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TOM TAT

Mé-dun quang dién (Photovoltaic - PV) la thanh phan quan trong trong hé théng nang lugng mat
troi. Viéc phan loai su ¢d déi véi mo-dun quang dién 1a can thiét dé dam béao an toan, hiéu qua
va dé tin cdy ctia hé théng quang dién. Khi xay ra 16i cia mo-dun quang dién, dac tuyén cudng
d6 dong dién-dién ap (dac tuyén I-V) clia mo-dun quang dién thay déi dan tdi su dich chuyén vé
cudng dé dong dién va dién &p cta diém cong sudt cuc dai (Max Power Point - MPP). Trong bai
bao nay, viec phan loai su c6 mo-dun quang dién dua trén diém MPP va ky thuat méy hoc dugc dé
xudt. Thong qua viéc phan tich vi tri ctia diém MPP trong mién khéng gian tham sé |-V, cac su cd
clia mo-dun PV trong qué trinh van hanh co thé dugc xac dinh va phan loai. Cac thong s6 vé dién
ap va cudng doé dong dién ctia mo-dun PV trong cac su co (su c6 day — day, bong che, hé mach
mét phéan, hd mach toan phan, ngédn mach trong céac diéu kién cusng doé buic xa khac nhau) dugc
thu thap thong qua mé phong trén Simulink/MATLAB. Sau d6, cac tham sé nay sé dugc x ly va xay
dung thanh mot tap di liéu. Tap dit liéu nay sé dugc dua vao mé hinh phan loai su ¢ mo-dun PV
bang cach s dung cac thuat toan méy hoc bao gom May vecto ho trg (Support Vector Machine -
SVM) va k-means. Két qua mong mudn clia cac mé hinh may hoc la phan nhém chinh xéac cac su
¢6 bang cach str dung tham s6 dién ap va cudng dé dong dién cla diém MPP va khdo sét chdn
doan su c6 thong qua kha nang phan tach nguéng ctia mé hinh. Két qua cho thady kha nang phan
loai su ¢ va do chinh xac ctia moé hinh méy hoc st dung thuat toan SVM (98,9%) t6t hon so Vi

thuat todn k-mean (61,1%),.

Tu khoa: tam pin quang dién, phan loai su 6, dac tuyén |-V, SVM, k-means, mdy hoc

GIGI THIEU

Nhu moi hé thong khéc, trong qua trinh hoat dong,
mot hé thong dién nang lugng mat troi (NLMT) ¢
kha ndng xdy ra nhiing su c¢6 khong mong mudn.
Nhiing sy ¢6 nay xudt hién do hong héc, suy gidm ti
cac thanh phan bén trong hé thong. Cac truong hgp
su ¢6 trong diy pin quang dién dugc khao sat trong
dé tai nay bao gom:

- Day-Déay(Line-Line): Su ¢ do cham déy két n6i hai
tdm pin quang dién khac nhau.

- Bong che (Partial Shading): Su ¢d do cudng d6 buc
xa mdt troi chi€u 1én mot hay nhiéu tdm pin trong day
khong giéng nhau do cic yéu t6 bén ngoai.

- H6 mach (Open Circuit): Su ¢6 do day tdm pin bi
h& mach.

- Ngdn mach (Short Circuit): Sy ¢6 do cham mach &
2 d4u day ngo ra cta day.

Khi xay ra sy ¢8, dudng déc tuyén I-V hoat ddng ctia
tdm pin sé thay d6i. Su thay d6i nay dan t6i viéc diém
MPP sé dich chuyén khi c6 sy ¢ xdy ra. Do d9, ta c6
thé thuc hién nhan dién va phén loai su ¢6 dya trén sy
chénh 1éch gitia diém MPP hoat dong (dugc dam béo
nho bd MPPT tich hgp trong hé thong dién NLMT)

va diém MPP tinh toan ly thuyét trong cing mot diéu
kién cudng do biic xa.

Phan tich tinh trang hoat dong ctia tdim pin quang
dién dugc thuc hién ti cic thong tin vé dong dién,
dién 4p va cong sudt hoat dong ctia tdm pin. Cac
phuong phap phén tich tinh trang hoat ddng tdm pin
quang dién bao gom: Phuong phap phan tich dua
trén mo hinh tdm pin (MBDM); Phuong phép phan
tich thoi gian thuc (RDM); Phuong phap phén tich
tin hiéu ngo6 ra (OSA); Phuong phap phan tich dua
trén md hinh may hoc (MLT)!. Céc phuong phip
thong dung hon ca la MBDM sé sti dung thong s6 moi
truong thu thip dugc gom cudng d6 biic xa mit troi
va nhiét d0 d€ dua vao cdc md hinh tdm pin quang
dién dugc xay dung dua trén co s& ly thuyét, sau do
so sanh ngo ra ctia moé hinh tdm pin quang dién véi
dit liéu thong s6 hoat dong thu thap thuc té nhim dua
ra cac nhén dinh vé tinh trang hoat dong. Qua trinh
so sanh c6 thé€ dugc thuc hién thong qua viéc dinh
gid sai léch gitia cac thong s6 dién ap, dong dién, cdng
sudt cia mo hinh ly thuyét véi gid tri thuyc té nhu trong
céc nghién ctiu’~> hoic dit ngudng cho cac ti 1é dic
trung gitia két qua mo hinh va gia tri thuc t€ nhu &

Trich dan bai bao nay: Khang N P H, Nhan N C. Phan loai su ¢c6 mé-dun quang dién dua trén diém
cdng suat cuc dai va ky thuat may hoc. Sci. Tech. Dev. J. - Nat. Sci.; 2022, 6(4):2389-2400.
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nghién ctiu®. Khac véi MBDM, trong phuong phap
RDM, céc thong s6 thu thap tu tdim pin quang dién
dugc phan tich va dit ngudng canh bao thong qua
cac quy luat va kién thic dugc l4p trinh trude. Cac
quy luit vé€ so sanh va dat ngudng canh bdo cé thé
van dugc ldy tu két qua phén tich m6 hinh tdm pin ly
thuyét”® hodc tli cac dic trung trong qua trinh van
hanh thyc t6*1°, OSA 14 cac phuong phép bién dsi
cdc tin hiéu thong s6 tdm pin bing cac phép bién d6i
todn hoc d€ trich xudt dic trung cta tin hiéu va dua
ra danh gia dya trén nhiing dic trung dugc phén tich.
Céc phuong phap bién d6i c6 thé st dung nhu phan
phéi chusn ', mé hinh xdc sudt lugng tii 12, bién d6i
Wavelet 13, ... Viéc danh gid phan tich tinh trang tdm
pin sé dugc thuc hién thong qua viéc so sanh va xét
ngudng cac gid tri dic trung ctia tin hiéu sau khi bién
d6i v6i gia tri trong trang thdi 6n dinh. Céc phuong
phap MLT 4p dung cdc md hinh tri tué nhéan tao hay
may hoc d€ huan luyén va hoc nhén dién cac déc trung
clia qua trinh hoat dong ctia tdm pin xuyén sudt cac
tinh trang 6n dinh va sy c¢6. Cac théng s6 dugc st
dung d€ dua vao cic thuat todn may hoc nhdm nhén
dién sy c0 c6 thé1a cac dic tinh [-V cha hé théng khi
van hanh '»!> hay st dung dnh h6ng ngoai kiém tra
tinh trang nhiét ctia tim pin quang dién '°. Viéc huén
luyén mo hinh dugc thuc hién thong qua di liéu thu
thép thuc t&€ hay két qua ctia cac phép tinh mé phong
mo hinh tdm pin quang dién.

Ti cdc nghién ctu trén, c6 thé thiy dugc rang khi
xay ra su c0, hé thong sé mang nhiing thong s6 hoat
dong vé dién ap va cuong do dong dién déc trung cho
loai sy ¢6 xdy ra. Trong thuc té, cic thong s6 hoat
dong nay tuong tng vo6i diém cong sudt cuc dai trén
duong déc tuyén I-V tai diéu kién cudng do buc xa
hoat dong. Diéu nay dugc dam bao nhd cic thuit
toan MPPT dugc tich hgp trong cdc bo chuyén déi
va diéu khién sac nang lugng mat trdi hién c6 trén thi
truong. Khi dua nhiing thong s6 nay 1én mién khong
gian tham s6 I-V, nhiing trudng hgp su c6 gidng nhau
thi sé c6 nhiing diém hoat dong nim gin nhau tao
thanh mét nhém. Tl d6, viéc st dung céc thuit toan
phéan cum dii liéu (clustering) trong ky thuat hoc may
dé phan loai cdc trudng hop sy ¢d khac nhau véi ving
tap trung khac nhau trén mién khong gian tham s6 I-
V la hoan toan kha thi. Trong d6, SVM va k-means
13 hai thuat todn mdy hoc théng dung nhit dugc st
dung trong gidi quyét cac bai toan phan cum di liéu
(clustering).

Trong bai bdo nay, cic truong hop su cd ctia mot
day nhiéu tdm pin quang dién sé dugc phén loai dua
vao viéc huén luyén cdc moé hinh mdy hoc st dung
thuat toan SVM va k-means. D liéu huén luyén dugc
thu thap ti chuong trinh m6 phéng géom thong s6
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cudng do dong dién, dién ap clia day tdm pin trong
cdc truong hop su ¢6 khac nhau. Cac dii liéu nay sau
d6 sé dugc phan tich va bién déi dé tiép tuc dua vao
md hinh phén loai st dung cac thuat toan may hoc
dugc x4y dung trén nén tang Google Colab bing ngon
ngti Python va cac thu vién hé trg.

PHUONG PHAP NGHIEN CUU

MO PHONG CAC SU c6 CUA MO-PUN
QUANG PIEN

Dé tao dit liéu vé cac sy ¢ ctia md-dun quang dién,
mot hé thong tdm pin quang dién két néi véi cdu tric
8x2 (2 hang, 8 tim néi tiép) dugc mo phong trén phan
mém MATLAB. M6-dun mé phong tim pin quang
dién trong cong cu Simulink cia phdn mém MATLAB
dugc trinh bay trong Hinh 1. M6-dun ¢6 hai ngé vao
dé dua thong s6 cudng do biic xa va nhiét do cell, hai
ngo ra 13 hai cuc am duong d€ dau néi véi cac khéi
md-dun khac trong hé thong moé phong. Bang 1 trinh
bay cac thong s6 ky thuat cta tdm pin quang dién
(SunPower SPR-E20-245) ma dugc st dung trong mo
phong. D€ c6 thé thu dugc thong s6 cudng do dong
dién va dién ap ctia hé théng, mo-dun tdm pin quang
dién sé dugc két ndi véi cac khoi chiic nang do dac
tuong ting dugc cung cp béi Simulink. Hinh 2 trinh
bay két ndi hé thong trong Simulink/MATLAB gom
cac mo-dun tdm pin dugc két ndi thanh mot hé 8x2
va cac khoi chiic nang thu thap va xuét dii liéu vé dién
ap, cudng do dong dién va cong sudt ctia hé théng.

Hai cuc
Cuwong dé dau noi
bire xa
—
Nhiéet d6 — «—

Hinh 1: M6-dun tam pin quang dién trong Simulink

V6i hai trudng hgp su ¢d ngdn mach va hd mach, hé
thong dugc mo phong lan lugt & diéu kién dién ap
bang khong va cudng d6 dong dién bang khong & cac
diéu kién cudng d6 buic xa trén. Trong trudng hgp ha
mach mot day, hé thong coi nhu chi bao gom 8 tim
pin ndi tiép va loai bo mot day bi hd mach khoi hé
théng. Céc su c6 con lai sé dugc thém vao hé thong
mo phong béng cach thém nhiing két ndi hodc cac
thong s6 bat thuong. Cac su ¢d dugc khao sat voi s6
lugng tdm pin gap su c6 khac nhau trong cac diéu kién
cuong do biic xa khao sat gébm 200, 400, 600, 800, 1000
(W/m?).
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Hé théng pin quang dién

Cac thanh phan xuéit di
lieuP, I,V

két ndi 8x2
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Hinh 2: K&t n8i cdc mé-dun trén Simulink dé€ 18y dit liéu mé phéng

Bang 1: Théng sé tam pin st dung trong mé phéng

Thong s6 ky thuat Giad tri
Cong sudt dinh danh 245W

Dién 4p hé mach 48,8V
Dong dién ngin mach 6,43A

bién ép diém cong sudt 16n nhét* 40,5

Dong dién diém cong sudt 16n nhét* 6,05

Hé s6 thay d6i dong dién 0,07 (%/°C)
S6 cell ndi tiép 72

* Trong di€u kién STC - 1000W/m2, 25°C

THUAT TOAN K-MEANS
Thuét todn k-means thuc hién phan nhém di liéu
bang cach tim diém trong tAm ctia nhom di liéu sao
cho téng khoang cach tii cdc di€ém trong tim t6i cac
diém trong nhém di liéu tuong ting 1a nho nhit. Viéc
tinh todn diém trong tdm cta thuit todn k-means
dugc thuc hién theo cac bude !
Budc 1: Khoi tao cac gid tri trong tim ngiu nhién
Budc 2: Xdc dinh phan nhoém dua trén khoang cach
cia cac diém dit liéu t6i diém trong tim gin nhit.
Budc 3: Tinh toan lai di€ém trong tim mdi theo cong
thic

o= Yaes, di

S, (1)

Véi:

cx: diém trong tdm cta phan nhom thi k

d;: cac diém trong tap di liéu dugc xét

Si: s6 lugng cac diém dugc phin vao nhom thit k
Budc 4: Lap lai bude 2 va budce 3 cho t6i khi gia tri
diém trong tim khong thay doi

Sau khi huén luyén, khi thuc hién phan nhém mot
diém mdi, mo hinh sé phan diém mdi nay vao nhém
ma khoang cach tit diém t6i diém trong tim ctia nhom
la ngén nhat.

THUAT TOAN SVM

Céc bai toan phan loai ¢ thé dugc téng quat héa
thanh tim dudng phan cach cac nhém di liéu trén
khong gian vector. Tuy nhién, d€ phan tich nhom
dit liéu thi c6 thé st dung rit nhiéu dudng phan cach
khéc nhau. Van dé dat ra la dudng phén cach nao thi
tot nhat dé€ khi dua mot diém méi vao thi mo hinh
van thuc hién phén loai chinh x4c. Thuét todin SVM
giai quyét vin dé nay bang cach lya chon dudng phan
cach sao cho khoang du trit gifia hai nhém di liéu
la 16n nhét. Dudng phan cich c6 thé dugc miéu ta
nhu phuong trinh véi n la s6 chiéu khong gian tham
$6. Viéc phan chia nhém dii liéu phu thudc vao ddu
ctia phuong trinh khi thé cdc gia tri tham s6. Khoang
dy trii dugc dinh nghia 13 khoang cich gin nhat tu
moét diém trong nhom di liéu t6i dudng phan cach.
Khoang cach nay dugc dinh nghia nhu phuong trinh.
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Nhiém vu ctia thuét todn SVM Ia tim bd s6 sao cho
phuong trinh nay 16n nhat.

o'x+b=Y"  ox;+b ()
T
i(0'x;i+b
margin = minM (3)
llol|2
Véi:
Vi = sign (a)Txi + b) (4)

loll = /XL, o] )

Vé mit todn hoc, viéc gidi quyét bai toan nay 1a rét
phtic tap '®. Tuy nhién, nh& sy phat trién cfia cac thu
vién hé tr¢g mdy hoc sti dung ngdn ngit Python nhu

scikit-learn 1°

, viéc nghién ctiu cac ing dung ctia thuét
toan SVM dugc giam tai cdc van dé thién hudng toan
hoc va c6 thé tap trung hon vao hiéu qué cta thuét

toan.
KET QUA VA THAO LUAN

MO PHONG CAC TRUGNG HOP SU' €O

Hinh 3 va Hinh 4 thé hién dudng déc tuyén I-V ctia hé
thdng trong céc trudng hop su c6 day - day va bong
che & diéu kién cuong do biic xa 1000 W/m? véi s6
lugng n tdm pin gdp su c6 1an lugt 1a 1, 6. Khi s6
lugng tdm pin gap su c6 nho véin = 1, sy thay déi
& duodng I-V gin nhu khong dang ké & trudng hop
su ¢ day - day. Su thay d6i dién ra rd hon khi vi tri
16i bao ham nhiéu tdm pin hon, khi d6 ta nhin thdy
16 sy t6n hao dién &p so véi trang thai binh thuong
trong hé théng. Trong trudng hop su c6 bong che,
khi s6 lugng tdm pin gap su c¢6 nho, su thay déi diém
MPP khéc nhau véi cac cuong do biic xa bong che
khéc nhau. Khi cudng do buc xa bong che gin véi
cudng d6 biic xa hién trang (800 W/m? so véi 1000
W/m?), duong I-V it bi bién dang va diém MPP bi
mét mot lugng cudng do dong dién. Ngugc lai, khi
cudng d6 biic xa béng che chénh léch 16n (400 W/m?
50 v6i 1000 W/m?), dudng I-V bi bién dang nhiéu hon
nhung diém MPP lai dich chuyén theo hudng gidm
dién 4p. Khi s6 lugng tdm pin bi bong che gia tang,
diém MPP trong trudng hgp su c6 nay c6 xu hudéng
giam cudng d6 dong dién va duy tri mic dién dp, do
chénh léch gitta cuong do bong che va cudng do biic
xa cang 16n, cuong d6 dong dién cang giam nhiéu. Su
thay d6i vé duong I-V va diém MPP trong céc truong
hop su c6 day - day va bong che & cac cudng do biic
xa khéac nhau dugc trinh bay trong Hinh 5 va Hinh 6.
Céc trudng hop su ¢6 ngan mach va hd mach do c6
dinh mot trong hai thong s6 dién 4p hay cuong do
dong dién nén khong c6 dong I-V ma chi c6 diém lam
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viéc ¢8 dinh, cdc diém nay dugc biéu dién trong phin
téng hop toan bd cac trudng hop su ¢6 ¢ Hinh 7.
Nhu Hinh 7(a), méc d cic diém MPP ctia cac trudng
hop su ¢6 c6 nam & nhiing viung khdc nhau trén mién
khong gian I-V d6i véi tiing loai sy ¢6, cac diém MPP
van ndm rai rac trén mot vung rong va phai nhan dién
theo gia tri cudng d buc xa tai thoi diém dang xét.
Céc diém sy c6 ngian mach do dién dp bang khong
nén ndm bam sat tryuc tung cta do thi, con cac diém
su ¢6 hd mach c6 cudng do dong dién bang khong
ndm lién ké nhau & truc hoanh & céc vi tri dién 4p
hé mach. Cac trudng hop su ¢6 hd mach mot day do
mdat mot day hoat dong so véi binh thudng nén diém
lam viéc c6 muc dién ap chi bang mot niia so v6i binh
thuong. Céc truong hop su cd day - day va bong che
¢6 sy thay déi da dugc d€ cap & trén ndm phéan bd
& nhiing viing khac nhau nhung c6 trung lap & mot
vai diém do khi cudng do buc xa & vi tri bong che
chénh léch nhiéu thi diode bao vé trén tdm pin sé bd
qua tdm pin d6 va tuong duong véi trudng hgp su cd
day - day trén cling mot day. Tuy nhién, khi st dung
gid tri dién ap va cudng do6 dong dién cua diém lam
viéc binh thudng lam m&c chudn héa, cac diém trong
Hinh 7(a) chuyén sang nhu Hinh 7(b), loai bo phu
thudc vao gid tri cudng do buic xa cling nhu cic diém
cuia tiing trudng hop su ¢6 ndm phén tich rd rang hon
trong mién khong gian tham s6 I-V. Dya vao su phin
tach theo déc tinh I-V nay ctia truong hop su c6, kha
ndng phan loai cta cac thuat toan may hoc SVM va
k-means sé dugc khdo sét.

MO HINH MAY HOC PHAN LOAI SU €6 MO-
DUN QUANG PIEN

Thu thap
du ligu

Tang cuong
dir ligu

Danh gia

> Huan luyén > Két qua

Hinh 8: Cac budc xay dung mé hinh may hoc

Céc budc x4y dung m6 hinh méy hoc dugc trinh bay
nhu trong Hinh 8. Qua trinh thu thép di liéu dugc
thuc hién thong qua moé phéng nhu da trinh bay &
phén trudc. Viéc ting cuong dii liéu dugc thuc hién
gom: gia ting s6 lugng diém cta tiing trudng hop su
c6 va thém mot trudng hop dai dién cho cac trudng
hop su ¢6 chua dugc xét t6i. Viée gia ting s6 lugng
diém ctia tiing trudng hop su c6 dugc thyc hién bing
cach thém mot sai s6 ngdu nhién d6i véi tham s6
cuong d¢ dong dién hodc dién dp cta cac diém ban
dau thu thap tit mé phong. Céc sai s6 dugc thém vao
nay dai dién cho hai trudng hgp: mot 1a thay thé cho
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Cuong do dong dien (A)

100 150

I-V cac loaisuco,n=1

Trang thai binh thuong

Su co Line-Line cung day

Su co bong che o dieu kien 800 Wim2
Su co bong che o dieu Kien 400 Wim2

200 250 300 350 400

Dien Ap (V)

Hinh 3: Dudng ddc tuyén |-V trong céac trudng hop sucé, n =1

Cuong do dong dien (A)

100

|-V cac loai suco,n=6

Trang thai binh thuong

Su co Line-Line cung day

Su co bong che o dieu kien 800 Wim2
Su co bong che o dieu kien 400 Wim2

200 300

Dien Ap (V)

Hinh 4: Dudng dac tuyén |-V trong cac trudng hgp su ¢, n =6

céc diém su ¢ tuong ty & cac diéu kién cudng do buc
xa lan cin véGi cdc muc da dugc xét tdi, hai la cac sai s6
¢6 kha nang xay ra tif qua trinh thu thap di liéu trong
thuc té hodc tii cic két qué tinh todn ctia mo hinh tdim
pin khi ing dung mo6 hinh phén loai sy ¢6 trong cac
phuong phap MBDM hay RDM. Mdi diém su ¢ ban
dau sé dugc thay déi gid tri cuong do dong dién hay
dién 4p v6i mot gid tri ngdu nhién trong khoang [0, €]
theo phuong trinh (6) va (7) véi € la mic sai s6 chdp
nhéan d€ tao thém nhiéu diém sy c¢6 mdi. Budce ting

cudng dii liéu thi hai la b6 sung cac diém vao khoang
tréng trong khoang 0 - 0,9 trong mién I-V chuén héa
dé thé hién cho cdc trudng hop sy c6 khéc chua dugc
dé cap t6i trong bai bdo nay. Thong tin vé s6 lugng
ciing nhu céc ky hiéu ctia cac trudng hgp su c6 trong
b dii liéu huén luyén dugc trinh bay trong Bang 2.

v=V +rand([0,€]) (6)

i=1I=+rand(]0,€]) (7)
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Cueng do dong dien (A)

Cuong do dong dien (A)
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Hinh 6: Dudng dac tuyén I-V su c6 bong che trong cac diéu kién cudng do birc xa bong che khac nhau
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MPP trong cac truang hop su co
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(b) Sau chuan héa

Hinh 7: Céc diém MPP trong céc trudng hop su cd

Hai m6 hinh phén loai ting dung thuét todn may hoc
k-means va SVM dugc x4y dung trén nén tang Google
Colab béng ngo6n ngii Python va stt dung cdc thu vién
hé trg nghién ctiu cac thuat todn mdy hoc scikit-learn.
Thu vién cung cip cic cong cu d€ xay dung mo hinh,
huén luyén va trinh bay két qua sau hudn luyén dé

danh gia hiéu suét phén loai ctia mo6 hinh.

KET QUA MO HINH MAY HOC DUA TREN
THUAT TOAN K-MEANS

Hinh 9 trinh bay cac két qua phén loai ciia md hinh
may hoc dua trén thuit toan k-means. Hinh 9(a)
trinh bay bo dit liéu thu dugc sau khi ting cudng va
Hinh 9(b) thé hién két qua phan loai sau khi huén
luyén. Két qua huén luyén cho thdy ring thuat todn
k-means phén loai cdc truong hop sy ¢6 huén luyén
khong tot, viéc phéan loai céc sy ¢6 1dn nhiéu vao vung
cac diém sy ¢ khac cing nhu ¢é nhiéu nhiam 1an
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Bang 2: Théng tin bd dii liéu huan luyén

CACSU cO CcUA SO LUONG MAU
PV MO-DUN

Bong che 2000

Hé mach mot day 500

Day - Day 3500

Ngén mach 1000

HG6 mach 1000

Céc 16i khéc 1500

KY HIEU SU CO NHAN
su co

F1 0

F2 1

F3 2

F4 3

F5 4

Others 5

gilia cac su ¢d khac nhau v6i nhau. Hinh 9(c) trinh
bay két qua du doan ctia moé hinh k-means trén mién
khong gian tham s6 [-V da chudn héa, qua d6 thdy
dugc dudng phan tach cac trudng hgp su ¢6 ndm xa
$0 v6i vi tri phan tédch that sy dan t6i sy nham lan khi
phén loai. Hinh 9(d) trinh bay ma trin phan loai sy
6 ctia mo hinh mdy hoc dua trén thuat toan k-means.
Do chinh xdc t6ng quan cia mo hinh chi dat 61,1%.
Hai trudng hgp ma mo hinh dy doan chinh xéc cao
nhiét la sy ¢6 ngdn mach va hé mach (v6i do chinh
xac la 100%), tuy nhién d6i véi su c6 day — day va ho
mach mét day thi mé hinh du doan nhim 14n gitia hai
truong hop nay. Cac truong hop su ¢6 hd mach mot
day ciing c6 do chinh xac kha cao véi 84,20%, nhung
dong thai cb t6i 48,50% cac su ¢d bong che bi du dodn
nhim sang trudng hop su ¢d hd mach mot day. Cac
trudng hop su ¢ con lai déu c6 do chinh xdc thp chi
dat trong khoang 40-60%.

Ly do thuét todn k-mean c6 két qua cao trong phan
loai tinh trang ngan mach va hé mach so véi hai
trudng hop sy con lai ¢ thé giai thich boi viéc phan
b6 cac diém hoat dong trong hai trudng hop su cd nay
tap trung trong mot viing hep trén mién khong gian I-
V da chuén hoéa (tap trung quanh diém [0; 1.1] trong
trudng hgp ngan mach va [1.2 ; 0] trong trudng hop
h& mach). Céc trudng hgp khac thi cdc diém hoat
dong trai dai trén mdt vung rong hon dan dén viéc
tinh todn diém trong tdm bao phu toan bd cic diém
dit liéu 1a khong thé.

KET QUA MO HINH MAY HOC DUA TREN
THUAT TOAN SVM

Tuong ty, Hinh 10 trinh bay cdc két qua cia m6 hinh
may hoc dya trén thuét todn SVM. Hinh 10(a) trinh
bay bo di liéu ban ddu va Hinh 10(b) két qué huin
luyén ctia mo hinh. Két qué cho thdy rang mo hinh
phén loai ung dung thuat todn SVM cho ra két qua
tuong tu va bam sat by di liéu ban dau. Pong thai,
Hinh 10(c) trinh bay két qua phan loai cia m6 hinh
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trén mién khong gian, két qua nay cho thdy dudng
phén tach gitia cdc nhom trudng hop su ¢ bam sat
v6i cdc diém dii liéu bién trong tép dii liéu, do d6 tao
ra ngudng phén loai cic truong hop su ¢6 t6t hon so
v6i thuét toan k-means. Hinh 10(d) trinh bay ma tran
phan loai sy ¢ dya trén thuét todn SVM, véi do chinh
xdc téng quan ca mo hinh dat 98,9%. Két qua phan
loai ctia tat ca cac trudng hgp su c6 déu dat trén 95%
va hai trudng hgp su ¢§ ngdn mach va hé mach dat
100%.

Bang 3 trinh bay viéc so sainh d6 chinh xdac va thong
s6 fl1-score theo loai su ¢6 ctia hai md hinh mdy hoc
dua trén thuit todn k-means va SVM. Két quéa cho
thdy viéc phan loai theo tiing loai su ¢6 va do chinh
xac ctia md hinh may hoc dua trén thuat toan SVM
(98,9%) cao hon so véi thuét toan k-means (61,1%).
Su vugt troi nay xay ra do déc tinh phéan bé trén mién
tham s6 I-V sau chudn héa ctia cac trudng hop su c6
khong ndm trong mot ving téa rong ma thién huéng
tap trung vao nhiing viing c6 dang chii nhat. Dac tinh
tao duong phan nhom sao cho mo hinh cé bién d6 dit
try 16n nhét cua thuét toan SVM tao kha ning phin
nhom t6t véi cac trudng hop su c6 khac nhau ciing
nhu htta hen trdnh sy thién vi mdt nhém sy ¢d so
v6i viée dat ngudng thi cdng qua phén tich bang mit
thong thuong.

Bang 4 trinh bay két qua nghién ctiu ctia bai béo véi
két qua clia cac nghién ctiu trudc day'*!>. Phuong
phap 8paras + SVM !* st dung 8 thong s6 dugc cung
cdp bsi nha san xuit ctia tim pin quang dién dé téi tao
duong déc tuyén I-V va phén tich, so sanh véi dudng
I-V thu dugc tli tdm pin quang dién d€ dua ra két qua
phan loai sy c6 qua phuong phap mdy hoc SVM. Mit
khéc, phuong phap GADF + ANN ' lai st dung mang
no-ron nhan tao véi ngd vao la bién d6i Gramian An-
gular d€ cho ra nhén dinh loai sy ¢6. Phuong phép
SVM-GRB '° sti dung mé hinh SVM véi kernel GRB
d€ dua ra két qua phén loai tif cdc thong s6 hoat dong
cta tdm pin gom cudng do biic xa, nhiét do, cuong do
dong dién va dién ap.
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Bang 3: So sanh két qua hai mé hinh may hoc dua trén thuat toan k-means va SVM

k-means (%) SVM (%)

Do chinh xéc ctia moé hinh 61,1 98,9
Do chinh xéc cta tiing trudng hgp su c6 Bong che 50 97

H& mach mot day 41 100

Day-day 58 99

Ngdn mach 64 100

Hé mach 93 100

Céc 16i khac 72 100

Bang 4: So sanh két qua mé phéng ciia phuong phap dé xuat véi cac cong bé trudc day

Céc phuong phap nghién  Gid tri ngd vao

cliu
Phuong phdp dé xudt
(SVM)

G, L, V, Impp, Vmpp

8paras + SVM ' G, T, Vmpp, Impp, Voc

,Isc, Rs, Rsh

GADF + ANN Gramian Angular Dif-

ference Field

SVM-GRB '° G, T, VPV, and IPV

Céc loai su c6

Do chinh xé4c

Bong che, hd mach mot day, day - day, hé  98,90%
mach, ngdn mach, céc su ¢6 khéc.

Bong che, suy giam do Rs, suy gidam do Rsh ~ 94,83%
Boéng che, suy giam do Rs, suy gidm do Rsh ~ 100,00%
Chép dién, day - day, hd mach, bong che,  89,80%

MPPT Failure

Thong qua viéc st dung gid trj tinh todn cta diém
cong sudt16n nhat MPP tti mo hinh tuong duong tim
pin, phuong phap dé xudt da gia ting do chinh xac clia
viéc phan loai sy ¢ st dung m6 hinh SVM tit 94.83%
va 89.80% lan lugt ctia phuong phap 8paras va SVM-
GRB [én 98.9%. Mic du két qua ctia md hinh dé xuit
khong cao dugc so véi phuong phdp GADF + ANN,
nhung phuong phap thuc hién lai don gian hon do
khoéng can thu thip dit liéu cta dudng dic tuyén I-V
ciing nhu bién déi todn hoc phiic tap.

KET LUAN

Trong bai bao nay, mé hinh may hoc phan loai sy ¢4
mo-dun quang dién da dugc xay dung dua trén dac
tuyén [-V ctia pin quang dién, diém cong suit cuc
dai (MPP) va hai thuét toan may hoc phan nhém (k-
means va SVM). M6 hinh mdy hoc nay cé thé phan
loai dugc cac truong hop su c6 nhu: su c6 day - day,
béng che, hé mach mét phan, hé mach toan phén,
ngan mach trong cac diéu kién cudng do buic xa khac
nhau. B¢ dit liéu ddu vao ciia mo6 hinh mday hoc dugc
xay dung dya trén cic moé phong trén phin mém
Simulink/MATLAB. Két qua cho thdy m6 hinh may
hoc phan loai su ¢6 ctia m6-dun quang dién dya trén
thuat todn SVM c6 d6 chinh xéac cao hon thuat toan
k-means. Cac md hinh phén loai ting dung cc thuét
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todn mdy hoc nay hia hen sé ho trg phat trién véi cac
thuat toan gidm sat va danh gid tinh trang tim pin
hién dang ting dung trong cdc m6 hinh MBDM hay
RDM, qua d6 gitp qua trinh van hanh cac hé théng
NLMT dung tdm pin quang dién dién ra hiéu qua va
gia tang toc do bao tri bdo dudng khi c6 su c6 xdy ra.

LO1 CAM ON

Nghién ctiu dugc tai trg bai Truong Pai hoc Khoa hoc
Ty nhién, PHQG-HCM trong khuodn khé Dé tai ma
s6 T2021-06.

DANH MUC TU VIET TAT

« PV (Photovoltaic): Quang dién

o MPP (Max Power Point): Piém lam viéc cong
sudt cuc dai

o SVM (Support Vector Machine): méy véc-to hd
tro

o MPPT(Max Power Point Tracking): Thuat toan
do diém cdng sudt 16n nhat

o NLMT: Nang lugng mdt troi

« MBDM (Model Based Difference Measure-
ment): Phuong phap phan tich dua trén mo
hinh tdm pin

« RDM (Real-time Difference Measurement):
Phuong phap phan tich thdi gian thuc
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o OSA (Output Signal Analysis): Phuong phap
phén tich tin hiéu ngo ra

o MLT (Machine Learning Technique): Phuong
phdp phén tich dya trén mé hinh mday hoc

o STC (Standard Testing Condition): Piéu kién
thi nghiém tiéu chuén

XUNG POT LI iCH

Céc tac gid cam két khong co bat ky xung dot 1¢i ich
nao trong cdng bé bai béo.

PONG GOP CUA TAC GIA

- Nguyén Phuéc Hoang Khang: Xay dung chuong
trinh m6 phong thu thap, ting cudng di liéu, téng
hgp s6 liéu hinh anh.

- Nguyén Chi Nhén: Xay dung chuong trinh thuat
toan mdy hoc, phén tich danh gia két qua.
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Fault classification for photovoltaic module based on maximum
power point and machine learning techniques

Nguyen Phuoc Hoang Khang', Nguyen Chi Nhan'2"*

ABSTRACT
Photovoltaic (PV) module is the key component in the solar energy system. Fault classification
< for photovoltaic module is necessary for safety, efficiency and reliability of photovoltaic systems.
Use your smartphone to scan this When faults of PV module occurred, the current-voltage characteristics (I-V curves) of PV module
QR code and download this article are changed leads to the shift in voltage and current of the maximum power point (MPP). In this
paper, fault classification for photovoltaic module based on MPP and machine learning techniques
is proposed. Through analysing the location of the MPP in I-V parameters plane, faults of PV module
during performance of could be identified and classified. The parameters of voltage and current of
PV modulein the faults (line-to-line fault, shading, open circuit in one array, open circuit, short circuit
during different irradiation levels) are collected by simulations in Simulink/MATLAB software. Then,
these parameters would be processed and built into a dataset. This dataset would be fed into fault
classification model for PV module using machine learning algorithms included Support Vector
Machine (SVM) and k-means. The desired results of machine learning models would be accurately
classified faults using parameters of voltage and current of the MPP and survey the fault diagnosis
through the borderline of each classification group of the models. The result shows that the fault
classification capability and accuracy of the machine learning model using SVM algorithm (98,9%)
are better than the k-means algorithm (61,1%).
Key words: photovoltaic panel, fault diagnosis, I-V characteristic, SYM, k-means, Machine Learning
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