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TOM TAT
Nghién ctru nay trinh bay mot thich nghi va quan sat (P & O) kiém soat mo t6i da diém theo doi
(MPPT) cho pin quang dién (PV) thuc day chuyén ddi de-de. P&O dugc biét dén nhu mot thuét toan MPPT
rat don gian va dugc st dung rong rai. Logic mo ciing don gian dé duoc phat trién va cung cip phan hoi
nhanh. K¥ thuét dugc dé xuat két hop ca hai loi thé cua chung. No s€ cai thién hiéu suat MPPT dac biét 1a
v6i nhiéu hién tai. pé phén tich danh gia va so sanh, cac thuat toan diéu khién logic va P&O thong thuong
da duoc phat trién. Tat ca cac thuat toan dugc mo phong trong MATLAB- Simulink. Hai phuong phap
MPPT thong thuong khac cling dugc 1ap trinh de so sanh. Panh gia hiéu suit bao gom vot 15, phan ung
thoi gian, ty 1¢ cong suat tdi da, dao dong va tinh n dinh nhu mo ta thém trong nghién ciru nay. Tir két qua
va phan tich, diéu khién P&O -Fuzzy MPPT cho thay hiéu suat tot nhat v6i phan hdi thoi gian nhanh, it bi
vot 16 va hoat dong on dinh hon. N6 ¢6 ty 1€ cong suat toi da cao so voi hai thuét toan MPPT thong thuong
khéc, dic biét 1a véi nhiéu hién co trong hé théng & mirc d6 chiéu xa thép

. Tir khéa: Thuat toan do tim diém lam viéc cong suit cuc dai (Maximum Power Point Tracking -MPPT),
Thuat toan MPPT mo thich nghi (Fuzzy P&O MPPT), Ngudn pin mét troi PV, Thuat toan P&O tiéu chuan

ABSTRACT

This study presents an adaptive perturb and observe (P&O)-fuzzy control maximum power point tracking
(MPPT) for photovoltaic (PV) boost dc—dc converter. P&O is known as a very simple MPPT algorithm and
used widely. Fuzzy logic is also simple to be developed and provides fast response. The proposed technique
combines both of their advantages. It should improve MPPT performance especially with existing of noise. For
evaluation and comparison analysis, conventional P&O and fuzzy logic control algorithms have been
developed too. All the algorithms were simulated in MATLAB-Simulink. The other two conventional MPPT
methods were also programmed for comparison purpose. Performance assessment covers overshoot, time
response, maximum power ratio, oscillation and stability as described further in this study. From the results and
analysis, the adaptive P&O-fuzzy control MPPT shows the best performance with fast time response, less
overshoot and more stable operation. It has high maximum power ratio as compared to the other two
conventional MPPT algorithms especially with existing of noise in the system at low irradiance

Keywords: Maximum Power Point Tracking (MPPT) detection algorithm, Fuzzy P & O MPPT, PV
Solar PV, Standard P&O algorithm.

1. GIOI THIEU nhiéu loan va quan st (P&O) 14 phd bién nhat
va dwoc st dung réng rai vi né la thuit toan
don gian nhit va dé& thuc hién so véi céc
phuwong phap khéc [6-9]. Tuy nhién, né vin c6
nhirng han ché chung nhu sau: Theo déi kém,
khéng da thong minh va kém hiéu qua trong

Trong nhitng nam gin day, nhiéu cong trinh
nghién cru khac nhau da dwoc thwe hién vé
viée st dung nang lwong quang dién (PV) lam
ngudn ning lwgng thay thé. Nang lwong PV
la,mot trongNnhlf’ng/nguon nang lu:(_)'ng\tal tf 0 qué trinh thay d6i nhanh chéng cua bic xa
hta hen nhat va né sach sé, v6 tin va mién N o 2 ai g A

) AR . . " béi vi nd di chuyén ra khéi diém dién to1 da
phi [1]. Mot s6 rng dung st dung cong nghé

< o e o ST thye (MPP) [10, 11].

nay da dwoc phat trién nhw hé thong dién vé
tinh, cdc thé hé nang lwong mit troi, tram sac
pin nang lwong mit trol va cac phwong tién
mat troi [2-5]. Diém bat loi chinh cta PV 1a
hiéu sudt chuyén déi nang lwong thip so véi
céc ngudn thay thé khic. PV 1a mét ngudn phi

* Khong ¢6 kha nang xac minh xem gia tri
cong sudt ddu ra méi cao hon la do lwong
chiéu xa mo1 hay gia tri chu ky nhiém vu méi
[10].

* Dao dong lién tuc xung quanh diém vin
hanh t6i wu lam cho mirc cong suat trung binh

tuyén tinh phu thudc vao birc xa va nhiét d0 1401 khei MPP dic biét 13 & mite chifu xa
trong hoat déng cua né. Theo doi diém cong théif) [12. 13] : i :

suat t6i da (MPPT) dwoc giéi thidu dén cong * N6 di qua lai xung quanh MPP va khong thé
suit t61 da tir mang PV. Hién tai, thuit toan .



chinh x4c [14].

* Phan tng chim thoi gian [15].

Mot nhwoe diém dang k€ khac cia thuit toan
nay la khong cé kha nang hoat dong t6t véi
nhiéu. Trong hé théng PV nhu vay, hé s6
nhiéu ton tai va phai dwoc xem xét nghiém tic
khong chi vi khong tuyén tinh ctia nguén PV,
ma c6 thé dén tir boé diéu khién, tir sai s6 do
do lwomg dién ap va dong dién [16]. Nhiéu
trong do lwomg dong 4p anh hudéng lém dén
x4c dinh diém MPP trong thuit toan MPPT.
Trong mot sé trwong hop cu thé, nhw tai diém
MPP, thuat todn thwe hién sd bwéc nhay 1én
va xudng bang nhau d€ duy tri diém hoat dong.
Véi su tdc dong cua sai s6 trong do lwong dong
ap, thuit toan sé x4c dinh sai do tinh toan sai
gié tri cong sudt PV. Sai s6 trong trwomg hop
nay tac dong dang ké 1én bén phai diém MPP.
Nhiéu trong do dong sé anh hwéng 1én toan
duwong cong PV. Su giao dong ¢ thé xay ra sé
g6p phan lam tang ton thit cong suit. Budc
tién ma&i trong qua trinh phat trién céc giai
thuat MPPT la st dung hé thin kinh nhan tao
trong céc ky thuit diéu khién nhw la logic mo,
mang no ron, lai no ron-logic m¢ va cac thuit
todan di truyén. wu diém cia céc giai thuat
MPPT méi la thoi gian dap tmg nhanh va 6n
dinh hon khi so véi cac giadi thuit truyén
thong diéu khién logic mo (FLC) 12 mot
trong nhitng thuit todn phd bién do ching
domn gian va dé thuc thi. N6 duwoc phét trién
vO1i su cdi tién dang ké trong hiéu sudt va ti so
cong sudt cuc dai [29-31]. Mic du thuat toan
FLC t6t hon so véi thuat todn P&O, van c6
nhwoc di€m xay ra khi né khong thé dinh vi
chinh x4c dd MPP. Dau vao cia né, 161 va thay
d6i 161, can phai dwoc tinh todn dau tién. Qua
trinh tinh todn c6 thé gbép phin han ché vé
thoi gian dap rng va d6 chinh xac cuia MPPT
dé theo doi MPP khi thuit todn dwoc thuc
hién trong b diéu khién kj thuit s6. Hon nira,
hau hét cac cong trinh trén thuat toan nay da
khong xem xét yé&u t6 nhiéu va né sé khong
hoat dong phtt hop véi chiéu xa thip din dén
dao dong cao. Dién ap va dong dién cia PV
duoc do va st dung béi thuat toan MPPT dé
tao ra chu ky nhiém vu thich hop cho bd
chuyén d6i DC-DC téng cwong dwoc két nodi
gitta bang diéu khién PV va tai. Luin van nay
trinh bay céng viéc vé viéc cai thién thuit toan
MPPT d€ c6 thé tang hiéu sudt cua PV hé
thong. Coéng trinh nay giéi thiéu sw két hop
thich rng cta cac tinh nang trong cd P&O va
FLC thong thuong dé tao thanh mot thuit
toan duy nhit cho MPPT ctia bd chuyén d6i

tang toc PV DC— DC, nén don gidn va nhanh
chong, déng gop va thanh tich quan trong
nhit 14 kha nang dap (rng t6t véi nhidu. Thuat
toan MPPT dwoc dé xuat dwoc danh gii va so
sanh v&1 ca thuit toan P&O thong thwong
dwédi trang thai 6n dinh va hiéu suit déng véi
nhiéu diéu kién chiéu sang khac nhau. Mét
trong tam khéc trong cong viéc nay la dé danh
gid hiéu suit cia MPPT & mitc dé chiéu xa
thap c6 thé déng gép dang ké khic nhau giira
hai thuit toan nay.

O Viét Nam ciing c6 nhiéu bai bao viét vé
nang lwong mit troi dé xuit phwong phap
diéu khién mo ciu tric bién déi bam theo
diém cong suit cuc dai clia pin mat troi [32],
thiét ké diéu khién hé thong dién st dung
nang lwong mit trod hoa luéi 22 KV [33] ,Hoa
nang lwong mat troi vao lwdi dién phan phéi
[34], so sdnh hai thuit toan INC va P&O
trong diéu khién bam di€ém cong suit cuc dai
cta hé thong pin mat troi doc 1ap [35], Nghién
ctru tiéu chuin va phwong phdp t6i wu cong
suit cua hé théng dién mit troi noi lwdi xét
cho truomg hop luéi dién ha thé 1 pha [36].

Hién nay cé rat nhiéu phwong phap khac
nhau dé do tim MPP cua tdm pin PV. Mbi
phwong phap danh gid vé hiéu suit dwa trén
mot sd tiéu chi quan trong. Mac du rat khé dé
danh gid thanh céng cia mdi phwong phap
dua trén mot chi s6 hiéu sudt téng quat, mot
cudc thao luin chi tiét vé sy phu thudce, sw hoi
tu, cac diéu kién che bong mot phin, sw phire
tap ctia thuit toan va thwe hién thwe té véi sw
mé réng nhanh chéng trong kha nang tinh
toan, sw quan tdm cia MPPT dwong nhw
dang tang lén dé€ c6 thé tim ra phwong phap
t61 wu phu hop véi thue té va dé dang thi cong.
Hon ntra, cac thuit toan MPPT thich nghi
thich hop rit thich hop trong viée xt 1y céc
diéu kién moi trwong bit loi nhw che béng
tirng phan va thay d6i nhanh vé chiéu xa.

2. Proposed DC-DC Converter

Cac hé théng PV thuong str dung bd chuyén
d6i DC-DC hodc DC— AC, ¢6 hoic khong co
kha ning sac pin, sir dung MPPT . B chuyén
d6i DC-DC c6 thé duoc sir dung nhu bd diéu
chinh ché d6 chuyén ddi dé chuyén doi dién
ap DC, thuong khong duoc kiém soat, thanh
dién ap dau ra dc dugc diéu chinh. Quy dinh
nay thuong dat dugc bang k¥ thuat diéu ché
d6 rong xung (PWM) va thiét bj chuyén mach
la binh thuong MOSFET hoac IGBT. Chitrc



nang cta bo chuyén d6i DC-DC ting cudng 1a
diy manh dién 4p dc. Cong suat toi da dat
dugc khi thuat toan MPPT thay ddi va diéu
chinh chu ky nhiém vu cia PWM cua bo
chuyén d6i DC-DC ting cuong. Gia tri cua
cudon cam la 200 pH va tu dién la khoang
6000pF. Ddi véi tai, dién tré duge sit dung voi
gia tri 1a 50Q

3. Maximum power point tracking.

3.1 Thuat toan P&O

Day 1a thuat toan thudng duoc dung nhit dé tim
diém cong suat cuc dai, né dua vao viée 1am thay
do6i dién ap va theo ddi ty s dP/dt. Dau cua dao
ham dién 4p cho biét dién ap ting hay giam va dién
ap co thé giam hodc ting t6i khi dat dwgc diém
cong suét cuc dai va lac d6 dao ham béng 0. Bai
vi thuat toan nay dya trén viéc thay ddi, nén s& co
su dao dong tham chi khi dat dugc diém cong suét
cuc
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Hinh 1 Lwu d6 thui t toan P&O

- Néu tang dién ap, cong suét thu duoc ting, thi
chu ky sau tiép tuc tang dién ap

- Néu tang dién ap, cong suit thu duoc giam, thi
chu ky sau giam dién ap

- Néu giam dién ap, cong suét thu dugc ting, thi
chu ky sau tiép tuc giam dién ap

- Néu giam dién 4p, cong suat thu dugc giam, thi
chu ky sau tang dién ap

Nhuoc diém: ta théy thuat toan P&O phu thudc
rat 16n vao thoi gian ldy mau so sanh. Trong
truong hop cuong do chiéu sang khong doi giai
thuat P&O hoat dong rat tot khi truy tim diém
cuc dai. Tuy nhién, khi cuong d6 chiéu sang thay
dbi thuat toan P&O sé sai boi vi hé MPPT khong
hiéu duoc cong suét ting do thay dbi cuong do
chiéu sang chtr khong phai do su dao dong dién ap

khi 1am viée. Két qua 1a thuat toan s& giam dién ap
hoac tang dién ap lién tuc do nhan thay cong suat do
Iic sau van 16n hon lac dau

3.2 Thuat toan Fuzzy

Bai béo str dung bo bd diéu khién logic md (FLC)
(FLC: fuzzy logic controller dé theo ddi diém
MPP cua hé thong PV. Bo diéu khién logic md
(FLC) lam viéc voi hiéu suit cao, chic chan va
thiét ké don gian. Ngoai k¥ thuat FLC lam viéc
v6i dau vao khong chinh xac, khong can mot mo
hinh todn hoc chinh xac va nd c6 thé xir 1y phi
tuyén. N6 dua trén kién thirc va kinh nghiém cua
ngudi dung chir khong phai 1a sy hiéu biét ki thuat
ctiia hé théng. Céac khodi chinh cua FLC (hinh 2)
bao gdm: Hai bién rd dau vao sai s6 E va sy thay
ddi cua sai s6 CE tai k 1an léy mau xac dinh theo
biéu thirc (1) va (2); md hoa (Fuzzification); cac
qui tic diéu khién mo (rules); suy didn mo
(inference); giai mo (defuzzification); bién ra la ty
s6 d6 rong xung D

Céc qui tic
(Rules)
Cj(kk)): (Fu?z?figgtaion) Su“nyffrfﬁcff (DefSEfEZtion) > AD
Hinh 2 Lwu d6 thuit todn P&O
; P(k) — Pk — 1)
Ek) = 1
(k) Viky— V(k—1) &)
CE(k) = E(k) — E(k — 1) (2)

3.3 Thuat toan P& O-Fuzzy

Hinh 1 cho thay thuat toan P&O van hanh v&i hé
s6 4p bién dong C 1a hing. Piéu nay dan dén nhiéu
han ché nhu sau:

a) Hé sb C chon 16n s& gay dao dong tai diém lam
viéc MPP.

b) HE s6 C chon nhé sé& 1am cham qua trinh do tim
diém lam viéc méi.

¢) Hé s6 C hang sb s& khién thuat toan P&O bat
Tuc

khi nhiét do hay do roi bién dong dot ngdt. Tu do,
thuét toan dé xuat Fuzzy P&O MPPT c6 bo didu
khién mo duoc thiét ké dua trén bang luat mo cho
& Bang 1 voi thong s6 ngd ra la gia tri Hé s ap
bién dong C dugc hidu chinh thich nghi

Béang 1 Bang Luat Mo cua thuat toan P&O- Fuzzy
MPPT



AD Small Medium Large
Sa:dP

Small 70 NS NB

Medium PS Z0 NS

Large PB PS 70

P W)
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Hinh 3 Thay dbi gia tri AP theo dién ap

bé khic phuc nhugc diém cua thuét toan
P&O, gi tri AD dugc thay dbi linh hoat theo diéu
kién 1am viéc clia tAm pin. Gia tri ndy s& ting cao
khi ¢6 sy thay doi diéu kién 1am viéc cua tam. Cyu
the:

Néu diém hoat dong cach xa diém MPP thi AD
duoc nhén gia tri lon

Néu diém hoat dong gan va ngay diém MPP thi
AD c6 gia tri nho.

Qua Hinh 3 cho thiy bang luat m¢d danh cho
giai thuat Fuzzy-P&O MPPT gom hai bién dau
vao 1a bién do doc Sa = dP va gid tri AD clia thong
sd ap bién dong AVref. Bién dau ra cua bo diéu
khién mo FLC la gia tri D cua thong s AVref
thich nghi can hiéu chinh. c¢6 thé nhan thiy méi
lién h¢ gitta AP va AD nhu sau:

*AP 16n, khi diém hoat dong & xa diém MPP,
thi can gié trj AD 16n dé tién nhanh dén diém MPP.

*AP trung binh, khi diém hoat dong gan hon
dén diém MPP, cin gia tri AD nho lai dé tién dén
diém MPP.

*AP nho, khi diém hoat dong rt gan hodc tring
diém MPP, can gia trji AD nho hon hoic bang 0.
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Hinh 4 Lwu d6 giai thuiat P&O-Fuzzy
4 Xay dung mé hinh héa

il amparalre 25°C, AM=15

ST Iradiance 1000Wm2, Mok

Hinh 5 Théng s6 pin nang lwong mat troi

Hinh 6 Thiét 14p thong sb tAm pin 256Wp trong
Matlab/Simulink

Hinh 6 M6 hinh xac dinh MPP tai cac
mirc BXMT khac nhau



Béang 2 Bang gia tri cong suat cuc dai tai cdc mirc

BXMT trong tim pin 250W
radian (W/m2) Power (W)
1000 250
900 226
800 203
700 178
600 154
500 129
400 103

5 KEeét qua mo phong:

*Cong suat ngo ra & birc xa mat troi BXMT
(400-900) W/m?

Hinh 7 Cong suit ngd ra BXMT ((400-900) W/m?

Bang 3 Két qua so sanh cho diém cong suét tbi
da

Thuit toan | Cong suat | Dao Tinh 6n
MPPT MPP % dong dinh
(ms)
P&O 93-97 200 Khong
on dinh
Adaptive | 95-100 | 50 On dinh
P&O-fuzzy hon

Két qua so sanh cong sut ngd ra cua hai thuat toan
Fuzzy-P&O va P&O co ban. Tai thoi diém T=0s
mach bét dau hoat dong xay ra qua do, ¢ bic xa
thap thoi gian qua do ngén hon so véi birc xa cao.
Theo thyc té thi cong suit bam theo ciia Fuzzy-
P&O cao hon P&O va 6n dinh hon nhiéu so véi
P&O

*Dong dién ngoé ra ¢ birc xa mat troi BXMT
(400-900) W/m?

Hinh 8 Dong dén ngd ra BXMT ((400-900) W/m?

Béng 4 Két qua so sanh dong dién ngd ra

Thuat Dong dién | Dao Tinh 6n

toan MPP % dong dinh

MPPT (ms)

P&O 90-95 200 Khong
on dinh

Adaptive | 95-100 | 85 On dinh

P&O- hon

fuzzy

K&t qua so sanh cong suit ngd ra cia hai thuit
toan Fuzzy-P&O va P&O co ban. Tai thoi
diém T=0s mach bat dau hoat ddong xay ra quéa
dd, & birc xa thip thoi gian qua dd ngan hon
so v&1 bire xa cao. Khi T=0.5s thi dong dién
ngo ra cua Fuzzy-P&O dao déng va 6n dinh
nhanh hon so vé1 P&O va twong tw vay tai
T=1s

*Pién ap ngo ra & birc xa mit troi BXMT (400-
900) W/m’

Hinh 9 Dién 4p ngd ra BXMT ((400-900) W/m?



Bang 5 K&t qua so sdnh dién ngo ra

Thuét toan | DO vot Dao dong | Tinh 6n

MPPT 16 (V) | (ms) dinh

P&O 5 200 Khoéng 6n
dinh

Adaptive 2 90 On dinh

P&O- hon

fuzzy

*Ké&t qua so sanh cong suit ngd ra cha hai
thuat toan Fuzzy-P&O va P&O co ban. Tai
thoi diém T=0s mach bat dau hoat dong xay
ra qua dd, & birc xa thap thoi gian qué do ngan
hon so vé1 bire xa cao. Khi T=0.5s thi dién ap
ngo ra cua Fuzzy-P&O dao dong va 6n dinh
nhanh hon, d6 vot 16 thip so véi P&O va
twong tw vy tai T=1s

*Pién ap ngd ra & birc xa mat troi BXMT (400-
900) W/m?

=k

Hinh 10 Ti s6 diéu ché thoi gian mach Boost

Bang 6 So sanh ti s6 déu ché thoi gian

Thuét toan Thoi Dao Tinh 6n
MPPT gian dong dinh

phan ung | (ms)

(ms)
P&O 175 500 Khoéng 6n

dinh

Adaptive 100 100 On dinh
P&O-fuzzy hon

K&t qua so sanh cong suit ngo ra ctia hai thuit
toan Fuzzy-P&0O va P&O co ban. Tai thoi
diém T=0s mach bat dau hoat ddong xay ra qua
dd, & birc xa thip thoi gian qua dé ngan hon
so vo1 bire xa cao. Khi T=0.5s thi ti s6 diéu ché
thol giana cia Fuzzy-P&O dao ddong va 6n

dinh nhanh hon so véi P&O va twong tw viy
tai T=1s. Ti s6 thoi gian quyét dinh sy 6n dinh
cua hé théng do né diéu ché xung cho b6 PWM

6 Két luan

Bai bao nay da trinh bay mot thuét toan MPPT méi
v6i két hop cac thuat toan P&O va FLC. Thuat
toan nay sur dung cac tinh ning don gian c6 san
trong ca P&O va FLC gop phan giam su phic tap
trong hoat dong ma khong anh huong dén muc
tiéu hiéu suat cao. Mot loat cdc mirc do chiéu xa
da dugc xem xét dong gop vao tinh doc dao cia
tac phdm nay dic biét 1a trong hoat dong & do roi
thap. Phan tich ¢ trang thai 6n dinh hoat dong da
dugc su dung rong rai trudc day, va thong qua
phan tich bd sung v6i hoat dong ning dong, hon
thé nita két qua toan dién va phat hién co thé thu
dugc cho danh gia thém. Thuat toan duogc dé xuét
da duoc chirng minh va danh gia so sanh da duoc
thue hién voi P&O va FLC thong thuong dé thu
duoc két qua xac minh hiéu suét tét hon cua no.
Trang thai 6n dinh va ning dong cac cong trinh
md phong xac nhan hiéu suét t6t nhit cia thich
nghi Thuat toan MPPT P & O-m¢ dé dat dugc ty
1é MPP cao véi dao dong thip va vuot qua, gop
phén vao hoat dong 6n dinh cao
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