do j=1,m
x(3,1)=b(3,k)
enddo
enddo
otate x by angle at which projection was taken
call rotate four(x,m,y,1l,theta)
dd result to previous back projection function
do i=1,1
do 3j=1,1
sum(j,i)=sum(j,i)+y(j, 1)
enddo
enddo

enddo
indow the back projection function to extract reconstruction
ize n X n) and write it to output

do i=1,n

do j=1,n

a(j,i)=sum(j+1ln,i+1n)

enddo

enddo

return
end




subroutine bpr four neig(b,m,a,n)
real a(256,256),b(256,256) ,xx(256,256)
LEE R SRR S ST TSRS SRS SRS R EEE SRS SRS EEESEEREEEEES ST
Function: this routine back-projects the
data stored in b to reconstruct
the image a.
External subroutines: Rotate four neig
Internal subroutines: None -
Parameters: b _ input, sizem X m
a output, size n X n
Ak A KAk ARk AR AR AR AR A KA A AR KRR AR A AR A A AR ARk Ak kkk Ak kkkhhkkkkkk*
%, y and sum are working space
real x(256,256),y(256,256)
real sum (256, 256)
Send message to user ’Computing back projection ...’/

write(6,1)
format (1x,’Computing back projection...’$)

Compute size of image in which b will be rotated to prevent

corner clipping.
1=nint (sgrt (2.)*float (m))

ompute centers of arrays to be used later
nn=n/2+1
11=1/2+1
ln=11-nn

nitialize working space
do i=1,1
do j=1,1

(j,i) =0.
y(3,1)=0.
sum(j,1i)=
a(]/l)—o
x(j,1)=0

enddo
enddo

ompute the angle of rotation in the reverse direction
do k=1,m
theta=float (1-k)

ack project projection
do i=1,m
do j=1,m
X(j,i)=b(j,k)
enddo
enddo

otate x by angle at which projection was taken
call rotate four neig(x,m,y,1l,theta)

dd result to previous back _projection function
do i=1,1
do j=1,1
sum(j,i)=sum(j,i)+y(j,i)
enddo
enddo

enddo
indow the back_projection function to extract reconstruction
size n X n) and write it to output

do i=1,n

do j=1,n

a(j,i)=sum(j+1ln,i+1ln)

enddo

enddo

return
end




subroutine bpr eight (b, m,a,n)
real a(256,256),b(256,256),xx(256,256)

KA KA A AAKRKAKR A KA A AR KA A A ARA Ak AR AR R AR AR KAk hk Ak hkkhhkkhkhkhkhkkhkkhkkkhkkkx

Function: this routine back-projects the
data stored in b to reconstruct
the image a.

External subroutines: Rotate nearest neig

Internal subroutines: None

Parameters: b input, size m X m

a output, size n X n
KA KA AR AR A A AR T A KA AR KA KR AR AR KR AAR KA AR KA AR R AR A AR A Ak ok kkkkk*

X, y and sum are working space
real x(256,256),y(256,256)
real sum(256,256)
Send message to user ’Computing back projection ...’

write(6,1)
format (1%, ' Computing back projection...’$)

Compute size of image in which b will be rotated to prevent

corner clipping.
1=nint (sqrt (2.) *float (m))

ompute centers of arrays to be used later

nn=n/2+1
11=1/2+1
ln=11-nn

nitialize working space
do i=1,1

ompute the angle of rotation in the reverse direction
do k=1,m
theta=float (1-k)
ack project projection
do i=1,m
do j=1,m
x(J,1)=b(J,k)
enddo
enddo
otate x by angle at which projection was taken
call rotate eight(x,m,y,1,theta)
dd result to previous back projection function
do i=1,1
do j=1,1
sum(j, i)=sum(j, l)+Y(j/ i)
enddo
enddo

enddo
indow the back projection function to extract reconstruction
size n X n) and write it to output

do i=1,n

do j=1,n

a(j,i)=sum(j+1ln,i+1ln)

enddo

enddo

return
end




subroutine bpr eight neig(b,m,a,n)
real a(256,256),b(256,256),xx(256,256)

hhkhkhkAKRIAKRAIRIAA A A AR KA KAA R AAhkAAAh kA RAAhhkkhkhhkdAhkkhkkhkhhkhhhkkhohkkhxkkx

Function: this routine back-projects the
data stored in b to reconstruct
the image a.
External subroutines: Rotate eight neig
Internal subroutines: None
Parameters: b _ input, size m X m
a _ output, size n X n
LR R RS L SR LSS SRS EL S SE SRS SE SRS LSS EEETELESTTEEEESEE SR LR LTSS
%, y and sum are working space
real x(256,256),y(256,256)
real sum(256,256)
Send message to user ’Computing back projection ...’

write(6,1)
format (1x,’Computing back_projection...’$)

Compute size of image in which b will be rotated to prevent
corner clipping.
l=nint (sqrt (2.)*float (m))
Compute centers of arrays to be used later
nn=n/2+1
11=1/2+1
1n=11-nn
Initialize working space
do i=1,1
do j=1,1
x(3,1)=0.
sum(j,i)=0.
a(j,i)=0.
xx(j,1)=0.
enddo
enddo
ompute the angle of rotation in the reverse direction
do k=1,m
theta=float (1-k)
ack project projection
"~ do i=1,m
do j=1,m
x(j,1)=b(j, k)
enddo
enddo
otate x by angle at which projection was taken
call rotate eight neig(x,m,y,1,theta)
dd result to previous back projection function
do i=1,1
do j=1,1
sum(j,i)=sum(j,i)+y(j,i)
enddo
enddo

enddo
indow the back projection function to extract reconstruction
size n X n) and write it to output

do i=1,n

do j=1,n

a(j,i)=sum(j+1ln,i+1ln)

enddo

enddo

return
end




subroutine back projection_deconvolution(a,n)

Function: This subroutine deconvolves a reconstruction
obtained by straight backprojection (un-filtered)
using the appropriate inverse filter, i.e.
sqgrt (kx*kx+ky*ky) where kx and ky are the
spatial frequencies.

-real a(256,256),aa(256,256),xx(256,256)
real b(256,256),bb (256,256)

initialize array b

take Fourier transform of a
call fft2d(a,aa,n,-1)
ultiply spectrum by inverse filter

nn=n/2+1

do i=1,n

do j=1,n

xk=float (i-nn)/float (n)

yk=float (j-nn) /float (n)

fil=sqrt (xk*xk+yk*yk) !value of inverse filter at (xk,yk)
b(j,i)=a(j,i)*£il

bb(j,i)=aa(j,i)*fil

enddo

enddo

call fft2d(b,bb,n,1)
rite output

do i=1,n

do j=1,n
a(]/l)=b(jll)
enddo

enddo

return
end




subroutine project(a,b,n)
SRR RS E SRS S SR SRS SRR ELEELTESEEREEEEEEEEEEEEEEEEEEREEEEEE
Function: This subroutine sums

over all rows of an n X n array a giving 1D

projection of size n _ array b
IR R R R RS RS S SR SRS SRS ELTESEEEESELEEEEEEEESEELEREEEEEEEEEEESE

real a(256,256),b(256),s(256,256),2(256)
initialize arrays s & b

do j=1,n

b (3)=0.

z(3)=0.

do i=1,n

s(j,1)=0.

enddo

enddo
set initial value for summing process and sum all pixels along
row i together

do j=1,n

S(j,1)=a(j,1)

do i=2,n

s(j,i)=s(j,i-1)+a(j,1i)

enddo
Assign value of sum at column j to output b (j)

b(j)=s(j,n)

enddo

return
end




APPENDIX D

COMMON

ROUTINES




subroutine read image (x¢,n)

real x(256,256)
character*6 answer

AKARKKEAKAAKRA KA A KR A AR AR AR A A KRARA A AR A AR AR A A AR R A A AR Ak kA hkhkhkkhkhkhkhhkhhkhhkkhkkhkkk

FUNCTION: Reads (using free format) an image from a given data file.

PARAMETERS

Input: x - image
n - size of image (=n x n)

Output:
XTERNAL SUBROUTINES: None

INTERNAL SUBROUTINES: open_read image

khkkhhkkhkhkhkhhkhhkhhhhhkhhhkhkhhhkhhhhhhhhkhkhkkhhkhkhkhkhkhkkhkhkhkhkhkhhkhhkdhhhkhhhhhk

all subroutine open read image to assigns unit number 1 to data file
nd output appropriate response to user (i.e. size and name of file).

continue
call open_read image (n)

end message to user ’reading data...’

write(6,1)
format (1x,’Reading data...’$)

ead data from file (unit number = 1) to array x
using implied do-loop).

read(l, *,end=99,err=88) ((x(j,i),j=1,n),i=1,n)
goto 3

RROR CONDITIONS:

f read goes beyond end of file, output appropriate message
ith options allowing user to either input another file or
top process.

write (6,*)’Attempt to read beyond end of file!’
write(6,*) !skip a line

write(6,7)

format (1x,’ Continue? <n>’3$)

read (5, 4) answer

format (a6)

if (answer.eq.’y’)goto 2

if (answer.ne.’y’)goto 8

stop

f error occurs while reading file, output appropriate message
ith option of allowing user to input another file.

write ( 'Exrror when reading data from file!’

6,%)
write(6,*) !skip a line
write(6,9)

format (1x,’Continue? <n>’S$§)
read (5,10)answer

format (aé)

if (answer.eq.’y’)goto 2

if (answer.ne.’y’)goto 8




continue

Close file.
close(l)

Skip a line to indicate that process has finished.
write (6, *)

return
end

KA AAKKAAKRAKRKAAAKRAKAR A A A A RAA AR A A kA hkhkhkhkkhkhhhkhkhkhkhhkhkirrhkdkhkxkxxk

subroutine open_read image (n)
character*40 filer

FUNCTION: Asks the user to ’‘enter size of image...’
and ’enter name of image data file...’.

rompt user to input size of image
sk whether image is square or otherwise

write (6,1)
format (1x,’Enter size of image (<=512):’§)
read (5, *,err=99)n

heck to see if input is correct

call check size(n,iopt)
if(iopt.eg.1l)goto 2
if(iopt.eqg.2)goto 3

f error occurs in input type message to ’...try again!’

write (6, *)’/Wrong type, try again!’
goto 2
continue

rompt user to input name of data file

0 write (6,101)
format (1%, ’Enter name of data file (input):’$)
read(5,102) filer

format (a40)

open (unit=1,file=filer,status="0ld’,err=66)

open (unit=1, file=filer,status='01d’,err=66, form="unformatted’)
rewind 1

goto 1001

write(6,103)
format (1x,’File does not exist!’)
goto 1000

1 continue

return
end

KAAKAKRKAA AR K AAAAAKRAhkhkhkkhkAkhAhkhkAAhkhkhkhkhkkhkrhkhkhhkhkhkhkkkhkhkhhkxkhkkkx

subroutine check_size(n,iopt)

UNCTION: Checks to see if the size of the array n
is consistent with bounds, i.e. 0<=n<=512.




If iopt=1 then error has been made.
If iopt=2 then value of n is within bounds.

if((n.gt.512) .0or. (n.le.0))then
write(6,1)

format (1x, 'Wrong size, try again!’)
iopt=1

else

iopt=2

endif

return
end




subroutine write image(x,n)
real x(256,256)

KAKAKAKkAkAhhkA X hkhkhkAAAAkhkh A A kA hkhkhkbhhAAhkhhkhAhhhk Ak hkhhrkRkkhhkhkhkhkhkhkrhkkhkhkkxkrkkkk*k

FUNCTION: Writes (using free format) array x to a named data file.
PARAMETERS

Input: x - image
n - size of image (=n x n)

Output:
EXTERNAL SUBROUTINES: None

INTERNAL SUBROUTINES: open write image

AhhkhkhkhhkhkdkhkhhkhhkhkhhAhkhhkdhkhkhhhkhhkhhkrkhkhkhkRhkhkhhkhhkkhhkdhhkhhkkhhkhkkhkkkrkhkhkkhkkhkkkk

call open_write_image to assign unit number
and prompt user to enter name of file.

call open write image
end message to user ‘writing data...’

write(6,1)
format (1x, "Writing data...’$)

rite out array x to data file with unit number 1.
write(l,*) ((x(j,i),I)=1,n),i=1,n)

lose file.
close (1)

kip a line to indicate that process has finished.
write (6, *)

return
end

hhkhkhkhkhhkhkkhkhkhkhkhkAkAhkhkhkhhhkhrrAhhkhkhkhkhkhkhhkhhhkkhhkhhhhkokkkkdkhkhkkx

subroutine open write_image
character*40 filew
character*6 answer

UNCTION: Asks the user to and ’enter name of data file...’
and open file.

0 write(6,101)
format (1%, ’Enter name of data file (output):’$)
read(5,102)filew
format (a40)

print *,’File name is:’,filew
write (6,103)

format (1x, ’‘Is this name OK? <y>’S$)
read(5,104) answer

format (a6)

if (answer.eq.’n’)goto 1000

open{unit=1,file=filew, status="new’)




return
end




subroutine write signal(s,n)
real s{512)

KAAKKKAKRAAAA XA AR A AKX AR AR A A kA hhkkhhhhkhhkhkhkhhkhkhkhkhkhhkhkhhkkhkhkkhhkhkhhkhkhkhhkhkhhkhkhkhkhkkkk

FUNCTION: Writes (free format) a signal to a named data file.
AUTHOR: J M Blackledge
PARAMETERS: s, n
Input: s - Data (digital signal).

n - Size of signal.

Note: maximum size of n is 512.

Output: None
GLOBAL VARIABLES: None
LOCAL VARIABLES: None
XTERNAL FUNCTIONS: None
INTERNAL FUNCTIONS: None
XTERNAL SUBROUTINES: None
NTERNAL SUBROUTINES: open write signal

KAKAKKAKAKRAKAKAKRKAKAARA A KA A AITAARARIAAAA KRR I XA A AAAA A kA hkhkhkhkhhkhkhkkkhkkhkkrhkhkhkhkhkhkhkhkkkkkx

all open write signal to a531gn unit number for file
nd to prompt user to enter size and name of file
O be created.

call open write signal

end message to user ’‘writing data...’

write(6,1)
format (1x,'Writing data...’$)

rite out array s to data file with unit number 1
do i=1,n
write(l,*)s (i)
enddo
lose file
close (1)
kip a line to indicate that process has finished.

write (6, *)

return
end

kAkkkkhkhkhkkhkkkkhkkkhkkhkhkhkhkhkkkhkkhkhhkkkhkkhkkrkhkhkhkkkhkkhkrhkkhkhkhhkkhkkhhhk

subroutine open write signal
character*40 filew
character*6 answer

UNCTION: Asks user to ’'enter name of data file...’
and opens file to write data.




‘prompt user to input name of data file

00 write(6,101)

D1 format (1x, "Enter name of data file (output):’$)
read(5,102) filew
2 format (a40)

print *,’File name is:’,filew
write(6,103)

3 format (1x,’Is this name OK? <y>’$)
read(5,104)answer
4 format (a6)

if (answer.eq.’n’)goto 1000
open file - unit file number=1l
open (unit=1,file=filew,status="new’)

return
end




subroutine displéy_image(z,n,icol,ipol)
real z(256,256),a(256,256),xx(256,256) ,xy(256,256)
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FUNCTION: Uses UNIRAS-GIMAGE to display a 4-bit (16-level) image.
PARAMETERS
Input: z - image

n - size of image (=n x n).

icol - colour specification:

icol = 1 gives UNIRAS default colour scale 1.

icol = 2 gives UNIRAS default colour scale 2
(spectral colour code - blue to red).

icol = 3 gives grey scale

icol = 4 gives topographic colour scale.

icol = 5 gives seismic colour scale.

ipol - polarity of scale:

ipol
ipol

1 gives positive image.
-1 gives negative image.

utput: None

XTERNAL SUBROUTINES: UNIRAS library - rcsini
rshade
rclass
gimage
gempty

DIPLIB - write image
NTERNAL SUBROUTINES: None
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eclare internal work space.

real zz(512,512),zcl(15)

real maxp,maxn

character*6 answer

character*150 title ,titlel
pecify data for a 4-bit display.

data zci/1.,2.,3.,4.,5.,6.,7.,8.,9.,10.,11.,12.,13.,14.,15./

ind maximum positive wvalue of data maxp
nd maximum negative value of data maxn.

f negative numbers exist in the image,
hen the largest negative value is set
o zero and the largest positive value
s set to 16. In this way, any image
an be observed regardless of whether
t has single or dual polarity.

maxp=0.

maxn=0.

do i=1,n

do j=1,n
if(z(j,i).lt.maxn)maxn=z (j,1i)
if(z(j,1).gt.maxp)maxp=z (Jj, 1)
enddo




enddo

Note: the default UNIRAS gray scale gives
a 0 to 16 - white to black image
respectively (i.e. a negative).
Hence, if icol=3 and ipol =1
the order of the numbers is
reversed, thus:

if((icol.eq.3) .and. (ipol.gt.0))then

do i=1,n

do j=1,n

zz(j,1)=16.-(16.*(z(j,1i)-maxn)/ (maxp-maxn))
enddo

enddo

Draw frame so that extent of the image can
be observed inside the UNIRAS window.

do i=1,n
zz(1,1)=0.
zz(n,i)=0.
enddo

do j=1,n
zz(j,1)=0.
zz(j,n)=0.
enddo

endif

ompute negative image (in the case when
icol = 3 and ipol = -1).

if((icol.eq.3) .and. (ipol.1t.0))then
do j=1,n

do i=1l,n

zz(j,1)=16.*(z(j,1)-maxn)/ (maxp-maxn)
enddo

enddo

endif

ompute positive colour coded image
n any case where ipol = 1 and
col not= 3.

if((icol.ne.3) .and. (ipol.gt.0))then
do i=1,n

do j=1,n
zz(j,1)=16.*(z(j,1)-maxn) / (maxp-maxn)
enddo

enddo

endif

ompute negative colour coded image
n any case where ipol = -1 and
col not= 3.

if((icol.ne.3).and. (ipol.1t.0))then

do i=1,n

do j=1,n
zz(3,1)=16.-(16.*(z(Jj,1)-maxn) / (maxp-maxn) )
enddo

enddo

endif

all relavent subroutines from UNIRAS 6 Library.

call rcsini !set default color scale definitions.




call rshade(icol,0) !Colour coding.
call rclass(zcl,15,0) !Class limits.
call gimage(zz,n,0) !Initialization of gimage.

Build matrix column by column.

do i=1,n

call gimage(zz(1,i),n,1l) !Plot the scan-line
enddo

call gimage(zz,n,9999) !Terminate gimage

Display title

0 write (6, *)’enter main title ’
read (5,10) title
format (a)
write(6,*) ‘Enter Horizontal start’
read (5, *) xh
write(6,*) ’‘enter Vertical start’
read(5,*) yv
call rtx (len(title), title, xh, yv)
call rtxhei(.5)
call rtx (len(title), title, 45.0, 176.0)
write(6,*) ’enter subtitle’
read(5,40) titlel
format (a)
write(6,*) ’enter another Vertical start’
read(5,*) yva
call rtx (len(titlel), titlel, xh, yva)
call rtxhei(.5)
call rtx (len(titlel), titlel, 80.0, 169.0)
call gempty !Empty graphics buffer
write(6,*) ‘would you like to change the position’
read (5,20) c
format (al)
if ((c.eq.’Y¥’) .or. (c.eq.’y’)) then
goto 30
else
endif
old display until user ’hits’ Return,
iving time to inspect the image.

0

write (6, *)’Hit Return to continue’
read ' (a)’

sk user if he wants to store the image in
named data file

write(6,11)

format (1x,’store file image? <n>’$)
read (5,12)answer

format (a6)

if (answer.eq.’y’)then

call write_ image(z,n)

else

endif

return
end




S
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FUNCTIO
PARAMET

Input:

icol -

ubroutine display image grey(z,n,icol,ipol)
real z(256,256)
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N: Uses UNIRAS-GIMAGE to display a 4-bit (l6-level) image.

ERS
z - 1lmage
n - size of image (=n x n).

colour specification:

icol = 1 gives UNIRAS default colour scale 1.

icol = 2 gives UNIRAS default colour scale 2
(spectral colour code - blue to red).

icol = 3 gives grey scale

icol = 4 gives topographic colour scale.

icol = 5 gives seismic colour scale.

ipol - polarity of scale:

utput:

ipol = 1 gives positive image.
ipol = -1 gives negative image.
None

XTERNAL SUBROUTINES: UNIRAS library - rcsini

rshade
rclass
gimage
gempty

DIPLIB - write image

NTERNAL SUBROUTINES: None

*xkkkkx

eclare

pecify

pecify

ind ma
nd max

f nega
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internal work space.

real zz(256,256),zcl(256)
real maxp,maxn

character*6 answer
character*150 title ,titlel
data for a 4-bit display.

data zcl/1.,2.,3.,4.,5.,6.,7.,8.,9.,10.,11.,12.,13.,14.,15./

data for a n-bit display.
write (6, *)’enter no. of gray level’
read(5,*) nm

do i=1,nm

zcl(i)=1i

enddo
ximum positive value of data maxp
imum negative value of data maxn.

tive numbers exist in the image,

hen the largest negative wvalue is set

O zZero
S set
an be
t has

and the largest positive value

to 16. In this way, any image
observed regardless of whether
single or dual polarity.

maxp=0.
maxn=0.




do i=1,n

do j=1,n
if(z(j,i).1lt.maxn)maxn=z(j,1)
if(z(j,1i) .gt.maxp)maxp=z(j,1i)
enddo

enddo

Note: the default UNIRAS gray scale gives
a 0 to 16 - white to black image
respectively (i.e. a negative).
Hence, if icol=3 and ipol =1
the order of the numbers is
reversed, thus:

if((icol.eq.3) .and. (ipol.gt.0))then

do i=1l,n

do j=1,n

zz(j,1i)=zcl (nm)-(zcl (nm)*(z(j,1i)-maxn)/ (maxp-maxn))
enddo

enddo

Draw frame so that extent of the image can
e observed inside the UNIRAS window.

ompute negative image (in the case when
col = 3 and ipol = -1).

if((icol.eq.3) .and. (ipol.1t.0))then

do j=1,n

do i=1l,n
zz(j,i)=zcl (nm)* (z(j,1)-maxn) / (maxp-maxn)
enddo

enddo

endif

ompute positive colour coded image
n any case where ipol = 1 and
col not= 3.

if((icol.ne.3) .and. (ipol.gt.0))then

do i=1l,n

do j=1,n
zz(j,i)=zcl (nm) * (z (j,1)-maxn) / (maxp-maxn)
enddo

enddo

endif

ompute negative colour coded image
n any case where ipol = -1 and
col not= 3.

if((icol.ne.3).and. (ipol.1lt.0))then

do i=1,n

do j=1,n

zz (j,i)=zcl (nm)-(zcl (nm) * (z(j,1i) -maxn)/ (maxp-maxn) )
enddo

enddo




endif

Call relavent subroutines from UNIRAS 6 Library.

call rcsini !set default color scale definitions.
call rshade(icol,0) !Colour coding.

call rclass(zcl,nm-1,0) !Class limits.

call gimage(zz,n,0) !Initialization of gimage.

Build matrix column by column.

do i=1l,n

call gimage(zz(1,i),n,1l) !Plot the scan-line
enddo

call gimage(zz,n,9999) !Terminate gimage

Display title

write (6, *)’enter main title ’
read (5,10) title
format (a)
write(6,*) ’Enter Horizontal start’
read(5,*) xh
write(6,*) ‘enter Vertical start’
read(5,*) yv
call rtx (len(title), title, =xh, yv)
call rtxhei(.5)
call rtx (len(title), title, 45.0, 176.0)
write(6,*) ’enter subtitle’
read(5,40) titlel
format (a)
write(6,*) ’enter another Vertical start’
read(5,*) yva
call rtx (len(titlel), titlel, =x=h, yva)
call rtxhei(.5)
call rtx (len(titlel), titlel, 80.0, 169.0)
call gempty !Empty graphics buffer
write(6,*) ‘would you like to change the position’
read (5,20) c
format (al)
if ((c.eq.’¥’) .or. (c.eq.’y’)) then
goto 30
else

old display until user ’'hits’ Return,
iving time to inspect the image.

write (6, *)’Hit Return to continue’
read ’ (a)’

sk user if he wants to store the image in
named data file

write(6,11)

format (1x,’store file image? <n>’$§)
read (5, 12) answer

format (a6)

if (answer.eq.’y’)then

call write image(z,n)

else

endif

return
end




subroutine display signal(s,n)
dimension x(512),y(512),s(512)
character*6 answer
character*150 title ,titlel

IR TSR ST LTS LSS S S EEE RS EEEETETE LSS ST EEEELEEE SRS LSS EE SRR EEEEEEEEEEEEEE SRR

FUNCTION: Displays a digital signal held in array s
using appropriate UNIRAS 6.1 modules.

NOTE: The program automatically scales the axis so
that the display lies within the bounds of
the x and y axis.

groute and gopen must be called before this module
or a series of calls to it are made.

gclose must be called after using this module
or a sequence of calls to it.

AUTHOR: J M Blackledge
PARAMETERS :

Input: s - digital signal
n - no. of samples (<=512)

utput: None
LOBAL VARIABLES: None

OCAL VARIABLES: x - x-axis
y - y-axis

XTERNAL FUNCTIONS: None
NTERNAL FUNCTIONS: None

XTERNAL SUBROUTINES: DSPLIB - write signal
UNIRAS - gempty, gclear

NTERNAL SUBROUTINES: axis, plot
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real ymax,ymin,xmin,xmax
enerate x and y values.

do i=1l,n

x(i)=float (i=-1l)!line elements or lixels
y(i)=s (i) !data - z unchanged on output
enddo

ompute largest value of y, ymax.

ymax=0.

do i=1l,n

if (y (i) .gt.ymax)ymax=y (i)
enddo

omput the smallest value of y, ymin.

ymin=ymax

do i=1l,n

if(y(i) .1t.ymin)ymin=y (i)
enddo

ymin=0.




‘Define the minumum and maximum values of the x-axis.

xmin=0,.
xmax=float (n-1)

Plot axis.
call axis(xmin,xmax,ymin,ymax,0.7,0.03)
Plot signal.

call plot(x,y,n)
write(6,*) ‘enter histogram title’
read(5,40) titlel
format (a)
write(6,*) ’‘enter horizontalé& Vertical start’
read(5,*) xv,yv
call rtx (len(titlel), titlel, xh, yva)
call rtxhei(.5)
xm=,05% (xmax-xmin) +xmin
ym=1.05* (ymax-ymin) +ymin
call rtx(len(titlel),titlel,xm,ym)
call gempty !empty buffer

eep plot until user ’"hits’ the Return key.

write(6,*)’hit Return to continue’
read ’ (a)’

sk user if data file is required for generating
hardcopy.

write (6,10)

format (1x,’file graph <n>?’$)
read(5,11)answer

format (a6)

if (answer.eq.’y’)then

call write_signal(z,n)

else

endif

lear plot in UNIRAS window.

call greset
call gclear

return
end

KAKKAKRAKRAKNRA A XA A AR KR A A ARk hkAhkAkRkAkhkhkhkkhkhkkhkhkhkhkhkkkhkhkkhkhkkhkkkkkhkk
subroutine axis(xmin,xmax,ymin,ymax,sizfac,heifac)

FUNCTION: Plots the axes of the user 2D coordinate system.

NOTE: This program is a modification of the UNIRAS example
program AXI001l (see UNIRAS AGL/AXES Version 6).

REAL XMIN, YMIN, XMAX, YMAX
REAL XLEN, YLEN,ZLEN

REAL SIZFAC, HEIFAC, HEIGHB
REAL BOX2MM

EXTERNAL BOX2MM

Step 1: Define the 2D limits of the axes

CALL GLIMIT (XMIN,XMAX, YMIN, YMAX,0.0,0.0)




Step 2: Calculate for a suitable square viewport size

CALL GRPSIZ (XSIZMM,YSIZMM)

SIZE = SIZFAC * MIN(XSIZMM, YSIZMM)
XSIZE SIZE

YSIZE SIZE

Set up the viewport

XORG = (XSIZMM-XSIZE)/2.
YORG = (YSIZMM-YSIZE)/2.
CALL GVPORT (XORG, YORG,XSIZE,YSIZE)

Step 3: Define the 2D workbox aspect ratio
to be equal to the viewport’s.

1st method: Make XLEN and YLEN to be equal
to the viewport sides.

2nd method: Assign the shorter side of the
workbox to be 1. and the other
side proportional to it.

Set ZLEN = 0. for both methods.

The second method is used here.

XLEN = XSIZE/MIN(XSIZE,YSIZE)
YLEN = YSIZE/MIN(XSIZE,YSIZE)
ZLEN = 0

CALL GWBOX (XLEN, YLEN, ZLEN)

Step 4: Activate 2D scaling - scaling must be active,
otherwise, no axes will be plotted.

CALL GSCALE

Step 5: Calculate a suitable axis-label height
based on the shorter side of the workbox.
Note: The function "BOX2MM" converts box
units to mm.

HEIGHB = HEIFAC*BOX2Z2MM(1.0)

Step 6: Plot two numeric and user-labeled axes
at the limits of the 2D coordinate system

heighb2=2.*heighb

call raxdis(6,1,0)
call raxtex(6,-1,’Lixels’,999.999,999.999,heighb2)

CALL RAXIS (1, YMIN,HEIGHB,1) ‘
call raxtex(6,-1,’Amplitude’,999.999,999.999,heighb2)

CALL RAXIS (2,XMIN,HEIGHB,1)

call raxdis(2,0,0) '
call raxdis(3,0,0)

call raxdis{(4,0,0)

call raxis(l,ymax,heighb,2)

call raxis(2,xmax,heighb,2)

call raxdis(2,1,0)

call raxdis(3,1,0)

call raxdis(4,1,0)

RETURN
END



AAkRkAARAIARIARAAIAAAhkAhkhkhkhkhkhkAhhhhkhhkdhhkhkhkhkhkkhkhkkhkhkkxhkkhkk

subroutine plot (x,y,n)
real x(512),y(512)

FUNCTION: Plots the signal
EXTERNAL SUBROUTINES: UNIRAS 6 - bdimx, blivec

idir=1

call bdimx (idir,x,n)

iextr=0

itreat=0 ,

call blivec(y,n,iextr,itreat)

return
end




subroutine inverse filter 2d(array,n)
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This subroutine computes the Foward, Backward and Central
difference approximation of the first order differential
equation.
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real array(512,512),a(512,512)

character*12 answer,yes,no

Initialize array a

do i=1,n

do j=1,n

a(j,i)=0.

array(j,i)=0.

enddo

enddo

nn=n/2+1

do i=1,n

do j=1,n

xx=( float (i-nn)/float(n))
yy=( float (j-nn)/float (n))
array (j,i)=sqrt (xx**2.+yy**2.)
enddo

enddo

write(6,7)

format (1%, ’another difference (answer "y" or "n"):’§)
read (5, 8)answer

format (al2)
if((answer.eq.’y’).or. (answer.eq.’Y¥’)) then
go to 2

else

endif

return
end




subroutine histogram signal (x,n,z,lev)
real x(256),2z(256),y(256)

real h(256),xx(256),hl(256)

real max,yk(256)
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FUNCTION: Computes the histogram h of a digital image x.
PARAMETERS
Input: x - signal.

n - size of signal

lev - number of grey levels (<=256)
Output: z - histogram (<=256 - an 8-bit signal).
INTERNNAL SUBROUTINES: None

EXTERNAL SUBROUTINES: DIPLIB - Norm signal
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Initialize arrays
do i=1,lev

enerate work space.
do i=1,n
y(i)=x(i)
enddo

ormalize signal.

call norm_signal (y,n)

uantize signal (truncate decimal parts of array
sing FORTRAN function int) between 0 and lev-l.

do i=1,n
yk (i)=anint (y (i) *float (lev-1))
enddo

ount the number of pixels which occupy each level
etween 0 and lev-1.

do k=1,1lev

z (k)=0.

enddo

do k=1, lev

do i=1l,n

if(yk(i) .eq.float (k-1)) z(k)=z(k)+1.
enddo

enddo

return
end




subroutine histogram image(x,n,z,lev,gsum)
real x(256,256),2(256),y(256,256)

real h(256),hl(256),h2(256),xx(256,256)
real h3(256),h4 (256),h5(256)

real max,yk(256,256)
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FUNCTION: Computes the histogram h of a digital image x.
PARAMETERS

Input: x - image.
n - size of image = n x n
lev - number of grey levels (<=256)

Output: z - histogram (<=256 - an 8-bit image).
gsum_ Summing up grey level from 9 16 level
INTERNNAL SUBROUTINES: None

EXTERNAL SUBROUTINES: DIPLIB - Norm image
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Initialize arrays
do i=1l,lev
z (1)=0.
0

b
QOOOO:

enerate work space.

do i=1,n
do j=1,n
enddo
enddo

ormalize image.
call norm image (y,n)

uantize image (truncate decimal parts of array
sing FORTRAN function int) between 0 and lev-1. ’

do i=1,n
do j=1,n
yk(j/i)=
enddo

enddo ’

anint (y(j,i)*float (lev-1)) ’

ount the number of pixels which occupy each level
etween 0 and lev-1.

do k=1, 1lev
z (k)=0.
enddo

do k=1, 1lev
do i=1l,n




do j=1,n
if(yk(j,1) .eq.float (k-1)) z(k)=z(k)+1.
enddo
enddo
enddo
Summing up the grey level from 9 to 16 level.
gsum=0.0
do k=9, lev
gsum=gsum+z (k)
enddo
return
end




subroutine head phantom(array,n)
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This subroutine generates a circle with a given radius

and grey-tone in an array "array" at a given point.
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real array(256,256),a(256,256)

character*12 answer,yes,no

Initialize array a

do i=1,n

do j=1,n

a(j,i)=0.

enddo

enddo

write(6,1)

format (1x,’input radius of ellipse in pixels:’$§)
read (5, *) rad

write (6, 3)

format (1x,’coordinates of centre of ellipse:’S$)
read (5, *)icenx,iceny

write(6,5)

format (1x,’Major and minor axis of ellipse:’$)
read (5, *)ax,ay

write(6,4)

format (1x,’ grey~-tone:’$)

read (5, *)grey

do j=1,n

do i=1,n

ss=sqrt ( (float (icenx-i)/ax)**2.+ (float (iceny-Jj) /ay) **2.)
if(ss.le.l) array(i,]j)=grey

enddo

enddo

write(6,7)

format (1x,’another ellipse (answer "y" or "n"):’$)
read (5, 8) answer

format (al2)

if ((answer.eq.’y’) .or. (answer.eq.’Y’)) then

go to 10

else

endif

return
end




subroutine gnoise(s,n,iseed)
real s(256),wl (256)
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FUNCTION: Generates an n size array s of Gaussian distributed noise
with zero mean and unit variance.

AUTHOR: J M Blackledge
PARAMETERS

Input: iseed -set seed to a positive integer.
n - array size

Output: s - fGaussian distributed random signal.
EXTERNAL SUBROUTINES: None
INTERNAL SUBROUTINES: gasdev, ranl

NB : output consists of positive numbers only.
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use function gasdev to generate array of random numbers.

idum=-iseed
do i=l,n
NB : output consists of positive and negative numbers.

s (i)=gasdev (idum)
B : output consists of positive numbers only.
s (i) =abs (gasdev (idum))

enddo
return

end
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function gasdev (idum)

UNCTION: Returns a Gaussian distributed deviate with zero mean and unit
variance, using RAN1 (IDUM) as the source of uniform deviates.
(from ’Numerical Recipes’ by Press et al. 1987).

data iset/0/

if (iset.eq.0) then
v1l=2.*rang (idum) -1.
v2=2.*rang (idum) -1.
r=v1**2 +v2**2,

if (r.ge.l.) goto 1
fac=sqrt (-2.*log(r)/r)
gset=vl*fac
gasdev=v2*fac
iset=1

else

gasdev=gset

iset=0

endif

return

end
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function rang(idum)




FUNCTION: This function returns a uniform random number between 0. and 1.
| set IDUM to any negative value to initiate or reinitiate the
sequence. This source code is taken from’Numerical Recipes’
by Press et al.

dimension r (97)

parameter (ml1=259200,1al=7141,ic1=54773, rml=1./ml)
parameter (m2=134456,1ia2=8121,ic2=28411, rm2=1./m2)
parameter (m3=243000,1ia3=4561,1c3=51349)

data iff /0/

if (idum.lt.0.or.iff.eq.0) then
iff=1

ixl=mod(icl-idum,ml)

ixl=mod (ial*ixl+icl,ml)

ix2=mod (ixl,m2)

ixl=mod (ial*ixl+icl,ml)

ix3=mod (ixl,m3)

do i=1,97

ixl=mod (ial*ixl+icl,ml)
ix2=mod(ia2*ix2+ic2,m2)

r(iy=(float (ixl)+float (ix2) *rm2) *xrml
enddo

idum=1

endif

ixl=mod(ial*ixl+icl,ml)
ix2=mod (ia2*ix2+ic2,m2)
ix3=mod(ia3*ix3+ic3,m3)

i=1+(97*ix3)/m3

if (i.gt.97.0r.i.1t.1) pause

rang=r (i)

r(i)=(float (ixl)+float (ix2) *rm2) *rml
return

end




subroutine generate vertical_ lines(array,n)
IR RS S S S SRS EEESESEEEREEEEESEEREESELELEEEESEEEEEEEEEEEEE TSR
This subroutine generates a rectangle with a given width
+height and grey-tone in an array "array" at a given point.
real array(256,256),a(256,256)
character*12 answer,yes,no
R R RS SRS EEEEEE S SR ESERSSEEEE SR SRS EEEREEEESEEEEEEEREEEEEEE SRS EEE SR
Initialize arrays
do i=1,n
do j=1,n
a(j,i)=0.
array(j,i)=0.
enddo
enddo
write(6,4)
format (1x,’ grey-tone:’$§)
read (5, *) grey
do i=1l,n,4
do j=1,n
array(j,i)=grey
enddo
enddo
write(6,7)

format (1x, "another rectangle (answer "yes" or "no"):’$)
read (5, 8) answer

format (al2)

if (answer.eq.’yes’)then

go to 1

else

endif

return
end




integer function action routine(status,timer data)
ok kR A KRR A AR R A A AR AR AR A AR AR R AR AR KA AR AR AR AR AR KRAAR AR AR AR A AR AR A ARk Ak kK k
function action routine called by lib$ show_timer run time libcommand.
writes the results to the creen.
parameter stats :cpu data string

timer data :libparameter
ek k kA kA kAR AR A AR A A A A AR AR A AR AR AR R AR AR R A AR AR R AR AR AR R I AA AR KA A R AR AR R AR Rk ok k

character *(*) status
integer*4 timer data

write (6, *)status

write(6,100)

DO format (/,11x,’press return to continue’$)
read (5, *)

action_routine=1l

return

end




subroutine exp 2d(array,n)
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This subroutine generates a Exponentional Parabola with
a given Alpha and Beta in an array "array"™ at a given point.
I 22 E S SR ST SRS S ELTEEEETETELEEEESEESEESEREEEESSELSEESEEEEEEEELEEEE ST
real array(256,256),a(256,256)
character*12 answer,yes,no
Initialize array a
do i=1l,n
do j=1,n
a(j,1)=0.
array(j,i)=0.
enddo
enddo
write(6,1)
format (1x,"input Alpha of Exp. in pixels:’S$)
read (5, *)alpha
write (6,4)
format (1x, 'grey-tone:’$)
read (5, *)grey
nn=n/2+1
do i=1,n
do j=1,n
xx=float (i-nn)
yy=£float (j-nn)
array (j,1i)=exp (-alpha* (xx**2.+yy**2.))
enddo
enddo
write(6,7)
format (1x,’another Exp 2dim. (answer "y" or "n"):’S$)
read (5, 8) answer
format (al2)
if ((answer.eq.’y’).or. (answer.eq.’¥’)) then
go to 2
else
endif

return
end




subroutine display histogram norm(z,n)
real y(256),z(256)

real h(256),hl (256),h2(256)

real h3(256),h4(256),h5(256)
character*6 answer

character*150 title,titlel
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FUNCTION: Displays a barline histogram of data stored
in array z using UNIRAS 6.

PARAMETERS
Input: z - histogram.

n - input array size (<=256 - an 8-bit image).
icolbar - defines colour of barline.

icolbar = 1 - white
= 2 - red
= 3 - green
= 4 - blue

other integer values define different colours
(see UNIRAS 6 AGL/CHARTS for details).

The program automatically scales each axis so
so that the display lies within the bounds

of the x and y axis - xmin to xmax and

min to ymax respectively.

XTERNAL SUBROUTINES: Called from UNIRAS 6 Library
INTERNAL SUBROUTINES: axis histogram
plot histogram
write histogram
X E R R R LSS FEE SRS ESEES SRS ST SEELEEEETEESIEELEEEEESS S LSS EEEEEEEEEEEEEEEEEEEE S
efine as real xmin, xmax, ymin, ymax.
real xmin,xmax,ymin,ymax
write(6,*)’ UNIRAS 6 colour scales’

write (6, *)
write (6,*)’icolbar defines colour of barline.’

write (6,*)’icolbar = 1. white
write (6, *)’ = 2. red '
write(6,*)’ = 3. green’
write (6, *)’ = 4, blue’

write (6, *)

write (6,10)

format (1x,/Scale (1-4)72'%)

read (5, *)icolbar
nitialize arrays

do i=1,n
y(1)=0.
h(i)=0.
hl (i)=0.
h2 (i)=0.
h3(i)=0.
h4 (i)=0
h5(i)=0
enddo

enerate work space.




do i=1l,n
y(i)=z (i) !Data - z unchanged on output.
enddo

Compute largest wvalue of y, ymax.

ymax=0.

do i=l,n

if(y (i) .gt.ymax)ymax=y (i)
enddo

Compute smallest value of y, ymin.

ymin=ymax

do i=1,n
if(y(i).lt.ymin)ymin=y (i)
enddo

Define the minumum and maximum values of the x-axis.

xmin=0.
xmax=1.
ymax=1.
ymin=0

Plot axes.
call axis histogram(xmin,xmax,ymin,ymax)
Plot histogram

call plot histogram(y,n,ymin,icolbar)
write(6,*) ’enter normalized hist.title’
read(5,40) titlel
format (a)
write (6,*) ’enter another Vertical start’
read (5, *) yva
call rtx (len(titlel), titlel, =xh, yva)
call rtxhei (.5)
call rtx (len(titlel), titlel, .05*xmax ,1.05%*ymax )
call gempty !empty graphics buffer

eep plot until user 'hits’ the Return key.

write(6,1)
format (1x,"hit Return to continue’$)
read ’ (a)’

sk user if data file is required for generating
hardcopy.

write(6,2)

format (1x,’ file histogram <n>2’3$)
read (5, 3) answer

format (ab6)

f answer is ‘yes’ then call write signal.
if (answer.eq.’y’)then
call write histogram(z,n)
else
endif

lear plot in UNIRAS window

call gclear

return




end

AAKAKRKAKAKRIR KA KA RA KRR I RK T AR Ak hhh kA hkhkhhkhhhkhkhkhkhkhkhkhkhkhkhhhkhkhhkhkkk

subroutine axis_histogram(xmin,xmax,ymin, ymax)
FUNCTION: Plots the axes of the user 2D coordinate system.

PARAMETERS IN:

xmin - lower bound of x-axis.
xmax - upper bound of x-axis.
ymin - lower bound of y-axis.
ymax - upper bound of y-axis.

Program Histogram axis - based on the UNIRAS example program
AXI001 given in AGL/AXES.

REAL XMIN, YMIN, XMAX, YMAX
REAL XLEN, YLEN, ZLEN

REAL SIZFAC, HEIFAC, HEIGHB
REAL BOX2MM

EXTERNAL BOX2MM

Step 1: Define the 2D limits of the axes
CALL GLIMIT (XMIN,XMAX, YMIN,YMAX,0.0,0.0)
Step 2: Calculate for a suitable square viewport size

SIZFAC=0.7!Determines size of Plot
HEIFAC=0.03!Determines size of axis-text.

CALL GRPSIZ (XSIZMM, YSIZMM)

SIZE = SIZFAC * MIN(XSIZMM,YSIZMM)
XSIZE SIZE

YSIZE SIZE

Set up the viewport
XORG = (XSIZMM-XSIZE)/2.

YORG = (YSIZMM-YSIZE)/2.
CALL GVPORT (XORG, YORG,XSIZE,YSIZE)

Step 3: Define the 2D workbox aspect ratio {
to be equal to the viewport’s.

1st method: Make XLEN and YLEN to be equal
to the viewport sides.

2nd method: Assign the shorter side of the
workbox to be 1. and the other
side proportional to it.

Set ZLEN = 0. for both methods.

The second method is used here.

XLEN = XSIZE/MIN (XSIZE,YSIZE)
YLEN = YSIZE/MIN (XSIZE,YSIZE)
ZLEN = 0

CALL GWBOX (XLEN, YLEN, ZLEN)

Step 4: Activate 2D scaling - scaling must be active,
otherwise, no axes will be plotted.

CALL GSCALE




Step 5: Calculate a suitable axis-label height
based on the shorter side of the workbox.
Note: The function "BOX2MM" converts box
units to mm.

HEIGHB = HEIFAC*BOX2MM(1.0)

Step 6: Plot two numeric and user-labeled axes
at the limits of the 2D coordinate system

heighb2=1.5*heighb

CALL RAXDIS(6,1,0)

CALL RAXDIS(3,0,0)

CALL RAXLAS (2)

CALL RAXTEX(6,-1,’Grey Level’,299.999,999.999,HEIGHB2)
CALL RAXIS(l1,YMIN,HEIGHB, 1)

CALL RAXTEX(6,-1,’Frequency’,999.999,999,.999, HEIGHR2)
CALL RAXIS (2,XMIN,HEIGHB,1)

CALL RAXDIS(2,0,0)
CALL RAXDIS(4,0,0)
CALL RAXIS (1, YMAX,HEIGHB, 2)
CALL RAXIS (2,XMAX,HEIGHB, 2)
CALL RAXDIS(2,1,0)
CALL RAXDIS(4,1,0)

RETURN
END
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subroutine plot histogram(y,n,ymin,icolbar)
real y(256)

FUNCTION: Call’s UNIRAS 6 subroutines for plotting
a barline histogram.

ARRAYS IN:
y - histogram.

PARAMETERS IN:
- array size (<=256).
min - lower bound of y-axis.
icolbar - defines colour of barline.
pecify colour of barlines.
call blcol (icolbar,1)!1 colour only.
efine width of bar lines.
call blwid(l.)!set to 1 mm.
efine regular x - data
- horizontal x-direction.
- number of points.
.0 - Default grace clearance.

call bdimr(1,n,0.0)

lot bar lines.

min - starting y-value {(minumum value of input array).
- end y-values (input array values).
- number of data points -
the minus sign indicates that bars start at a constant value.




0.0 - bar lines are centered.

call bbarli(ymin,y,-n,0.0)

return
end




subroutine display histogram(z,n)
real y(256),2z(256)

real h(256),hl(256),h2(256)

real h3(256),h4(256),h5(256)
character*6 answer

character*150 title ,titlel
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FUNCTION: Displays a barline histogram of data stored
in array z using UNIRAS 6.

PARAMETERS
Input: z - histogram.

n - input array size (<=256 - an 8-bit image).
icolbar - defines colour of barline.

icolbar = 1 - white
= 2 - red
= 3 - green
= 4 - blue

other integer values define different colours
(see UNIRAS 6 AGL/CHARTS for details).

Output: None
NOTES:
The program automatically scales each axis so
so that the display lies within the bounds
of the x and y axis - xmin to xmax and
ymin to ymax respectively.
EXTERNAL SUBROUTINES: Called from UNIRAS 6 Library
INTERNAL SUBROUTINES: axis_histogram
plot histogram
write histogram
PSS E SRS EESELESE S S EEESEEELEEEEESEEEEEEEE SR SRS EEEEE S SRR R RS S SRS S SRS
Define as real xmin, xmax, ymin, ymax.
real xmin,xmax,ymin,ymax
write (6, *)’ UNIRAS 6 colour scales’

(
write (6, *)
write (6, *)’icolbar defines colour of barline.’

write (6,*)’icolbar = 1. white
write(6,*)’ = 2. red ’
write(6,*)’ = 3. green’
write (6, *)’ = 4, blue’

write (6, %*)

write (6,10)

format (1x,’Scale (1-4)72'$)

read (5, *)icolbar
nitialize arrays

do i=1l,n

g
H
|
hiinhihoo

OO OO0

enerate work space.




do i=1,n
y(i)=z (i) !Data - z unchanged on output.
enddo

Compute largest value of y, ymax.

ymax=0.

do i=1l,n

if(y (i) .gt.ymax)ymax=y (i)
enddo

Compute smallest value of y, ymin.

ymin=ymax

do i=1l,n
if(y(i).1lt.ymin)ymin=y (i)
enddo

Define the minumum and maximum values of the x-axis.

xmin=0.
xmax=float (n-1)

Plot axes.
call axis_histogram(xmin,xmax,ymin, ymax)
Plot histogram

call plot histogram(y,n,ymin,icolbar)
call rtxang(90.)

2 write(6,*) ’enter histogram title’
write(6,*) ’‘enter histogram title’
read(5,40) titlel
format (a)

write(6,*) ’‘enter horizontalé& Vertical start’
read(5,*) =xv,yv
call rtx (len(titlel), titlel, xh, yva)
call rtxhei(.5)
xm=.05*% (xmax~xmin)+xmin
ym=1.05* (ymax-ymin)+ymin
call rtx(len(titlel),titlel,xm,ym)
call rtxang(0.)
call gempty !empty graphics buffer
write(6,*)’ enter adjust the coordinate Y/N’
read(5,41) re

1 format (a)

if((re.eq.’¥’) .or.(re.eq.’y’)) goto 42

eep plot until user ’'hits’ the Return key.

write(6,1)
format (1x,’hit Return to continue’$)
read ' (a)’

sk user if data file is required for generating
hardcopy.

write (6, 2)

format (1x,”file histogram <n>2’$)
read (5, 3) answer

format (a6)

f answer is ’‘yes’ then call write signal.

if (answer.eq.’y’)then
call write_histogram(z,n)
else




endif

clear plo
cal

ret
end

Akkhkkkhkkkkk%k
sub
FUNCTION:

PARAMETER

t in UNIRAS window
1l gclear

urn
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routine axis_histogram(xmin, xmax,ymin, ymax)
Plots the axes of the user 2D coordinate system.
S IN:

xmin - lower bound of x-axis.
xmax - upper bound of x-axis.
ymin - lower bound of y-axis.
ymax - upper bound of y-axis.

Program H

REAL
REAL
REAL
REAL
EXTER

Step 1:
CALL
Step 2:

SIZFA
HEIFA

CALL
SIZE
XSIZE
YSIZE

Set u
XORG
YORG
CALL

Step 3:

XLEN
YLEN
ZLEN

istogram axis - based on the UNIRAS example program

AXI001 given in AGL/AXES.

XMIN, YMIN, XMAX, YMAX
XLEN, YLEN, ZLEN

SIZFAC, HEIFAC, HEIGHB
BOX2MM

NAL BOX2MM

Define the 2D limits of the axes

GLIMIT (XMIN,XMAX, YMIN, YMAX,0.0,0.0)

Calculate for a suitable square viewport size

C=0.7!Determines size of Plot
C=0.03!Determines size of axis-text.

GRPSIZ (XSIZMM, YSIZMM)

= SIZFAC * MIN(XSIZMM, YSIZMM)
SIZE

SIZE

p the viewport

(XSIZMM-XSIZE) /2.
(YSIZMM-YSIZE) /2.
GVPORT (XORG, YORG, XSIZE, YSIZE)

Define the 2D workbox aspect ratio
to be equal to the viewport’s.

l1st method: Make XLEN and YLEN to be equal
to the viewport sides.

2nd method: Assign the shorter side of the
workbox to be 1. and the other
side proportional to it.

Set ZLEN = 0. for both methods.

The second method is used here.

XSIZE/MIN (XSIZE,YSIZE)

YSIZE/MIN (XSIZE,YSIZE)
0.




CALL GWBOX (XLEN, YLEN, ZLEN)

Step 4: Activate 2D scaling - scaling must be active,
otherwise, no axes will be plotted.

CALL GSCALE

Step 5: Calculate a suitable axis-label height
based on the shorter side of the workbox.
Note: The function "BOX2MM" converts box
units to mm.

HEIGHB = HEIFAC*BOX2MM(1.0)

Step 6: Plot two numeric and user-labeled axes
at the limits of the 2D coordinate system

heighb2=1.5*heighb

CALL RAXDIS (6,1,0)

CALL RAXDIS(3,0,0)

CALL RAXLAS (2)

CALL RAXTEX(6,-1,’Grey Level’,999.999,999.999, HEIGHB2)
CALL RAXIS (1,YMIN,HEIGHB,1)

CALL RAXTEX (6,-1,’Frequency’,999.999,999.999, HEIGHB2)
CALL RAXIS (2,XMIN,HEIGHB,1)

CALL RAXDIS (2,0,0)
CALL RAXDIS (4,0,0)
CALL RAXIS (1,YMAX,HEIGHB,2)
CALL RAXIS (2,XMAX,HEIGHB,2)
CALL RAXDIS(2,1,0)
CALL RAXDIS (4,1,0)

RETURN
END
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subroutine plot histogram(y
real y(256),z(256),h(256)
real h3(256),h4(256),h5(2

yn,ymin, icolbar)

+h1(256),h2(256)

56)

UNCTION: Call’s UNIRAS 6 subroutines for plotting
a barline histogram.

RRAYS IN:
- histogram.

ARAMETERS IN:
- array size (<=256).
min - lower bound of y-axis.
icolbar - defines colour of barline.
pecify colour of barlines.
call blcol (icolbar,1l)!1l colour only.
efine width of bar lines.

call blwid(1l.) !set to 1 mm.

efine regular x - data

- horizontal x-direction.
- number of points.
.0 - Default grace clearance.




call bdimr(l,n,0.0)

Plot bar lines.

ymin - starting y-value {(minumum value of input array).

y—
n -

0.0

end y-values (input array values).
number of data points -
the minus sign indicates that bars start at a constant value.

- Dbar lines are centered.

call bbarli(ymin,y,=-n,0.0)

return
end




subroutine circle (array,n)
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This subroutine generates a circle with a given radius
and grey-tone in an array "array" at a given point.
AhkAAAkAKA ARk hkkhkhkkhkhkhkhkhkhkhkkhkhhkhkhkhkhhhkhkhkkhkhkdhhhkhkkhkkhkhkhkkhkhkhkhhkhkhkhhkkhkhkhkk
real array(256,256),a(256,256)
character*12 answer,yes,no

Initialize array a
do i=1l,n
do j=1,n
a(j,i)=0.
enddo
enddo
write (6,1)
format (1x,’input radius of circle in pixels:’$)
read (5, *) rad
write (6, 3)
format (1x, ' coordinates of centre of circle:’$)
read (5, *) icenx, iceny
write (6, 4)
format (1x,’grey-tone:’$)
read (5, *)grey
do j=1,n
do i=1,n
ss=sqrt (float ( (icenx-i) **2+ (iceny-7j) **2))
if(ss.gt.rad)go to 100
array (i, j)=grey

0 enddo
enddo
write(6,7)
format (1x,’another circle (answer "y" or "n"):’$§)
read (5, 8) answer
format (al2)
if((answer.eq.’y’).or. (answer.eq.’¥’)) then
go to 2
else
endif

return
end




subroutine blpf image(x,n,icut,iord)
real x(256,256),xx(256,256)
integer icut,ioxd
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FUNCTION: This program uses the Butterworth lowpass filter to
reduce high frequency noise in an image x.

PARAMETERS
Input: x - digital image
n - size of image = n x n (n<=512)
icut - cutoff frequency in pixels (positive integer)
iord - order of the filter (positive integer)
Output: x - filtered image
EXTERNAL SUBROUTINES: DIPLIB - fft2d

INTERNAL SUBROUTINES: None
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Declare internal workspace.

real xr(256,256),xi(256,256)

real yr(256,256),yi(256,256)

real b(256,256)
Initialize arrays \

do i=1,n

do j=1,n

xx(j,1)=0.

xr(j,1)=0.

xi(3,1)=0.

yi(jri)=0-

yr(jli)=0-

enddo

enddo
Compute the Butterworth lowpass filter and
the real and imaginary arrays that will be
used later in the call to fftad.

nn=n/2+1

do i=1l,n

do j=1,n

a=sqrt (float (nn-3j) **2.+float (nn-i) **2.)
b(j,i)=1./(1.+(a/icut)**(2.*iord))
xr(j,i)=x(j, 1)

xi(j,1)=0.

enddo

enddo

ake the Fourier transform of the image.
call fft2d(xr,xi,n,-1)

ultiply the complex spectrum of the image with
he Butterworth lowpass filter (array b).

do i=1,n

do j=1,n
yr(3,i)=xr(j,1i)*b(j, i)
yi(3,i)=xi(3,1)*b(3, i)
enddo

enddo

. .

ake the inverse Fouriler transform




- and write out the result.

call fft2d(yr,yi,n,1)

do i=1,n

do j=1,n
x(j,i)=yr(3,1)
enddo

enddo

return
end




subroutine axis 3d(z,n)
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Plot the axes of the 3D Cartesian coordinate system
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real a(256,256),£(256,256),£f1(256,256),a£(256,256)
real pf(256,256)

REAL XORG, YORG,XSIZE,YSIZE,XSIZMM,YSIZMM, SIZEMM
REAL XMIN, YMIN, XMAX, YMAX, ZMIN, ZMAX
REAL SIZFAC, HEIFAC, HEIGHB
REAL XLEN, YLEN, ZLEN, SIZE
REAL BOX2MM, HUNIT, z (256,256)
real x(256),y(256),xarr(256),yarr(256),zarr(256)
INTEGER NTEX
PARAMETER (NTEX = 6, NPLANE=3, IPROJ=2)
CHARACTER*15 TEXARR (NTEX)
CHARACTER*150 title ,titlel
INTEGER LENARR (NTEX) , IPLANE (NPLANE)
EXTERNAL BOX2MM
Select "best plane”" for the orientation of the axis scales

DATA IPLANE/1,1,1/

DATA XMIN, XMAX, YMIN, YMAX, ZMIN, ZMAX
+ / 0.,100., 0., 10., 0., 50./

DATA USRLAB /’1st’,’2nd’,’3rd’,’4th’,’...’,'Nth’/
DATA LENARR /NLAB*-2/

DATA SIZFAC,HEIFAC/1.0,0.035/
Send message to user ‘Display 3-dimension object...’

write(6,1)
format (1x,’Displaying 3-Dimension Object...’$)

DATA TEXARR/
+I I,
+’/X-direction’,
+I I,
+’Y¥-direction’,
+I l,
+’7z-direction’/

Remove all trailing blanks in the axis-texts

DATA LENARR /0,-2,0,-2,0,-2/
DATA IUNDEF/9999/

Set the best fit font.
CALL RDEFON("C*4’,0)

do i=1l,n
x(i)=float (i-1)
y(i)=float (i-1)
enddo

xmin=0.
xmax=float (n-1)
ymin=0.
ymax=float (n-1)

ompute largest value of z, zmax.

zmax=0.

do i=1,n

do j=1,n

if(z(j,1) .gt.zmax) zmax=z(j,1i)
enddo




enddo

Comput the smallest value of z, zmin.

zmin=zmax

do i=1,n

do j=1,n

if(z(3j,1).1lt.zmin) zmin=z(j,1i)
enddo

enddo

Set world coordinate system up vector
IPROJ = 1 the default "Y-up, X-right"
IPROJ = 2 "Z-up, Y-right"
CALL GVPROJ (IPROJ)

Step 1: Define the 3D limits of the axes
CALL GLIMIT (XMIN,XMAX, YMIN, YMAX, ZMIN, ZMAX)

Step 2: Calculate a suitable square viewport size.
Note: The viewport aspect ratio does not
have to be unity.

CALL GRPSIZ (XSIzZMM, YSIZMM)

SIZEMM = SIZFAC * MIN(XSIZMM, YSIZMM)
XSIZE SIZEMM

YSIZE SIZEMM

ol

Set up the viewport

XORG = (XSIZMM~-XSIZE)/2.
YORG = (YSIZMM-YSIZE)/2.
CALL GVPORT (XORG, YORG, XSIZE, YSIZE)

Step 3: Define the 3D workbox aspect ratio
such that XLEN/YLEN is the same as
the veiwport and ZLEN = MAX (XLEN, YLEN)
Note: The shortest side of the box is unity

SIZE= MIN(XSIZE,YSIZE)

XLEN = XSIZE/SIZE
YLEN = YSIZE/SIZE
ZLEN = MAX (XLEN, YLEN)

CALL GWBOX (XLEN, YLEN, ZLEN)

Set axel color to red
call raxaxl (iundef, 2, iundef, iundef)

Set axel lable, unit and text to blue

call raxtea (4,4, iundef,iundef, iundef, iundef, iundef)
call raxtea (5,4, iundef, iundef, iundef, iundef, iundef)
call raxtea(6,4,iundef,iundef, iundef, iundef, iundef)

Step 4: Activate the XY-plane at Z = ZMIN
CALL RWALL(1l,2,3,ZMIN)

tep 5: Calculate a suitable box unit

for the axis-label height based

on the shortest side of the

workbox which has previously

been defined to be unity.

Note: Convert the box unit to
MM for the axis-label height
after the wall has been activated.

HUNIT = HEIFAC




HEIGHB = BOXZ2MM (HUNIT)

Plot one numeric X-axis and one user-labeled Y-axis
at YMIN and XMIN.

CALL RAXIS(1,YMIN,HEIGHB,1)

CALL RAXIS (2,XMIN,HEIGHB,1)

CALL RUXIS(2,XMIN,HEIGHB,1l,LENARR,USRLAB,NLAB)
Step 6: Activate the YZ-plane at X = XMIN

CALL RWALL(-3,2,1,XMIN)

Plot the world X-axis at Y = YMIN to represent
the Cartesian Z-axis.

HEIGHB = BOX2MM (HUNIT)
CALL RAXIS(1,YMIN,HEIGHB,1)

do i=1l,n

do j=1,n

xarr (j)=x (i)
varr (J)=y (])
zarr (j)=z(j, i)
enddo

Transform and plot the 3D points
call gtrans(xarr,yarr,zarr,n)
call gscamm

Set 3d surface to Green
call gwicol (iundef, 3)
call gvect (xarr,yarr,n)
enddo

do j=1,n
do i=1,n
xarr (i)
yarr (i)
zarr (i)
enddo
Transform and plot the 3D points
call gtrans(xarr,yarr,zarr,n)
call gscamm
Set 3d surface to Black
call gwicol (iundef, 1)
call gvect (xarr,yarr,n)
enddo

-

x (1)
y(3)
z(jll)

Display title

write (6,*)’enter title ’
read (5,10) title
format (a)
call rtx (len(title), title, 15.0, 175.0)
CALL RAXDIS (1,1, IUNDEF)
CALL RAXDIS(4,1,1)
CALL RAXDIS (6,1, IUNDEF)
CALL RAXDIS (7,0, IUNDEF)
CALL RAXIS3(0,HEIGHB,IPLANE, LENARR, TEXARR)
return
END




subroutine axis 3d phase(z,n)
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Plot the axes of the 3D Cartesian coordinate system
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real a(256,256),pf(256,256)

REAL XORG,YORG,XSIZE,YSIZE,XSIZMM,YSIZMM, SIZEMM
REAL XMIN, YMIN, XMAX, YMAX, ZMIN, ZMAX
REAL SIZFAC, HEIFAC, HEIGHB
REAL XLEN, YLEN, ZLEN, SIZE
REAL BOX2MM, HUNIT, z (256,256)
real x(256),y(256),xarr(256),yarr(256),zarr(256)
INTEGER NTEX
PARAMETER (NTEX = 6, NPLANE=3, IPROJ=2)
CHARACTER*15 TEXARR (NTEX)
CHARACTER*150 title ,titlel
INTEGER LENARR (NTEX), IPLANE (NPLANE)
EXTERNAL BOX2MM
Select "best plane" for the orientation of the axis scales

DATA IPLANE/1,1,1/

DATA XMIN, XMAX, YMIN, YMAX, ZMIN, ZMAX
+ / 0.,100., 0., 10., 0., 50./

DATA USRLAB /’1st’,’2nd’,’3rd’,’4th’,’...’,’Nth’/
DATA LENARR /NLAB*-2/

DATA SIZFAC,HEIFAC/1.0,0.035/
Send message to user ‘Display 3-dimension object...’

write (6,1)
format (1x, ’Displaying 3-Dimension Object...’$)

DATA TEXARR/
+l I,
+/X~-direction’,
+l I,
+/Y¥-direction’,
+I I,
+’Z-direction’/

Remove all trailing blanks in the axis-texts

DATA LENARR /0,-2,0,-2,0,-2/
DATA IUNDEF/9999/

Set the best fit font.
CALL RDEFON (’C*4’,0)

xmin=0.
xmax=float (n-1)
ymin=0.
ymax=float (n-1)

zmin=0.0
zmax=90.0
do i=1l,n
do j=1,n




if(z(j,1) .gt.zmax) zmax=z(j,1i)
enddo
enddo

Comput the smallest value of z, zmin.

Set

zmin=zmax

do i=1,n

do j=1,n

if(z(j,1i).1lt.zmin) zmin=z(j, 1)
enddo

enddo

world coordinate system up vector
IPROJ = 1 the default "Y-up, X-right"
IPROJ = 2 "Z-up, Y-right"
CALL GVPROJ (IPROJ)

Step 1: Define the 3D limits of the axes

CALL GLIMIT (XMIN,XMAX,YMIN, YMAX, ZMIN, ZMAX)

Step 2: Calculate a suitable square viewport size.

Note: The viewport aspect ratio does not
have to be unity.

CALL GRPSIZ (XSIZMM,YSIZMM)

SIZEMM = SIZFAC * MIN(XSIZMM, YSIZMM)
XSIZE SIZEMM

YSIZE SIZEMM

il

Set up the viewport

XORG = (XSIZMM-XSIZE) /2.
YORG = (YSIZMM-YSIZE)/2.
CALL GVPORT (XORG, YORG, XSIZE,YSIZE)

Step 3: Define the 3D workbox aspect ratio

Set

Set

such that XLEN/YLEN is the same as
the veiwport and ZLEN = MAX (XLEN, YLEN)
Note: The shortest side of the box is unity

SIZE= MIN(XSIZE,YSIZE)

XLEN = XSIZE/SIZE
YLEN = YSIZE/SIZE
ZLEN = MAX (XLEN, YLEN)

CALL GWBOX (XLEN, YLEN, ZLEN)

axel color to red
call raxaxl (iundef, 2,iundef,iundef)

axel lable, unit and text to blue

call raxtea(4,4,iundef, iundef, iundef, iundef, iundef)
call raxtea(5,4,iundef, iundef, iundef, iundef, iundef)
call raxtea(6,4,iundef,iundef, iundef, iundef, iundef)

Step 4: Activate the XY-plane at Z = ZMIN

CALL RWALL(1,2,3,ZMIN)

Step 5: Calculate a suitable box unit

for the axis-label height based

on the shortest side of the

workbox which has previously

been defined to be unity.

Note: Convert the box unit to
MM for the axis-label height
after the wall has been activated.




HUNIT = HEIFAC
HEIGHB = BOX2MM (HUNIT)

Plot one numeric X-axis and one user-labeled Y-axis

at YMIN and XMIN.

CALL RAXIS(1l,YMIN,HEIGHB,1)
CALL RAXIS(2,XMIN,HEIGHB,1)

CALL RUXIS (2,XMIN,HEIGHB,1,LENARR,USRLAB, NLAB)

Step 6: Activate the YZ-plane at X

CALL RWALL(-3,2,1,XMIN)

Plot the world X-axis at Y = YMIN to represent

the Cartesian Z-axis.

HEIGHB = BOX2MM (HUNIT)
CALL RAXIS(1,YMIN,HEIGHB,1)

do i=1,n

do j=1,n

xarr (j)=x(i)
yarr (3) =y (j)
zarr (j)=z(j,1i)
enddo

Transform and plot the 3D points
call gtrans(xarr,yarr,zarr,n)

call gscamm

Set 3d surface to Green

call gwicol (iundef, 3)
call gvect (xarr,yarr,n)
enddo

o]

s

Transform and plot the 3D points
call gtrans(xarr,yarr,zarr,n)

call gscamm

Set 3d surface to Black

call gwicol (iundef,1)
call gvect (xarr,yarr,n)
enddo

Display title

write (6, *) "enter title ’
read (5,10) title
format (a)
call rtx (len(title), title,
CALL RAXDIS (1,1, IUNDEF)
CALL RAXDIS(4,1,1)
CALL RAXDIS (6,1, IUNDEF)
CALL RAXDIS (7,0, IUNDEF)

= XMIN

15.0, 175.0)

CALL RAXIS3(0,HEIGHB,IPLANE, LENARR, TEXARR)

return
END




subroutine write histogram(h,n)
real h(256)

KAKAKAKARKAAAR AR AR A A A A KRNI KRAAKRA A AR A kA hkkhkhkAhkhhkhhkhkhkkkhkhkhhkhkhkhkhkhkhkkkkkdhkkhhkhkkhx

FUNCTION: Writes (free format) array h to
a named data file.

PARAMETERS

Input: h - histogram.
n - size of array h.

Output: None
INTERNAL SUBROUTINES: open write histogram
EXTERNAL SUBROUTINES: None

AAhkhkhkhkhkhkAhkkAhkhAhkhkhkhhhkhkhhkkhkhkhhkhkhkrhkrkhkhkhhkhkhkhhkhkhkhhkhhhkhkhhhkhkkhhkhhkhhkhkkhhkkkkhkk

Call open _write histogram to a851gn unit number for file
and to prompt user to enter size and name of file
to be created.

call open_write histogram

Send message to user ‘writing data...’

write (6,1)
format (1x,’Writing data...’$§)

Write out array s to data file.
do i=1,n
write(l,*)h (i)
enddo
Close file.
close (1)
Skip a line to indicate that process has finished.

write (6, *)

return
end
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subroutine open write histogram
character*40 filew
character*6 answer

FUNCTION: Asks user to ’"enter name of data file...’
and opens file to write data.

Prompt user to input name of data file.

00 write(6,101)

1 format (1x, 'Enter name of data file (output):’$)
read(5,102) filew
2 format (a40)

print *,’File name is:’,filew
write(6,103)

3 format (1x,”Is this name OK? <y>’S$)
read(5,104)answer

|



04 format (a6)
if (answer.eq.’n’)goto 1000

Open file - unit file number=1.

open{unit=1, file=filew,status="new’)

return
end




subroutine var_ rectangle(array,n)
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This subroutine generates a rectangle with a given width
;height and grey-tone in an array "array" at a given point.
real array(256,256),a(256,256)

character*12 answer,yes,no
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Initialize arrays

do i=1,n

do j=1,n

a(j,i)=0.

array (j,1i)=0.

enddo

enddo

write(6,1)

format (1x,’input width of square in pixels:’$)
read (5, *)wid

write (6, 3)

format (1x,’coordinates of the Center pixel of rectangle:’$)
read (5, *)icenx,iceny

write (6, 4)

format (1x, "grey-tone:’$)
read (5, *)grey

l1=isx+iwid-1

m=jsy+jhei-1

do j=1,n

do i=1l,n

ss=sqrt (abs (float ( (icenx-1i) * (iceny-3j))))
if(ss.gt.wid)go to 100
array (i, j)=grey

enddo

enddo

do j=1,n

do i=1l,n

sl=float (icenx-1i)

s2=float (iceny-3j)
if((i.ge.isx).and. (i.le.l)) then
if((j.ge.jsy) .and. (j.le.m)) then
array (i, j)=grey

endif

endif

enddo

enddo

write(6,7)

format (1x,”another rectangle (answer "yes" or "no"):’$)
read (5, 8)answer

format (al2)

if (answer.eq.’yes’)then

go to 2

else

endif

return
end




subroutine timer start (context)

routine to initialize the internal clock to allow recording processing
time

integer *4 status,context,lib$ init timer

status=1ib$ init timer (context)

if( .not.status)call 1ib$ signal (%val (status))
return

end




subroutine time elapsed(context)

- function.... wutilises system run time lib. routines to
record program cpu times used.

external action routine
integer status,context,lib$ show timer,libfree timer,data

status=1ib$ show timer (context,2,action routine,data)
if( .not. status)call 1lib$ signal (%val(status))
status=1ib$ free timer (context)

if ( .not. status)call 1ib$ signal (%val(status))
return

end




subroutine spike rectangle(array,n)
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This subroutine generates a rectangle with a given width
height and grey-tone in an array "array" at a given point.
real array (256,256),a(256,256)
character*12 answer,yes,no
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Initialize arrays
do i=1l,n
do j=1,n
a(j,1)=0.
array(j,i)=0.
enddo
enddo
write (6, 4)
format (1x, "grey-tone:’$)
read(5, *)grey
do j=1,n
do i=1l,n
if (i mod 20) then
array (i, j)=3*grey
else
array (i, j) =grey
endif
enddo
enddo
write (6, 7)

format (1x, "another rectangle (answer "yes" or "no"):’$)
read (5, 8) answer

format (al2)

if (answer.eq.’yes’)then

go to 2

else

endif

return
end




subroutine sinc_ interpolate(x,n;y,m)
real x(256,256),y(256,256),xr(256,256) ,xi (256,256)
real yr(256,256),yi(256,256)
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FUNCTION: Interpolate an image by zero padding its complex spectrum

AUTHOR: J M Blackledge
PARAMETERS

Input: x - digital image
n - array size
m - array size of output

Note: both n and m must be of size 2**k where k
is a positive integer.
Output: y - output

EXTERNAL SUBROUTINES: fft2d

INTERNAL SUBROUTINES: None
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Declare internal workspace.

Initialize array
do i=1,n
do j=1,n
xr(j,i)=x(j,1)
xi(j,1i)=0.
enddo
enddo

Take 2D FFT
call fft2d(xr,xi,n,-1)

Define positions of DCs.
nn=n/2+1
=m/2+1

Zero pad xr and xi

kk=1
do i=mm-nn+l,mm-nn+n
k=1
do j=mm-nn+l,mm-nn+n
yr{j,i)=xr (k,kk)
yi(j,1)=x1i(k,kk)
k=k+1
enddo
kk=kk+1
enddo

Inverse FFT

call fft2d(yr,yi,m,1)
Write output




do i=1,m

do j=1l,m
v(j,i)=yr(j,1)
enddo -

enddo

return

end




subroutine rectangle(array,n)
ARKEAKAAKAKAKAAAAAA AT hkhhhhkhhkhkhkhhhhkhkhkhkhkhhkhhkhkhhkhkhkhhhkhkkhkkhkrhkhkhkhkhkk

This subroutine generates a rectangle with a given width
height and grey-tone in an array "array" at a given point.
real array(256,256),a(256,256)
character*12 answer,yes,no
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Initialize arrays
do i=1,n
do j=1,n
a(j,1)=0.
array(j,1i)=0.
enddo
enddo
write(6,1)
format (1x,’input width & height of rectangle in pixels:’$)
read (5, *)iwid, jhei
write (6, 3)
format (1x,’ coordinates of the starting pixel of rectangle:’$)
read (5, *)isx, jsy
write(6,4)
format (1x, "grey-tone:’$)
read (5, *)grey
l=isx+iwid-1
m=jsy+jhei-1
do j=1,n
do i=1,n
sl=float (icenx~i)
s2=float (iceny-3j)
if((i.ge.isx).and.(i.le.l)) then
if((j.ge.jsy).and. (j.le.m)) then
array (i, j)=grey
endif
endif
enddo
enddo
write(6,7)

format (1x, "another rectangle (answer "yes" or "no"):’S$)
read (5, 8) answer

format (al2)

if (answer.eq.’yes’)then

go to 2

else

endif

return
end




subroutine projection square error(x,y,n,er)
| real y(256,256),x2(256,256) ,exr (256)
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FUNCTION: Computes the least square error for each angle of
rotation (projection).

PARAMETERS:
INPUT : y _ input image of n X n size

: x - input image of n X n size
OUTPUT : er _ Rotation square error array

EXTERNAL SUBROUTINE: Norm image

INTERNAL SUBROUTINE: None
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Initialize error array.

do i=l,n

er (i)=0.

enddo

Compute rotation square error
ern=0,
do i=1l,n
do j=1,n
ern=ern+abs ((x(j,1))**2.)
enddo
enddo
do i=1,n
do j=1,n
er (i)=er(i)+abs((x(j,1)~y(j,1))**2./ern)
enddo
enddo
return
end




subroutine phase 2d inv filter (array,n)
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This subroutine computes the Foward, Backward and Central
difference approximation of the first order differential
equation.
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real array(256,256),a(256,256),pf(256,256)

character*12 answer,yes,no

Initialize array a

do i=1,n

do j=1,n

a(j,i)=0.

array(j,i)=0.

enddo

enddo

write(6,7)

format (1x, " another difference (answer "y" or "n"):’S§)
read (5, 8) answer

format (al2)

if ((answer.eq.’y’) .or. (answer.eq.”’Y’)) then
go to 2

else

endif

return
end




subroutine option(iresponse)

A
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f FUNCTION: Provides option for repeating a process (i.e. typically to
"display another’ image using different input parameters)

AUTHOR: J M Blackledge
PARAMETERS

Input: None

Output: irepsonse

1 for ’‘yes to repeat process’
0 for 'no to continue’

|

EXTERNAL SUBROUTINES: None

INTERNAL SUBROUTINES: None
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character*6 answer
Write out appropriate response to user.

write(6,1)

format (1x,’Display another <n> 2’3$)
read (5, 2)answer

format (a6)

Provide logical output: default no (return) - iresponse
option yes (input ’y’) - iresponse

if (answer.eq.’y’ )iresponse=1
if (answer.ne.’y’)iresponse=0

return
end




J
.

J
.

subroutine norm signal (x,n)
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FUNCTION: returns an image with absolute maximum value of 1.
PARAMETERS

Input: x -signal
n - size of signal

Output: x - normalized signal
INTERNAL SUBROUTINES: None

EXTERNAL SUBROUTINES: None
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real x(256),s(256),y(256)
real max
Generate working space
do i=1,n
s(i)=x(1)
enddo

Set the negative wvalue to zero
do i=1l,n
if(s(i).1t.0.) s(i)=0.
enddo
Find the absolute maximum value of the signal.

max=0.

do i=1,n

xl=s (i)

if (x1.gt.max) max=xl
enddo

write (6, *) 'max=’,x1
Normalize the signal.

do i=1,n
x(i)=s (i) /max
enddo

return
end




subroutine norm_ image (x,n)
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FUNCTION: returns an image with absolute maximum value of 1.
PARAMETERS

Input: x -image
) n. - size of image = n x n

Output: x - normalized image
INTERNAL SUBROUTINES: None

EXTERNAL SUBROUTINES: None
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real x(256,256),s(256,256)
real max
Generate working space
do i=1l,n
do j=1,n
s(3,1)=x(3,1)
enddo
enddo

Set the negative value to zero
do i=1,n
do j=1,n
if(s(j,1i).1t.0.) s(j,1i)=0.
enddo
enddo
Find the absolute maximum value of the image.

max=0.

do i=1l,n

do j=1,n

xl=s(j, 1)

if (x1.gt.max) max=x1l
enddo

enddo

write (6, *) 'max=",x1
Normalize the image.

do i=1,n

do j=1,n
x(j,i)=s(3j,1i) /max
enddo

enddo

return
end




subroutine norm_histogram(hy,levy,n,hx,dev,area)
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FUNCTION: returns an image with absolute maximum value of 1.

t PARAMETERS

t Input: hy - Histogram image
levy - histogram level
n  size of the image
Output: h - normalized histogram

dev _ deviation
INTERNAL SUBROUTINES: None

EXTERNAL SUBROUTINES: None
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real h(256),hl1(256),h2(256),h3(256)
real h4 (256),h5(256)
real max,hy(256),hx(256)
Find the absolute maximum value of the histogram.

max=0.
do j=1,levy
e=float (j) /float (levy)
xx=abs (hy (J))
if (xx.gt.max) then
max=xx
1s=j
else
endif
enddo
Compute the deviation
dev=float (levy-1ls)/float (levy)
Normalize the histogram.

do j=1,levy
e=float (j)/float (levy)
hx (j)=hy (j) /float (n**2)
enddo

Compute the histogram area
area=0.
do j=1,levy-1l
area=areathx (j)
enddo
return
end




subroutine least square error(x,y,n,er,abser,std)
real y(256,256),x(256,256),r(256,256) ,abser (256,256)
real abserl (256,256)
:***************************************************************
» FUNCTION: Computes the least square error and the normalized

o least square error.

t PARAMETERS:

t INPUT Ty input image of n X n size

: : x - input image of n X n size

lev_ Grey level

OUTPUT : er _ Least square error
: ernor_ Normalized leaset square error

EXTERNAL SUBROUTINE: Norm image

INTERNAL SUBROUTINE: None
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Initialize array
do i=1l,n
do j=1,n
abser (j,1i)=0.
enddo
enddo
Compute least square error
erl=0.
ern=0.
do i=1l,n
do j=1,n
ern=ern+abs ((x(j,1))**2.)
enddo
enddo
do i=1l,n
do j=1,n
erl=erl+abs ((x(j,1i)-y(Jj,1i))**2./ern)
enddo
enddo
er=erl/float (n**2)
Absolute square error array
do i=l,n
do j=1,n
abser (j,i)=abs ((x(j,1)-y(j,1))**2.)/ern
enddo
enddo
Compute standard deviation for image
stm=0.
do i=1,n
do j=1,n
stm=stm+abs (abser(j,1i))
enddo
enddo
ymean=stm/float (n**2)
std2=0.
do i=1l,n
do j=1,n
std2=std2+abs ( (abser(j,i)-ymean) **2)
enddo
enddo
std=sqrt (std2* (1./ (float (n**2))))
return
end
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SUBROUTINE MEAN standard (y,n,ymean,std)
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real Y (256)
INITIALIZE THE SUM VALUE *
SUM1=0.0
SUM UP THE VALUES AND DETERMINE THE MEAN *
DO I=1,N

SUM1=SUM1+Y (I)
enddo

YMEAN=SUM1/N
A A A A A A AR KA A A A A AR A AR A AR ETAARARAARARRA AR A A AR AT A AR A Ak hkkhkhkhkhkhkhkkhkdkhkhkhkkhhkkkk

SUM2=0.0
po 1I=1,N
SUM2=SUM2+ (Y (I) -YMEAN) **2
enddo
VAR=SUM2/N
STD=SQRT (VAR)
RETURN
END




subroutine multi circle(array,n)
I E R R P R R SRS S SESS LTSS EEESETESSESEEEEESESEELEEESEEEEEEEEEEE SRS SR
This subroutine generates a circle with a given radius
and grey-tone in an array "array" at a given point.
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real array(256,256),a(256,256)
character*12 answer,yes,no
f Initialize array a
do i=1l,n
do j=1,n
a(j,i)=0.
enddo
enddo
write(6,1)
format (1%, ”input radius of circle in pixels:’$)
read (5, *) rad
write (6, 3)
format (1x,’ coordinates of centre of circle:’$)
read (5, *) icenx, iceny
write (6, 4)
format (1x, ' grey-tone:’$)
read (5, *)grey
do j=1,n
do i=1l,n
ss=sqrt (float ((64-1i)**2+(64-7j)**2))
if(ss.gt.64)go to 100
array (i, j)=10
00 enddo
enddo
do j=1,n
do i=1,n
ss=sqrt (float ( (64-1) **2+(32-]) **2))
if(ss.gt.20)go to 101
array (i, j)=2
01 enddo
enddo
do j=1,n
do i=1l,n
ss=sqrt (float ((32-1) **2+(96-7J)**2))
if(ss.gt.20)go to 102
array (i, j)=1
2 enddo
enddo
do j=1,n
do i=1l,n
ss=sqrt (float ( (96-1) **2+ (96~7]) **2))
if(ss.gt.20)go to 103
array (i, j)=14
3 enddo
enddo
write(6,7)
format (1x,’ another circle (answer "y" or "n"):’$)
read (5, 8) answer
format (al2)
if ((answer.eq.’y’) .or. (answer.eq.’Y¥’)) then
go to 2
else
endif

4 N4

return
end




t PARAMETERS

subroutine multi resolution_image (x,n,y,nz)
real x(256,256),y(256,256)
character*6 answer
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t FUNCTION: Reads (using free format) an image from a given data file.

Input: x - image
n - size of image (=n x n)

Output:y - image
nz - multi_size of image

EXTERNAL SUBROUTINES: None
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write (6, *)’enter resolution 1,2,4,8,16,32 2/
read (5, *)in

nz=int (n/in)

do j=1,nz
do i=1,nz
y(j,i)=x(j*in,i*in)
enddo
enddo
Skip a line to indicate that process has finished.

write (6, *)

return
end
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subroutine line (array,n)
ISR RS S SR LSS S LSS EETEEEESEEEEEEESEEEEEEEEELEEEEEEEREE LR LR
This subroutine generates a line with a given start
and and end point in an array "array"
IR RS RS SRS SRS SRS ST ELEETEESESESEEEETEELEESEETEETEEE LS ERE T EEEEE
real array(256,256),a(256,256)
character*12 answer,yes,no

Initialize array a

do i=1l,n

do j=1,n

a(j,i)=0.

array(j,1i)=0.

enddo

enddo

write(6,1)

format (1x,’input line start in pixels:’$)
read(5,*)x1,yl

write (6, 3)

format (1x, /input line end in pixels:’S$)
read (5, *)x2,y2

write(6,4)

format (1x, ' grey-tone:’$)

read (5, *)grey

do i=1,n

do j=1,n

yy=(float (j)-yl) * (x2-x1)
xx=(float (1) -x1)*(y2-yl)

if(yy.eq.xx) then

array (i, j)=grey

endif

enddo

enddo

write(6,7)

format (1x,’another line (answer "y" or "n"):’$)
read (5, 8) answer

format (al2)

if ((answer.eq.’y’).or. (answer.eq.’¥’)) then
go to 2

else

endif

return
end
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subroutine fft2d(a,b,n,isgn) .
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FUNCTION: This subroutine computes the DFT of a 2D array with
real and imaginary parts a and b respectively.

Note: This routine computes the ’optical’ transform - the
zero frequency occurs at (n/2+1,n/2+1).

PARAMETERS

Input: a - real part of image

b - imaginary part of image

n - image size (=n x n where n=2**k; k-integer)
Note: n must be less than or equal to 512.

isgn = -1 gives forward Fourier transform
1 gives inverse Fourier transform

i

t Output:

EXTERNAL SUBROUTINES: None
INTERNAL SUBROUTINES: fftld
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Use subroutine fftld to design a 2D FFT by computing
the 1D FFT of the columns and rows separately.

real a(256,256),b(256,256),c(256,256),d(256,256)
real aa(256),bb(256),cc(256),dd(256)

Put columns into single-dimension array and call fftld.

initialize arrays
do i=1l,n

Jri)



enddo
call fftld(cc,dd,n,isgn)

do i=1,n
a(j,i)=cc(i)
b(3,1i)=dd (i)
enddo

enddo

return
end
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subroutine fftld(a,b,n,isgn)

t This subroutine computes the DFT of a complex array whose

t real and imaginary parts are a and b respectively

f using the successive doubling method (’Digital Image Processing’
t by Gonzalez and Wintz, Addison-Wesley publishing company, 1987).

The subroutine returns the real (a) and imaginary (b) parts
of the DFT.

The size of the arrays n must be an integer power of 2
less than or equal to 512. 1If arrays larger than 512
are required, then the dimensions of a,b and ¢ must
be adjusted accordingly.

Note: Zero frequency occurs at n/2+1.

By convention, the forward Fourier transform is obtained
when isgn=-1 and the inverse Fourir transform is obtained
when isgn=1.

real a(256),b(256),aa(256),bb(256),cc(256),dd(256)
complex c(512),u,v,w,cmplx
if(isgn.lt.0)den=float (n)
if(isgn.gt.0)den=1.
pi=4.*atan(l.)
p=float (n)
g=log (p)/log(2.)
k=int (q)
nh=n/2
nm=n-1
initialize complex array c
do j=1,n
C(j)=(0-lo~)
enddo
j=1
do 1 i=nh+l,n
c(j)=cmplx(a(i),b(i))
j=3+1
do 2 i=l,nh
c(j)=cmplx(a(i),b(i))
j=3j+1
j=1
do 3 i=1,nm
if(i.ge.j)goto 10
v=c (J)
c(j)=c (1)
c(i)=v
JJj=nh
if(jj.ge.j)goto 3
153733
33=3i/2
goto 4




J=3+33

do 6 1=1,k

11=2%%*]

12=11/2

u=(1.,0.)

x=pi*float (isgn) /12

w=cmplx (cos (x),sin(x))
do 6 j=1,12

do 5 i=j,n,11
ii=3i+12

v=c (ii) *u
c{ii)=c(i)-v
c(i)=c(i)+v

u=u*w

J=1

do 7 i=1l,n
c(i)=c(i)/den
c(i)=c(i)/float (n)
do 8 i=nh+1,n
a(j)=real(c(i))

b(j)=aimag(c(i))
j=j+1

do 9 i=1,nh
a(j)=real(c(i))

b(j)=aimag(c(i))
j=3j+1

return

end
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subroutine fftld(a,b,n,isgn)
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This subroutine computes the DFT of a complex array whose

real and imaginary parts are a and b respectively

using the successive doubling method (’Digital Image Processing’
by Gonzalez and Wintz, Addison-Wesley publishing company, 1987).

The subroutine returns the real (a) and imaginary (b) parts
of the DFT.

The size of the arrays n must be an integer power of 2
less than or equal to 512. TIf arrays larger than 512
are required, then the dimensions of a,b and ¢ must

t be adjusted accordingly.

Note: Zero frequency occurs at n/2+1.

By convention, the forward Fourier transform is obtained

t when isgn=-1 and the inverse Fourir transform is obtained
t when isgn=1.

real a(256),b(256),za(256),2zb(256),2zc(256),2zd(256)
complex ¢ (512),u,v,w,cmplx
if(isgn.1lt.0)den=float (n)
if(isgn.gt.0)den=1.
pi=4.*atan(l.)
p=£float (n)
g=log(p) /log(2.)
k=int (q)
nh=n/2
nm=n-1

initialize complex array c
do j=1,n
c(3)=(0.,0.)
enddo
j=1
do 1 i=nh+l,n
c(j)=cmplx(a(i),b(i))
j=3+1
do 2 i=1,nh
c(j)=cmplx(a(i),b(i))
j=3+1
j=1
do 3 i=1,nm
if(i.ge.j)goto 10
v=c (]j)
c(j)=c(i)
c(i)=v
jJj=nh
if(jj.ge.j)goto 3
13733
33=33/2
goto 4
J=3+33
do 6 1=1,k
11=2%*%*]
12=11/2
u=(1.,0.)
x=pi*float (isgn) /12
w=cmplx (cos (x),sin(x))
do 6 j=1,12
do 5 i=j,n,11
1i=i+l12
v=c(ii) *u
c(ii)y=c(i)-v



c{i)=c(i)+v

c(i)=c(i)/den
c(i)=c(i)/float (n)

do 8 i=nh+1l,n

a(j)=real(c(i))

b(j)=aimag(c(i))
j=73+1

do 9 i=1l,nh
a(j)=real(c(i))

b(j)=aimag(c(i))
j=j+1

return

end




