
Start

Load SoC-parameters look-up table
𝑥𝑖,𝑆𝑜𝐶 , 𝐶𝑆𝑜𝐶(𝑥𝑖)

Δ𝑆𝑜𝐶 > 1%

Initialisation
𝑃𝑘−1 = 1𝑒6, Θ𝑘−1 ← 𝑥𝑖,𝑆𝑜𝐶 , 𝑘 = 1

Data input matrix

Φ(𝑘) = 𝑈𝑡,𝑘−1 𝐼𝑘 𝐼𝑘−1 1
𝑇

Calculate gain 𝑲𝒌 and error covariance 𝑷𝒌

𝐾(𝑘) =
𝑃𝑘−1Φ𝑘

𝑇

𝜆𝑘 + 𝜑𝑘
𝑇𝑃𝑘−1Φ𝑘

𝑃(𝑘) =
1 − 𝐾𝑘Φ𝑘

𝑇 𝑃k−1

𝜆𝑘

Updating parameter matrix 𝜣𝒌

ƶΘ𝑘 = ƶΘ𝑘−1 + 𝐾𝑘 𝑈𝑡,𝑘 − Φ𝑘
𝑇 ƶΘ𝑘−1

Error calculation
෡𝑈𝑡,𝑘 = Φ𝑘

𝑇 ƶΘ𝑘

𝑒𝑘 = ෡𝑈𝑡,𝑘 − 𝑈𝑡,𝑘

Calculate Fisher information matrix 𝑭𝒊𝒏𝒇𝒐,𝒌

and Cramer-Rao for each parameters:

𝐶𝑘 𝑥𝑖 = 𝑑𝑖𝑎𝑔 𝐹𝑖𝑛𝑓𝑜,𝑘
−1

𝑖

1
2/ ෝ𝑥𝑖

𝑘 < 𝑇

Data recorded during Δ𝑆𝑜𝐶
T=Samples Num, 𝑈𝑡 : , 𝐼(: ) 

End

NO

𝒌 = 𝒌 + 𝟏

Update look-up table
𝐶𝑆𝑜𝐶(𝑥𝑖) = 𝐶𝑘(𝑥𝑖), 𝑥𝑖,𝑆𝑜𝐶 = 𝑥𝑖,𝑘

𝐶𝑘(𝑥𝑖) < 𝐶𝑆𝑜𝐶(𝑥𝑖)

YES

NO

Step 1:
VFFRLS 
calculation
at each data 
point

Step 2:
Identify the data 
richest point and 
compare with 
historical best data. 
Record the lower 
value and update 
look-up table 

𝑈𝑡,𝑘

Forgetting factor update
𝜆𝑘 = 𝜆𝑚𝑖𝑛 + 1 − 𝜆𝑚𝑖𝑛

𝛼𝑘

𝛼 𝑘  =  2𝜌𝑒𝑘
2
  

YES
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