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Research on Topological Structure and MPPT
Algorithm of Photovoltaic Array in Large Green Ship
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Abstract: To introduce the new energy power generation into large ocean-going ship, the topological structure as
well as the MPPT model and control algorithm of large-scale photovoltaic array in ro-ro ship was studied. By consider-
ing the navigation environment and structural features of large ro-ro ship, the topological structure of large-scale pho-
tovoltaic array was designed, and its hull-part-level MPPT model described as the LSGO was also built. Additionally,
a cooperatively coevolving particle swarm optimization based on multi-context vectors and ring topological structure
(CCPSO-MR) was proposed and applied to the MPPT control of the ships large-scale photovoltaic array. Simulation
results show that the CCPSO-MR performs better than some famous algorithms in convergence speed and accuracy on
solving the LSGO problems. With the utilization of the proposed structure and MPPT algorithm, the large-scale pho-
tovoltaic system can be introduced into the ocean-going ro-ro ship successfully and works well under complex environ-
mental conditions.
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Fig.1 Shading of the ship during the voyage
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Fig. 2 The HIP partition of ship’s photovoltaic array
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Fig.3 The HIP-based topological structure
of ship’s photovoltaic array
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Tab. 1 Illumination distribution inside each HIP
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Fig. 4 Two-dimensional P-I characteristic

under non-uniform illumination condition
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Tab.3 Comparison of the optimization results on 1 000-dimensional CEC 08 Benchmarks
Functions PSO PSOEM CCPSO-Sk-rg-aw  CCPSO2 JADE SaDE CCPSO-MR
Average 2. 60E+06 3.03E+06 1. 95E+04 7.35E—07 2.37E+02 1. 23E+00 0. 00E+00
Fl Worst 2. 90E+06 3. 12E+06 2. 2TE+04 1. 98E—06 1. 30E+03 1. 17E+01 0. 00E+00
Best 2.01E+06 2.92E+06 1.55E+04 3.09E—07 3. 65E+00 7.73E—04 0. 00E+00
Std 2.90E+05 7. 44E+04 2. 49E+03 4. 47TE—07 2.57TE+02 2. 25E+00 0. 00E+00
S Average 1L41E+02  1.08E+02  5.61E+01 1.58E+01 1.18E+02  6.73E+01 3.51E+01
Fo Worst 1. 55E+02 1. 13E+402 5.92E+01 1.69E+01 1. 21E+02 7.23E+01 4. 33E+01
Best 1. 19E+02 1. 05E+02 5.20E+01 1.50E+01 1. 15E+02 5.92E+01 2.80E+01
Std 1. 14E+01 2. 45E+00 1. 55E+00 4.52E—01 1. 43E+00 2.57E+00 3. 77TE+00
 Average 1.52E+12  1.27E+12  5.24E+08  2.06E+03  8.85E+07  3.89E+03  3.22E+00
F3 Worst 2.29E+12 1.36E+12 6. 85E+08 2.35E+03 8. 75E+08 4.57E+03 6. 94E+00
Best 1. 08E+12 1.22E+12 3. 40E+08 1.77E+03 2. 79E+06 3.13E+03 3.41E—03
Std 3.61E+11 3.84E+10 1. 38E+08 1.51E+02 1. 69E+08 2.82E+02 3.07E+00
 Average 1.77E+04  1.78E+04  1.15E+03  5.76E—03  7.55E+02  4.84E+03  0.00E+00
Fa Worst 1.91E+04 1. 81E+04 1.22E+03 9.92E—03 6.66E+03 5.35E+03 0. 00E+00
Best 1. 58E+04 1. 74E+04 1. 09E+03 3.30E—03 1. 11E+02 4. 34E+03 0. 00E+00
Std 1. 12E+03 2. 14E+02 3.92E+01 1. 82E—03 1. 26E+03 2.12E+02 0. 00E+00
 Average 2.34E+04  2.70E+04  1.77E+02  3.15E—03  2.12E+00  4.04E—01  3.52E—15
F5 Worst 2. 72E+04 2. 79E+04 2.05E+02 1. 48E—02 9. 17E-+00 3. 38E-+00 4. 11E—15
Best 2.03E+04 2. 60E+04 1. 41E+02 3.08E—08 1. 00E—01 7.54E—04 2.33E—15
Std 2. 49E+03 5. 11E+02 2.50E+01 4.95E—03 1. 58E+00 6.43E—01 4.85E—16
 Average 2.11E+01 2. 11E+01  6.88E+00  3.27E—05  1.18E+00  1.29E+01  2.30E—13
) Worst 2.12E+01 2. 11E+01 7.23E+00 4. 18E—05 1. 30E+00 1.35E+01 2.81E—13
Ko Best 2.09E+01 2. 10E+01 6. 32E+00 2.25E—05 1. 11E+00 1. 23E+01 1.81E—13
Std 8.42E—02 3.02E—02 3.08E—01 6. 10E—06 3.56E—02 2.56E—01 3.10E—14
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Average evolution curves of different algorithms on 1 000-dimensional F1 to F6
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Tab. 4 Partial shading navigation conditions of ship

el HIP 4 5 JEI/ (W e m™?) LB /C
1~20 1000 2
! 21~50 500 22
77777777777777777 51~90  1o0 25
f 91~150 500 22
"""""""""""" 151~250 1000 25
i 251~450 500 22
. ss1~80 too 25
. 481~500 500 22
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Al W, , CCPSO-MR B33k g% DL 58 43 2 T8 N FH i
i BE 45 1 2R 40 J R i s ) 2R 1 4 HITP A g
HE T % 388 25 AH ;. DC/DC Ay, #4581l & 56 i MPPT 45
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Tab.5 MPPT results of different algorithms under
partial shading navigation conditions

g MPP /W A% SR/W WE/%
CCPSO-MR 3.780 7TE+5 0.16
CCPSO2 3.720 8E+5 1.74
3.786 TE+5 )
CCPSO-Sk-rg-aw  3.092 5E+5 18.33
JADE 3.391 4E+5 10. 44

5.2.2  fEAR A AR BAUAT R T MPPT 45 £
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Tab. 6 Complex illumination conditions of ship
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Tab.7 MPPT results of different algorithms under
complex illumination conditions
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101~150 PV21.PV22 500 22
PV31,PV32 300 20

""""""" 151~250  PVII~PVs2 1000 25
PV11~PV22 1000 25
251~350 PV31~PV42 500 22
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