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Photovoltaic cell parameter estimation through collaborative optimization of
the Bézier function and the improved squirrel search algorithm

Zhu Xianhui  Cui Shiwei  Lu Shuangfeng

( Department of Electrical and Control Engineering, Heilongjiang University of Science and Technology, Harbin 150022, China)

Abstract: To address the issues of low accuracy, slow convergence, and difficult data acquisition in intelligent search algorithms for
solar cell parameter estimation, we propose a method that combines second-order Bézier curves with an enhanced Squirrel Search
Algorithm. First, the optimum Bézier control point is found on the line that passes through the maximum power point and is parallel to
the line of the open circuit voltage point and the short circuit current point. This approach leverages the relationship between control point
positions and battery fill factor to achieve precise modeling of the I-V characteristic curve without the need for experiments. This method
not only accurately describes the output characteristics of HIT cells but also effectively reduces the impact of measurement noise on
parameter identification. Secondly, we introduce Sobol sequences, reverse learning, and chaos theory to improve the standard squirrel
algorithm. Sobol sequences are integrated into the initialization process as quasi-random samples, and a reverse learning strategy
enhances population diversity and search space coverage. Additionally, a tent chaotic mapping perturbs the optimal solution, enhancing
the algorithm’ s capability to escape local optima. The improved squirrel optimization algorithm is applied to heterogeneous junction solar
cell parameter estimation and compared with other intelligent optimization algorithms. The results showed that the improved algorithm
achieved root mean square errors of 0.028 25, 0.017 458, and 0.023 61, respectively, indicating the highest accuracy. This
demonstrates the effectiveness and accuracy of the algorithm in the parameter identification of heterojunction solar cells, providing a
reliable and precise new method for solar cell parameter identification.
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Fig. 1 Equivalent circuit of single diode model
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Fig.2 Bézier curves with different control point
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Table 1 Table of parameters of 3 heterojunction cells

il V,/V 1,/A V,./V 1,/A
214NKHES 41.9 5.1 51.5 5.6
6219E 19 3.3 24.3 3.63
195BKE1 55.3 3.5 61.8 3.79
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Table 2 The search space for the parameter

SR Ly/A  1/A A R/Q  R,/Q
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Table 3 Intelligent algorithm parameter

identification results

HHE  1,/A /A A R/Q R,/Q
214NKHES 5.6321 4.2591 2.3727 0.078 13 369.196 5

6219E  3.6467 1.9999 1.8251 0.3671  501.2824
195BKEI  3.8056 2.4782 1.9384 0.2318 17260589
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Table 4 Comparison results of algorithms of 214NKHES battery
H 2 ISSA RSSA TSSA SSSA PSO SSA
L,/A 5.6320 5.5792 5.603 19 5.621 4 5. 666 6 5.641 4
I,/uA 4.259 1 11.729 9 13.4210 26.675 0 5.398 7 2.670 6
a 2.3727 2.553 1 2.580 7 2.729 8 2.896 0 2.7252
R,/Q 0. 00781 0. 001 0. 001 0. 001 0. 001 0. 003 475
R,/Q 369. 196 2 460. 985 1053.048 9 3 000 2 771. 405 3 000
f 0. 028 25 0. 035 89 0.033 65 0. 049 63 0. 075 67 0. 048 593
%5 6219E BME XX ERMLR
Table 5 Comparison results of algorithms of 6219E battery
ERTIEIVESS ISSA RSSA TSSA SSSA PSO SSA
1y/A 3.646 7 3.791 3 3.6125 3.677 3 3.679 8 3.692'5
I,/pA 1.999 9 10 000 0.1 137.287 2 154.286 7 206. 465 2
a 1.8250 3.202 4 1.551 58 2.570 2 2.600 0 2.678 2
R/Q 0.367 1 0.001 0 0.557 0 0.001 0 0.001 0 0.001 3
R,,/Q 501.282 4 3000 1 484,133 3 1 021. 106 7 2 144.107 6 1304.704 7
f 0.017 458 0.103 2 0. 035 96 0. 040 62 0.043 52 0. 040 66
% 6 195BKE1 B E EMIR 4 RAJLE
Table 6 Comparison results of algorithms of 195BKE1 battery
HL LS ISSA RSSA TSSA SSSA PSO SSA
1,/A 3.805 6 3.873 13 3.9359 3.8265 3.900 4 3.8719
1,/ A 2.478 2 37.451 4 31.043 8 8.643 9 64.852 7 25.146 2
a 1.938 4 2.402 0 2.360 4 2.121 6 2.5170 2.313 8
R/Q 0.2318 0.001 0 0.001 0 0.001 0 0.001 0 0. 001
R,/ Q 1726.058 9 778.597 3 482,364 4 1812.279 3 2841.725 5 2943.892 6
f 0.023 61 0.077 17 0.070 74 0.031 21 0.078 72 0.048 43
AR A T2 7 A B A e Al 2 e I AL ) i, J 58
R AR =3 Z 18] B R & AN AH R, 3 30T 76 B -
PSR P A A R REC B R — 45 3 . etk b B j-ggl \
Pt 51 Sobol J751] 2 [0 2] HE W& Al Tent VR IEBLSS 90|\ N\
WA T T 0 2R 1 RS I (05 H A 5 2 i, e
HIT H SRR RIS . 3R 4~ 3 6 AT, 1SSA B — s
T3 A3 7 FE (494 0. 028 25 0. 017 458 1 0. 023 61, Fil o s
SRR P B2 B LA R A ST A L 1 T s W !
KA 0 5 50/ 56 TR L 2R B0 E 5 4 R \
S B P75 1 0 45 SR U (L, (E S T 0 i
ISSA 7EBHUHR E I BE/N
AN [ B B B A5 S50 T 5 o R o il 4 46 21 K5 214NKHES H 4% 5 e B s
Sk 5~ 181 7 iR Fig. 5 Identification effect of each algorithm
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Table 7 Comparison of 214NKHES

battery identification errors

HiAS  ISSA RSSA TSSA SSSA PSO SSA

PR2E 0.027 22 0.029 99 0.029 66 0.044 87 0.088 29 0.044 9

R 8 6219E BtPHAIRELLE
Table 8 Comparison of 6219E battery identification errors

A ISSA RSSA  TSSA SSSA PSO SSA

2% 0.005436 0.128 7 0.074 75 0.051 81 0.049 65 0.051 68

9 195BKE1 Hith#fiRiRE thi%
Table 9 Comparison of 195SBKE1 battery
identification errors

A S ISSA RSSA TSSA SSSA PSO SSA
PR2% 0.022 64 0.097 06 0.111 6 0.035 30 0.096 84 0.054 14
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