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PV cell surface defects inspection is essential to maintain safety,
reliability and optimal efficiency of the solar plant. Cell surface
defection is the most popular type of fault and it can be hardly
detected by normal visual inspection. Defected cells without detection
and maintainane can affect the performance of other normal cells
since they are connected in series and parallel in large number. In this
research, we present a method to automatically detect PV cell surface
defection using image processing technique by deep learning model.
The input data include 2146 high resolution electroluminescence
images of mono and poly PV cells. This type of image is usually
captured by drones. The images are then fed into convolutional neural
network (CNN) for feature extraction and support vector machine
(SVM) for image classification. The results show that the proposed
deep learning model can classify the normal and surface defect cells
with the accuracy of 91.63%.
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Viéc xac dinh tam pin mat troi bi hong ¢é vai tro rat quan trong trong
viéc dam bao van hanh an toan, tin cay va hiéu suit t5i da cua céc
nha may dién mat troi. Trong nghién ctru ndy, ching t6i dé& xuit su
dung m6 hinh deep learning dé tw dong hod viéc phan loai tim pin
mat troi bi 16i. M6 hinh nay bao gdm mang noron tich chap dwoc
dung dé trich xuat dic trung va thuat toan may hoc vécto hd trg dé
nhan dang. M6 hinh duoc huan luyén va kiém tra trén tap dir liéu bao
gom 2.146 hinh anh dién phat quang c6 do phan giai cao cua cac tim
pin mat troi loai momo va loai poly. Két qua phan loai cho thay md
hinh d& xuat c6 thé phan loai dugc tim pin mat troi bi hong véi do
chinh x4c dat duoc la 91,63%.
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1. Giéi thigu

Str dung cac ngudn ning lwong Mai va tai tao nhu dién gio, dién mat troi, dién sinh khéi dé
thay thé cho cac dang ning lugng hda thach dang 1a xu huéng tat yéu trén thé gisi. Viéc tiép can
cac ngudn nang luong méi nay khong chi c6 tac dung trong viéc dam bao an ninh nang lugng
quoc gia, ma con gidp tiét kiém dién nang va giam thiéu 6 nhiém méi trudng. Viéc phat trién cac
nguon ning lugng tai tao, dac biét 1a dién gi6 va dién mat troi dang 1a chinh sach dugc uu tién
cua chinh phu Viét Nam. Véi vi tri dia Iy nam trong khu vuc phan b birc Xxa mat troi lon, sb gio
nang nhiéu, Viét Nam duoc dénh gia 1a quic gia ¢ tiém nang rat Ion vé dién mat troi. Do co ché
gia FIT cua chinh phii (dugc thé hién trong quy dinh 11 va 13 caa Tha tuéng vé viéc khuyén
khich phat trién dy an dién mat troi), ciing nhu gia cong nghé cua dién mat troi giam manh trong
10 nam gan day. Tinh riéng trong 3 nim 2018 dén 2020, céng suat dat cua cac nha may dién mat
troi mai da tang 1én tir 0 dén 10GW [1]. Hinh 1 thé hién téng céng suat dit cia cac nha may dién
mat troi hoa ludi, tinh riéng trong 26 tuan dau tién caa nam 2019.
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Hinh 1. Téng cong sudt dat ciia cdc nha mdy dién mat troi hoa ludi trong 26 tudn dau nam 2019
(Source: EVN-NLDC)

Cac nha may dién mat troi duoc dua vao gan day da phan nao lam giam ap luc ngudn dién,
dic biét vao céc thoi diém nang nong, phu tai dat Cuc dai. Trong qua trinh van hanh, cac nha may
dién mit troi co thé xay ra cac dang hu ‘hong, su ¢ nhu su ¢6 & phia DC, tia lra dién hu hong bo
bién tan, nut v, hu hong bé mat cac tim pin mat troi v.v... Trong cac dang su ¢ nay thi su ¢
hu hong bé mat cac tim pin mat troi chiém ti trong 16n. Nguyén nhan dan dén tinh trang nay
thuong do tim pin bi 13i san xuat, hét tudi tho, bi vat thé la roi vao, sét danh, hodc do diéu kién
thoi tiét khi hau khic nghiét dan dén tinh trang nat, v pin. Khi mot hay nhiéu tim pin bi nat, v
bé mat khong nhitng cong suat phat bi suy giam, ddc tinh lam viéc bi thay d6i ma con anh huong
day chuyen dén céc tam pin bén canh do cac tm pin thuong dugc mac noi tiép va song song Vi
nhau véi sb luong 16n [2]. Hinh 2 1a dy 4n dién mat troi Dau Tiéng tai khu vuc T4y Ninh. Day 1a
mot nha may dién mat troi 1on, véi tong cong suat lap dat 1a 420MW trén dién tich 504 ha, voi
hon 1,3 tri¢u tim pin mat troi, san luong dién hoa ludi quic gia hang nam dat khoang 688 triéu
kWh. C4c tam pin ning lugng mit troi thuong dugc bao vé bai khung nhém va tim kinh bé mat
dé trach khoi cac tac dong ciia mdi truong. Tuy nhién, cac bién phap bao vé nay khdng phai lic
nao ciing c¢6 thé ngan ngira dugc cac hu hong do co hoc nhu tic dong tir mua dé, cac canh cay
roi, roi khi ldp dat, tham chi ¢é nhitng vét nut nho khdng nhin thiy duoc, hoic céc khuyét tat khi
san xuat dan ti cac tim pin mat troi bi hong. Didu nay lam giam hiéu suit ning luong duoc
chuyén hoa thanh dién ning ciia cac mo-dun nang lwong mat troi. Do dé, viéc can phai theo doi
tinh trang ctia cac mo-dun nang lwong mat troi va thay thé hoic sira chita cac don vi tim pin mit
troi bi 13i 1a can thiét @& dam bao hiéu suat téi da cho cac nha may dién mat troi.
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Hinh 2. Nha may dién mat troi Dau Tiéng tai Tdy Ninh (Source: Vii Phong Solar)

Viéc x4c dinh va phan loai cac tim pin mat troi bi 16i 1a kho khan, thach thirc 16n ngay ca véi
céc chuyén gia dugce dio tao ciing kho c6 thé phat hién ra nhitng vét nit hong, bai mot s6 khuyét
tat nay khong thé nhin thay duoc bang mét thuong. Nguoc lai, mot sé khuyét tat khac cé thé nhin
thdy bang mat thuong nhung lai khong hé 1am giam hiéu qua cia mé-dun. Hinh anh dién phét
quang (Electroluminescence - EL) 1a mot phwong thirc hiru ich dé kiém tra tinh trang cac tam pin
mit troi [3]. EL cung cip hinh anh c6 d6 phan giai cao cé thé gitp phét hién cac vét nut, khuyét
tat trén bé mat caa cac tim pin. Tuy nhién, viéc phan tich thu cong sé tiéu ton rat nhiéu thoi gian,
tién bac, cong strc va con doi hoi kién thirc chuyén mon vé cac loai khuyét tat khac nhau.

Ngay nay, vai sy phét trién cua tri tué nhan tao ndi chung va may hoc néi riéng, viéc nhan
dang va phan loai hinh anh tro 18n ngay cang chinh xac, tham tri mot sb tac vu c6 thé vuot qua
con ngudi. Viéc tng dung may hoc vao viéc phan loai tim pin mat troi cling duoc quan tam va
nghién cau [4]-[9]. Uu diém vuot troi caa may hoc 1a khéng can hiéu qua nhiéu vé cac loai
khuyét tat, cac ddc trung nay s& duoc trich xuat ty dong trong qué trinh huan luyén. Trong nghién
clru nay, chung t6i dé xuat md hinh may hoc két hop giira mang no-ron tich chap (Convolutional
Neural Network - CNN) véi véc-to hd trg (Support Vector Machine - SVM) dé phan loai tam pin
mat troi hong. Hinh 3 1a cac bic anh tam pin mit troi dang thuong, dang hong ngoai va dang
hinh anh dién phat quang. Trong cac dang anh nay thi dang hinh anh dién phat quang (Hinh 3.c)
s€ dugc st dung trong nghién ctru dé ph$[ hlen cac tam pin mat troi b1 15i bé mat.

@) ) | ©
Hinh 3. Hinh d@nh tém pin mat troi: (&) anh chup binh thuong; (b) anh hong ngogi; (c) hinh dnh dién phét
quang (Source: Phong Lab Diagnostic Imaging, Dai hoc Aalborg, Dan Mach)
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2. M6 hinh nhan dang tam pin bi 15i dwa trén deep learning

M6 hinh nhan dang tim pin bi 13i duoc thé hién & hinh 4. Trong md hinh nay, di liéu anh
chup tm pin bi 151 dugc dua vao khbi EfficientNet BO. Khéi nay thyc chit 13 mot mang no-ron
tich chap (Convolutional Neural Network) nham trich xuét cac dic trung cua buc anh dau vao.
Mang no-ron tich chap 1a mot kién tric mang mé phong hé than kinh cia con nguoi. Day 1a mot
md hinh deep learning dugc sir dung rat phd bién trong cac bai toan nhan dang anh. Kién tric
mang no-ron tich chap duogc thé hién ¢ Hinh 5. Kién trdc nay bao gom Iép dir liéu dau vao, 16p
dir liéu dau ra va nhiéu 16p an, cac 16p an c6 thé 1a Iép tich chap (convolution), hoic 16p gop
(pooling).

f— == Huén luyén
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Hinh 4. Md hinh nhén dgng tam pin b; Ii dwa trén deep learning

image patch hidden layer 1 hidden layer 2 final layer
1 layer 4 feature maps 8 feature maps 4 class units
36%36 28x28 14x14 10x10 5%5

convalution max convolution max convalution
(kernel: 9x9x1) pooling (kernel: 5x5x4) pooling  (kernel: 5x5x8)

Hinh 5. Kién tric mang no-ron tich chap
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Hinh 6. Ham kich hogt phé bién trong mang no-ron tich chép: (a) ham sigmoid; (b) ham ReLU
(Souce: [9])
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MJi 16p tich chap s& duoc sir dung cac bo loc khac nhau, sé luong thuong dén hang trim,
hang nghin bo loc, sau do6 s& két hop két qua cua ching lai véi nhau. Lép tich chap nay sé duoc
di qua mot ham kich hoat dé tao ra cac théng tin triru tuong hon cho cac 16p tiép theo. Ham kich
hoat dugc ap dung vao gi tri ciia mot no-ron dé cho ra gi tri cia mot no-ron lién két véi no-ron
ban dau. Cac ham nay l1a cac ham phi tuyén, thé hién cho méi quan hé phuc tap cua dir liéu.

Hinh 6 thé hién 2 ham kich hoat dwoc sir dung phd bién trong mang no-ron tich chap: ham
sigmoid (Eq.1) va ham ReLU (Eq.2).

o) = = 1)

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

Ham sigmoid 1a ham kich hoat duoc st dung rat phé bién trong cac mé hinh deep learning.

Pay 1a mot ham phi tuyén V6i gia tri dau vao 1a sé thyuc va gia tri dau ra 1a mot sé nam trong

khoang (0,1). Chinh vi vy, ham nay thuong dugc xem la xac suit cho mot vai bai toan nhan

dang. Tuy nhién, nhuoc diém cua ham sigmoid la dao ham gan nhu bang khong tai cac gia tri dau

vao ¢ bién do 16n, do d6 anh huong dén tée do hoi tu cua thuat toan. Bé khic phuc nhugce diém

dao ham bi triét tiéu thi nhitng nim gan ddy ngudi ta thuong sir dung ham kich hoat ReLU

(Rectified Linear Unit). Ham nay c6 toc do tinh toan nhanh hon ham sigmoid do c6 biéu thirc
toan hoc don gian va tranh duoc van dé dao ham bj triét tiéu khi gié tri dau vao Ién.

Support Vector Machines
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Hinh 7. M6 hinh may vécto hé tro trén khdng gian hai chiéu (a) va ba chiéu (b)

Bén canh cac 16p tich chap, mang no-ron tich chap con sir dung mot vai 16p khac nhu céc loai
I6p gop dung dé chat loc lai cac thdng tin hitu ich. Trong qua trinh huan luyén, mang no-ron sé tu
déng hoc qua cac Iop tich chap dé trich xuit dic trung. Lp cudi cing s& duoc dung dé phan loai.
Trong nghién ctru nay, mang no-ron tich chap duoc sir dung trong mé hinh nhan dang pin mat
troi bi 15i 1a kién trdc mé hinh EfficientNet-B0 [7]. Kién trac nay da dwoc huan luyén trén bo dir
liéu Imagenet vé6i hon 1,3 triéu birc anh cho 1000 I6p hinh anh khac nhau. Trong kién tric nay,
chung t6i loai bo cac 16p phan nhém hinh anh & cubi kién tric mé hinh, gitr lai trong sé tai cac
I6p tich chap dé tir d6 sir dung mang no-ron tich chap nhu mot phwong phép trich xuét dac trung.

Sau khi cac btrc anh duoc dwa qua mang no-ron tich chap dé trich xuét dic trung thi s& duoc
dua vao md hinh may hoc vécto hé tro (Support Vector Machine). SVM la mot thuat toan may
hoc rat manh trong cac bai toan phan loai dir liéu thanh cac nhom riéng biét (hinh 7). Trong thuat
toan nay, dir liéu dugc anh xa vao khong gian nhiéu chiéu hon dé tir d6 tim ra siéu mat phang dé
phan chia cac nhém can phan loai. Sau khi sir dung thuat toan tim kiém cac tham s6 t6i wu cho
SVM chiing t6i thu duoc tham sb diéu chuan C 1a 100, ham nhan cua thuat toan la radial basis
function c6 hé s6 nhan gamma la 0,001.

3. Két qua va ban luan
Mo hinh duoc huan luyén va kiém thir trén bo dit liéu bao gdm 2146 birc anh dién phat quang caa
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cac tam pin mat troi loai mono va poly c6 do phan giai cao duge dua vé kich thugc 300 x 300,
duoc trich xuat tir 44 moé-dun nang lugng mat troi [8], cu thé hinh anh cac loai tam pin mat troi

duoc mo ta tai Hinh 8.
i v

' :\ “
(a) (b) (c) (d)

Hinh 8. Hinh anh dién phat quang. a) pin mat troi logi mono bj héng; b) pin mat troi logi mono binh
thuong; ¢) pin mat troi logi poly bi hong; d) pin mat troi logi poly binh thuong
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i "r’i? {
PR

H

Trong tap dit liéu bao gém 717 birc anh tim pin mat troi bi hong va 1429 bic anh tam pin mat
troi binh thuong. Téap dit lidu duoc chia thanh 2 phan 1a tap huin luyén va tap kiém thu vai ti 16
80-20. Bé kiém tra két qua phan loai cia mé hinh, ching t6i sir dung céc chi sé Accuracy, Recall,
Presision va Fl-score dé danh gia cac du doan ciia md hinh véi cac nhén that dugc gan san trén
tap dir liéu kiém thir. Cac chi s6 d6 dugc thé hién qua cong thic duéi day:
TP+TN

Accuracy = ————— 3)
TP+TN+FP+FN
Recall = (4)
TP+FN.
Precision = (5)
T TP+FP
Fl= 2+« Precision*Recall TP (6)

Precision+Recall Tp+%(pp+p1v)
Trong do:
TP (True Positive): S6 du doan duong tinh that.
TN (True Negative): S6 dy doan am tinh that.
FP (False Positive): S6 du doan duong tinh gia.
FN (False Negative): S5 du doan am tinh gia
Bang 1. Két qua cia mo hinh trén tdp kiém thi

Chi sb %
Accuracy 91,63

Recall 80,71
Precision 92,62
F1-score 86,26

Dir liéu trén tap kiém thir dugc cach ly khoi tap huan luyén, sau d6 dugc dwa vao mé hinh dé
phan loai, két qua dwoc md ta & Bang 1. Dix liéu ¢6 sw mét can bang & 2 nhém tam pin mit troi bi
hong va tim pin mit troi binh thuong vai ti 1€ 1an luot 12 33,41% va 66,59%. Vi thé, bén canh do
chinh xac Accuracy dat duoc 91,63%, dwoc hiéu 1a ti 1¢é du doan dung 1a hong trén tong sb du
doan, chung t6i st dung thém chi sb Fl1-score. Dua trén céac chi sb Accuracy, Precision va F1-
score c6 thé cho thly md hinh may hoc c6 ti 1é tim thdy tAm pin mat troi bi hong trong tdng s6
cac thm pin thyuc sy hong la 86,26%, trong khi ti I¢ phan loai diing tam pin mat troi bi hong trong
tong s cac tim pin duoc phan loai bi hong 1a 92,62%. Cac mé hinh mang noron va mé hinh
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thuat toan SVM dugc xay dung trén ngon ngir Python. V6i cac mé hinh da dugc xay dung thi
thoi gian huan luyén mang no-ron la 110 gidy, thoi gian thuat toan SVM dua ra két qua nhan
dang la 2,1 gidy. Nhu vay, tong thoi gian cua mé hinh 1a 112,1 giay.

Bang 2 thé hién két qua so sanh gitra mé hinh chi dung mang no-ron (VGG16) va md hinh két
hop mang no-ron va SVM (Efficientnet-B0 + SVM). Két qua cho thay viéc sir dung mang no-ron
dé trich xuat dic trung két hop véi SVM dé phén loai khdng nhiing cai thién dugc cac chi sb vé
d6 chinh xac ma con giam thiéu dang ké thoi gian huan luyén mé hinh tir 564,6 gidy xudng con
112,1 giay.

Bang 2. Két qua so sanh giiza md hinh chi diing mang no-ron (VGG16) va mé hinh két hop mang no-ron
va SVM (Efficientnet-B0 + SVM)

M6 hinh Accuracy(%) Precision(%) Recall(%) F1_Score(%) Thoi gian
huén luyén(s)
VGG16 91,16 92,40 80,22 85,40 564,6
Efficientnet-BO + SVM 91,63 92,62 80,71 86,26 1121

4. Két luan

Nghién ctru nay d& xuat mot mot cach tiép can dé phan loai ty dong tam pin mat troi bi hong
tir hinh anh dién phat quang dua trén md hinh mang no-ron tich chap, két hop véi thuat toan may
hoc vécto hd trg. Mang no-ron tich chap dong vai tro trich xuét cac dic trung tir hinh anh dién
phat quang cta tim pin mat troi, con thuat toan may hoc vécto hd trg dong vai trd phan loai tam
pin bi hong tir cac dic trung trich xuat dugc. Tir két qua nghién ciru da chi ra ring mé hinh nay
cho két qua nhan dang tdm pin hong véi do chinh xac dat duoc 91,63%. Trong twong lai, nhom
nghién ctru s& tap trung vao cac thuat todn manh hon dé cai thién do chinh xac.
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