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Abstract

This paper focuses on the development and analysis of a solar photovoltaic (PV) combiner box
equipped with a module capable of obtaining Voltage — Current (I-V) characteristic curves to
evaluate the performance degradation and faults in a solar power plant. A deep learning
algorithm was proposed for the analysis of I-V curves. Direct Current circuit breakers were
applied to obtain the I-V curves of each string circuit inside the combiner box. The fault dataset
was labeled through classification based on the shape of I-V characteristic curves. The fault data
were directly collected through field diagnosis at the power plant, amounting to a dataset of
3,200. A GoogLeNet transfer deep learning model with a convolution neural network (CNN)
was used to develop a fault diagnosis algorithm, achieving training and validation accuracies of
more than 95%. Empirical research was conducted at a 1.5 MW solar power plant site. Shading
and bypass diode short-circuit faults were simulated in solar PV strings to evaluate the accuracy
of the algorithm. The artificial intelligence algorithm demonstrated accuracy rates of 98.67% for
shading simulation and 95.06% for bypass diode short-circuit fault simulation.

Keywords: B33 < 3H(Solar combiner box), A5 AH(Empirical research), H-2]d(Deep
learning), &7 2F 57 (Power estimation), & % (Shading)
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Fig. 2 Internal and external figure of the PV combiner box (left: external, right: internal)
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Table 1 PV sting and PV module information in solar plant
Item Specification Value

Maximum power 250 [W]

Voltage on maximum power point 29.9 [V]

PV module information Current on maximum power point 8.37[A]

Open circuit voltage 37.1[V]

Short circuit current 8.76 [A]

L . Number of series connections 20 [EA]

String information )
Number of Parallel connections 50 [EA]
Inverter Capacity 250 [kW]
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Fig. 5 Schematic diagram for Deep-learning model
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Fig. 6 Induce the Partial shading condition

Journal of the Korean Solar Energy Society Vol. 43, No. 6, 2023

187



S=ElYol|LR ] =2

=
=

= o}y

¥ H&toA 224 E glolglE otrel=
L peo] 227} 98,65%

@ Aol
a0z Fesiic,

ot oz FESIAT. ol2fel olf= A4 et A [-V=Ad sk =371
FIFor FES 23t o= * of thgt 3 I-V=4d oo
Zolck, 31 A 2=0] solulstiol 0 o] Het 1S olshgiet. Holslitiol oS
mizolot. FHA dgollde 2ER Y Hiolujattol e =of et iAke B Hfo olecEd
TIARS o _?47( o g A&} ] -] H]—}\H ] ] ] 012:1 ] [q] ] = RS EH A ] < ]o] J_E_ Eayd|
=170 = UTIH 0:1 01/\ AZ17 7 _"‘01252 Eg_ io:] NEd q B& T4
shoitt B4 Ayk= Fig, 83} 2t} tho]Q & thah1A)F oAl Ayl ATt
0]'/{}\ et 1 1_F1g8 = o._(L_l_——]:J_]_O]-E =% = 1—9493%M R
TOTAL CH1 CH2 CH3 CH4 CH5 CHé6 CH7 CH8 CH9 CH10 CHN CH12 CH13 CH14 CH15 CH16
0.5%A1E 1.0%A12 Ch13
1V curve PV curve
v st Hy 4.099.155 4,097.775 3.610.506
= 5 7326 7324 7312
[ = a o Ay 559.505 559.505 493.798
P
0
/ Normal 0.000 %
= o
£, s 4 PID or cell degradation 0.000 %
£ H 7 |
g S Vs | Partial shading 98.650 %
/ 4 " Resistance mismatch & Partizl shading 1325 %
| s 7 | Series mismatch_1 0.000 %
| / |
\‘ - / | Series mismatch_1 & Partial shading 0.024 %
A ) | Series mismatch_2 0.001 %
T W w w W W w0 om0 m )
Valtage (V] Voltage [V) Series resistance increase 0.000 %
1 Voltage mismatch 0.000 %
08
06 - Result -
04
02 . .
. Partial shading
T Noma BDsrcl | pariasnasing Series Sariss Voitage
degracation ismatch_1 18 mismatch 2 mismatch
Partal shaing
o . .
Fig. 7 Inference results for Al model (Partial shading)
TOTAL CH1 CH2 CH3 CH4 CH5 CH6 CH7 CH8 CH9 CH10 CHNM CH12 CH12 CH14 CH15 CH16
05%AIE 1.0%A1E Ch13
1V curve PV curve o
& FC] 4122928 4121541 3585109
w0 s 1332 7.330 718
) ol B iy 562.305 562.305 503.644
B /£ N
b 0
/ Normal 0270 %
= _m /
Z H
[ = 4 PID or cell degradation 4.266 %
B b &z &
d £ - / \ Partial shading 0.003 %
| - 4 | Resistance mismatch & Partial shading 0.008 %
| 7 / | Series mismatch_1 0.006 %
| |
\ - / " Series mismatch_1 & Partial shading 0.000 %
& ] Series mismatch_2 0.053 %
w  awe  w  w we w0 om wm W ow W w0 W m mo
Valtage (V] Voitage [V] Series resistance increase 0461 %
& Voltage mismatch 94.933 %
08
06 - Result -
04
02 "
, Voltage mismatch
T Noma PDorcel | Partalshading | Ressmnce | Series Series
degradation ismatch_1 mismatch_ 2

Fig. 8 Inference results for Al model

188

Journal of the Korean Solar Energy Society Vol. 43, No. 6, 2023



SHAOIE] 7|3 2HQk-a

= g

= T AB0LY U B AEY 1B DHRICH Y

]

& AFelAE 2 -V HlofelE Bafet 4 o2 s, i S E= 2P of & JlgAls R

PRt Shae 1INl R o s FAsglom, [-VaAl, QAR RERl ey J A AE

£ A F58E 2e) 519, 2hie H -V 24 o]]x] Ho]HE MatLab
£ 27} 95% ool Bet At EEEI
(3) gt Holmlrto] 0  wet e ok Q18 A s BE1O] HBHE 98.65%, 94.93%5 AFEA|2wlel

%7
1 AT QAR A SRt 0] AU ol A A7 PRI rhER el 2 ] Qg
o o} 88 GRS Slet T Al 18 AT A, ArkE HAT R D 500 kW A A1)

REFERENCES

1. PR Newswire, https:/kr.prnasia.com/story/43054-9.shtml. last accessed on the 21* January 2020.

2. Ko, S. W, Shin, W. G., and Shin, J. Y, Solar Power Plant Field Diagnosis and Evaluation Technology: Fault
Diagnosis through Power Generation Simulation and Multi-Channel I-V Devices, Bulletin of the Korea
Photovoltaic Society, Vol. 7, No. 2, pp. 7-15, 2021.

3. Park, Y.-N., Jang, G.-S., Ko S.-W., Kang, G.-H., So, J.-H., Hung, Y.-S., Ju, Y. C., Hwang, H.-M., and Song,
H.-J., The Study of Method about the Multi-Channel Simultaneous Measurement for Measuring the I-V Curve of
Photovoltaic Array, Journal of the Korean Solar Energy Society, Vol. 37, No. 4, pp 23-33, 2017.

4.Ko,S.-W., Ju, Y. C.,Hwang, H. M., So, J. H., Jung, Y.-S., Song, H.-J., Song, H.-E., Kim, S.-H., and Kang, G. H.,
Electric and Thermal Characteristics of Photovoltaic Modules under Partial Shading and with a Damaged Bypass

Diode, Energy, Vol. 128 , pp. 232-243, 2017, http://dx.doi.org/10.1016/j.energy.2017.04.030.

5. Mabhesh, B., Machine Learning Algorithms — A Review, International Journal of Science and Reserach, Vol. 9,
No. 1, pp. 381-386, 2020, https://doi.org/10.21275/ART20203995.

6. Machine Learning Tutorial, https://www.geeksforgeeks.org/machine-learning/. last accessed on the 1% January 2023.

Journal of the Korean Solar Energy Society Vol. 43, No. 6, 2023 189



