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TOM TAT

Tam pin quang dién déng vai trod then chét trong hé théng nang lugng mat trdi, dm nhiém chic
nang chuyén déi quang nang ti buc xa mat trdi thanh dién nang phuc vu cho cac hoat déng san
xudt va sinh hoat. Trong cong tac gidm sét va van hanh hé théng dién mat trai, viéc xac dinh cac
gid tri van hanh téi uu clia tdm pin la co s& quan trong cho cac phuong phap phan tich, phat hién
cling nhu phan loai sy cd. Cac thong s6 nay co thé dugc xac dinh thong qua phuong phép giai
mach tuong duong hodc bang cach s&r dung cdc mé hinh hoc may dugc huan luyén dua trén dir
liéu van hanh da thu thap. Tuy nhién, phuong phap giai mach truyén thong thudng tiéu tén nhiéu
tai nguyén tinh toén do phai dp dung cac thuat toan lap dé tim kiém tham s6, dan dén thdi gian xd
ly kéo dai va khé dap tng yéu cau thai gian thuc. Nguoc lai, cdc mo hinh hoc may gidp rit ngan
thai gian tinh todn nha khai thac cac tham s6 da dugc huan luyén, nhung lai phu thuéc Ién vao
diéu kién thu thap va quy mé dir liéu dé dat dugc dé chinh xac mong mudn. Bai béo dé xudt mot
quy trinh xdy dung mang neuron nhan tao (ANN), trong d6 d liéu huan luyén dugc tao ra tir viec
tinh toan mo hinh mach dién tuong duong bang phuong phap Newton-Raphson. Céch tiép can
nay hudng téi viec xay dung mot moé hinh thay thé cho tém pin quang dién vira dam bao dé chinh
Xac cao, vUa cb téc dd tinh toan nhanh nham dap Uing cac yéu cau giam sat va phat hién su 6 thoi

gian thuc.

Tuwkhoa: tdm pin quang dién, m6 hinh tuong duong, may hoc, mang neuron nhan tao

GIOI THIEU

Mo hinh héa tdm pin quang dién la mét phuong phép
xay dung cac mo hinh tinh todn thong s6 ngé ra clia
tdm pin quang dién tli cic thong s6 clia nha san xudt,
diéu kién cudng do biic xa, nhiét d6 trong qud trinh
hoat dong. Cac mo hinh nay déng vai trd quan trong
trong gidm sat va phat hién cac truong hgp su 6 trong
tdm pin quang dién. Khi cac trudng hgp su c6 xay ra,
ddc tuyén dong dién-dién ap (I-V) ctia tdm pin quang
dién bién d6i do sy chénh léch trong dién ning tao ra
gitia cdc té bao quang dién bén trong tdm pin. T do,
khi st dung mo6 hinh dé€ tinh todn dong dién-dién 4p
& trang théi ly tudng, nhiing sai léch gifia trang thai
ly tudng va trang thdi hoat dong c6 thé dugc st dung
14 chi thi d€ phat hién sy c6 va giup dua ra phuong
an bao tri nhanh va hiéu qua nhat. Hinh 1 minh hoa
su thay d6i ddc tuyén I-V cta tdm pin quang dién khi
xdy ra cac truong hgp su c6 nhu bong rdm, suy giam
do tubi tho hodc tic dong vat ly, ngdn mach va ho
mach . Tl sy thay di dic tuyén nay, cic phuong én
vé gidm sat va phat hién sy c6 c6 thé€ dugc ap dung
nhu phuong phap phén tich dua trén mé hinh tuong

duong tdm pin (MBDM), huong phap phén tich thoi
gian thuc (RDM), phuong phap phan tich tin hiéu ngd
ra (OSA), huong phdp phan tich dya trén mé hinh
may hoc (MLT)?2.

Céc giai phap MBDM st dung cic thong s6 moi
trudng gom cudng do biic xa mat trdi va nhiét do dé
lam ngo vao cdc mo hinh tinh todn tuong duong dya
trén cdc dic tinh cta tdm pin quang dién va so sinh
két qua véi cac thong s6 hoat dong thuc té tuong ting
dé phan tich tinh trang hoat dong. Viéc tinh todn ly
thuyét st dung cac moé hinh mach dién tuong duong
va cdc giai thuit d€ tim ra dién dp va dong dién hoat
dong ctia tdm pin, thudng la diém cé cong sudt 16n
nhét (MPP) dé tuong thich vdi hoat ddng ctia tAm pin
quang dién trong diéu kién thuc té. Tinh trang hoat
ddng cua tdm pin dugc xac dinh qua dénh gid sai léch
gitia cac thong s6 dién dp, dong dién, cong suit cta
mo hinh ly thuyét véi thong s6 hoat dong thuc t&3-°
hodc dat ngudng gitia két qua mo6 hinh va thong s6
hoat dong’. Viéc ting dung cac phuong phap MBDM
gitip tang do chinh xdc va c6 khd nidng mo rong ting
dung do tinh tdng quat d6i v6i nhiéu loai tim pin
quang dién. Tuy nhién, han ché la t6c d¢ tinh todn
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khé dap ting cho cac phuong an tich hgp IoT phuc vu
theo doi thoi gian thyc. Do qua trinh tinh todn ctia
md hinh mach dién tuong duong doi hdi cac phuong
phép tim kiém vong 1ap dan t6i thoi gian tinh todn dai
trong khi céc ting dung theo d6i thoi gian thuc doi hoi
thoi gian tinh todn ngn dé c6 thé dép Ging cac yéu cdu
vé truyén thong di liéu.

Hudng tiép cén phan tich thoi gian thyc RDM dua
trén phan tich cdc thong s6 hoat dong thuc té€ clia
tdm pin quang dién dugc thu thap qua cac quy luét
vé so sanh va dit ngudng cinh bdo d€ phét hién cic
trang thdi bat thuong. Cac quy luat hodc ngudng nay
dugc x4c dinh tit phén tich cic két qua mé phong®’
hodc tii cdc ddc trung trong qua trinh vén hanh thyc
t€1%11. Do khéng cin tinh toan cic thong s6 song
song vGi qud trinh thu thap dii liéu nén phuong phap
RDM dé dang ting dung trong cac hé thdng yéu ciu
thoi gian thuc hon so véi cac phuong phap MBDM.
Tuy nhién, cic quy luat phat hién trudng hop su c6 &
phuong phap RDM doi hoi cac phan tich chuyén gia
ctia qua trinh hoat dong trong mot thoi gian d€ dét ra
cac diéu kién phat hién phit hgp. Do d6, phuong phap
nay khong c6 kha ning mo rong, it thich nghi khi ¢
su thay d6i trong diéu kién hoat dong hodc két cdu hé
thong.

Quid trinh dénh gid phan tich tinh trang tdm pin bing
phuong phap OSA dugc thuc hién thong qua cic
phuong phap bién d6i cac thong s6 gidm sat bang cac
phép bién ddi toan hoc dé trich xuit dic trung ctia qua
trinh hoat dong. Panh gia tinh trang hoat dong dugc
dua ra duya trén két qua phén tich, so sdénh hodc xét
ngudng cac dac trung sau bién d6i trong diéu kién 6n
dinh so v6i thong s6 dugc thu thap. Cac phuong phép
bién déi co thé dugc stt dung nhu thong ké dic trung
hoat dong 12, x4c sudt lugng tu 13 bién d6i Wavelet 14,
... Phuong phdp OSA khong doi hoi cac thong s6 moi
trudng nén hé thong giam sat khong can c6 cac cam
bién moi trudng gitp don gian hda quy trinh gidm sat.
Tuy nhién, viéc thiéu cic yéu t6 moi truong khién két
qua ctia cac phuong phdp OSA thiéu tinh tong quat
s0 v6i cac phuong phdp MBDM trong khi van doi hoi
viéc tinh todn phan tich trong qua trinh giam sat.
V6i sy bung ng cta cdc phuong phdp méy hoc trong
thoi gian viia qua, cac phuong phap ting dung cac
mo6 hinh mdy hoc nhim tng dung nhan dién cac dic
trung ctia qud trinh hoat dong cua tdm pin trong cac
tinh trang 6n dinh va su ¢6 da dugc khao sat va thi
nghiém trong linh vuc gidm sat. Cac phuong phap
c6 thé k€ dén nhu cic phuong phdp mdy hoc gom
k-clustering !¢, SVM!®!7, cic mang hoc siu gém
ANN'8, RNN 719 LSTM 15162021 Ung dung cac
md hinh méy hoc gitp ting t6c¢ d¢ tinh todn nho qua
trinh hudn luyén trudc véi tap di liéu mau ma khong
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Soiling or module
degraded
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\

P

Voltage Voc

Hinh 1: Su thay d6i cia dudng dac tuyén I-V tam pin
quang dién khi hoat dong binh thudng va khi xuat
hién mét s6 trudng hgp su co '

can thuc hién cac bién déi phuic tap hay cac giai thuét
tinh todn. Tuy nhién, cac phuong phap MLT déu yéu
cau thu thép di liéu thuc t€ tai mét dia diém c6 dinh
dé dam bdo s6 lugng va tinh nhit quan trong bd di
liéu hudn luyén mo6 hinh. Cac yéu ciu nay dan dén
cac phuong phap MLT doi hoi thoi gian tién dé rat
16n déng théi moé hinh san phdm chi chinh xdc d6i
v6i dia diém thu thép véi cac diéu kién thoi tiét cing
nhu loai pin nhét dinh. Vin dé nay dit ra vin dé vé
tinh t6ng quat ctia ting dung mo6 hinh mdy hoc cing
nhu han ché kha ning mé rong cho nhiéu hé thong
khéc biét.

Y tudng trong nghién ciu nay 1a tan dung kha ning
tong quét héa ctia moé hinh may hoc vdi sy chinh xac
cta tinh toan thong s6 tit mach dién td tuong duong
nhdm tao ra mdt quy trinh x4y dung mé hinh thay thé
cho tdm pin quang dién c6 kha nang ting dung rong
trong giam sat thoi gian thuc. M6 hinh tinh toan tu
mach dién tuong duong tdm pin quang dién st dung
gidi thuat tim kiém vong ldp va gidi thuat Newton-
Raphson d€ tinh toan dudng dic tuyén I-V cta tdm
pin quang dién vé&i cac thong s6 tii nha san xudt va
tim kiém diém cong sudt 16n nhit (MPP). Mang neu-
ron nhan tao dugc xay dung vé6i tham s6 ngd vao la
gid tri cuong do6 buic xa va gia tri ng6 ra la gia trj dién
ap cuodng do dong dién ting cta diém cong suit 16n
nhdt trong diéu kién cudng do buic xa ngd vao. Két
qua tinh todn tif mach dién tuong duong trong nhiéu
diéu kién hoat dong dugc st dung lam di liéu huin
luyén. Mang ANN sau hudn luyén dugc st dung thay
thé& cho mo6 hinh tuong duong ban dau giap giam thoi
gian tinh todn nhung van gitt dugc do chinh xdc. Quy
trinh x4y dyng mo6 hinh mang ANN dé xuat dugc biéu
dién trong Hinh 2.
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Bac tinh hoat dong & Ll Quy trinh huén luyén
tam pin quang dién INEC 1B e mé hinh ANN

Hinh 2: Quy trinh xdy dung mang ANN tuong
duong tdm pin quang dién [Nguén: Nhém tac gial

PHUGONG PHAP NGHIEN CUU

Mb hinh tuong duong tam pin quang dién
Ly thuyét mach dién tir tuong duong

Duia vao céc dic tinh dién td, tdim pin quang dién dugc
md hinh héa thanh moét mach dién ti tuong duong
nhédm tinh todn dién 4p (V) va cudng do dong dién (I)
G ngod ra clia tim pin quang dién. M6 hinh mach dién
tuong duong ly tudng cta tdm pin quang dién gém
1 nguén dong, dai dién cho dong electron khi xay ra
hién tugng quang dién, song song véi 1 diode, dai dién
cho ph&n16p p - ntrong ciu tao ctia té bao quang dién.
Bén canh d6, khi xét t6i t6n hao do cdc m&i ndi va tiép
diém khi két ndi nhiéu t€ bao quang dién lai thanh
mot tdm pin, mach dién tuong duong dugc thém vao
mot dién trd ndi ti€p Ry va mot dién trd song song
R,. Hinh 3 biéu dién cic mach dién ti tuong duong
lan lugt gom : a) Mo hinh ly tudng ; b) M6 hinh mét
dién trd ndi tiép (Ry) ; ¢) M6 hinh hai dién tré néi
tiép-song song (Rs—R ). Trong nghién ctiu nay, mach
dién tuong duong Ry— R, dugc lya chon nham dam
bdo bam sat tinh trang hoat dong thuc té ctia tdm pin
quang dién cing nhu thé hién nhiing vin dé€ khi toan
mach dién td tuong duong cho tdm pin quang dién.
Trong mach dién tu tuong duong, lién hé gitia cac
dong dién trong mach theo dinh luat Kirchoff 1 dugc
mo ta theo phuong trinh (01), trong I d6 1a dong ngo
ra clia tdm pin, I, 1a dong tao ra bdi hiéu ing quang
dién, I; 1a dong di qua diode, I p 1a dong qua dién
trd song song R,. I, dugc tinh theo cong thiic (02)
duya trén moi quan hé gita dong quang dién tao ra
tai cuong do biic xa lam viéc qua tham chiéu ti cac
thong s6 nha san xuit. Phuong trinh (03) biéu dién
cong thiic tinh I, trong d6 gia tri dong bao hoa I,
dugc tinh theo phuong trinh (05). Dong I, dugc tinh
theo phuong trinh (06)

I=Ly—1Ig—1, (01)

G
= Gi ([xc + ,u/SL‘AT)
ref

I

ph (02)

Trong d6: G la cuong d6 biic xa mat troi ¢ diéu kién
dang xét; Gy 1a cuong do biic xa mit troi ¢ diéu ki¢n
STC; I, 1a dong ngdn mach & diéu kién STC; m;. 1a hé
s6 thay d6i dong dién theo nhiét d¢ ctia tdm pin; DT 1a
chénh 1éch gitia nhiét d6 & diéu kién dang xét véinhiét
d6 8 di€ukién STC (AT =T. — Trop, Ty = 2980K).

V 4+ 1.R;
I;=1, [exp (L) — 1]
a

Trong d6: I, 1a gid tri dong bdo hoa; a 1a hé s6 suy

(03)

gidm dién ap vdi:
Ny AT,
a=—"7
q

(04)
Trong dé: Ns1a s6 t€ bao quang dién trong day néi

tiép; A 1a hé s vat liéu (gid tri dugc ldy theo Bang 1);
k12 hidng s6 Boltzmann; q la dién tich electron.

ez T
Ip = Lcexp (700) ( ‘ )
a Tref
() (7
kA Tref T

Trong d6 V. la dién dp hé mach ctia tdm pin & diéu

(05)

exp

kién STGC; &g 1a ning lugng viing cdm, véi loai pin Silic
thi £ 12 1,12¢V.

I - % (06)
»
Bang 1: Hé s6 vat lieu 23

Vit liéu A
Silic don tinh thé 1,2
Silic da tinh thé 1,3
Silic di hinh H (a-Si-H) 1,8
CdTe 1,5
CIS 1,5
AsGa 1,3

Khi thay cdc cong thic I,, va I; tuong dng vao
phuong trinh (01), két qua thu dugc phuong trinh
(07) mo ta tng quat lién hé I-V cla tdm pin quang
dién tai cac diéu kién hoat dong cu thé.

V +1.R; I.R
I=I,—1 {exp <+7) — 1} -
q Rp

(07)

Cdc thudt todn trong tinh todn mach dién tuong
duong
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Hinh 3: Cac mé hinh mach dién tif tuong duong cho tdm pin quang dién 22

Viéc tinh toan gid tri I theo phuong trinh (07)
dugc thuc hién bang phuong phap Newton-Raphson.
Newton-Raphson la phuong phap tinh nghiém x4p xi
duya trén dao ham cta phuong trinh. Phuong phap
thuc hién tim nghiém ctia phuong trinh f, = 0thong
qua viéc tinh todn lap lai nhiéu lan véi gia tri x qua cac

vong lip dugc tinh bing cong thiic (08) %*:

ziv1 = xi— [ (2i) [ f' (zi) (08)

Trong d6 @112 gid tri x & vong lap ké tiép, f' (z;)
1a gia tri dao ham cua f (2) tao gid tri x = x; & vong
13p hién tai. Qud trinh 13p dugc thuc hién cho t6i khi
Xit+1 ~ %; hodc dién giai theo mot cach khéc 1a f(x;)
If’(x;) < e v6iela muicsai s chdp nhan. Tu day ta thdy
thanh phan f (x;) /f’(x;) dong vai tro viia la budc nhay
vita la muic sai s6 dé€ tim nghiém ctia phuong trinh cin
giai.

Ap dung til cong thiic (08), cong thiic (07) dugc bién
d6i thanh phuong trinh (09). Theo phuong phép
Newton - Raphson, vé€ trdi cua phuong trinh (09)
dugc viét lai thanh ham f(I) nhu phuong trinh (10)
. Tu d6, phuong trinh dao ham f°(I) c6 dang nhu
phuong trinh (11). So d6 thuit todn moé hinh tdm
pin quang dién theo phuong phap Newton — Raphson

chicé 1 cép Ry - R, thod man phuong trinh diéu kién
(13).

Vinp + Iy R
Inp = Isc _IOJW, (W%) _ 1]
(12)

_ Vmp + mp~Rs
RI’

P=1V =1LupVip = Pup (13)

Khi bét d4u tinh todn, gia tri R; ban d4u dugc ditbing
0, gid tri R, dugc tinh tuong ting bing cong thiic (14).
Gia tri dién ap V dugc dat bang V,,,, d€ thuc hién giai
tim I theo phuong trinh (07). Sau dé ta thuc hién
kiém tra phuong trinh diéu kién (13), néu chua thoa
diéu kién thi ta thyc hién thay dai Ry, tinh lai R, va
thuc hién lai viéc tinh I va so sanh v6i Py, cho t6i
khi thoa phuong trinh diéu kién thi xudt gia tri cap Ry
- Rp. Hinh 5 biéu dién so d6 thuat todn tinh Ry - R).

Viup -+ Inp-Rs

(14)

R, =

V Lyp.Rs — Voo

a
Khi c6 day du cic tham s6, gid tri I tuong ung cta
cdc gid tri V trong khoang [0- V] dugc tinh toan dé
thu dugc dudng dic tuyén I-V. Trong qua trinh tinh
toan, di€ém cong sudt 16n nhét cing dugc tinh toan

dugc trinh bay nhu Hinh 4. théng qua phuong phap kiém tra gia tri cong sut tai
V +1.R, diém tinh todn hién tai Iy, Vi, P; va diém tinh toén
Ipn—1o Lexl’ (T) - 1} 09 trude d6 Iy, Vi_1, Pr_1. Vong lip dugc thyc hién
_ VIR =0 (09) t6i khi P, < Py_j, tuong ting diém tinh toan khong
Rp con 1a diém cuc dai trén dudng dic tuyén cong sudt -
FU) =11 {exp (V +1.R;s ) 3 1} dién ap (P-V) va xudt gid tri diém MPP = [I,_, Vi_1,
VIR a (10)  Px—1]. So do thuat todn téng quat cho qud trinh tinh
R -1 toan mo hinh tuong duong ctia tdm pin quang dién
R P V+IR R dugc biéu dién nhu Hinh 6.
f/(l):——“‘o{exp (—"‘)}——*‘—1 (11)
a a Ry Xdy dung bé dit liéu hudin luyén

Tuy nhién, d€ tinh todn phuong trinh trén, cic gia tri
dién tr6 Ry va R, can dugc xac dinh truéc thong qua
gia tri hoat dong tai cong sudt 16n nhét (I,,, va Vi)
trong diéu kién STC dugc nha san xuit cung cdp. Khi
dé, phuong trinh (07) trd thanh phuong trinh (12) va

Mo hinh dugc tinh todn va thtt nghiém két qua hoat
dong theo thong s6 ctia tdm pin quang dién véi cac
thong s6 nhu trong Bang 2.

Tu cac cong thiic va so d6 thuit toan da trinh bay &
trén, thong s6 tdm pin thit nghiém dugc dua vao tinh

3676
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[ Input
| Cwémg dé birc xa G (Wim?), Nhigt dd T (°C)
Thﬂnq sb tm pin: Voc, Isc, Vmp, Imp, usc, A, Ns [
| Gldtr{ Rs va Rp
| Gid trj dign dp hogt dong V

.

AT = (T+273)-298
Ciic hiing sé: k, q, eg
Tinh a theo céng thire (4)
Grel = 1000

Cac gid tri xudt ph:u
Iph \u Ip ey

Input |
Cu-cmg 40 birc xa (Wim?), Nhiét do T (°C)
i Thbnqsotam pin: Voc, Isc, Vmp, Imp, usc, A, Ns
: Cac hangsn k. q,eq

dT = (T+273) - 208

END

return
[Impp,Vmpp,Pmpp]

=]

Tinh f{l) thea nonn thirc (10) g B,
> Tinh £} theo cong thirc (11) > '-1eW = - (VL) %’ b }_' g Hepslion>

| =

Tinh toén | theo |

phwrong phap  ——>
MNewton - Raphson |

Tinh a theo cong thirc (4) Tinh Rp theo
Gref = 1000 A
Pmp = Imp.Vmp cong thirc (14)
Rs = 0 (Gi4 trj xuét phat) A

P =1Vmp - p- Pmp =
False i

{ Rs +=0.01
N N A R ot ~ a o aa
Hinh 5: So d6 thuat toan tinh Rs-Rp [Nguon: Nhém tac gid]
( staRt " enp
| Input T
| cuémg 44 birc xg (Wim?), Nhigt dg T (°C) retum
| Théng sé tim pin: Voc, Isc, Vmp, Imp, usc, A, Ns| [Impp Vmpp,Pmpp]
| GiawujRs, Rp
L True
dT ~ (T+273) - 298 Tinh céc gia tri Cac gia tri xudt phat . "," ™ /
Cic hing sé: k, q, eg Iph, Id, Ip theo Vmpp =0 p:",“:"'g";;‘:p P=LV pmp Fatse, - v S P
Tinh = theo cang thre (4) céng thirc tueng Impp = Isc Pmpp = Impp.Vmpp e
Grel - 1000 img ‘ V=001 Newton - Raphi

Vmp-v

Imp =1

Hinh 6: So d6 thuat todn mé hinh tuong duong tam pin quang dién [Nguon: Nhém téc gial

toan va cho ra két qua 1a dudng déc tuyén dong dién -
dién ap (I-V) va duong déc tuyén cong suét — dién ap
(P-V) cung diém MPP trong cac diéu kién G = [200,
400, 600, 800, 1000] W/m? dugc trinh bay & Hinh 7
va Hinh 8.

M0 hinh tinh todn thuc hién tinh todn vi tri diém MPP
= [Vmp, Imp] ctia cdc mic cudng do biic xa tii 0 dén
1000 W/m? véi d6 chia 1 W/m? tao ra bo dit liéu véi
1000 mau. Sau do, tap dit liéu dugc chuiin héa nhim
loai b cac tdc dong khong mong mudn ti chénh léch
thang do2°

. Céc phan tt trong tap huan luyén sé dugc

chufin hoa v6i gid tri chuén hoala Vi, cho dién ap va
Igc cho cudng do dién nhu trong cac cong thic (15)
va (16).

\% .
Virain = cal;ulatton (15)
oc
I .
Lrain = calc]ulatton (16)
sc

ac diém MPP két qué dugc biéu dién trén mién khong
gian I-V nhu Hinh 9. Thdy ring cdc diém MPP c6 xu

hudng tién vé diém (0V, 0A) & nhiing gia tri cudng do
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Bang 2: Théng s6 tdm pin si dung trong
mé phéng %°

Thong s6 ky thuat Gia tri
Cong suit dinh danh (Pmax) 25W
Vat liéu Poly
Dién dp hé mach 21,69V
Dong dién ngdn mach 1,55 A
Dién dp ¢ Pmax 17,35V
Dong dién ¢ Pmax 1,44 A
Hé s6 suy giam theo nhiét d0 - 0,46%/0C

Hinh 7: Dudng dac tuyén |-V (Phan mém: Matlab)

[Nguén: Nhom tac gial

Hinh 8: Dudng dac tuyén P-V (Phan mém: Matlab)
[Nguén: Nhém téc gial

btic xa thip sau d6 mdéi 6n dinh. Diéu nay dién ra do
trong mo hinh R; - R, & diéu kién btic xa thap, chénh
léch gitta I, va I rdt nho dan t6i thuat toan Newton-
Raphson héi tu ngay nhétng vong tinh todn diu. Anh
hudng ctia nhiing diém MPP & cudng d¢ buc xa thip
t6i két qua hudn luyén mang ANN cin dugc khéo sat
dé xem xét loai bo khoi tap dit liéu hudn luyén.

Xay dung mang ANN
Ly thuyét ANN

Mang ANN c6 cdu triic md phong hoat dong hé thong
thén kinh ctia ndo b con ngudi. Céu tric co ban clia

Training data generated from MPP in conditions of irradiance 0 - 1000 W/m2
Newton - Raphson method

Hinh 9: Cac diém MPP két qua tir mé hinh tuong
duong [Nguén: Nhom téc gidl

mot m6 hinh ANN bao gom 16p ngd vao, 16p &n va lép
ngd ra. O mdi 16p bao gém céc neuron thanh phan.
Cac neuron & moét 16p dugce lién két véi cdc no-ron &
16p ké tiép thong qua mot ham kich hoat.

Mot mang ANN dugc hudn luyén thong qua tap di
liéu huén luyén v6i ngd vao va ngé ra cho trude nhim
muc dich hoc va thé hién lién hé gitta ngd vao va ngo
ra ctia bai toan. ANN dugc ting dung vao cac bai toan
phén loai hodac héi quy phu thudc vao y nghia ngo ra
dua vao huén luyén va hiéu chinh céc trong s6 trong
cdu triuc mang nhu s6 16p 4n, s6 neuron trong 16p 4n,
ham kich hoat. Trong nghién ctiu nay, bai toan xay
dyng mang ANN tuong duong tdim pin quang dién 1a
mot bai todn h6i quy nhim st dung dic tinh ciia mang
ANN khi huén luyén d€ hoc tinh tuong quan gitia gid
tri ng6 ra la dién dp va cuong do dong dién cta diém
cdng sudt 16n nhét tuong ting véi ngd vao 1a mot gia
tri cudng do biic xa mat trdi cho truée.

Quy trinh xdy dung va hudn luyén ANN

Do két qua tao ra 6 mo hinh tuong duong cho tdm pin
quang dién c6 bao ham cdc diém bét thudng tién vé
gia tri (0V, 0A) & nhiing diéu kién bitc xa thdp, nén can
khao sét tic dong ctia nhiing diém nay t6i mo hinh va
cach khic phuc énh huéng khong mong mudn.

Hinh 10 thé hién tap di liéu ti két qua ctia mo6 hinh
mach dién tt va két qué huén luyén thtt nghiém véi t6
hop ham activation gilia ngé vao — ngd ra ra la tanh
— elu trudc va sau khi hiéu chinh tép di liéu. Khi st
dung toan bo cac dit liéu, két qua thu dugc thé hién
bang dudng mau do va khong bam sét v6i cac diém di
liéu ban ddu. Hién tugng nay xuit hién do su ton tai
ctia nhiing diém bat thudng & di€u kién biic xa thép,
khi ham huén luyén mong muén dich chuyén két qua
ctia m6 hinh tién gan t6i cac diém c6 gid tri chinh xac
hon & cac muic cuong do biic xa cao hon thi lai lam
tang sai léch gitta mo hinh va di liéu hudn luyén, do
d6 dan dén viéc mo hinh c6 két qua sai 1éch. D€ khic
phuc diéu nay, cac gid trj trong khoang cudng dé btic
xa dué6i 200 W/m? bi loai bo. Két qua thu dugc thé
hién béng dudng mau xanh sau hiéu chinh bam sét v6i
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céc diém dii liéu 6n dinh & cudng do biic xa cao va &
muic cudng do biic xa thdp van cé nhiing diém két qua
bam theo dit liéu phu thudc vao t6 hgp ham activation
lua chon. Qua d6 cho thdy viéc loai bé nhiing diém
bat thudng c6 anh hudng tét t6i két qua ctia mo hinh.

Newton - Raphson dataset training result before - after adjust

o 2 a 6 s 10 2 1
Voltage (V)

Hinh 10: K&t qua huan luyén vi du trudc va sau khi
hiéu chinh [Nguén: Nhom tac gial

Do muc dich ctia m6 hinh ANN 1a hoc hoan toan theo
gid tri tinh todn ti mach dién tl tuong duong nén
tap dit liéu hudn luyén khong cin dugc chia thanh b
train va bo test nhu cc ing dung mdy hoc khac. Cac
t6 hgp ham activation gitia 16p 4n va 16p ngd ra dugc
khéo sat dé tim ra két qua tdi vu.

Céc di liéu hufin luyén sau hiéu chinh dugc chuyén
vao phdn cling huén luyén va thyc hién quy trinh
huin luyén. Phan cling st dung cho viéc huin
luyén trong nghién ctu nay la hé thdng server
R1304WT2GS E5-2620 v4 v6i cdu hinh CPU Intel
Xeon E5 2620 v4 8 nhan, 16GB RAM 2133MHz.

Céc budc trong quy trinh huén luyén mé hinh ANN
dugc trinh nhu Hinh 11 bao gébm: (i) Khdi tao tap
huén luyén stt dung moé hinh tdm pin; (ii) Chuén héa
dii liéu: Nguyén nhan va phuong thic chuén hoa. Cac
thong s6 vé€ cdu tric cing nhu tham s6 cho qua trinh
huén luyén ctia mé hinh ANN dugc trinh & Bang 3.
Su két hop gitia cdc ham activation cta 16p 4n va 16p
ngo ra dugc khao sdt nham tim ra c4u tric t6i uu nhat.
Sau khi qu4 trinh huan luyén hoan tit, mé hinh dugc
luu lai d€ st dung.

Tap dwligu
hudn luyen

Hinh 11: Quy trinh huan luyén mang ANN [Ngu6n:
Nhom tac gial

~ optimizer
-Ham loss

Céc ham activation sé dugc khéo sat gobm: tanh, lin-
ear, elu, relu. Tl do, 16 t6 hop gitia 16p &n va 16p ngod
ra tao nén cdc mo hinh dé€ lya chon két qua t6t nhit.

Bang 3: Ciu triic mang va tham sé huan luyén cho mé
hinh ANN [Nguén: Nhém tac gial

S6 S6 S6 S6 S6 Ham S6
ngo lép neu- ngé lugng Loss vong
vio  4n ron ra trong lap

16p 4n s6
1 1 30 2 122 MSE 250

KET QUA VA THAO LUAN

Bang 4 trinh bay gia tri ham loss MSE sau khi huén
luyén gitia cdc m6 hinh ¢6 t6 hop cac ham activation
ctia 16p 4n va 16p ngd ra khic nhau. Cdac ham acti-
vation duogc khao sat 1a tanh, elu, relu va linear. Gia
tri ham loss cang nho mang y nghia két qua moé hinh
dua ra cc gin so v6i cac diém ban dau dugc dua vao
huén luyén. Tt céc két qua thu dugc, ba t6 hgp c6 do
chinh x4c t6t nhédt dugc chon ra d€ tiép tuc khao sat
bao gom: elu-linear, elu - elu va relu - elu.

ANN model trainii of the

Current (3)

Voltage (V)

Hinh 12: K&t qua huan luyén 3 mé hinh relu-elu,
elu-linear va elu- elu [Nguén: Nhém tac gial

Error range of 0-1000 W/m2

Hinh 13: Sai s6 gilta két qua hudn luyén va dt liéu
ban dau [Nguon: Nhém téc gial

Hinh 12 va Hinh 13 biéu dién két qua hdi quy cac
diém MPP trong diéu kién btic xa tii 0 dén 1000 W/m?
ctia ba mo6 hinh tiép tuc khéo sat ciing véi sai s6 theo
ham RMSE so véi cic diém trong tap dii liéu ban dau.
Mic di mo hinh relu-elu bam sat dit liéu ban dau
nhiét véi gia tri ham loss nhd nhat cling véi sai s6 trén
toan mién tinh toan thip nhat, thé nhung két qua hoi
quy ctia md hinh lai khong c6 kha ning cho ra gid tri
cudng do dong dién thip. Hai mo6 hinh con lai ¢ két
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Bang 4: K&t qua khao sat t6 hgp cac ham activation ctia I6p an va I6p ngé ra [Ngudn: Nhémtac gial

Hidden Layer Activation

tanh linear relu elu
Output Layer tanh 0,001330 0,001301 0,000069 0,000174
Activation
linear 0,000230 0,008280 0,000040 0,000016
relu 0,000410 0,000090 0,000043 0,000064
elu 0,000354 0,000341 0,000014 0,000031
qué héi quy theo mot ham dudng conglién tuc. Pong  LO| C AM ON

thoi, mo6 hinh elu-linear cé sai s6 6n dinh hon so vdi
mo hinh elu-elu véi sai s6 ludén duéi 0,01 trong sudt
mién tinh todn trong khi mo hinh elu - linear c6 sai
s6 vot 1én 0,02 trong khoang 200-400 W/m?.

Bén canh d9, khi xét sai s6 vé mit cong sudt tinh toan
nhu trong Hinh 14, t6 hgp elu-elu va elu-linear ¢4 hé
s6 tuong quan R? chénh léch nhau khéng dang ké véi
R2 =0,9999 cho elu-linear va R2 = 0,9998 cho elu-elu
va t6t hon so vé6i t6 hgp relu—elu véi R? = 0,9943.

@ ® ©

Hinh 14: Tuong quan céng suat gitia két qua huan
luyén va dir lieu trong tdp mau. (a) t& hgp relu-
elu; (b) t& hgp elu-linear; (c) t6 hap elu-elu [Nguén:
Nhém tac gia]

KET LUAN

T moé hinh mach dién tuong duong ctia tdm pin
quang dién, mét mang ANN dugc x4y dung va st
dung thay thé€ nhim giam khéi lugng tinh todn dé
tang kha nang ting dung vao cac hé thong gidm sat
thoi gian thuc. D liéu huén luyén ciia mo6 hinh ANN
la cac thong s6 két qua tit mach dién tuong duong dua
trén cac thong s6 dic trung clia tim pin dugc nha san
xudt cung cdp da qua cac budc tién xii ly. Thong s6
ngo vao la cudng do biic xa mit troi va thong s6 ngod
ra la gid tri dién 4p va cuong d6 dong dién tai di€ém
cong sudt 16n nhit tuong tng. Céu tric mang ANN
thiét ké c6 s6 ngd vao la 1, s6 ngd ra 1a 2, 01 16p &n
¢6 30 neuron, cung vdi t6 hgp ham kich hoat 16p 4n -
16p ngo rala elu-linear. M6 hinh két qua c6 sai s6 MSE
so v6i két qua tinh todn ti mach dién tuong duongla
0.000016 va do tuong quan vé mit cong sudt 1a R? =
0.9999.

Nghién ctiu dugc tai trg bsi Dai hoc Qudc gia Thanh
phé H6 Chi Minh (PHQG-HCM) trong khuon khé
DéE tai ma s6 C2024-18-07

DANH MUC TU VIET TAT

« PV (Photovoltaic): Quang dién

o ANN (Artificial Neural Network): Mang neu-
ron nhan tao

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

o IoT (Internet of Things): Internet két ndi van vét

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

« RDM (Real-time Difference Measurement):
Phuong phap phan tich thoi gian thuc

o OSA (Output Signal Analysis): Phuong phéap
phén tich tin hiéu ngo ra

o MLT (Machine Learning Technique): Phuong
phdp phén tich dya trén m6 hinh may hoc

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

XUNG POT LOI iCH

Céc tac gia cam két khong c6 bat ky xung dot 1oi ich
nao trong cdng bé bai béo.

PONG GOP CUA TAC GIA

Nguyén Phuéc Hoang Khang: Xay dung mé hinh tinh
toan ly thuyét; Xay dung b¢ di liéu hudn luyén; Phan
tich dénh gid két qua

Nguyén Chi Nhan: Tim hiéu co s6 1y thuyét va nghién
ctiu lién quan; Xay dyng chuong trinh huén luyén
thuét toan may hoc
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DEVELOPMENT OF AN EQUIVALENT MODEL OF A PHOTOVOLTAIC
PANEL USING ARTIFICIAL NEURAL NETWORK TRAINED FROM
EQUIVALENT CIRCUIT ANALYSIS

Nguyen Phuoc Hoang Khang'%3, Nguyen Chi Nhan'%3*

DFD
A\ ABSTRACT
: ” Photovoltaic panels play a crucial role in solar energy systems, converting solar energy into elec-
tricity for production and daily life. In monitoring and operating solar power systems, determin-
Use your smartphone to scan this ing the optimal operating values of the panels is essential for analyzing, detecting, and classify-
QR code and download this article ing faults. These parameters can be determined through equivalent circuit analysis or by using
machine learning models trained on collected operational data. However, traditional equivalent
circuit analysis methods often consume significant computational resources due to the need for
iterative algorithms to find parameters, resulting in lengthy processing times and difficulty meet-
ing real-time requirements. Conversely, machine learning models shorten computation time by
utilizing trained parameters but are highly dependent on data collection conditions and scale to
achieve the desired accuracy. This paper proposes a process for constructing artificial neural net-
works (ANNs), in which training data is generated by calculating equivalent circuit models using
the Newton-Raphson method. This approach aims to build an alternative model to photovoltaic
panels, ensuring both high accuracy and fast computation speed, suitable for monitoring systems
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