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Abstract

This study uses string I-V curve to automatically diagnose failures in photovoltaic (PV) array. Detecting PV array

failures is necessary for the safe operation of PV systems. In this study, a neural network is used to automatically determine

the cause of independent and combined failures in PV array with high accuracy. Furthermore, after determining the defects,

the rate of decrease of the failed cell current is detected and the series resistance value is estimated to quantitatively diagnose

the failure. For this purpose, this study uses the difference data between the string I-V curve and the reference I-V curve,

which is the I-V curve during normal power generation, to efficiently extract the characteristic values of the failure. As a

result of verification using the measured I-V curves, the factors of single and combined failures were automatically

determined with high accuracy (97.8%), and the rate of decrease of the failure cell current was successfully detected and

the series resistance value was estimated.
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Table 1 Expected Failure I-V Curve
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Fig. 1 Expected Failure I-V Curve

REA %= BB I BERIET 5.

ATIE TR BN L ORg, K FICBI LTI, FAHIMARE
B2 E D Ppax 2 5% HETF3 5 IV h—T7 2 FRE AL LT
BT %, F77, Lep K FIE Pyay PIETFERTIZARL, Iy P
TN 5% ETHIVIRES L L TR 5. Ziux
Len B TFENRENEATHA M V7 LUV T By KT
RAMEL, PV ED 2— /LB /L LYW TEE & 22 AR
BANEBELT 280055720 Th 5. 517, EilorE
AENEE LTEAREAICE L TORENGET D, 220
Prax 5 50%LL FIK N2 XL 9 2B v REAIZBI L T
SO ORI S.

3. NN OFE

NN & AR OMHRO—EE2 M LI BT T L TH Y
B E TFED— 2o Th 5. ARFLETIE Table 1 IR LIARE,
AEHETHOICHE LT NN 22N EIUERT 22 8¢, B
MARLENOEERESETHET D, 22T, NEF] Fi2X
Moo E T Z2HET D NNUeey), [TEH]EIL RN 24
ET D NNRy), [EREZILRGIET ) ZHIET S NN(Rg,)
R LT A NNIEY I 2 b— g LTIV ER LTZ IV
—T7EHNWT, LTFOFETEEEITo7
31 ¥3al—2av iV h—JDER

IV A—7HIERHC PV 7 LA NS E SRR (R
SR, BV —/WRE) TEMELTWAHZ EAMEL, V3
2 b—3 3 ALY IEEBIOREEGRD -V 71— 7%@%
LT, NN ORF—% L LUERTS. ATFETIIE AL
YT BT RA—ERBINENEEETHZ LTk ,ﬁ

Vol49, No.2, 2023



Automatic Failure Diagnosis of PV Array by Neural Network Using String I-V Curve and Differential Data from Reference

225439380 DY 2l —a L IV I—F 2B LT,
32 BREELV H—TDER
AFECIIIATIEOSRILHE 1V I —7 DEERT5 2
& T, REAWED 1V I —7 DR EE T 5. SHIEEL
V B—7 LIHEE O B, Y — /R TR
fEAY OFEVRERF -T2 -V I—T7THY, PVET 22—/
DEEIE & BASMERO A TR T2 Z LN FTRETH 5.
AFETIE 3 IR LEZY S 2 b—a v 1V =72
KUT, FIEND AR, 22— VR4 VTR
YLV H—T% 1 T—2FToERT 5.
33 A
FP, VIal—rar LV A—T LR LY h—7
DOBIEEE Vocsims Vocrer) &RHAEEETT Uscsims Iscrer) &
iS5, WIZ, SR LV 1 —7 OBEEICBIEE L
Vocsim/Vocrer» PRIV AHE I s csim /Iscrer & #HT B 1
HEZEICESTC, BREELV h—T Ly Ial—var
[V B —7 OFH&E & BB 2522 — B S W 5. K&k
BREHELV h—T L 22— a V[V =705, Fig
2R KD ICREEICRT 220080 (y) 28BS Uly- Vi
P, Fig. 3 1T X O ICEERICHT 20 EE Vy) IS
LVg- TR 2R 5. E7, MBSk v Bipp R —
N2 B IV A—T b ARFEATAT 57290, 1V 1—7,
Iq- Vi, V- TRRAEIXEIEEZ Vocsim » TBIUEE Iscsim CHl
5 L TER, BEE 0.0~1.0 OFBICERETS.
3.4 FEEmHH
2 BT LS ITREE ORI L > T LV I—T DO
IR D, 2 2T, NNRs), NN(Rgp) TIX -V 1—7'D
BB, NN(een) Tl IV B —7 DB & 2RI
H 2 0ERH D20, B R EZmMET 5.
341 NN(Rg), NN(Rgp,) DRH#EMIL,  NN(Rs), NN(Rg,)T
TEEATITR Y402 AL (2014201) DEFR AR 72 1 IRoehd %
e L LTt 5.
(1)  EHYE#EDIG- VEEIZS L, V = 0.0~1.0F TERRIC
TRy = (Iq1, Lag, - lazor) % 201 fAHIT 5.
(2) TEHIEBEDOV- IFPEICK L, T =0.0~1.0F CTEHEHMIRIZ
TBEESME Ve = (Var, Vg, - Vagor) % 201 ST 5.
342 NN(len) DFHSEFIH  NN(Ucen) THELFIZ/RT 600
i (2004200+200) DR EFE 72 1 Rothcd | & & LT
T 5.
(1) FEHYEHED IV =TI L, V = 0.0~1.0F TR
R T = (I, Iy, ... Iyop)7% 201 sS30HT5. i U722 Ei
EICK L, WalE O CTERBOME L = (I'y, Iy o I'200)
% 200 A5,
I'y=1I,—I,4,1 (n=12..200) €))
(2) BMEMEL OBWESE I L, Rz AV CER
FESAME LY = ar', Ia’ s - Tazoo’) %2 200 AT 5.
Ian' =lgn —lgnsr  (n=1,2...200) 2
(3) BHIEMEL OBEEMME VKL, KAEHWTEE
FESAMEV Y = (Var', Vaz's o Vazoo ) & 200 SSHT 5.

Van' =Van —Vans: (= 1,2...200) 3

Vol.49. No.2

_75_

.~.‘\
8 N 8
\
\
\

6 . -, v 16
—_ | [ simulate -V Y R
é. ----- reference I-V k Vo=

4rl—r-v L4

1
!
2t 2
0 : ‘ 1o
0 100 200 300
VIv]

Fig.2 14-V Characteristics

v, V]
.......... ~.\’\
87 3
\
\
\
6l \
\
= L
i
i
ol [ e simulate I-V i
----- reference I-V 4
2 E
. . ‘ .
0 100 200 300
VIVl

Fig.3 V4-1 Characteristics

BARICRFR T — 2 bt Ui Eieo &7 — Z Bld
DIRKREZE AT, HhiH L7e& 7 — 2 B84 B b3 2.
3.5 NN QDOEYH

F9, NN ORI DOV TCETT 5. NN(ee), NN(Ry),
NNR)IFW TN ANE»SHAIEE TR —FuThd 7
4—R74VU—=R==2—J1Fxy NU—ZFFNN)ThHD. %
JE&E, AT - BRAUE - HJE £ C 3 T S, 1R LR
Bixv 7o R L V7 b~ v 7 AR, ERIT
LTV huE—gEE O £, BhEo2=y MR
SR L R ABE L 20 1=y R ERE L.

WIZ, NN OFEFEICHOWTEAT 5. NN 0% X
MATLAB OB Cdb 5 A r— 1) o 7 e Afid i trainscg)
AW £, ity i ab—va V=T
7225439 7 — % DND 90% % FIRT— %, 10%EBaET — ¥
ELUTHEALE. IRTRy 78032000 & L, 30 =Ry 7 D
BSAR B ORNRGFET — & OREZEDSEGE L CHIIN Uigel ) 7235
B, T — 2 TEEA LTS Sl L TR a5,

RFRIZ NN(Rg), NNRgp)IZBL T, LeenfX FAVELZ 1V
N—T%FHEH LIZNN, £ aFE LT NN OZILZEIL 2
A ERT 5. Zhid, REICAEEZHET DEIC
NN(leen)) CHRAC KT A HET 272D TH D, ZHITLD,
Ieen & FOFMECHHT D NN(R), NNRgp ) & ENIT 5 Z &
T, REGOHERBERM LT 5.

N EX SE



Yoshiki TAKAHASHI and Yuzuru UEDA

4. PVF7LADFEAZEHIO—

Fig. 4 IZPV 7 LA OFRBGEZW 7 n—%md. 7, 38
THERR L72 NN(Igen)s  NN(Rg), NN(Rgp,) % AW TR EADH
EZAT . IWIZ NN(ee) Tleen & F EHIE SNIZHE, Teenl
TROBIEIT . IBIZ NN(Rg) TR & HIE S84,
RJENMEDHEEZ1T .

41 NNIZKBTHEHE

3 BT L72 NN(een), NN(Rg), NN(Rgp)IZ &Y Fig. 412

RN CRESHEZITY . £, NNU)l2 &0 [TEF ],
Meen& T OHIEEITD. RIZ, NN(een)DHIERERD TIE
W CHIULL o & FEED 1V 1 —7 %5388 L Q7R NN(R),
NN DO FIEFERD [ 1T THAU o K THRED 1-V 7
— 7 HEE LI NNRIC XY, TIEH ), [RIEM) OHIEEFT
9. [AERIZ NNRgIZBI L TH NN(lgen) DHIEREF A Fl2ffE
92 NNRg) VT T, TER ), [RG KT OHEETT
5. BB EOHERREAMEGDE ST, [IEF)
e F1, TREIMNS, TRGIKTY, Teenl& F+RHMN) ,
e F+Rp X T, [RIEIMAR4 KT, eenfKT+Rg
HEIN+RLIE T OWTFNRADOARESE L LCHET S,

42 I ETFEORKH

NN(leen)) T Meen& T EHESNIZSGE, KQ)EVETEL
T-BREE LV I — 7 & OEFEZEGWOE VY R, <hisd
% IERUbtE OEVRIE I, Z#th & Licl,- vy FEEFRIH LT
L ETROMIAEIT). 22T, L& FREFANY 7
IV =T 2Rk DIgclZxtT 5, A RNU U THIZEN TR B
BEFDMET LIV DI DIKRTEISE &5, Lo, Il
TEAELE IV A—7 LB\ T, Kb EREMET L
BOMEERHT D Z & T, L& FROREIMTZS.

Fig. 5 Il fX FREDIERU LI D 1V I —7 L BEFEHE 1V
H—7, I-Vi'FtE&EENEroRd. Fig 5 £ 0 1,- Vi R
BN, Vg OIBKIE L 72D B 1V I—T DEONIETHS.
LT2h3o T, V' DBKAE & 72 DBRO BN Ipear 22 BUFT 2 Z

Detect failure by NN (I )

Decrease Iy

v ¥
Detect failure by NN (Rg) which Detect failure by NN (Rg) which
trained data of decreasing I.q1 trained data of not decreasing I ey

: ]
Detect failure by NN (R}, ) which Detect failure by NN (Rg},) which
trained data of decreasing Iq); trained data of not decreasing I¢y

!

Detection of I ) decrease rate

|

Yes

Yes No

Estimation of Ry increase

Fig.4 Failure Diagnosis Flow

Journal of Japan Solar Energy Society

_’76_

0.0 0.2 0.4 0.6 0.8 1.0

——normalized measure -V
02} memem normalized reference [-V
----- h_ Vd’
0.0 " L ‘ - ‘
0.0 0.2 0.4 06 0.8 1.0
v [

Fig. 5 Detect I decrease rate

LT, BTV oK FRERHT 5.

I o1 decrease rate = (1 — Ipeak) X 100 [%] 1)
Z I, VY OKEIRESE T DV T — X BN T, EFH
L7oVy OBEHEDPET HER LD b REWVGAITHKRE L
T5. ek, A REOELER L CHEE 002 2827
— X DHERBREET 5. LLEOFEERNSZ &C, Fig 5
DB Cloen I T, (1 - 0.89) X 100 = 11 % LS5,
43 R EMMEOHEE

NN(R,)T TR LHIE SIS, EERFTHLIZR
BV I —7 DEIHERGUE (R, ) (ST DF IV —7
DORSENMEZHEET D, ZIUTL D BRA N U T ORI
REAZEEANCTHET 2 2 EBWREE 72 5.

2 ETIR7= K S TRy BHENIT 5 & Vo IO ARLAME T
T 5. RFETIE 32 HiCrEmk LIS RIEHE LV 7 —7 % 5
IV =71 UV fBETT7 4 v T 4 VT8, 74T
4 THBOBIBIEUE 1V I —7 DR Z=FEH -V H—T DR, &
LTHEET 5. Fig. 6 ICRFENMMBEDHEE 7 v — %719

FT, ZRAE LV H—TEFU IV I—T1ZT7 1 v T+
CTT B IO DOEERS Vg FIHT 5. Fiz, Voo ft
WTDT 4T 4 T2 HNETHIZD, Vg OBEFSHIFE % K
WNTRET 5. Vg OFFFEPHIE, 4.2 fiCRiH Lzl o & T3
WCEVIRET D, Vg ITxST 2 &AL [ & LTV ORSH
P, Teen K TER23 20%A0HOHE,

0 < 1 < 0.8 X ISCref (5)
Leen X T2 20% L0 EOSE,
0 <I <Ipeak X Iscref (6)

LTD. UL, LS FIZE D RAE LV I—7 LOB:
DOV ETHRLTLEI ET 4 v T 4 VI LA\
W, BEL0 L Voo Vi ZRWTT 4 v T 4 v T EFTH T2
ThHoD.

KIZ, R, PDRZEWIESED Z & THIUELE IV 1 —7
BT D, 2 2T, RFHETIIROHIIEIIR, D 1% &
BELE. LT, BRH LSBTV —7 L EH TV
T =T D Vy S FIETR(O) DR THAG 5. BHaALHE
VI —7RERLV I —T T4 v T4 7T HEEELE

Vol49, No.2, 2023



Automatic Failure Diagnosis of PV Array by Neural Network Using String I-V Curve and Differential Data from Reference

Determine the range
of V4 acquisition

|

Re-create reference 1-V curve
using the increased Rg

|

Calculate the average
of V4 in the range

|Average V4|<0.001

Rg at this time is estimated
as the measured Ry

Fig. 6  Estimation flow of Ry

Vg DEBED 0123753 128, Vg OIEEEAS 0.001 i & 72
2 F T EROFIEZMRY KT

PbXv, F3C7 4 v T 4 TW5E T LIZBEOR, &
-V U —7 OESHHUE (Rs,) & LTHEET S. K> T, R

LR, DFEEID T & CRHNMMEDHEENTE T 5.

TNETICS, KEGEMEMERR A AR5 E5ER
IV =7 N BREWET D FENREINTND 2B, 20
HCHARFE T o FRAMRT 5 2 & T, RIEIMIZE>T
AT B VoD 1V I —7 % i KBNERA U CR A HEET 2
ZENHRETH D, DT, RFEIT KT & RAEMAE
I LTG0 Vo IS 7 A A0 RPMEDFEAE LT A 12
WTCHREHEETE S LW IR AR > T,

Sest

5. SERIT—4 £RALV-IREE

51 ERT—4

RPEORFED T, FREAR S v /S AR kiC
TV =7 ORIEE{T-7-. Fig.7 DX H I =ZEEHROB
fhEhs U 2 PV EY 2—/L (PV-MA1100KH) % 2~5 £iE%1
TR LT A R Y 7 2R L, BESREIT A SR, T2 —
JUREEIZF e PV B 2 — /LSS H Y (i3 -8, -V
H—NE 1V =T hL—H%& PV T2 —/ U8 L
EFNENHE LTz

Thermocouple
(Attached to the back) [f
— e

Fig.7 Measurement Environment

Vol49. No.2

Table2 Usage Data

Failure Class Number of Data
normal 126
decreased I o) 258
increased Rg 59
decreased Rgp, 230
decreased I o & increased R 68
decreased Igq) & decreased Ry, 60
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