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ABSTRACT

With the sharp increase of photovoltaic energy in China's energy structure year by year, how to
intelligently and efficiently operate and maintain photovoltaic system has become an important topic
in this filed. With the development of Internet of Things and machine learning technology, the scene
of manual maintenance of photovoltaic system is gradually replaced by robots and algorithms. The
operation and maintenance of photovoltaic power station is mainly reflected in three aspects:
intelligent cleaning, power prediction and hot spot detection. The industry has produced many
operation and maintenance schemes of photovoltaic power station system, but most systems have the
following shortcomings or deficiencies: low efficiency of cleaning and manual cleaning; The
prediction time of photovoltaic output power is long and the algorithm is complex; In terms of hot
spot detection, there is a high missed detection rate, which can not effectively distinguish hot spot
from false alarm.

According to the current situation of the demand and deficiency of photovoltaic system in the
industry, this thesis designs a remote operation and maintenance system of photovoltaic power station.
The system has the functions of intelligent cleaning, power prediction, hot spot detection, remote
equipment update and so on. The hardware module uses arm Cortex-M3 as MCU of control board
and communication board. The control board is mainly used to realize the cleaning control and data
acquisition of the robot, and the communication board mainly realizes the control of the edge end and
the data communication of the cloud. The intelligent cleaning control of single row robot is realized
by Hall sensor and control board. The operation and maintenance system has a back-end function
group based on microservice architecture, including power prediction, hot spot detection, remote
update, data analysis and other functions.

The prediction of photovoltaic power is helpful to avoid the fluctuation of grid connection and
reflect the health state of photovoltaic system. In this thesis, the environmental data collected by the
control board is used as the data set of power prediction. After studying various photovoltaic power
prediction schemes, this thesis proposes a K-nearest neighbor (KNN) short-term photovoltaic power
prediction algorithm based on interval division. The output interval corresponding to the predicted
power is obtained by calculating the Euclidean distance between real-time data and historical data,
and the weighted average of the first K values in the interval is used as the prediction output. This
method is easy to implement and has fast interface response speed. The MAPE of the algorithm
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reaches 7.83% and RMSE reaches 0.5053.

The power output reflects the health of the photovoltaic system, and the main factor causing the
damage of photovoltaic cells is the hot spot effect of photovoltaic panels. This thesis designs and
implements a hot spot detection algorithm based on XGBoost optimized Flood Fill. At the edge, the
infrared image is obtained by the infrared imager. After gray transformation, the shape of hot spots is
recognized by Flood Fill, and the shape of hot spots is learned by XGBoost algorithm. The final test
shows that this method has a high accuracy in identifying hot spots, and can effectively reduce the
misjudgment caused by non hot spot light sources. The accuracy rate of hot spot identification is

92.31%, the missed detection rate is less than 8%, and the false detection rate is less than 9%.

Keywords: Photovoltaic robot, KNN, microservice, hot spot detection, XGBoost
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FN

FN+TP (4.20)
miss _ rate + precision =1

miss _rate =

4.5.2 t=BIM

T BERAT VRS, ARSEIGIREL T 400 KGR IS ILLAMEE, FHIEFE T 150 5KIEH
WA, 50 KA AIRIESE, R4 200 SKVENIREE . (5 FHHER 2. i%%%%niﬁaﬁﬁuwﬁiﬁ
FEFEAE N RGOV FadR, FERISCHR[22]3E T SVM (4 iR 530 A K i 45 XGBoost 124k
(1) Flood Fill iRAVEHEAT 7 X EE, 530 1 F i Ffroas AR DA I 25 2R
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el 4.15 Fros, 9 XGBoost PUALJE RCR XS ELE, AT RAE A0 Ja RS0 AT BLR ) H
APLILAS, Il if el B RARRBE R 1 T3

HiRHIH 7 #PE, XGBoost
R T B

(a) LA (b) Flood Fill. SVM (c) XGBoost fitft. Flood Fill
Kl 4.15 [ & & XL
PACEIEAE 200 FKRIMREE Hp o0 AT BEABEAEA A, P REAR R BB IR S
JeFABE T 5 H AR, 3K 4.5 A gh AR 2 R E FEFE
R 4.5 LI LERIRIE R

. HSHE
TRVE RS : :
S A IR
\ FEARE 144 10
T ‘
TR B 12 110

B D AR AR EE SR R Rt b, ARYE E—/ AR TR R, R,
FEFSCHR[22] H 2T SVM Hitk UL A 223 XGBoost [ Flood Fill &l Fh 75 1547 1 XF L,
B3 T W 4.6 Frs A I 25 5

R 4.6 RTINS HO0 H

EiEL2)
Ko E LES oo PRES
SVM faillik: 89.54 10.46 16.34
4l Flood Fill i 88.83 11.17 15.91
XGBoost ftft. Flood Fill 92.31 7.69 8.33

HLERTTUEE, &t XGBoost fitbJ5 1 Flood Fill 7 #BE A kS R A Fr b7+,
R R R ERBEHE . AOEAES LT SVM BT RBER I B 7 EA b, HR
for ZEARAG 2R G W R B BRAIC, T DUSE -4 X 7 i S5 6 3

XHRI A HEE I, ARDE A TR B AR R AN 2 KA TS BRI, (H
A AL RBE S o5 LD o SRR AT HEE R B, D BOGRIR B B #as 4

(IR A AN SHOR R AR IABE . SEBREH T, FIRAERERN X5 B SERE,
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TERZ 806 T B RER FADEHEAT v U0 o
4.6 RE /TS

AT S CARIATE A R BEREAT 1 ] S TR, AR ARG B A 1 OB IR AT
R HE AR AL B4 T T Flood Fill SEELHAGEAG I A S0 . AR A% S0 R ) Toi:
A RIX 5 BRI, ASCHRW T —FhEE T XGBoost 44 Flood Fill A7 # B J P4 R 532,
AW UL R0 X 7 T AR R AR, i m il i I il s 3645 3% VR B I R AE 92.31%,
WAL 8.33%, INKIEN 7.69%, fERtFE. NkFE K TARGRRRT%, s iR 0h
RHEE G G YE I RARIN T, KRIREDCIR ARG R E M, ATl 01 T R AL, JF
BEXT L BEAT 4E S
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HiE REERE

5.1 B&h

AR AE IR R TR E R 7 K R —Fis v RedR, Wil st o YAk R AT IS EATE T — B
& T T — RITE . ASCRBE T Tl SR st friz gk 3 o 1 75 SR 98 s DA
AR, WAT T — M TN AR FINLES 2 ] PO R B 4E R 48, RGA KRG I
R AP EINRE . AT R LR SRR, ASCHRE T —MET KNN RHE
WICIRII R TR, PRI T —Fh3ET XGBoost 4L Flood Fill fIFABERG I 7325, 45 3L
FETAEWTR:

(1) X AR H 3t 78 2 4 22 5 A R A 4 138 0 B 5 AN D RE B AT T T A 4R . A
#5318 L ARM Cortex-M3 24 MCU F 42 il S R SR R SE LB AR BL A% A BT i Al f s 4E
(P i 285 DA S 45 s ) Bl e FoA s F IR AR IR AR R AR AL N B r A28 5, sl B
A i RIS BIALAR N IS . S HIRRCFI @ (S Ao 485 2R3 TIR(E

() 56 R2Gul Il W& a ML G & & TEE . 5 e RHAMRS AN, &t T ik
BERRS . A A REAE RS RATIRS . BRI iRss . WS Rss . isRes S EE D)
BEAR 25 ANBERE AR 5% o AL TE B8 IR 4T HTTP 5 3R A 2 R AT 55 m HE R B RAR AL 1 24k iy
LIS 8] o 43 A1 GG AE R = BB A RN 1 5 s VR R PR B, 9 HON A BRI il
Z5 AN DB TN AR 55 A T HHE A7 6k 1 2 )

(3) ACEBN TIRE . SRERS . IR DR B AR, s S o EE
PRAL T EIRAKYE . RN EGEHAZE T KNN S T 006 R 4 H g B sz B . sigeil il
¥ KNN FIZ B BP P& 2847 T XL, 751 MAPE 4 7.83%#1 RMSE 4 0.5053 3448 T
R4 BP &ML 7575, I H KNN BIEPATE R

(4) JEARM I APE 2GR R GikERE, SRR aRRE . ASCRITH IR T — Mk
HARBE R 7V . B Ja5E T Flood Fill R ABE A, fEH A XGBoost AT #BETE A
5], BIEAE TN AER I o T A ik, R R DX AR R RGBT . A
SIS MR 92.31%, IRREAN 7.69%, RIEZHEN 8.33%.

5.2 FREE

FeR SRS RGIE H T EIAR . Hlas# ). A = RS AR,
AT AN IIEER K Z R4 G (HEHTAANKEER, J+HRFISIT I [HEAE
K, RRGEH LA LA it — 5 Sulk i s
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(1) iEE LS ARG RCRIE A i, 80n] DL R L% A i (e 485 0B v L A5
N FEXHLAS NREAT AR R, HORHE I XS BE N B be rl, BRI #5560 H AR | AT IR
A DA s — 2 PR A 1) fo R B A A Diijkstra SRXHLAS AR BE AR HEAT IR . X ARIB T AL
R 2B ERETT

(2) X FICARTE ARSI 5 7], KNN- G AE R [X 18] 32 5 v R O SOR B 22, I HAE KL
PR A BUNHIE DL AR TN R ZE A0 LE B A RO L T B a2k IF R A& 2
TR > 53 B B 0 SR P SR 24 A S 2edE AT ezt

(3) AEFABLR I T, X AR I B AR v AR IE ANy, A I SIS S
FH R HIRBE 2 PRI BT, b ) DU A Seplas 5 > SR ST AL, R
FE— R IR IR 7 TT R, AT FE-SRAT &I A B TR ] 7L o
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