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Research on MPPT control of photovoltaic systems based on
the TBKA-P & O algorithm

Wang Xinfeng Jiang Xinjie Zhang Pi Zhao Siqin

(School of Automation and Software Engineering, Shanxi University, Taiyuan 030031, China)

Abstract: To address the issue of traditional algorithms being prone to local optima during the maximum power point
tracking (MPPT) process due to the multi-peak characteristic of photovoltaic array output power curves under partial
shading conditions, this paper proposes an MPPT control strategy combining the improved Black-winged kite algorithm
(TBKA) and the Perturb and observe method (P&.0), referred to as TBKA-P&.O. In the global search phase, the
population is first initialized using the Tent-Logistic-Cosine chaotic mapping. Then, a tangent flight strategy is
introduced to enhance the search efficiency and convergence accuracy of the TBKA. Additionally, a dynamic lens
imaging reverse learning strategy based on a greedy approach is designed to improve search diversity and prevent local
optima. In the local search phase, the P& O method is incorporated to achieve rapid localization and high-precision
tracking of the maximum power point. To verify the effectiveness of the proposed algorithm, a photovoltaic power
generation system simulation model was constructed, incorporating the traditional P& O algorithm, the BKA-P&.O
algorithm, the quantum CS-P&.0 algorithm, and the TBKA-P&.O algorithm. Experimental results demonstrate that
the TBKA-P&.O algorithm achieved tracking accuracies of 100% , 99. 97 %, 99. 96 % and 99. 96 % under four operating
conditions, with corresponding tracking times of 0.093, 0.090, 0.077 and 0. 047 s. Compared to other algorithms.
the TBKA-P&.O algorithm exhibited significant advantages in terms of dynamic tracking speed, steady-state tracking
accuracy, and power oscillation control.

Keywords: photovoltaic power generation system; maximum power point tracking; partial shading; improved black-

winged kite algorithm; perturb and observe method
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Fig. 1 Equivalent circuit diagram of a photovoltaic cell
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Table 1 The illumination conditions of each component
in the photovoltaic array at 25°C
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1% 1L PV1 PV2 PV3 PV4 PV5

T# 1 1 000 1 000 1 000 1 000 1 000

T#H 2 1000 1000 400 800 800

T4 3 1 000 800 600 300 300

TH 4 1 000 1 000 500 900 900
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Fig.2  P-U output characteristic curve of the photovoltaic array
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Fig.3 Tangent flight random walk diagram
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Fig. 4 Lens opposition-based learning principle diagram
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Table 2 Overview of IEEE CEC2022 benchmark suite
FA %5 PRI AL wAILE
B PR 2R 1 Shifted and Rotated Zakharov Function 300
2 Shifted and full Rotated Rosenbrock’s Function 400
. 3 Shifted and full Rotated Expanded Schaffer’s {6 Function 600
2 V5 R AL » . - .
4 Shifted and full Rotated Non-Continuous Rastrigin's Function 800
5 Shifted and full Rotated Levy Function 900
6 Hybrid Function 1 (N=3) 1 800
RA B 7 Hybrid Function 2 (N=6) 2 000
8 Hybrid Function 3 (N=5) 2 200
9 Composition Function 1 (N=5) 2 300
2 E 10 Composition Function 2 (N=4) 2 400
PR
0 11 Composition Function 3 (N=5) 2 600
12 Composition Function 4 (N=6) 2 700
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Table 3  Statistical results of various algorithms on the CEC-2022 test set (dim=20)

PRE LD TBKA AVOA DBO VPPSO MBKA BKA
F1 Mean 1.570X10° 2.008 %10 3. 877x10" 8. 850 10° 4.592%10° 7.457X%10°
Std 1. 806X 10° 9.518x10° 1.078X10" 4.193%10° 2. 456 X 10° 8. 63910’
Rank 1 5 6 4 2 3
F2 Mean 4.590X10* 4. 938X 10 5.031X10° 4. 965X 10° 5. 886X 10" 6. 105X 10°
Std 1.845x 10" 5.056 <10 7.534 %10 3. 23610 7.414X10' 2. 369X 10°
Rank 1 2 4 3 5 6
F3 Mean 6.208X10° 6. 48810 6.331x10° 6. 38510 6. 64310 6.533 %10
Std 6.961x10" 1. 233X 10" 1. 225X 10" 9.826x10" 8. 346X 10" 1.164 X 10"
Rank 1 4 2 3 6 5
F4 Mean 8.705X10* 8. 884 X 10° 9. 067X 10" 8. 748X 10’ 8. 916X 10" 8. 774 X 10
Std 1.383x10' 2.302X10' 2.792X10' 1. 43110 9.751X10°  2.408X10'
Rank 1 4 6 2 5 3
F5 Mean 1.934X10° 2.367X10° 2.160X10° 2.069X10° 2.516X10° 2.107 X 10°
Std 3. 188 X 10 3.034 X107 5.379X10° 4. 303X 10 1. 505X 10° 2. 351X 10
Rank 1 5 4 2 6 3
F6 Mean 3.137X10* 6. 860X 10° 1.973Xx10° 4.060X10° 5. 642X 10" 6.915x10°
Std 9.581X10" 5.352%10° 7.098X10° 1. 906 X 10° 1.011X10° 3. 511X 10’
Rank 3 2 5 1 4 6
F7 Mean 2.083X10° 2.177%10° 2.153x%10° 2.126x10° 2.153x%10° 2.133x%10°
Std 3.322X10' 6. 755X 10 6.210X10' 4.402X10' 2.540X10' 4. 386 X 10"
Rank 1 6 4 2 5 3
F8 Mean 2.231X10° 2. 255X 10° 2. 306X 10° 2. 267X 10° 2. 241X 10° 2. 276X 10°
Std 7.537 %10 4.154 X 10" 7.960%<10' 5.966 <10 2.277X10' 5. 48610
Rank 1 3 6 4 2 5
F9 Mean 2.482X10° 2.492x10° 2.518x%10° 2.524%10° 2. 507X 10° 2.558%10°
Std 3.334X10° 8.211x10" 3.755X10' 4. 882X 10" 1. 909 X 10" 1. 128X 10°
Rank 1 - 4 5 3 6
2
F10 Mean 3.001X10° 3. 76610 3. 28710’ 3. 576X 10° 4. 600X 10’ 4. 060X 10’
Std 4. 886 <10 8. 88810 1.179X10° 1. 043X 10° 9.475X10° 1. 082X 10°
Rank 1 4 2 3 6 5
F11 Mean 2. 989X 10° 3.073x10° 2.948X10° 3.294 %10 4.058x10° 4.317X%10°
Std 8. 96610 2. 857 X 10 1. 480X 10 5. 094 X 10° 5. 411X 10 1. 046 X 10°
Rank 2 3 1 4 5 6
F12 Mean 2.965X10° 2. 99810’ 3.030X10° 3. 005X 10’ 3.012X10° 3. 060X 10’
Std 1. 984 10" 5.788%10' 5.525%10' 3.754X10' 6.416%10' 8. 14910
Rank 1 2 5 3 4 6
Y HE4 1.25 3.50 4. 08 3.00 4. 33 4.75
wAHE4 1 3 4 2 5 6
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Fig. 6 Convergence curves of various algorithms on the CEC-2022 test set (dim=20)
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