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Research on data-driven modeling for photovoltaic
characteristics based on hybrid neural network
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Abstract: A data-driven modeling approach of photovoltaic modules based on hybrid structure neural network was pro-
posed to solve the issue that traditional physical mechanism modeling methods are difficult to be applied under some
complex lighting conditions. Based on an in-depth analysis of the physical mechanism and output characteristics of pho-
tovoltaic modules, the convolutional neural network and radial basis function network were used to extract features of
several environmental factors such as uneven lighting conditions, temperature and humidity. In order to improve the fit-
ting effect of the hybrid network model, an equivalent analysis method of shadow morphology for uneven lighting condi-
tions was proposed, a genetic coding scheme was used to optimize network parameters. Model effect was verified by the
actual operation data. The model had generalized tracking capacity under various uneven lighting conditions, and the av-
erage error of simulation results was kept within 7%.

Key words: data-driven modeling, convolutional neural network, radial basis function neural network, genetic algo-

rithm optimization

oy o, JeRABIARAE TR et

1 35l

VTAESde, A2 BRAETRWY 2 25 iy i U IR ) R
VS RER R R IR . B 2015 FELRCk, WA
e Y PR ) L 1 K A ER S o I D B K ) K

Wi EHA: 2020-04-21; f&EIAHA: 2020-05-06
BIE1EE: 7KE5, zhangguobin@epri.sgcc.com.cn

B BORBGAESE T TRAT W AL o=
A 3275 R AT e o Bl e BEDRE e
B Dy W A Sk K ks LR, SRR AR AR
KRV R GRS B BRI KR )

BEEWH: HEABEDREEDITIBAT A W G5F I H  (No.52420019000N)
Foundation Item: China Electric Power Research Institute Innovation Foundation Item (N0.52420019000N)



‘170 - FREREE S HAR

2%

A0 45 G ARAE A IR BE U I A5 R B8 Oy [X I
REVR FLIE P B P IRl AR R DO R B2 . R B as AT 55
Z AN IR AL IE A SR, 2 BRUR FLIDE I R 1
HIR SR PER R DY R etk K e R G K
I P 7 S RV R, AR A 45 6 AR H
N IR A R I L AR ALY L R KT
MR ER (maximum power point tracking, MPPT)
PRI | 300 A 2845 A Y DL R 1y S Tl AR 2 4
WE 1 . 54, BEEGIR R AR ANSIE
AT, JetR R RS B 5 &5 WM ) RlE
ITRINE AR, A% E KSR RIS =
MG —%)E, #H T HR 2 ae v S e
SRR AR,

AR A T VA W L3 S BRATL B A A R A 4R
KB, Horr, i i B SR A 7k ST By
P BT AR SEORR DT . 276 3CER[T]
F - Pz s Bz o' R vl i A o o 1t 42 1)
AR, MR AE R R, AR A AR AN
ZAF TR AL RN PRGBS . 278 SCR[81ET X3
FHBERY A7 (PR A S SR At 1), Bk — ik
T Bezier BREURDGAR EIAY, 1207 E38 Tt
AR G AR VB AT T AL T, AR T M
it N ES S H . 5 TSI, B ) i g Y
HERAPEZER 5T, AN I TR R VLI S 500t
PR IEE P B BDRAR B AR (5 250 AW
TWE (7 ZHO SRR . (S EHRTT
R AR R A £ Bl E R PR T 22 o ek

BRREL, FEOTSEOAT IR ECR BN R, R
WL PRI TR RS L, TN AR ] s
BKIZHIN, RZIEOL T AR 2 R TEEK .

7% TSR B A A K B TR AR
DR R 250, A8 To ik BAS 0 4 AN 5 A
HARZ IR, B THLE 2 SN TR R R
(1) E5 4 B Bl AR g v A LA R A /b St R
T S PR SR AR R, AR AR TP i WA B H
6K MPPT J7 1, 275 SCHR[13188 H — b 1 34 Y.
PRZE R 2% 1K) MPPT 2B, SEI S 22 W i
FEE b 5-00: 225 SCHR[ 14156 T RO 45 1 1=
7= LG (back propagation, BP) M 4% T T
R IR B 5 e KD 2 pi 2 M R R %3
BRLLSIARI FH — RO S E 0 BOBI A28 )9 26 MPPT 3
WEHEATZHAAG s 276 SCHR[ 1615 i i 478 v Hs i
P i e MPPT [ 35 B i 25 10 4% (RIS SIOR S« 71
Dy#PMT7 16, 27 SCER[17] 208 R e 42 19
2% (convolutional neural network, CNN) XYk
AT MR T, FH T A IR s 2% 3
FR [ 18148 HY — i ik 1~ 3t DL Sy b 22 9 2% 1) D6 AR
DR T T %, RN 25 18 T ¢ 82 R0 58 k1
PR T PRS2, B v T R 0 I 23 T %) A 4R R 5%
(R 38 Y

PLYRJE2%>] (deep learning, DL) FliHik 2]
(reinforcement learning, RL) AR H—AAAN L
BREBORANET B, BE— 0 HES) T 80 IR 3 A
TR JE o H 1 EH 3K 2 1R G AR e AT 9T =2 A vh

fr’:ﬁi!ﬁéi —> DR

btk

Y
b RN
ERHL IR
it AR AR

i
A B R T

MPPT {7

Bl ek B B



%24

SRIF TR R TR A NS I ER HOC AR AL RS s KB e By 1 <171 -

7 MPPT #2 HF0 K B8 56 AR sl Dy 2 F0 0 7 1fT o i
HAE AR 2 T I AE SR AR S 2 ST AR,
AN G ) 5 W, RN S I A A Bl R T R
GEI R ) RO AE, H MR IR A TCAR R G 5
EN & TS

A SR X GAR A A v i R P A ) A, A1
AR it S AR S AL R eSS b, R A% )RR
B2 M 2% (radial basis function neural network,
RBFNN) FIAE RN 4, #7 T A5 a4
PE R AR ALY o 4 7 S Fria AT 2o JT e e 1Y
IR, 193] T A F I SDGRAATE T DGR A A4
o LR AR R AR

2 RARRMFETUEZRS

JCAR FIB AR PG LN, I P AR
MR PN 25D RE B AR Ak, 5 SEBrN H
rHO ik R Iy SO A S LAt OR A e TR
FOGAR AL R GAR BEF o Ak v b 1 i H s M 5
SR BIE TS AMRIRERISIT 4
E YV iP
21 #¥SEmelAmE

e SRR R YO AR Fth (R A 008 4 o T8 R R
HALRCR AT 52 SRR . B AT RMIERL =L 2R
()21 AR BB AT 43 A AR ) TE AL B RN & B 1) A
BUA R, BAR W 1.

TEHUPT RS B ik . AR . B ER . fdk
B 4 28, AR T2 WS A AR et i Ak e 22
SRR oA B AR H el T 3 R B kA
Gy T FF i KA LR A UL, 1A B AT AR S
IS FH 5 )92 T Rt 5 R A Y AR i v 5 £ G L B
i AR HEL It B v PR e A AR A T — AUBR I
PR, R T AR =y, AR AR K
L 2% T O RIUBE I FH s b B e AR it 7 4 24 )
rh B B e (P B A B0 [ IN BE 08 3 A8 R F

ZIMISATIREE, H AR AR D E s m AT s il
G AR F L AT ) AR R, BRI IR B Ak
A BRI T LR FH AT, AL A 45 47 2 S AR e HL i
S5 FHARASAS T B0 ik (1) F B AR

XSATHUA BT SR 2D B, AT LA BE AR R
SER) LRI LAY BT L Ak G R A A R
AR, AR ) A FE 2 BT ARG AR v il
FCAI H ), HEALRCR B BAC T I K .

KESKGHIREKY, P RUM B EYS
TS 0 EAHOG, [ Eg 4352 mt Ok s it 1
TrEs W s o AEAR OGRS AT AN B 2 T
Eg K/N5 G B VT IC I, SR it i 3 fh %
e, AT DR B K R
22 HMEIZAE

B AR A G AR L AR SR N e )2 R e
RGAR Rt  BAT 2 R A i L 20H0 e i P 4
Ha o T U IR St A DI AR L s BRI 2 mT )
ho4 K, ool Bl R B AR TE b R ik 1C
(passivation emitter and rear contact, PERC). A& X
e N =X C(interdigitated back contact, IBC).
fit 5 7 45 20 Csilicon heterojunction, SHI). A2 X #&
AT M 57 5 45 20 Cheterogeneous interdigitated
back contact, HBC). Z dfbA R LLBE 77 4640 2
Bl Ak #2 fi 20 Ctunnel oxide passivated contact,
TOPCon) FIEA Y4 5litbHefih =L (polycrystalline
on oxide, POLO) 4 F.

SLABTCHUA BDGAR Hth DU T 2008 3, AL
FAREGAR F it ) L R e 22 T 200 3

AN TR 200 2 ) 2 AR EILAE G AR Lt X A
PRE I PG BE B AR L2 B0 R A
BT AN [F] FR) R A, DT 52 W0 AR HL L 0 DY 2
(R, R T R ) A S HR AR R FRLEL R /) o
23 SNRIEMESITRGAE

JGAR H It A4 RN 2k T L A e 1 o AH

*1 BLL SRR LE
F ke ] g
TR R L RSP, ST, Ji AR T RfEBoR
A HALRHEAE 20% A b, AT 5 i EBARATAET TR
s HAARATIE 50%, MenERls Rk RERE M &t
fif 4 AL RS ARG, 75 20%LL T
AR EL BRES . SEp . GORHBA A kL DB AR HARR LT 10%




172 - FREREE S HAR

2%

AR LT i o o BB A D' U A AN R 4 S
DL ARAL T AZ AL o

7 I 422 165G T 5 b v 5 BRI 5 e $E L 1)
SGRAPEARHESEL (IR 2), #EEDGR AR H 4]
ke vk i 18] 2 s

JRIFBIEAE, FEWDEARALER) MPPT #56. AELEAH]
R 2P HPDCIRAMARHES BE £ 33 JefREEA, 7
AFIEATS (AR 3) IR PR Qs 3 pros.

2 FHRBHIRESE
ZH &) AL bR
SRR IR Q  5x107
Ry ERORR Q  5x10°
Tpo o BRUEBATZA R G MBMAER - A 19.969 3x107°
T, SHRE K 301.08
k, IR A/K  0.0017
Lo BRUEBATAAR T M55 RO AL A 23
E, LSRRI eV LI
VDS / 1.72
YR 2T JK  1.38x107%
G, bR W/m® 1000

FEIEFIBAT 4 OGRS F, Skl
PR R - HL T AR P BRLAAOSB ORI SR AR, oA
HLUR T B2 e IR L (R M, T e B I T S A G
T KI5 o

M 2 (a) FTLAE Y, FEPREGR AR 1 50
s RN BDEIEGAE R . B LT,
HIPREEAS DR A, B SRR IR e 22 WL s
SURSRAEE (=11 P B s a VN VAR B RRE ERE2  2
%, DIURAE i — L R P il 2 B SRAFAE — AT
Wb DR K. AE 2 (b) ATLVEH, Di%S ik
e EVE I N FEAR R MR R, H SN
Ja, DR FEIRE BRI S . Je R T e 33
TEARGLAT: (K 5 K Th 2 AR S B

AL SR AT SR, Tl REOBARALAFRE
A BOCREES o RT3 Ja RO ok, G IRRE
FIE N 4~60 Jr, S FoeARstiokid, B,
JLFEDLI e BEESCRFEFRI AT, B
T EBALE . KA MR BRSPS EIAY
SRR AN T B TR A e A T
FeRAAE -0 IR PR, AT 5B e T
AT SIS AEXT MPPT #3l s2mi>, 45
(1 27 2 MR A e DR AL A 45 ¥ Xt S0 8 U L 1) ) B 2 11
RO AT T AP, KRR RS EN], A1y
SIOEHARAE & T BOM 0 6 AR FL T A i R
2, Al AT BOCRANE IR A Rk B A

I 3 =1 000 W/m? PN
1 _____ﬁg:lo"c, H \\
e R AE=1 000 W/m? . \
WE=25C, b
T eSO Wm | L .
0 10 20 30 40 50 60
LR/ V
(a) HL¥—HLE R
14
_ im@E=25TC,
120k ¢ B =1 000 W/m?
____im@E=107C,
ook JEHESRME=1 000 W/m®
M fE=25°C, P
T T R HRER =500 W/m?
z 8 —
= 60F
40F -
20F P -

HUE/V
(b) Th—rHEREE

B2 R Lty SO i AR

%3 EITHERE

BATY S RS FRBHEIE/C MRS/ W/m’

BE1T (1, D (1,2, (2,3) 20 1000
(1, 3>, (2, Dy (2, 2), 15 500
(3,1 (3,2). (3,3)

W52 (1, 2). (2, D (2, 3), 20 800
(3,2)
(1, D+ (1,3, (2,2) 15 500
(3,1, (3,3) 15 300

FEAR SPGB SNBSS T 5, 55
JCHAAT T RDEIRA RS e s, UL
PR IR G AT e R D A B AREESIR
FEL L — P M i Y o e 2 R v s o O P O R
LG s Dy — vl It ot 24 DUV RH S b S ISR P8 A
(EEE WIRINERTI = PN E IV 4a A G



552 3 SRIF TR R TR A NS I ER HOC AR AL RS s KB e By 1 <173 -

2

0 20 20 60 80 00 120 140
HUE/V
(a) HLI—HLERFE

800
(66.6, 795.7)

— 15t
700]|--- -fEED

» (672, 674.5)~

600}

20 70 50 80 UUR P
HLE/V
(b) Tha—H 4k

3 AFEEEAT ST ROCRAL P RS h £k

24 PENERESHERNERER

Py PP A s Ol A b R
e KRNI A T A . DIEPLE RS T
B, ARRETE R, (H T B LR v ) SR
SRR S SR Y PSR AR %, ESH
FORIN TR PRI iR 72 IEAh, W PENLBERLRY
I A R REAT AR e B R 1 de AT i 5, RETE
AL, AR R 282 R ShAZAL ISR I B ALE
AP RAEIT, BERHOR W R 19 B SR PR EAF AR 4L
K22 1Bl SRS VA HAER P B LB A AL
NAHEE IR, RN SRR eI 24T Bl e 4
WSH RENBRLF R e LB 5 T Bl [AIHEARSC
KBRS, He T Sebriatr Bl A AR &
MR R RT3 HR A R TS

3 CREME T IES

3.1 RBIBIKREE
FCAR A A ) i B R 1 S B 2% 2 AR O IR A A

HAAMMGYE, [F A F R 52 B
FE WAL W JJ5E 2 MG AT B . ROk
YA ) R MR B2 b nT DR R A I AR A )
e . ASCHRE DGR A0 B S AR 54
w4 fros.

R TN 0 44
r“‘? Y N Ma N
JUERIR= ) O _>O O
N R A 0 0
o) o &)
; : : / ‘—»ﬁm PIES
FERHE
Witk O 0
T AR
't HRBH S RRAE 7]
f 5 o B 2 A 4%

B4 SCARAPEOT IR S IR 25

TR i 22 W 2 Sk ] LAy B oy B —
Ty R AUZ RN P 4%, LU B o B B A
Ao TR G IR A BEATRFAE SR IBOMAL e, At by
6 e P B (PR AL ) o B 340 A AR T i pR B
P2, DIndk e, A FRAR . JRIETRRR. O
HE G SEREAIE [ oA BN, DA TR]— I () W i 1 (1 2R
Do, B AR B M 4 S HOA T, R
R R PEREA TG
3.2 AHERRBIRE

AR S PR Is AT FRGE A A b A S G Y BlE 4 A
Mg A 2 M =R E K, B5ERDERE
HIF D SR ARAE O I (R S AR % e R 1 A 5
IR N EAA e AR . AR B P2 Ak
ReJ), AWESNBISEIEASHATIHGN, HikFet il
GARS, PR 2. mxn BB G RAL
PREEFIUNEE S B, N N AR YA T Ui B

FECHEREAR R, JF H A s AP R 52 4
TCIER PR DL A AE T ARG AR F it 4 A o
PERT A, 2 e A U, A PN 45 IE
) IE, AR A HET B mxn FIBLDEAR
MEzdr, FEAESEIEAET, JetREES b B
B S 2 P B S B A R 51 38 BRI AEAS
JCARBEZ AT LA Sy Ay P 53 : i P s e v PR A 1
RN HARDGARSC S, B A A AR PE T
BEACARBES R 4 R R 5 AR A o 22 A 380m]



174 - AR SRR 2%

LA 52 TS 25 5 . B A RSt 2 TR BAN 5
Wi, Ay HRFPE T AEAR BN o ] — AT O A
TCARALA 2 18] (R i E R 22 5 W] A s

O
x & P N +
YN D, N
& {# -
N i N 1
ZARED,
0"
n 1

5 mxn UBEERDGRALT R S5

LA 3x4 BIBLHDERALE DB, oL 6
Fizse AEVL EARBAATMSEROCR T, ZeMMy 4% 3¢
R 3 AN CIRAAE, AT 5% S A
2 AT ASTCRSDCRAL . DI ZE W 45 52
AR AR, ARCH BN al s e R4k
H 55 B RS AR I A P 2% S s B Lk
NS, R TR AR R, B SR
ARSI R S

ARG AL
I I

:
118

Be6 ABEDERAIER I

23t BRI, KT mxn MBI EAR A, I
BB IEATT LU mIxn\ B a4 K mxn F. i T
SR SR TS R B TR R PR R D ik, X T4
7 3kt G 5 (1 8OR T
33 HBIEECHLETMBZMLE

O HECRR 0T D6 AR 20 ) i R R 1 B A e

RAL

Stk

R o 2% IR BRI SRS R, e RELAE B
15 5 FRSR B 1) AR A0S D AR 2 1) R R A B 40 1
TN HAT SR o DR] 0 3 e 5 A Ao 28 ) 8% 6kl B i
JE AT JR A AE S 1 o 42 RO AR AR 45 K TE O AR
558 FEE R A, R I 2 3 X2 4 AP A T R A 4
s POV RFER 0 R, JREN T — AR R R
BN 25 TN

I SR  HE BRI RN 7 TR o R
LS AR A B 7], BB A [ — R AR Fa it
P s R A [ o AT b ' R e P88 2 o DA ARE S 6 AR
Tt Ay BT ASEAEL LA S AR A Y 1 ' RS FE 4y AT
Ak A PRI TE 2 BN o BT S A B 28 R % R A
AR PLRIR A -

Y(m,n)=X(m,n) ® H(m,n)

I-1J-1 QD)
:ZZX(m+i,n+j)H(i,j)

Py
Forb, X(mym) 2906 o P RE B v 1 RS2 35, HOm,n) Dy
BRUL,  Ym,n) Sy R AR RE R rho A 5 1K) G 3 E
BRI RN IJ CERUZ AT 117 J AR
B, AR IR XxZ OARAERA X 1T Z
FIAIGARNO, BRI CRVA Ao 14 2
W, BRZIGBED), FFAEE FE e
X=-DX(Z-J).

6 BB, L A P

7 GRS AR P 2%

RO RA A R e AR AR LT
B EEA, BB, NS B2
Mg AN B B R . BB IEfE R B K. [
TR R BRI N & B AR, DR
R AE S HORTE o

B SRR S (XD <(Z=))<n A1,
n R JRNERIZEE . O T FEARAR 1R 5 R Ho
LML, SO AT S R



%24

SRIF TR R TR A NS I ER HOC AR AL RS s KB e By 1 < 175 -

FAERAE, RIS O 7Ok B s A b (1) R AR ALE
KA 11 BRI

AR ZE ) 2 A AL PG R B RRAE, R
B TRFEA 5 JFIE S B EE & S, DRI D 4% i o A
FEAE EARAE o 6 T J0 I B 27 20 (1) 5 B A 48 09 488 K
U5, HETEH R B A s B sl s A% 1
07 BTG B 2 ST A I A W 2 3126200,

AR B4l (autoencoder, AE)
e GR . P M&Eng — XM ReLU 1E IS
ERAE

f(x)=max(0,x) (2)

FEH] ReLU B £4s 3307 x<0 I}, PHETGHE

IE AL R I R eV s, A R ) A R R R

EHEHSH. MILiES Leaky ReLU eREUE I #h 72
WA R B, Leaky ReLU pRAHEE W1 T -

S (x) =max(axx, x) (3)

Hrp, alfiERERN 0.01.
34 BEFEZFREBIZEEERLHBEWLE

A28 I 5 PR 0 20 0 4 A AR 2 1 v A it i U 5
J7 T BA s e L, HH R RIA /L T-7F
BB R R, RO R BRIBUE S M
28RO LA o 0 IR SO0 W 28 S B AT A
P2 Btz —B3U, RBFNN J& 3 [ i 451
FITTm A 4, ML il 8 ATz,

p
W,

Vi

Vs

58 9=
8 RBFNN [ 45451

TS KGR i 28 T T S A L B L R R
IR, RS T BR B s R R, AR TnAE B
SURELIE L

Rexe)=exp(— |x—¢

b, cONEIAREARR R, o MBRIZES | ML

%) (4)

TR L R, o A BEEUZ B ¢ S TR Y B
FE, By R . a2 SRR SATBGE R,
HZES j AN PRETTI A R
k 1 2
yj _ZR(x7ci)_;m/ exp(_?._isz_c[H ) (5)

b, h OWBUZ M TR, wy ABIRIZE S § A
IESIVESE TV e b RpUR Y& R G LIRS
Homze Mg b il 2 e IS B dhe~y ofw. 5
A1, AL T PR BION T8 R A 28 0 IR S SR 1 £
JUARUTE AR BAT RBEAE R, DA S A T A 22 9 2%
SR R 35 A ST A FE A L, g A8 17 bRy R Y
PING A, TR Qe O ARSI 9 FTs

A A I A c o c o w e |l w
1 2 n 1 1 A n n n

Bl9  Hetifkgity

Gt AR S Bt , b, A4 IO R ek
B, ARG, RS AU E IR,
g 15 4 N [(0,gaussian), (1,inverse sigmoid),
(2,multiple quadratic)]; ¢« o Flw K H [E € X 8 1E
SO o W T bR A T G i e T E A G e A Sk AT
BiremigmmaEniis, Kew o CXHHAY)
T R P (RN R AR AR A R R o AR kA A
U PR

LB EREE R P ASNMA, B AL
RIS 3 NAE X, 3 R A R — Ao
ARSI, WE %A B AT R0 T, il 10
PR o

Al A c o |- c o w el w
n 1 1 n n 1 n
Y I
A1 |l A c o c o w w
m 1 1 m m 1 m

B 10 e sk

B Stia b AR SIE HARE AT, —EBEL
T AR 5 K, DA 2R 2R F) i iy 4 o e BRI B k47
B ARG OO SR IGT R H R H i i BLY
JEB R, FINHZIUTFE ¢ v o M w i 5 B A
IR DACE 2 SR B ESY: PR b v (6
ik 11 pros.

M RS R M y 552k H iR
Bty P R 22 R L AR 3 3 T 38 bR 4



‘176 - FREREE S HAR

2%

4, A c g, c o w, w
0 2.1 0.5
1 32 0.7
(a) AERBFl

A, Alle || o c |la||lw w
n 1 1 n n 1 n
A A |4 c|lo c g o w w||lw
1 n nel 1 1 n n nl nel 1 n nl

(b) BRIZH?2
B 11 BRI RIEH

__ (6
fitness Z 5o y|

FEBATAE X AR R, AR AR E Y
FEHER, 2l 5 Ee IR IR R o AR N AN A, [R]IN
PR B B0 vl B B A, DB N 3 22 A
DI N AW E P AR 8= A P N N 2 e T S
P d Y B B e (RN OB AL R R, IR

g DR Bt A% S RS

4 SCREBEEEIES

41 ERMNREUEES

Bl 12 SRR B KGR AL S 5. fEbr
VEGIRGREEN, ARG 2 3.2 T4 H AU AN 510 IR
IR 3 Foft B 52 A0 DG AR LA EA T 388 14, P ide 1]
AT I KR AL 20%, WK 4.

BHELR aalil
= | it R ik
N | AL 9x4
. FF i HLE/V 216

' S HLIE/A 10.7
R IFIW 180
ORI UV 18
R INE RHHTA 10
TARREE/C —40~80

*4 AR ZE LI
G Z St S EYDAT
1 (1,2). (2,2)
2 (1,2, (1,3)\ (1,4)
3 (1L, Dy (1,24 (2,2), (2,4)

YRR T L S WS RGH 3 A fiE b LA

Je AR Aoy 1 R R BT, SRARTIRG N 1 s.
I TC R BRI 5 JL3R1T 520 015 4534
F I 7:3 1 LA TSR I 2R R
42 FERBESHEE

5 ' RO P — Al A R 22 90 % v p SR A2 45
Bl B 2GRS GRZKNE 23, 45
BUZEER 10, HGHEAN 1, BAEKHR 1. 2
TGRS BRI 1x1, BRI
A1, WEHARN 0, BIWKN 1.

H T RBFNN AUAL st A& Hk M 24 P
B 30, I REAERECH 100, 22X HEE R 0.5,
A SN 0.03, o BUEYEF A[-10,10].

M 13 HHBESE HRT 30 AAHELELER, 56 30~
60 FRIE AL H LB WA D%, AR B B AT AT Bee $2 T
MEE 60 ARTF4A 2o iie TH0e, K& TARX
U 23 R A S N 3 B o R 00 P 4 8 3 A1
DAL i 9249 B e L A 1 R B 221

1.1

1.0F

0 10 20 30 40 50 60 70 80 90 100
EARIREL IR
13 BSOSl f

I ISR A5 Ao 28 000 23 A5 3R 0f S AR 2L A4 1)
i R AR A R R DK, A LE RS A L Y TR A 4%
1 ) B 32 BHL s s 7 AR R A 14 BT
M 14 AT BLE 3 RS A T O RALIF)
2 — W s Hi R R A D H T v N AR B A
AN Z IS, I HBEIAS 2 MR 3 4
AFAEZ A SCH RN DL, 3 BURF PR I 20 B R 3R
RIS B A R

MRS A4 ROR T, 7 3 il 2 55 Sl h 2/
KIS EIEAORRF— 80 fEf AR TR £ T
WEE X i) PR BRI A R BT Sy S UEE AL X T, {ELXT Jo
WA A 1 R B OR AT BOR 22 5 ol AR B T B 5
TR 2 MBS 3 KSR EE A TR 1,
IR AR 2 2 rP I U s R ER E D 300 £



552 3 SRIF TR R TR A NS I ER HOC AR AL RS s KB e By 1 <177 -

7 3 RS T AR R R G, 1R 72
TRAFAE T%LLA

150 ™
I — i B
z 100f . - - - S EE
oy
R 50|
ol /
0 5 10 15 20 25
HLE/V
(a) FARIEZA]
150
— Vi B
z 100H™ - J2 Eh
%
=501
0
0 5 10 15 20 25
HLE/V
(b) BIEIEAR2
150
— 5 FLE
. 100k - - - SR
M
R 50k
0
0 5 10 15 20 25
HLE/V
(c) FAIEZ3
K14 3 FHBISETEA T DGR 05 B0 4
5 ZXRIE

AR SCER R A S8 ) BN B R vE S O AW
B RN GAFE N AR, S T — P T
TR A A 28 W 45 1R ' AR 2T A b o A1 0 SR sl s A
Jiitke LETTHRANT

o RHEE T RN 2R P 2 F1A% ) KR o P 22
WA 225 (KD DR ZEL AP AR A1 017 AR 5

o GGG F i A R R 2 U6 A Y Ry
PE, SRIET AN A A R R 550 W
Jiiks

o SR He AT Y 25 FORISE 7Y 25 ey f) 252 £ 4
T3 G A [ ik Ry KA 28 00 0% 1R D0 A T A SRR AT
ik

AR SCHTHE I e R AL oyt R a0 O )y el A
TR TSI, RN RENS e R RE S IR B I8 4T 3485
e R TR SE T S P ia AT Bl AER
PEATEI TEOL T, AR [R5 50k 2 RS AR A 7 A
i oy (RIS AR F AT M), 2k
AE AR o DS b o a5t Ao R 5 g A Pt

IS B TP e B R AR e BT S 2
S

[1] BRIz, ESERE, gk, S5 BT DCHCRERI iIF 28 5 1 25 [ 5 i v
JITHUEIBETT[T]. B ReRLA LR 2441, 2019, 1(1): 96-105.
CHEN S Y, BAIY Y, ZHANG J, et al. Design of transnational and in-
tercontinental electricity market with blockchain and token econom-
ics[J]. Chinese Journal of Intelligent Science and Technology, 2019,
1(1): 96-105.

[2] G0, L, dRErT, A T DI REYE IR R Y- —fif
DMARRIZER[]. HMEER, 2019, 43(9): 3071-3080.

GUO C X, WANG H R, ZHANG Y N, et al. Review of
“source-grid-load” co-planning orienting to regional energy Internet[J].
Power System Technology, 2019, 43(9): 3071-3080.

[3] FBEP, EFF, Jrhh, 5. T H SR A YR LI SR K
MNH[I]. RS HEME, 2019, 43(14): 2-15.

ZHENG Y P, WANG D, WAN C, et al. Key technologies and applica-
tions of energy Internet[J]. Automation of Electric Power Systems,
2019, 43(14): 2-15.

[4] MIRANGEIGI M, IMANEINI H. Hybrid modulation technique for
grid-connected cascaded photovoltaic systems[J]. IEEE Transactions
on Industrial Electronics, 2016, 63(12): 7843-7853.

[5] EEDE, SRR, JRHE, S5 T ACP MPAT R IR L]
HRERLE SHE AR, 2019, 1(3): 269-279.

HOU G L, GONG L J, SUY, et al. ACP based parallel power gen-
eration control system[J]. Chinese Journal of Intelligent Science and
Technology, 2019, 1(3): 269-279.

[6] FMEKET, SAWESR, sRk4oG. Beds TLIE Y b B RE VS 1 A 5 N ).
rhEBRE: 5 R, 2018, 48(10): 1409-1429.

SUN Q Y, HU J W, ZHANG H G Modeling and application of
we-energy in energy Internet[J]. Scientia Sinica (Informationis), 2018,
48(10): 1409-1429.

[7] FAMK, g0E, 5, & OGARH LR SRR T[T). LR
A2, 2011, 26(10): 211-216.

ZHOU L, GUO K, LIU Q, et al. Research on engineering analytical
model of solar cells[J]. Transactions of China Electrotechnical Society,
2011, 26(10): 211-216.

[8] Uik, F7RZE, &—FF, 4. JET Bezier BREIIOGAR B AHI[].
LR AR, 2015, 39(8): 2195-2200.

SHI N, ZHOU S Q, LI Y D, et al. PV cell modeling based on Bezier
function[J]. Power System Technology, 2015, 39(8): 2195-2200.

[91 4R, @K, RIS BETRAHBEERDGRMES S EBH R IED].
KBHAEAAR, 2019, 40(7): 1903-1911.

XU Y, GAO Z, ZHU X R. Parameter identification method of phooto-
voltaic array based on shuffled frog leaping algorithm[J]. Acta Ener-
ciae Solaris Sinica, 2019, 40(7): 1903-1911.

[10] CHATTERJEE A, KEYHANI A, KAPOOR D. Identification of pho-
tovoltaic source models[J]. IEEE Transactions on Energy Conversion,
2011, 26(3): 883-889.

[11] JING J S, LOW K S. Photovoltaic model identification using particle
swarm optimization with inverse barrier constraint[J]. IEEE Transac-
tions on Power Electronics, 2012, 27(9): 3975-3983.

[12] R, w5, tpivel, &5 BT B MR R 7 REEA RO
WIS IR T]. L TROR 4R, 2014, 29(9): 245-252.

CHENG Z, DONG M N, YANG T K, et al. Extraction of solar cell



* 178 «

BRERH SRR

2%

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

based on self-adaptive chaos particle swarm optimization algorithm[J].
Transactions of China Electrotechnical Society, 2014, 29(9): 245-252.
WL, TrRK, PheE)T. SETRAAICHIEN PID B AR K R
MPPT[J]. HLJ7 &% KH A3MEA#R, 2017, 29(2): 89-95.

SHEN F, YIN B, SUN W G. Single-neuron adaptive PID control in
MPPT of photovoltaic generation[J]. Proceedings of the CSUEPSA,
2017, 29(2): 89-95.

BRESE, PR, SRR, 4. JETBURHHRR BP MLt A TOLR
ARGEMPPT PRI ]. THEHLIIEE 5 %1, 2017, 25(10): 213-216.
HU G T, ZHONG C C, ZHANG W J, et al. Application of BP neural
network based on model identification in photovoltaic system
MPPT[J]. Computer Measurement & Control, 2017, 25(10): 213-216.
WA, R, FRG S R T T BERISCRBON A2 I 2% KDL IR R
28 MPPT #HISFEAITI]. A LREA#AR, 2017, 12(6): 41-46.
YANG D H, LIU Y, WANG Y, et al. Research on MPPT control algo-
rithm of photovoltaic system by binary ant colony algorithm and fuzzy
neural network[J]. Journal of Electrical Engineering, 2017, 12(6):
41-46.

TRIDEHR, XU, AR A, S BRI N R ) 4 5 IR AR
MPPT $iESGEI]. KBABESHR, 2019, 40(11): 3091-3102.

ZHANG X Q, LIU Y G, ZOU Y Q, et al. An enchanced photovoltaic
MPPT approach based on adaptive neural network control[J]. Journal
of Electrical Engineering, 2017, 40(11): 3091-3102.

WANG H Z, YIH Y, PENG J C, et al. Deterministic and probabilistic
forecasting of photovoltaic power based on deep convolutional neural
network[J]. 2017(153):
409-422.

BRET, SRR, ER, S BRIt DU 1 2 AR
FIRERFMI]. s FIEAR, 2019, 43(12): 4377-4386.

ZHAO K N, PU T J, WANG X Y, et al. Probabilistic forecasting for
photovoltaic power based on improved bayesian neural network[J].
Power System Technology, 2019, 43(12): 4377-4386.

CHOU K Y, YANG S T, CHEN A Y. Maximum power point tracking
of photovoltaic system based on reinforcement learning[J]. Sensors
(Basel), 2019, 19(22): 5054.

ZHANG X S, LI SN, HE T Y, et al. Memetic reinforcement learning
based maximum power point[J]. Energy, 2019, 174(C): 1079-1090.
Wik, w2, i, 45 ORI AL f R DA g A
PiELI]. BT E, 2017, 34(9): 103-108.

YANG Y P, YANG Y, WANG J S, et al. Model and simulation of the in
photovoltaic power energy storage optimization power generation
transmission[J]. Computer Simulation, 2017, 34(9): 103-108.

Franse, g, 2RFE, FMAL SR FOGRAIH 0 5
RFSE[I]. FRGEDT LR, 2008, 20(7): 1681-1690.

CHENRL, CUL Y, LIDY, et al. Study on simulation model of PV
module under non-uniform insolation[J]. Journal of System Simulation,
2008, 20(7): 1681-1690.

SRR, Fard, X, 5 FE TR MER DL RIE S Z 1 MPPT
PRSI, H 5 {3, 2019, 56(7): 69-74.

WU D S, WANG L D, LIU T, et al. Research on multi-peak MPPT of
PV array based on neural network[J]. Electrical Measurement & In-
strumentation, 2019, 56(7): 69-74.

Energy Conversion and Management,

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

FEZF, Bl 28 ARSI R B E MPPT
JIE]. AL TR AR, 2015, 35(19): 4870-4878.

WANG Y P, RUAN X B, L1 Y. A rapid hacking method of maximum
power point for solar units in series under uneven solar irradiance[J].
Proceedings of the CSEE, 2015, 35(19): 4870-4878.

IR, B, F800. ANSIIGIAAE R O IH BE FL A I R R
I3t & GMPPT #HI[J]. Y6 T244), 2017, 46(6): 214-224.

YUE Q M, ZHAO J, GUO L. Analysis of dynamic characteristic for
solar arrays in series and GMPPT control[J]. Acta Photonica Sinica,
2017, 46(6): 214-224.

REHMAN S, TU S S, WAQAS M, et al. Unsupervised pre-trained
filter learning approach for efficient convolution neural network[J].
Neurocomputing, 2019(365): 171-190.

ZHANG J M, WU Y. Complex-valued unsupervised convolutional
neural networks for sleep stage classification[J]. Computer Methods
and Programs in Biomedicine, 2018(164):181-191.

AMORIMA W P, TETILAB E C, PISTORIB H, et al. Semi-supervised
learning with convolutional neural networks for UAV images auto-
matic recognition[J]. Computers and Electronics in Agriculture,
2019(164): 104932.

AHN E, KUMAR A, FULHAM M, et al. Convolutional sparse kernel
network for unsupervised medical image analysis[J]. Medical Image
Analysis, 2019(56): 140-151.

SCHR, THICHE, XML T o (R 575 ¥ RBF A o) 2 25 4
PACHTFE[I]. SN TR R, 2019, 43(5): 917-923.

WEN C B, MA W B, LIU P L. Research on structure optimization of
RBF neural network based on improved genetic algorithm[J]. Com-
puter Engineering & Science, 2019, 43(5): 917-923.

JIA W K, ZHAO D, DING L. An optimized RBF neural network
algorithm based on partial least squares and genetic algorithm for clas-
sification of small sample[J]. Applied Soft Computing, 2016(48):
373-184.

(HEZ BT

KEE (1988- ) , B, WPEEIFEEHIT
B PR s =) TREIM, 3= 25T ) b 2 Be i
L S N T BERY H

EFBA987- ), 5, Wit PEER
FWFFUSEA B 7 TR, 2 ZHFFTT5 )k
RER LI I 55 N A e o



