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Tém tit - Nghién ctru trinh bay mét phwong phap danh gia chit
lwong pin ning luong mat trdi bing mang hoc sdu AlexNet dua
trén ky thuat xtr Iy anh. Anh st dung cho mang hoc su 13 dang
anh dién phat quang, chi ¢ thé chup dugc tir mdy anh héng ngoai.
Dé thu duoc anh dién phat quang, mot phong tbi dugc xay dung
dé thu thap dir lidu. Tam pin duge cép ngudn dién mot chiéu va
méy anh hdng ngoai dugc bé tri vudng goc vai tm pin. Tap dit
li¢u nay dugc chia thanh ba nhém véi ti 1¢ hu hong khac nhau va
duogc hudn luyén thong qua mang hoc séu AlexNet. Nghién ctru
cling dé xuit mot gidi phap danh gia phan trim hu héng cia cac
tdm pin. Két qua hudn luyén va phan loai cua giai phap cho thiy,
¢6 thé danh gia chét luong tim pin véi d6 chinh xac hon 90%.

Tir khéa - Anh quang dién ti; xWr Iy anh; tri thong minh nhan tao;
mang hoc sdu AlexNet; pin nang lugng mat troi.

1. Pit van dé

Céc giai phap cit giam khi thai dé han ché bién ddi khi
héu dang 13 xu huéng nghién ctru vé ning lwong cta nhiéu
nha nghién ctu trén thé gidi. Tai Viét Nam, tim kiém
nhing ngudn ning lugng méi, dac biét 1 nang luong mat
troi dang duoc chinh phu quan tam va thic day [1]. Cac
tam pin quang dién 13 thanh phan quan trong nhit cau tao
nén mot h¢ nang lugng mat troi. Trong cac diéu kién ly
tuong, tudi tho cac tim pin thuong dao dong tir 25-30 nam
[2]. Tuy nhién, tudi tho pin phy thudc vao diéu kién moi
truong (mua, gid), nhié¢t dd va sy buc xa tor mat trdi, theo
[3]. Bé khéc phuc nhimng nhugc diém nay, hién nay céc nha
khoa hoc chu trong dén cac nghién ctu hda hoc cua céc
tdm pin [4, 5]. Tuy nhién, day la nhitng nghién ciru ton
kém, doi hoi phong thi nghiém duogc trang bi co so vat chét
hién dai. Bén canh dd, nganh cong nghiép nang lugng mat
troi da phat trién cac ki thuat phat hién vét nt méi nhu
rung si€u am cdng hudng (RUV- Resonance Ultrasonic
Vibration) dé sang loc céac té bao PV c6 cac vét nut dé loai
b6 trudc khi ban ra thi truong [6]. Tuy nhién, kinh phi van
1a van dé chinh dé sir dung phuong phap nay.

Theo [7], t& bao quang dién 1a mot 16p ban dan p-n
twong tu nhu cac diode thuong. Dic diém vt Iy cia cac té
bao nay bao gdm hap thy anh sang mit troi tao ra dién phat
quang (Electroluminescence - EL) hong ngoai khi dugc
cép dién mot chidu DC. Anh sang hong ngoai nim ngoai
viing quan sat bang mat thuong tuy nhién c6 thé quan sat
bé“mg cac may anh héng ngoai. Dya trén hinh anh tr dién

Abstract - This paper aims to introduce a method for solar panel
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phat quang, nhiéu nghién ctru danh gia tinh trang tm pin
da duoc dé xuét. Trén thé gidi, cac nha khoa hoc [8 - 10]
da tap trung hudng nghién ciru nay dé danh gia chat lwong
clia cac tAm pin nang luong mat troi. Tuy nhién, phuong
phap chup anh va sir dung phuong phap hoc sdu chua dugce
céc nghién ctru nay dé cap dén. Tai Viét Nam, nhom [11]
str dung mang hoc sau dé danh gia d6 16i cua thm pin dya
trén anh EL. Tuy nhién, phuong phép thu tap di liéu chua
dugc nhom dé cap dén ciing nhu chua dé xuét phuong phép
danh gia ti 1& hu hong trén mot tim pin.

Nghién ctru nay dé ra giai phap chup anh dién phat quang
cho cac tAm pin ning lugng mit troi. Cac anh nay 1a di liéu
dau vao cho mang hoc sdu AlexNet dé phan loai phan trim
hu hong luong pin nang luong mat troi. Mot giai phap cho
diém ti 1& phan tram hu hong cac tAm pin ciing dugc dé xuét.
Két qua chi ra rang, phuong phap nay van c6 thé hoat dong
t6t voi cac anh dién phat quang tir cac tap dit liéu khac.

2. Phuong phap
2.1. Mang hoc siau AlexNet

M0 hinh mang AlexNet dugc Alex Krizhevsky gidi thi¢u
trong nghién cuu ImageNet Classification with Deep
Convolutional Networks. M hinh hoc sau nay d gianh chién
thang trong cudc thi ILSVRC (ImageNet Large-Scale Visual
Recognition Challenge) nam 2012 [12]. Ngd vao cua mang
AlexNet la tap dir liéu anh RGB dugc dan nhan co6 kich thude
227x227 pixel/anh, va ngd ra la ma trén danh gia ti 1€ phéan
loai cua dbi tugng da dugc dan nhan. Mang hoc sau AlexNet
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gdm 25 16p, trong tam 1a 5 16p tich chdp (convolution layer)
va 3 16p két noi day du (Fully connected Layer) (Hinh 1).

Duliéu  Tich Tich Tich Tich ~ Tich  Matrin
ngovao  chap 1 chip2  chap3 chip4 chdp5  xdcsuat
4 -
_I'
13x13x384 13x 13x384 13% 13 % 256
27x 27 x 256
55x 55 x 96
1000
227x 227 %3 4096 4096

Hinh 1. So d két noi mang hoc sdu AlexNet

Bén canh d6, mang hoc sdu AlexNet cling trinh bay
phuong phéap huén luyén “I6p don vi tuyén tinh da chinh
luu - ReLUs (Rectified Linear Units)” cho mot don vi huan
luyén than kinh [13]. Theo d6, phuong phap ReLUs c6 thoi
gian huan luyén nhanh hon phuong phap c6 dién sir dung
ham f(x) = tanh (x) hoic f(x) =1 +e*)"! 25%
trong mang tich chap 4 I6p. Pay 1a wu diém rat 1on cua
mang AlexNet khi huin luyén céc tap dit liéu c6 sb lugng
16n anh. Phuong trinh ham ReLUs dugc miéu ta nhu:

0,néux<0
f6) = {x,né'ux >0
Véi x 12 gia tri ngd vao caa ham sb.

@

Dua trén phuong trinh (1), ngd ra cho gia tri 0 néu ngd
vao 1a &m, va ngd ra x néu ngd vao lon hon 0. Tir d6, ta co
thé miéu ta lai ReLUs dudi dang f(x) = max(0,x).
Phuong trinh nay cho thy ham ReLUs d& Iap trinh va kho
bi bdo hoa hon cac ham cb dién.

2.2. Hi¢u chinh mdy dnh
‘_ Tiéu e f

H¢ quy chiéu
miy anh

On/ True quang hoc
- Mat phang 4
dnh | .
tl‘ HE toa db toian cau

Ma triin quay tinh tién hé toa dj
toan ciu vé hé miy anh P = [R|t]

Hinh 2. Phurong trinh 16 kim (Pinhole)

May anh dugc stir dung trong thi nghiém nay 1a dang may
anh quan sat hdng ngoai dan dung, khong chuyén ding cho
nghién ciru khoa hoc. Vi vay thong sé ky thudt cua may anh
phai dugc hiéu chinh truée khi tién hanh thu thap dir liéu.
Trong nghién ciru nay, hiéu chinh méy anh bang ban co thong
qua md hinh pinhole (I5 kim) dé bién déi cac diém trong
khéng gian 3 chiéu Ién mat phang anh dugc sir dung (Hinh 2).
Theo d6, mot diém P = (X, Y, Z)7 trong hé toa do toan cau
fX fy )T

z

dugc chiéu 1én hé toa do anh x = (7, thdng qua cac

phuong trinh quay va tinh tién nhu sau:

P = K[R| t]
f 0 px
K=1]0 f pyl )
0 0 1

Voéi: K: Ma tran hiéu chinh (camera calibration matrix);
R, t: Ma tran quay tinh tién tir hé toa do toan cau vé hé toa
d6 may anh; f: Tiéu cu ctia may anh.

2.3. Bé tri thi nghiém va thu thip die li¢u

Céc tim pin ning lugng mit troi co tinh chat vat ly: Khi
c6 anh sang mit troi s€ tao ra dong dién; Néu khong c6 &nh
sang mat troi va dugc cap ngudn DC, tdm pin s& phat ra
4nh sang hdng ngoai. Dua trén co s& d6, nhém da tién hanh
bd tri thi nghiém va thu thap dit liéu anh.

Camera hong ngoai

Nguén DC

Cac tam
pin NLMT

Hinh 3. B4 tri thi nghiém va thu thap div liéu

BS tri thi nghiém chup anh dién phat quang dugc trinh
bay tai Hinh 3. Thi nghiém dugc bd tri trong phong toi
nham dam bao anh thu dugc khong bi nhiéu sang tir moi
truong bén ngoai. May anh hdng ngoai Yoosee co d phan
giai 1920x1080 pixel dwoc bd tri chyup thing goc tir trén
xuéng 0 do cao 45cm. Pin ndng luong mat troi duge st
dung 1a loai PV don tinh thé (Mono PV) c6 cong suat tdi
da 10Wp, vai kich thude 44,5x19 cm. Qua trinh thu thap
dir liéu duoc tién hanh trén 8 tdm pin ning luong mat troi
v6i d6 hu hong khac nhau. Dé chup dugc anh hdng ngoai
clia tm pin, ngudn DC tir bd ngudn tuyén tinh DC sao cho
mirc dién ap dat tir 18-25V, dién ap c6 thé ting giam dé
diéu chinh d6 phat quang ctia tim pin, dong dién qua tém
pin dao dong tir 1,8-2,2A. Cyc duong cua nguon dién cap
vao cyc duong cua tam pin va cyc am cua nguodn dién cap
vao cyc Am cla tdm pin, lic nay tim pin s& phat anh sang
hdng ngoai. Bé dam bao anh thu dugc khong bi 16a do anh
sang, may anh chi chup tia t6i hdng ngoai, hay néi cach
khac LED phat hdng ngoai trén may anh dugc tat di.

3. Két qua
3.1. Thu thdp dir liéu va danh gia hw hong

Két qua chup anh trong phong kin dugc thé hién taiH inh
4. Hinh 4a 1 tAm pin chup bang may anh thuong, gan nhu
khong thé quan sat dugc hu hong trén tim pin bang mét
thuong, Hinh 4b, 13 anh phat quang hdng ngoai dugc chup
bang phuong phap dé xuat. Két qua cho thay, ta c6 thé quan
sat duge sy phat quang cua cac té bao quang dién trén tim
pin. Mau den cho thay, vi tri khong phat quang, day la vi tri
bi hur hai; Mau tréing cho thay, té bao ‘quang dién dang hoat
dong binh thuong. Hinh 4b cho thay tim pin bi cong ¢ 2 goc
anh chimg to do bién dang cia mdy anh rét 16n va ving ria
den ngoai la phan thira can duoc loai bo. Bén canh do, tAm
pin bi hu khong toan b, nén viéc chia tim pin thanh 4 phén
bang nhau véi d6 hu hong khac nhau ciing dugc dé xuit
(Hinh 4d), cac phan nay duoc bd sung vao tap dit liéu dé ting
tinh da dang cho tép huén luyén. Thém vao do, cac phuong
phap lam mo (blur), co, gidn anh (dilate, erode) cling dugc
ap dung 1én cac buc anh. Diéu nay nham tranh hién tugng
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hoc vet (overfitting) trong cac mang hoc sau. Bang 1 trinh
bay s lugng anh thu thap va nhan huan luyén cho cac 16p
dir liéu ctia mang hoc sdu AlexNet. Co s& dé danh gia hu
héng 1a ti 1¢ pixel den trén toan bd ving anh. Cé 4 nhan dit
lidu theo phan tram hu hong ctia tim pin mat troi bao gom:
Hu hong dudi 5%, hu hong 5%-10%, hu hong 10%-20% va
hu hong trén 20%. S6 anh huén luyén gom 900 anh va anh
kiém chimg gom 75 anh cho tat ca 4 tap anh (Bang 1). Tap
dir liéu anh nay dugc nhom tao ra va tham khao thém tai cac
ngudn ma nguén md sau [14—15].

e
i

Hinh 4. Két qud chup dnh quang hong ngoai pin nang hrong mat
troi a) chup ngoai phong toi. b) Chup bang phuwong phap dé xuat.
¢) Sau khi hiéu chinh anh d) chia thanh cdc ving khdc nhau

Bing 1. S6 heong dnh thu thdp dwoc va nhan hudn luyén

Nhén S6 anh huén luyén | S6 anh kiém ching
Hoéng dudi 5% 900 75
Hoéng 5% - 10 % 900 75
Hong 10% — 20% 900 75
Hong trén 20% 900 75

Do tap dit liéu hun luyén va kiém tra 13 cac phan cia
tAm pin ning luong mat troi, vi vay dé danh gia do hu hong
cua toan bo tam pin, dlem trung binh phan tram hu hong
clia tam pin duoc dé xuét:

P,+P,+P;+P, ©)
4

TB =

Trong do:
TB la diém trung binh sau khi chia trung binh cho bdn
phan cua tam pin.
e P1 la diém ctia phan pin thir nhét;
e P2 1a diém ctia phan pin thi hai;
e P3la di€m cua phan pin thir ba;
e P4 ]a di€m cua phan pin thu tu.
V6i thang diém dugc cho nhu Bang 2 sau:
Bing 2. Bing diém cho cdc mirc d¢ hung hong
% hu hong | Dudi 5% | 5% - 10% | 10% -20% | Trén 20%
Diém 1 2 3 4

3.2. Pdnh gid chit lwong pin ning lwong mdt troi bang
mang hoc sau AlexNet

Ngon ngit 1ap trinh cap cao MATLAB dugc sir dung dé
huén luyén va nhan dang cac tim pin ning lugng mit troi
cho mang hoc sau AlexNet. MATLAB duogc chay trén méy
tinh ¢6 cAu hinh CPU core i3, bd nhé d&€m 4MB (Cache
4MB), bd nhd RAM 4GB, 6 cling 120GB SSD dé tang toc
d6 xir 1y s6 liéu. Hinh 5 miéu ta qua trinh huén luyén cia

mang Alxenet. 80% dit liéu anh tai Bang 1 duoc ding dé
huén luyén (training) va 20% dung dé kiém tra ngay trong
qué trinh huén luyén (validation). Toan bd qué trinh gém
1080 14n lap lai voi 180 lan lap lai cho mdi chu ky hoc.
Trén biéu d6 Hinh 5, d chinh xac ting nhanh tir 48% dén
hon 90% trong lan hun luyén du tién, va dao dong xung
quanh 92% trong 1dn huan luyén 2. Sau d6, d6 chinh xac
méi 6n dinh quanh 98%. Thém vao d6, d¢ sai s6t giam dan
tir 2.5% vé gan 0% trong lan huan luyén dau tién va 6n dinh
dén hét qua trinh huan luyén cta mang. Tong thoi gian
huén luyén mang 1a AlexNet 1a 335 phut (Hinh 6).

100

o .
—— Trainning (smoothed)

— s Trainning
==-®== Validation
Lows

Accuracy (%)
- & B 2 & 2 3 3 2 8

Trainning (smoothed)
——«— Trainning

I ---*-- Validation

Epoch 1 Epoch2 . Epoch 3 Epoch4 | Esochs
[ 100 20 o0 00 00 0 700 w00
Iteration

4 [ 100 200 300 400 500 00 00 800
Iteration

Hinh 5. M6 hinh hudn luyén mang AlexNet

Resduilts

Validation accuracy: 98.62%

Training finished: Met validation criterion
Training Time

Start time: 09-Jan-2022 10:39:32
Elapsed time: 335 min 1 sec
Training Cycle

Epoch: 50f6

Iteration: 810 of 1080

Iterations per epoch: 180

Maximum iterations: 1080

Validation

Frequency: 45 iterations
Patience: 5

Other Information

Hardware resource: Single CPU

Leaming rate schedule: Constant

Learning rate: 0.0003

Hinh 6. Théng s6 hudn luyén mang AlexNet

Hinh 7, 8 minh hoa két qua phan loai chit luong pin
nang lugng mat trdi cia mang hoc sau AlexNet. Trén tap
dir liéu kiém chimg, anh dugc thu thap tir nhiéu ngudn khac
nhau bao gdm ngudn do nhém xdy dung (Hinh 7) va céc
tap ma ngudén mé (Hinh 8).

Két qua thi nghiém mang hoc sau AlexNet trén toan bo tap
kiém tra duoc thé hién tai Bang 3, ma trén két qua nham lan.
Ma tran nhim 1in cho phép trinh bay hiéu suat cta thuat toan
AlexNet véi tap dir liéu dugc tao. Mdi hang ngang cia bang
trinh bay cac 16p dugc huin luyén, va mdi cot cia bang dai
dién cho cac 16p du doan (hoac nguoc lai). Téng ctia mdt hang
hoic cot bit ky s& bang véi s6 anh kiém chimg (75 anh). Theo
do, ti 1& nhan dang hong dudi 5% dat két qua chinh xéc t6i da
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(100%). Két qua hong (5%-10%) cho ti 1¢ chinh x4c cao tiép
theo. Ti 1¢ hong 10%-20% c6 thé cho nham 13n v&i d6 hu hong
& mirc tha”ip hon hoéc cao hon. Ti 1¢ hu hong trén 20% cho do
chinh xac dat & mirc 90.6% véi 68/75 anh nhan dang ding.
Hw 5% - duéi 10% Hu 5% - dudi 10%
99.7%

90.9%

100% 100%

===-v‘u¢=-w
IINT ITZEEER:
Hinh 7. T7 Ié hur hong tdp kiém tra

Huw trén 20% Hu trén 20%
99.5% 95.7%

Huw trén 20%

93.8% 56.9%

Ti 1é hu hong cuia toan tam pin trén 20%

Hinh 8. Ti [¢ hur hong tdp danh nguon khdc
Bing 3. Ma trdn két qud nham lan

1 Dudi 5%| 5% - 10% [10% — 20% | trén 20%
Hong dudi 5% 75 - - -
5% - 10 % - 73 2 -
10% — 20% - 2 70 3
Trén 20% - - 7 68

4. Két luan

Nghién ctru da trinh bay mot giai phap danh gia chét luong
pin nang luong mat troi bang hé xir Iy anh két hop mang hoc
sdu AlexNet. Anh dién phat quang cua pin mét troi duoc thu
thap tir phong t6i. Tam pin duoc cap nguobn mot chiéu véi mirc
dién ap 18-25V va mot may anh hong ngoai dugc bd tri chup
vudng goc tir trén xudng. Dit liéu anh 1a ngd vao ciia mang
hoc sau AlexNet. Két qua nhén dang cho théy, mang hoc sau
AlexNet cho d6 chinh xac cao, ¢6 kha nang danh gia dugc hu
hong tir cac ngudn anh khac nhau.

Tuy nhién, nghién ctru nay chura dé ra giai phap danh gia do
nirt trén timg té bao quang dién riéng r& ciing nhu chua c6 ngudn
anh pin quang dién voi thoi gian s dung nhiéu (16n hon 800G).
Trong thoi gian t6i, nhom s& tiép tuc bo sung dir liéu dau vao
cho tap huén luyén: Thu thap anh dién phat quang tir cac tAm
pin ning luong mét trdi c6 thoi gian sir dung nhiéu (hon 800G).
D6 sut ap khi cac tim pin hu hai ciing can dugc nghién ciru.
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