






ABSTRACT 

System identification techniques are routinely used in experimental stability and control 

studies throughout the aerospace industry. Over the years, various researchers at the 

College of Aeronautics have contributed to this field; most recently some of the latest 

methods have been employed to estimate the stability and control derivatives of a variety 

of aircraft types. Although the more recent investigations provide a useful insight into 

the capabilities and characteristics of several up-to-date methods, they have not resulted 

in tools which may be used on a routine basis. 

Consequently, the purpose of this report is to describe a set of procedures which are 

straightforward to apply, and produce reasonable solutions to the type of linear parameter 

identification problems which are often found in aerospace work. Recordings of the short 

period and phugoid modes from Handley-Page Jetstream G-NFLC are used throughout as 

examples. 

Firstly, those characteristics of the aircraft’s instrumentation system which influence 

the quality of the signals - sample rate, antialiasing filters, time delays - are considered. 

This information is used in conjunction with standard signal processing techniques to 

ensure that the data is of sufficient quality to be used in the parameter estimation process. 

Next, a basic Fourier analysis and a least squares algorithm are employed to produce non- 

parametric and parametric models respectively. The results thus obtained are comparable 

to those generated using more sophisticated techniques. 

In conclusion, standard signal processing methods combined with relatively simple 

estimation theory offer an adequate solution to the linear parameter estimation problem. 
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1. INTRODUCTION 

Parameter identification (PI) is a process whereby the dynamics of a system are estimated 

from a knowledge of the input and output time histories. PI techniques are used in support 

of various activities throughout the aerospace industry, some common applications 

being:- 

* Comparing the characteristics of a real aircraft to the dynamics predicted by 

simulation models. 

To aid in the understanding of aerodynamic phenomena and their relationships to 

stability and control behaviour. 

To provide more accurate models for simulators. 

To provide improved stability augmentation systems, and on a more esoteric level to 

estimate the models required by adaptive flight control systems. 

Several generations of researchers at the College of Aeronautics have worked in this 

field. In 1967 Pallister [ 11 investigated the lateral stability characteristics of the Shorts 

Belfast using a scale wind-tunnel model and a combination of static and oscillatory rigs. 

The work was continued the following year by Martin [2]. 

In the 1970’s, Klein (one of the most prolific researchers in the field) contributed a 

great deal to the applied aspects of the parameter identification problem. In Ref. [3] the 

basic performance of an instrumentation system is quantified, dealing with topics such as 

precision, accuracy, static and dynamic calibration. In his Ph.D. thesis [4], the most up to 

date methods (at the time) were applied to a range of simulated and test data. The 

capabilities of the equation error method, output error (OE) with total least squares (TLS), 

maximum likelihood estimation (MLE), and Bayesian techniques were successfully 

applied to test data from the Basset variable stability aircraft, the HP-115 slender delta 

wing Fesearch aeroplane, and to simulated data from a nonlinear model of the F-100 

Super Sabre . 
This mix of theoretical and applied work was continued in the 1980’s by Foster [ S ] .  

The MLE method was used in conjunction with a steady state Kalman filter to produce a 

technique for identifymg stability and control derivatives in a calm or turbulent 
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