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ABSTRACT

The maximum power point tracking (MPPT) technique is the most popular
technique in photovoltaic (PV) systems operation. Under unifying
radiation, the global maximum power point (GMPP) can be easily found
on the P-V curve of the PV system by using the popular MPPT methods.
However, these MPPT methods may not track the GMPP if there are many
local maximum power points (LMMPSs) as the PV system is under the
condition of partial shading. This paper proposes an algorithm, which is
improved from the conventional P&O (Perturb and. Observer) maximum
power point tracking algorithm, to detect the GMPP in the entire P-V
curve of the PV system under partial shading conditions. The simulation
results on PSIM software verified the validity of the proposed method.

TOM TAT

K thudt bam theo diém céng sudt cuc dai (maximum power point tracking
- MPPT) la ky thudt dwoc su dungpho bién trong van hanh h¢ thongpln
nang lwong mat troi (PV). Trén thuc te trong diéu kién birc xa dong nhat,

c6 thé dé dang tim ra diém céng sudt toan hé thong (global maximum
power point - GMPP) trén duong cong phi tuyén P-V bang cdc phuong
phap MPPT phé bién. Tuy nhién, cac phuong phap MPPT nay rat khé cé
thé theo doi dwoc diém cong sudt cuwce dai toan hé thong trong truong hop
¢6 nhiéu diém céng sudt cuc dai dia phuong (local maximum power point
- LMPP) do hé thong PV bi che phii mot phan. Bai bdo dé xudt mét thudt
toan do tim diém cong sudat cuc dai trén toan vung lam viéc cia hé théng
trong diéu kién bi che bong mot phdn duge phat trién duwa trén thuat toan
do tim diém cuc dai P&O cé dién. Két qud mo phong trén phdn mém PSIM
duge dwa ra dé kiém chimg gidi thudt dé xuat.

1. GIOI THIEU

Nang luong mat troi dang trong qua trinh phat

(Thang, 2021). Tuy nhién, trong qua trinh lap dat va
van hanh hé thong dién mat troi, khong phai tat ca

trién nham giam phat thai hiéu tng nha kinh. Trong
du thao Quy hoach dién VIII dugc Pho thu tudng Lé
Vin Thanh ddng ¥ tai hoi nghi véi cac dia phuong
vé quy hoach dién VIII, ning lugng mat troi s&
chiém ti trong dang ké (19,4%) dén nam 2045
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cac tAm pin ning lwong mit troi déu dwoc chiéu sang
nhu nhau, mét s6 tim pin c6 thé bi bong méy hoac
bong vét thé khac che lam giam cong suat phat dién.
Trong truong hop mot sb tim pin bi che khut bong
mot phan, dudng cong cong suat cua hé thdng pin
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nang lugng mat troi s& xuat hién nhiéu diém cyc dai
ving mién (trong d6 chi c6 mot diém cuc dai trén
toan hé thong).

Hién nay, cac nghién ciru trén thé gidi da dé xuat
rat nhiéu phuong phap va k¥ thuat khac nhau dé do
tim diém cuc dai. Esram va Chapman (2007) da lugc
khao va tom tit lai duogc 19 phuong phap khac nhau
dé do tim diém cuc dai cua hé thong pin mat troi.
Subudhi va Pradhan (2013) cling da lugc khao va
tom tt lai 26 phuong phap do tim diém cyc dai cho
cac hé théng pin mit troi. Mai phuong phap déu co
ru, nhuoc diém riéng. Cé nhirng phuong phap don
gian, dé dang thuc hién va c6 nhitng phuong phéap
phuc tap, ky thuat cao va hiéu qua caa tung phuong
phap ciing khac nhau. Mot s6 phuong phap dua trén
cac phuong trinh hodc thong sb cia tam pin mat troi
dé tim diém cong suit cyuc dai cia hé thdng nhung
khong cap nhat duoc diéu kién van hanh thyc té cua
hé théng pin mit troi do céac gia tri phai duoc tinh
toan trude. Bén canh do, con c6 cac thuét toan didu
khién thong minh nhu diéu khién mo, di truyén
(GA), trf tué nhan tao, thuat toan toi wu hoa bay dan
(PSO). Tinh hi¢u qua cta cac thuat todn nay da dugc
kiém chimg nhung c6 nhuoc diém 1a do phirc tap
cao hoic toc d6 hoi tu cham nén gay kho khan trong
viéc tng dung trong thuc té voi cac vi didu khién
thoi gian thuc. Trong cac phuong phap duoc dé ra,
phuong phéap nhidu dong va quan sat (P&O), va
phuong phap ting dién dan (IC) dugc tng dung rat
nhiéu trong thuc té, vi hai thuat toan nay don gian
va co hiéu suét cao (Tam va ctv., 2021).

MGt s6 nghién ctru d& xuit mé hinh do tim va
bam theo diém cong suit cuc dai trong diéu kién cac
tam pin mat troi bi che bong mot phan st dung thuat
toan t6i wu hoa bﬁy dan, va thuat toan di truyén, diéu
khién md (Ngu, 2020; Do Nhu va ctv., 2020; Anh
va ctv., 2021; Badoud et al., 2021; Belhachat and
Larbes 2018). Két qua cua cac nghién ciru trén cho
thiy h¢ théng luon bam chinh xac diém cong suat
cuc dai vai thoi gian qua d6 ngin, do qué diéu chinh
nho khi khong c6 bong che va khi c6 bong che.
Diém dao dong quanh diém cong suat cuc dai khong
dang ké dan dén hao ton cong suat clia toan hé thong
nho. Tuy nhién, cac thudt toan nay khong thé dap
ng duoc voi didu kién lam viéc phuc tap trong thuc
té vi cac thudt toan di truyén va tri tué nhan tao can
nhiéu thoi gian ciing nhu mot lugng 16n dit lidu dé
luyén tap dé cho ra két qua chinh xac. Hon nira, két
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qua cua mot he théng PV nay c6 thé khong phu hop
V6i cac h¢ thong PV khéc khi cac hé thong nay c6
thé c6 nhitng dac diém khac nhau.

Dé khic phuc nhing khé khan trén, bai bao tap
trung xdy dung mot giai thuat quét va tim ra diém
cong sut cuc dai cua hé thong PV va ung dung k¥
thuat MPPT pho bién dé bam vao diém lam viéc do.
Giai thuat dé xuét c6 kha nang ap dung dugc trén
céc vi didu khién thoi gian thuc nén co tinh tng dung
trong thuc té cao va khong can nhiéu thoi gian dé
thiét 1ap cho cac hé théng cé diéu kién lam viéc khac
nhau. Két qua mé phong cho thay giai thuat c6 thé
nhanh chéng tim ra diém cong suét cuc dai ciia hé
thong PV va khong giy ra anh hudng lon dén hiéu
suit lam viéc cua hé thong.

2. PAC TINH CUA HE THONG PV DUOI
PIEU KIEN BI CHE PHU MQT PHAN

Céc dic tinh dién cia tim pin hoic té bao PV 1a
phi tuyén va phu thudc nhiéu vao birc xa mit troi va
nhiét d6 moi truong (Kishor et al., 2010; Kouro et
al., 2014). Trong d6, dong dién do tim pin mat troi
sinh ra dugc md hinh qua cong thirc

a(vpv+ipvRs)

by = 1, — o [e nkT = 1] - % 1)
Vai:
lpy ladongdiénngdracua té bao quang dién,
Vp,  ladién ap ngdra cta té bao quang dién,

R 1a dién tro ndi tiép twong duong cua té bao
quang dién,

Ry,  ladién tro song song tuong duong cua té
bao quang dién,

i, 1a dong dién ciia té bao quang dién tir 35 dén
40 mA/cm?2 dbi véi té bao silic,

iy 1a dong dién nguoc bio hoa cua té bao quang
dién (10712 A/cm?),

q ladién tich (1,6.1071° Coulombs),

K lahang sé Boltzmann  (1,38.10723 J/K),
T lanhiét do tuyét ddi (K),

n latilé Iy twong cua diode (trong diéu kién ly
tuéng thin = 1).
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Khi d6, duong cong dac tinh I-V va P-V dugc
thé hién trong Hinh 1. Khi cuong d6 bic Xa ting 1én,
dong dién tao ra bai tAm pin ciing ting theo mot cach
tuyén tinh (trong khoang 0 — 25 V). Puong dic tinh
P-V dugc chia ra 1am 3 doan riéng biét: doan dbc
duong tuyén tinh twong dwong voi dong dién mot
chiéu duogc tao ra it thay dbi khi dién ap thay doi,
doan dbc am khi tam pin hoat dong tir khoang dién
ap 30-35 V, va mot doan bang phang khi tim pin
hoat d6ng & vi tri cong suat cuc dai (Hiberlin, 2012).
O Hinh 1b, c6 thé thay ring dong dién cua tim pin
tao ra ¢ ving khong thay dbi khong bi anh huéng
nhiéu khi nhiét d6 thay d6i. Tuy nhién, dién ap &
mach cua tim pin giam nhiéu khi nhiét d6 ting lén.
Viéc nay lam suy giam cong sudt dau ra cua tim pin.

Khi tAm pin duoc két nbi voi mot tai tinh, diém
giao nhau gitra duong dac tinh I-V cua tai va duong
ddc tinh I-V ciia tam pin s& 1a diém hoat dong cua
tam pin. Tuy nhién, cac d¢ chuyén dbi dién ap (DC-
DC, hoic DC-AC) c6 diéu khién dé co thé giao nhau
duoc vé6i bat ky diém nao trén duong dic tinh I-V
ctia tAm pin; thong thuong, cac bo chuyén ddi dwoc
diéu khién dé hoat dong tai diém cong suat I6n nhat
cua tam pin (Abu-Rub et al., 2014).

Trong hé thdng pin mit troi co nhidu tam pin,
cac tAm pin thuong mac ndi tiép dé ting dién ap va
méc song song dé ting dong dién. D& giam ton hao
do day dan va sut ap trén cac linh kién dong ngit,
nang cao hiéu suat 1am viéc cua hé théng chuyén doi
ning luong, cic tim pin thuong dugc mac nbi tiép
dé tang dién 4p ngd ra cua hé pin mat troi. Gia tri
nay thuong dugc tinh toan phu hop véi dién ap lam
viéc trong ving hiéu suit cao cua bo chuyén doi
nang luong roi sau d6 mai dén méc song song cac
tam pin mat troi de tang dong dién. Tuy nhién, viéc
méc nbi tlep chc thm pin ndng luong mat troi tao nén
nhiéu cuc dai dia phuong trong diéu kién chiéu sang
khong dong nhat (Anh va ctv., 2021; Bastidas-
Rodriguez, 2014). Trong trudng hop buc xa mét troi
dén cac tim pin mit troi khong dong déu, mi quan
hé giita dién 4p va dong dién cia moi tam  pin dugc
thé hién ¢ Hinh 1. Trong mach dién méc néi tiép cac
tam pin nang lwong mat troi, dong dién qua cac tam
pln mit troi 13 nhu nhau. Diéu nay dan dén viée cac
tam pln mat troi khong thé cung lic lam viéc tai
hoic gan dlem cong sut cyc dai cia minh ma hé
thdng s& xuét nhiéu diém cuc dai dia phuong.

St dung phan mém PSIM de mo phong dan pin
v6i 03 tim pin mat troi méc ndi tiép trong trudng
hop dan pin bi che khuat mot phan vai cuong do buc
xa khéc nhau nhu dwoc mé ta & Hinh 2. M3i tim pin
¢6 théng sb co ban nhu sau: cong sudt dinh Ppg, =
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100 W, dién ap tai diém cong suat cuc dai V,

18V, dong dién tai diém cong suét cuc dai Imp
5,56 A, dién ap hd mach V,. = 21,75V, dong dién
ngan mach I, = 5,89 A.

Trong truong hop cac tim pin mat troi duoc
chiéu sang khong dong déu, dwong dic tinh V-I cua
cac tAm pin duoc mo ta nhu ¢ Hinh 3. Dong dién 16n
nhét ciia tim pin mat troi véi cuong do chiéu sang
thip nho hon dong dién 16n nhét caa cac tim pin mat
troi dugc chiéu sang day du. Puong cong suat P-I
clia cac tAm pin va diém cong suat cuc dai ciing dugc
thé hién trén Hinh 3. Can chi ¥ rang cac diém cong
Suit cuc dai ciia mdi tim pin xuat hién & cac gia tri
dong dién hoat dong khac nhau.

Do céc tAm pin duoc mac néi tiép, nén dong dién
ctia dan pin mit troi ciing 1a dong dién qua tirng tim
pin. Khi d6,duong dat tuyén V-1 ciia dan pin mat troi
véi duong v,, = vy + v, + v3 V6 truc hoanh la
dong dién dau ra ciia dan pin dugc mé ta trén Hinh
3. Puodng dic tuyén P-1 clia dan pin c6 thé dugc xac
dinh véi nhiéu hon mot diém cuc dai dia phuong
tuong (g vai cac diém cuc dai ciia cac tim pin cau
thanh nén dan pin.

P =P+ P2t ps

Déng dién ddu ra cia module PV (A)

Hinh 3. Pac tinh P-I va V-I cia dan pin &
truong hop 1

Cong suft clie
module PV (W)

module PV (A)

Dong dién trén cic

@ = M ow B oW oo

L] 28

48
Dién 4p diu ra din PV (V)

Hinh 4. Pic tinh P-V va I-V ¢ truwong hop 1
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Hinh 7. Pac tinh P-V va I-V ¢ trwong hop 4
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Trudng hep 1: Chi c6 mot tm pin trong dan
pin bi che khuat, 2 tim pin con lai khong bi che
khuit v&i cuong d6 birc xa mat troi nhu sau: §; =
500 W/m?, S, 1000 W /m?, S, 1000 W/
m?. Puong dic tinh P-V va I-V cua dan pin duoc
thé hién ¢ Hinh 4 (twong duong véi cac dudng dac
tuyén & Hinh 3, véi truc hoanh 1a dién ap cua dan
pin). D6 thi P-V xuit hién 2 diém cuc dai dia
phuong va diém cuc dai s6 1 1a diém cong suét cuc
dai toan hé thong v6i P, = 200 W tai dién ap U, =
36,0V va dong dién I; = 5,56 A. Trong khi do,
diém cong suét cuc dai thir 2 1a diém cuc dai dia
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phuong véi cong sudt P, = 167 W tai dién ap U, =
57,7 V va dong dién I, = 2,89 A.

Trudng hep 2: Cac tim pin trong dan pin bi che
khuat véi do pha khac nhau, cuong do bic xa mat
troi tong tim pin nhan dugc nhu sau: S; =
300 W/m2 S, = 900 W/m?, S, = 600 W /m?2.
Puong dic tinh P-V va I-V cia dan pin duoc thé
hién & Hinh 5. D6 thi P-V xuét hién 3 diém cuc dai
va diém cyc dai thir hai 1a diém cong suat cuc dai
toan hé thong voi P, = 127 W tai dién ap U, =
37,1V va dong dién I, = 3,43 A. Hai diém cong
Suit cyc dai thir nhat va thir ba 1a diém cong suét cuc
dai dia phuong véi cong sudt P, = 89,7 W tai dién
ap U; = 18V va dong dién I, = 4,98 4; va P, =
99,0 W tai dién ap Us = 37,2 V va dong dién I, =
1,73 A.

Trudng hop 3: Cac tAm pin trong dan pin bi che
khuat voi do pha khac nhau, cuong do bic xa mat
troi ting tim pin nhan dugc nhu sau: S; =
250 W/m2, S, = 1000 W/m?, S; = 350 W/
m?. Puong dic tinh P-V va I-V cta dan pin duoc
thé hign & Hinh 6. D6 thi P-V xuét hién 3 diém cuc
dai va diém cuc dai tha nhat 13 diém cong sudt cuc
dai toan hé thong véi P, = 100 W tai dién ap U,
18 V va dong dién I, = 5,56 A. Trong khi hai diém
cong suat cuc dai thir hai va thir ba la diém cong suat
cuc dai dia phuong véi cong sudt 1an lugt 1a P, =
75,0 W tai dién ap U, = 37,5V va dong dién I, =
2,00 A; va P; = 80,9 W tai dién ap U; = 56,3 V va
dong dién I, = 1,44 A.

Truong hop 4: Cac tim pin trong dan pin bi che
khuat véi d6 pha khac nhau, cuong do bic xa mat
troi tong tim pin nhan dugc nhu sau: S;
700 W/m?, S, = 1000 W/m?, S, = 600 W/
m?. Puong dic tinh P-V va I-V cta dan pin duoc
thé hién & Hinh 7. D6 thi P-V xuét hién 3 diém cuc
dai va diém cyc dai thir ba 1a diém cong sut cyuc dai
toan hé thdng voi P; = 193 W tai dién 4p U; =
56,0V va dong dién I; = 3,45 A. Trong khi hai
diém cong suit cyc dai thir nhat va thir hai 1a diém
cong suit cuc dai dia phuong vé6i cong suét lan luot
la P, =100 W tai dién ap U; = 18,0 V va dong
dién I, = 5,56 A; va P, = 148 W tai dién ép U,
37,2V va dong dién I, = 3,99 A.

V6i cac truong hop mo phong trén, c6 thé két
luan rang voi mot dan pin co 3 tm pin mac néi tiép
nhau, thi tiy vao cudng do birc xa 1én timg tam pin,
¢6 thé xut hién nhiéu nhit ba diém cuc dai, trong
d6 chi c6 mot diém cong suat cuc dai toan hé thong,
va diém nay c6 thé xuat hién & bat ky vi tri nao trong
ba vi tri cyc dai dia phuong.
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3. NGUYEN LY VAN HANH CUA GIAl
THUAT MPPT CO DIEN

3.1. Téng quan

So db khdi cua giai thuat MPPT ¢b dién duoc
trinh bay trong Hinh 8 1a hé thdng PV dwoc st dung
trong bai bao nay. Hé thdng nay gdm 4 khéi chinh,
bao gdbm mét dan 3 tdm pin mit troi dugc mac ndi
tiép nhau (solar array) c6 cong suét dinh mic 300W
dugc két ndi véi mot bo giam ap (buck converter).
Dau ra cua bo giam 4p dugc ndi vao mét tai ic quy
¢6 dién ap 12V. Bo diéu khién (controller) doc tin
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hi¢u dong di¢n va dién dp clia dan pin (vpy, iyy), va
diéu khién dién ap dau vao cia bo giam ap thong
qua dieu che d6 rong xung (duty cycle - d).

3.2. Bo giam ap

Bo giam ap (buck converter) la mét trong nhirng
b chuyén d6i DC-DC c6 thé giam dién ap va tang
dong dién tir ngudn cung cap dau vao dén tai dau ra
clia nd. So dd mach cua bo giam ap dwoc thé hién
trong Hinh 9. Duty cycle ciia cong tic IGBT dugc
xac dinh bai thoi gian Ton trong mét chu ky T (voi
f5 1a tan s6 déng ngat cua IGBT):

Ton

_Ton
Ton+ToFF

T - Tonfs

@

Véi viéc sir dung dc quy 12 V lam tai, dién ap tai
dau ra ciia bo giam ap duoc gitr ¢d dinh xap xi bang
12'V. Tu do, dién ap dau vao cua bo giam ap c6 thé
dugc didu khién bang cach thay déi duty cycle (0 <
d<1):

1
Vin = EVload 3)
3.3. Phwong phap nhiéu loan va quan sat

(P&O)

Phuong phép nhiéu loan va quan sat 1a mot trong
nhimg phuong phép leo ddi (hill climping) duoc st
dung nhiéu nhat trong cac hé thong PV hi¢n nay. Sau
khi duoc s6 hoa, cung vai sy cai tién ve cac cam
bién, phwong phap nay tré' nén nhanh va én dinh hon
khi do tim va bam vao diém cong suét cuc dai
(Zegaoui et al., 2011). Nhu tén goi cia no, phuong
phap P&O dua trén sy nhidu loan cua hé théng bang
cach tang hodc giam duty cycle cua bo chuyén doi
dién ap DC-DC va theo doi sy anh huong dén cong
sut dau ra dé co thé diéu chinh lai duty cycle & vong
lam viéc tiép theo. Luu d6 cia phuong phap nhiéu
loan va quan sat dugc mo ta trong Hinh 10.

C6 thé thay dugc tir thuat toan P&O va cac
duong cong P-V caa tAm pin mat troi rang khi hé
thong dang van hanh tai mot diém nao do thi no s&
tim dén diém cong suat cuc dai cua ving d6 va sé
bam vao diém d6 dé lam viéc. Vi giai thuat P&O
cb dién thi khong c¢6 cach nao dé do tim mot diém
cuc dai khac, du cho diém cuc dai d6 c6 phai la diém
cong suét cuc dai toan hé thong hay khong. Khi d6
hé théng s& mat di phan nang luong c6 thé tao ra. Vi
du ¢ Hinh 5, néu hé thng van hanh tai diém P,
(89,7 W) thay vi van hanh tai diém P, s& cho ra cong
sut I6n nhat (127 W). Biéu nay khién cho h¢ thong
van hanh chi dat 70.6% so Vi diém van hanh tot
nhat.
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> Toweep

Hinh 11. So' 6 trang thai ciia giai thuat

deé xuat
Bit du
trang thai 1

d¢=0.1
dgp =0
Py =0

Vo <14V

|d-depl < 3Adiock op trang thai 2

Doc gia tri
T

Ay = iy +Adsueep
dy1=dy

Hinh 12. Luu dé trang thai 1 cia giai thujt
deé xuat

Bit dau
trang thai 2

3
Ay = di1 - Adiock_gp
k1= Ok

Oy = dix + Adiock_gp
k1= Ok

Pung

Két thic
trang thai 2

Hinh 13. Luu dé trang thai 2 cia giai thujt
dé xuat
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Bang 1. Pién ap MPP cia tAm pin véi nhiét dé

£(C) Prpp (W) Vinpp (V)
25 100 18
35 96,1 174
45 92,1 16,6
55 88 15,9
65 83,9 15,1

4. GIAlI THUAT PE XUAT

Bai bao dé xuit mot giai thuat dwoc cai tién tir
giai thuat P&O ¢6 dién dé do tim diém cong suat cuc
dai toan ving lam viéc cua dan pin mat troi. Giai
thuat dé xuat bao gom 3 trang thai nhu dugce mé ta
trong Hinh 11. O trang thai 1, bo giam ap dugc didu
khién dé quét nhanh qua ving lam viéc cua dan pin
mat trod dé xac dinh duoc vung dién ap cia dan pin
ma & d6 cong suat cuc dai cua dan pin xuét hién. O
trang thai 2, giai thuat s& diéu khién bo giam éap tién
vé vung dién ap hoat dong cta dan pin mat tréi ma
tai d6 cong suat cuc dai toan hé théng da duoc xac
dinh & trang thai 1. Khi dén gin diém cong suit cuc
dai, giai thuat chuyén sang trang thai 3 1 @ng dung
giai thuat P&O ¢d dién dé do tim diém cuyc dai trong
khu vyuc da dugc xac dinh 1a c6 cong suét cuc dai
toan hé thong. Pién ap tai cac diém cong suat cuc
dai cach nhau it nhat 1a khoang dién ap ciia mdi tim
pin mat troi nén diém cong sudt cuc dai xac dinh
dugc trong trang thai 3 1a diém cuc dai hé théng.
Bat dau

trang thai 3

Doc gid tri
Vs v

trang thai 3
Hinh 14. Luu d6 trang thai 3 cia giai thuat
de xuat
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Khéac véi anh huong ciaa cuong d6 bac xa la it
anh huong dén dién 4p cua tam pin, nhiét d6 moi
truong anh huong nhiéu dén dién ap cua tim pin
quang dién. Dién p tai cong suét cuc dai (Vinpp) Cl1@
mot tAm pin tai cac nhiét do t (°C) khac nhau da duoc
khao sat & Bang 1. Trong diéu kién lam viéc thyc té,
v6i mot tim pin quang dién c6 dién ap Vinpp 1ai 25°C
la 18 V thi dién ap tai 65°C la khoang 15,1 V, nén
diém cong suat cuc dai rat khé co kha ning xuat hién
& mire dién ap duéi 14 V.

Trang thai 1, giai thuat do tim diém cong suat
Cuc dai trén toan vung hoat dong ctia dan pin mat
troi duoc mo ta trén Hinh 12, bo diéu khién thay doi
duty cycle cua bo giam ap, diéu nay khién dién ap
dau vao ciia bo giam ap ciing thay doi theo. Sau mdi
Ian thay d6i duty cycle va dén thoi diém Idy mau tiép
theo (sau khoan thoi gian Ts) bo diéu khién doc, so
sanh va luu lai cac gia tri d twong &ng véi cong suét
I6n nhét so véi cac lan doc trude d6. Do dién ap tai
diém cong suat cyc dai cia mdi tam pin mit troi tai
nhiét do 65°C 1a 15,1 V, nén giai thuat khong tim
kiém diém cong suat cuc dai toan hé théng o dién ap
dudi 14 V. Khi két thuc giai doan 1, gié tri duty cycle
(dgp) twong g v6i dién ap tai cong suét cuc dai toan
hé théng va cong suit cuc dai toan hé thong (Pgp)
dugc xac dinh va luu lai. Giai thuat chuyén sang
trang thai 2.

O trang thai 2, giai thuat didu khién b giam éap
dé di chuyén diém hoat dong cua hé théng pin mat
troi vé& ving dién 4p cta dan pin mat troi co diém
cong suat cuc dai hé théng da duoc Iuu ¢ trang thai
1. Luu d6 hoat dong cua trang thai 2 duoc mo ta &
Hinh 13, bo diéu khién thay doi duty cycle d tién vé
gia tri duty cycle trong ung véi dién ap dan pin mat
troi tai diém cong suat cuc dai dgp. Sau mdi thoi gian
Iay mau va didu khién T dé tranh hé thong thay doi
diém lam viéc qua dot ngot, gidi thuat didu khién
duty cycle cua bo giam ap tién gan vé gia tri ghi nhan
& trang thai 1 véi budc nhay Ady,cx g, Khi gid tri
duty cycle tién gan dén gia tri duty cycle mong

211

Tap 59, S6 chuyén dé: Khoa hoc Ky thudr va Céng nghé (2023): 204-215

mudn dgp, gidi thuat két thuc trang thai 2 va chuyén

sang trang thai 3.

Trang thai 3 cua giai thuat dé xuat dugc mo ta o
Hinh 14, b diéu khién sir dung thuat toan P&O ¢
dién dé bam vao diém cong suét cuc dai d3 duoc xac
dinh 1a cong sut cuc toan hé théng o trang thai 1.
Sau mot thoi gian quet (Tsweep) duoc dinh san, he
thdng diéu khién chuyen vé giai doan 1 dé bat dau
tim diém cong suat cuc dai méi cua hé thong do diéu
kién du vao cta hé théng pin mat troi co thé thay
doi.

Bing 2. Thong sé cia hé thong PV

Théng s6 mét tam pin

Cong suat cuc dai Prax 100 W
Dién ap tai cong suat cuc dai Vinp 18V
Dong dién tai cong suat cyc dai  Imp 5,56 A
Dién 4p hé mach Voo 2175V
Dong dién hé mach lee 5,89 A
Thong sb bd giam ap

Tu dién 6n 4p dau vao Co 100 pF
Cuon day L 125 puH
Tu dién C 50 uF
Thong s tai

Dién tré trong cua ac quy R 10 mQ
Dién 4p dinh mirc ac quy % 12V

5. KET QUA MO PHONG KIEM CHUNG
THUAT TOAN

St dung phan mém PSIM dé xay dung mé hinh
hé théng PV dé kiém ching thuat toan dé xuat. So
dd mach mé phéng duoc thé hién trong Hinh 15,
gom 4 khdi chinh nhu d mo ta trong Hinh 8. Thuat
toan dé xuat dugc 1ap trinh bang ngén ngit C va dugc
bién dich thanh file dlI (thu vién lién két ty dong) dé
diéu khién duty cycle caa bo giam ap. Vi viéc thiét
ké giai thuat va mé hinh mo phong nhu Hinh 15, vi
didu khién thoi gian thuc co thé duoc tng dung dé
thuc thi giai thuat trong diu kién thuc té. Cac thong
s6 cua hé théng duoc liét ké trong Bang 2.
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Hinh 15. So' @ mé phéng hé théng PV

Dit thoi gian quét Tyeep, = 0,5 gidy va cho hé
thong hoat dong trong thoi gian 2 gidy. Trong cac
truong hop mo phong trong nghién ctru nay, gia tri
Toweep = 0,5 gidly dé d& dang quan sat sy thay déi
cuia giai thuat diéu khién. Trong diéu kién van hanh
thuc té, gia tri Tsyeep 6 thé dat 16n hon (khoang vai
phut) nham giam thiéu tong thoi gian hé thong di do
tim diém cuc dai va nang cao hiéu suit cia hé thong
pin mit troi. Khi bt ddu moé phong, cudng dé birc
Xa mat troi tac dung 1én ca 3 tam pin la nhu nhau
S = 1000 W/m?. Cuong do6 buc xa dugc thay doi
theo 2 truong hop sau:

Trwong hep 1: Tai hai khoang thoi giant=0,5
dén 1 giay va t = 1,3 dén 2 giay, cuong do buc xa
1én mot tam pin giam xudng con 500 W /m?; trong
cac khoang thoi gian d6, dan pin c¢6 duong dac tinh
P-V nhu Hinh 4.

Trudng hep 2: Khi thoi gian m6 phong t = 0,5
gidy, cudng do buc xa 1én cac tAm pin thay d6i nhu
sau: §; = 300 W/m?, S, = 900 W/m?, S; =
600 W /m?2. Trong khoang thoi gian t > 0,5 gidy,
dan pin c6 duong déc tinh P-V nhu Hinh 5.

5.1. Két qua mé phéng cho truwong hop 1

Két qua mo phong cho truong hop 1 dugc thé
hién trong Hinh 16. Két qua cho thay thuat toan quét
va tim ra diém cong suat cuc dai trong thoi gian ngén
(khodng 0,05 glay) tir giai doan 1 dén giai doan 3.
O vong lam viéc dau tién, thuat toan nhanh chong
do tim va ghi lai cac gia tri duty cycle dgp Gtng V6i
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diém cong suat cyc dai toan hé thong va cong suat
cuc dai toan hé thdng pgp. Sau khi do hét toan bo
vung lam viéc nhu dd duwgc mo ta trong trang thai 1
cua giai thuat, giai thuat chuyén qua giai doan 2 va
diéu khién diém lam viéc cua hé thdng pin mat troi
va di chuyén t6i diém cong suét cuc dai toan hé
thong, twong g Véi gia tri dgp va pgp dd duge xéc
dinh ¢ trang thai 1. Sau d6 hé théng chuyén sang
trang thai 3 1a 4p dung giai thuat P&O dé hé thong
hoat dong tai diém cong sut cuc dai di dwoc xac
dinh tai trang thai 1. Luc nay cong cuit cua hé pin
Mt troi trich xuét dugc la P = 300 W tai dién ap
Upy, = 54,1V, tuong (ting Voi cong cuat cyc dai cia
ca 3 tim pin mat troi trong diéu kién chiéu sang day
du.

Tai thoi diém t = 0,5 gidy, cuong do buc xa cua
mot tim pin giam xuéng con 500 W /m? (truong
hop bong may che khuat mot tam pin mat troi), dong
thoi thuat toan quay lai giai doan 1 dé bat dau vong
lam viéc méi. Khi bat dau giai doan 1, cac gia tri dgp
va pgp dugc dat lai bing 0 khi va giai thuat do tim
diém cong suat cuc dai méi cua hé thong trong diéu
kién van hanh méi. Cing sau khoang thoi gian
khoang 0,05 gidy thi hé théng tim dugc diém co
cong sudt cyc dai m&i va van hanh tai diém cong
Suit cuc dai mai nay. Trong diéu kién van hanh méi,
giai thuat diéu khién bo giam ap thu nhan dugc cong
sudt P = 200 W tai dién 4p U,, = 36,0 V. Diém
hoat dong nay tuong tng vai diém cong suit cyc dai
hé théng P, dugc mo ta trong Hinh 4.
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Hinh 16. Két qua mé phéng truong hep 1

Qua trinh dwoc lap lai ¢ cac thoi diém t = 1,0
gidy va t = 1,5 gidy. O ca hai truong hop nay, giai
thuat déu tim ra diém cong sudt cuc dai ciia hé thong
va van hanh tai diém cong suat cuc dai hé thong nay.

Tai thoi diémt=13 gidy, birc xa mét troi chiéu
vao mot tim pin glam Xuong con 500 W/m lam
cho cong suét hé thong pin mat troi thay doi. Giai
thuat MPPT P&O Cé dién ¢ trang thai 3 khong blét
day la diém cong suét cuc dai dia phuong nén van
van hanh tai diém nay, twong ng Vi diém P, =
167 W nhu trong Hinh 4. Bén thoi diém t = 1,5
gidy, giai thuat do tim va tim ra diém cong suét cuc
dai hé thdng va dua hé théng dén van hanh tai diém
cong suét cuc dai hé thong P, = 200 W,
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5.2. Két qua mé phéng cho truong hop 2

Két qua mé phong cho truong hop 2 dugc thé
hién trong Hinh 17. Véi su xuét hién cua ca 3 diém
cuc dai dia phuong nhu Hinh 5, thuat toan van co
thé tim duoc diém cong suét 16n nhat vai thoi gian
lam viéc tuong duong véi truong hop 1. Tai thoi
diém t = 0,5 gidy, cuong do buc xa cia cac tim pin
thay d6i, ddng thoi thuat toan bét ddu mot vong lam
viéc mai. Giai thuat thuat do tim diém cong suat cuc
dai méi va dua hé thdng vé diém van hanh méi trong
vong khoang 0,05 gidy. Giai thuat diéu khién hé pin
mit troi phat cong suat cuc dai o gia tri P = 127 W
tai dién ap U = 37,1 V. Pay chinh la diém cong suat
cuc dai hé théng P, & Hinh 5.
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Hinh 17. Két qua mé phéng truong hep 2

Tai thoi diém t = 1 gidy va t = 1,5 gidy, thuat
toan quay lai giai doan 1 va bt dau vong lam vi¢c
méi. O hai vong lam viéc nay, giai thuat déu tim ra
diém cong suét cyc dai va lam viéc 6n dinh mic du
didu kién van hanh cua hé théng khong thay doi.
Day 1a diém han ché cua giai thuat can dwoc nghién
ctru va khic phuc.

Giai thuat d& xuat khong can qué nhiéu tinh toan
trong qué trinh tim va xac dinh diém céng sut cuc
dai. Dong thoi giai thuat dé xuat ciing khong can
mot luong dit liéu I6n dé hoc hay luyén tap dé cho
ra két qua tot nhur cac giai thuat c6 myc dich tuong
tu nhung sir dung diéu khién mo, di truyén, tri tué
nhan tao, hay thuat toan téi wu hoa bay dan. Vi vay,
giai thuat dé xuét rat c6 kha ning dwoc ung dung
vao cac vi diéu khién thoi gian thuc gia thanh thap
dé nang cao duoc hiéu suat hoat dong hé thdng pin
nang lrong mat troi vai chi phi hop 1.

6. KET LUAN VA PE XUAT
6.1. Kétluan

Bai bao da dé xuat, phan tich va mé phong thinh
cong mot thuat toan do tim diém cbng suat cyuc dai
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ctia hé thong PV bang cach két hop mot giai thuat
do tim trén toan vung lam vi¢c cua dan pin va
phuong phép P&O truyén thong. Trong hai truong
hop mé phong khi duong dic tinh P-V caa hé thong
xuét hién 2 va 3 diém cuc dai dia phuong, giai thuat
da tim va bam vao diém cyc dai hé thong trong thoi
gian thip, 6n dinh va it dao dong. Thuat toan van
con han ché d6 1a thuat toan bit ddu vong 1am viéc
méi sau mot khoang thoi gian dat trude. Didu nay
khién thuat toan khong thich tmg duoc Vi moi
truong 1am viéc thyc té nhu trudng hop cudng do
birc xa thay do6i giira 2 lan quét (Hinh 16), hoic
truong hop cudng do buc xa khong ddi trong thoi
gian dai (Hinh 17). Tuy nhién giai thuat dé xuat phu
hop vai kha ning tinh toan va bo nhd cua vi didu
khién thoi gian thuc nén rat phi hop cho viéc ung
dung vao cac ung dung thuc té so véi cac giai thuat
phtrc tap nhu giai thuat di truyén, t&i wu hoa bay dan
hay tri tué nhan tao.

6.2. Dé xuit huwéng nghién ctiru

Bai b4o nay 1a co s& dé phat trién cac giai thuat
do tim diém cong suit cuc dai cho cac hé thong ning
luong mit troi hién nay. Viéc thay doi khoang thoi
gian giira hai vong lam viéc c6 thé phan nao cai thién
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hiéu suat cua hé thong. Trong tuong lai, huéng mé
rong cua giai thuat nay la xay dung mot giai thuat
¢6 thé theo ddi va phat hién thoi diém tdm pin bi che
khuat dé loai bo khuyét diém hién tai. Viéc xay dung
mo hinh va kiém chimg cac giai thuat nay trén phan
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cling Vi vi diéu khién thoi gian thuc ciing 1a mot
yéu cau can thiét
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