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TOM TAT

Nang lwgng mat tréi 1a ngudn nang lwong sach, hoan toan mi&n phi va khéng gay & nhiém méi trwéong. Viéc
nghién cru hé thdng dién mét trdi c6 y nghia rat quan trong, gép phan khai thac triét d& ngudn ndng lvong tw nhién
trong khi cac ngudn nang lwong truyén théng dang ngay cang can kiét. Bidu khién bam diém cong suét cwe dai dan
pin dién mét trei (MPPT) dwoc coi 1a mot phan khong thé thiéu trong hé thdng dién mat troi, dwoc p dung dé& nang
cao hiéu qua st dung clia dan pin dién mat troi. Bai bao gidi thiéu va so sanh hai thuat toan dién dan gia tang (INC)
va nhiéu loan va quan sat (P&0) str dung dé thuc hién didu khién bam diém céng suét cuc dai clia dan pin dién mat
troi. K&t qua moé phdng cho thay, thuat toan INC cé hiéu qua tét hon so véi thuat toan P&O.

T khéa: Bam diém cong suét cwe dai (MPPT), pin dién mét troi (PV), thuat toan dién dan gia tang (INC), thuat
toan nhiéu loan va quan sat (P&O).

Comparison of INC and P&O Algorithms
in Maximum Power Point Tracking Control of Independently PV System

ABSTRACT

Solar energy is clean and free of cost and does not pollute the environment. The research of solar energy
systems plays a very important role that contributes to fully exploit the natural energy resources while traditional
energy sources become scare. Maximum Power Point Tracker (MPPT) control for Solar panels considered as an
indispensable part of the solar power system is applied in order to improve the efficiency of solar panels. This paper
described and compaired Perturb and Observer (P&O) and Incremental Conductance (INC) algorithms that were
used to implement for Maximum Power Point control of Solar panels. Simulation results showed that INC algorithm
had a better effect than P&O algorithm did.

Keywords: Incremental Conductance algorithm (INC), Maximum Power Point Tracking (MPPT); Perturb and
Observer algorithm (P&O); Photovoltaics (PV).

I DAT VAN DB dang dan dugc ap dung trong hé quang dién

lam wviéc v6i luéi (Sivagamasundari, 2013;

MPPT (Maximum Power Point Tracking) 1a
phuong phap do tim diém lam viéc c6 cong suit
cuc dai ciia hé thong dién mat trdi théong qua
viéc déng md khéa dién td ctia bd bién ddi
DC/DC. Phuong phap MPPT dugc st dung rat
phd bién trong hé théng PV lam viéc doc lap va
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Hohm, 2000, 2003). Khi mét dan PV dugc mic
truc ti€p vao mot tai thi diém lam viéc ctia dan
PV d6 1a giao diém gitia dudng dic tinh lam viéc
I-V caa PV va dac tinh I-V cta tai. Néu tai la
thuan tré thi duong dic tinh tai 1a mot dudng
théng véi do doc 1a 1/R

tai



Nguyén Viét Ngw, L& Thi Minh Tam, Tran Thi Thwéerng, Nguyén Xuan Trudng

n
1

/
L ./ /S ... weR
4l Rtél 1 Rtai7
~~ 35p
< N
~ Q“@
-
S
S 25t & Ruais
eh &
-
Q.
5 o)
a

n
T

Gia tang Ry;
(Riai 1<Riai 2<Ryzi 3)

(=]
Ln
s

15 20 25
Dién ap (V)

L
o

30 35 40 45

Hinh 1. Piac tinh lam viéc I-V ctia PV va cta tai (c6 thé thay doi gia tri)

Tu dac tinh I -V cho théy c6 mot diém goi
la diém coéng sudt cuc dai (MPP-maximum
power point), 14 diém ma khi hé théng hoat
dong tai diém d6 thi cong sudt ra cta PV 1a 16n
nhat. Cac yéu t& vé thoi tiét anh hudng rat 16n
téi hoat dong cua PV. Trong d6, nhiét do va
cuong do btic xa mat troi 12 nhiing yéu t6 tiéu
biéu anh hudng manh nhat t6i dac tinh I-V dan
t6i su thay d6i vi tri MPP caa PV.

Trong hau hét cac ting dung ngudi ta mong
muén t81 uu héa dong cong suat ra tir PV téi tai.
Pé lam duge diéu d6 doi héi diém hoat dong cia
hé théng phai duge thiét lap tai diém MPP. Co6
nhiéu thuat toan dugc nghién cu va tng dung
trong thuc t& Bai bao nay giéi thiéu hai thuat
toan P&O va INC; xady dung thuat toan, mo
phéng va so sanh hai thuat toan trong diéu
khién bam diém cong suét cuc dai ctia dan PV.

2. MO TA TOAN HOC PIN MAT TROI

Pin PV ¢6 mach dién tuong duong nhu mot
diode méc song song v6i mot ngudn dién quang
sinh. O cudng dd anh sang 6n dinh, pin PV cé
mot trang thai lam viéc nhat dinh, dong dién
quang sinh khong thay déi theo trang thai lam
viéc. Do d6, trong mach dién tuong duong c6 thé
xem nhu 14 mot nguén dong 6n dinh I,. Trén
thuc té&, trong quéa trinh ché tao pin PV, do tiép
xuc dién cuc mat trude va sau, ciing c¢6 thé do
ban than vat liéu c6 mot dién trd sudt nhat
dinh. Vi vay trong mach dién tuong duong cin
phai méc thém vao mot dién trd néi tiép R, va
mot dién tré song song Ry, v6i tai R;. Nhu vay,
mach dién tuong duong cia pin PV duge thé
hién trén hinh 2 (Zainudin, 2010; Nguyen Viet
Ngu, 2011; Sharma, 2014).
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Hinh 2. So d6 mach dién tuong duong cia PV
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Dong dién qua diode:
M
Iy =Ig(e™T —1)

Theo dinh luat Kirchhoff vé cudng d6 dong
dién:

(2.1)

ViD_IPv =0
sh

Theo dinh luat Kirchhoff vé dién thé:

(2.2)

Ip

Trong d6:

Ip-dong dién qua diode (A); Ig - dong dién
b&o hoa cua diode (A); q - dién tich cua electron
(1,602.10 " °C); k - héng s6 Boltzman (1,381.10"
BJ/K); T - nhiét d6 16p tiép xic (K); n - hé s6 1y
tudng cua diode; Vp - dién ap diode (V); Ipy -
dong dién ra cua PV (A).
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Twu cac phuong trinh (2.1),(2.2),(2.3) suy ra
phuong trinh dac tinh I-V ctia mot t& bao PV.

Ipv = Iph _ID _Ish =

aA(Vpy+Rglpy)
— nkT
L —Is(e

(2.4)

N va + Rstv
Rsh

Tu cac phuong trinh (2.1), (2.2), (2.3), (2.4) va
ti so d6 tuong ducng cta dan PV ta c6 thé xay
dung dugc mod hinh md phéng cua dan PV khi
nhiét d6 va cudng do biic xa thay déi nhu hinh 3.

So d6 mo6 phoéng st dung loai PV dong
Mono-cell do hing Bosch (Diic) san xudt cb
nhiing théng s6 co ban do ¢ diéu kién tiéu
chudn (1000W/m?, 25°C) nhu sau: P, = 50 W,
Vipp = 16,5 V, Typp = 2,77 A, V.. = 22,01 V, I =
3,1 A. M6 phong thu dude duong cong quan hé
V-1, P-V va P-I cia PV nhu hinh 4, 5.

:

Hinh 3. M6 hinh mé phéng dan PV khi nhiét do, cuong do biic xa thay doi

4 :
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a) Bwong cong quan hé I-V ctua PV
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b) Bwong cong quan hé P-V clia PV
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Dong dien (A)
c) Bwong cong quan hé P-| ctia PV

Hinh 4. Pic tinh tuong quan cta PV khi bitc xa mat troi thay doi

Dong dien (A)
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a) BPuwong cong quan hé I-V ctia PV

1455



So sanh hai thuat toan INC va P&O trong di&u khién bam diém cong suét cuwc dai clia hé thdng pin mét troi cAp dién

doc lap

0 P1
$=1000W/m?
P2
max
545 2‘:\\
50 \ \
= 4
= P3
© max
5
w
> T=1oo°ca\ \
o =0, ~
o T—75 C \) \
T=50°C \ >‘
T=25°C >
T=0°C—
0
0 16 1819.5 30
Dienap (V)
b) Bwdng cong quan hé P-V cua PV
70
$=1000W/m?
545 v B 2
50
L
= T=100°C
2 T=75°C
2 T=50°C
S T=25°C
T=0°C
0
0 2.8 4

Dong dien (A)

c) Bwong cong quan hé P-| ctia PV

Hinh 5. Pic tinh tuong quan cta PV khi nhiét do thay déi

Nhu vay, vi tri caa diém MPP trén duong
d#c tinh 12 khong biét trude va né ludn thay doi
phu thudc vao diéu kién btic xa va nhiét do. Do
d6, cAn c6 mot thuat toan dé theo doi diém
MPP, thuat toan nay chinh 1a trai tim cua bo
diéu khién MPPT.

3. CAC THUAT TOAN DIEU KHIEN MPPT

C#u trdc cua hé thong MPPT diéu khién
theo dién ap tham chiéu dugc trinh bay nhu
hinh 6.
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3.1. Thuat toan nhiéu loan va quan sat

P&O

Trong thuat toan nay dién ap hoat dong
cua pin mat troi (PMT) bi nhidu bdi mot gia s
nhé AV va két qua lam thay d6i cong suét, AP
2013;

dugc quan sat (Sivagamasundari,

Chaudhari, 2005).

Hinh 7 md td nguyén ly hoat ddng cta
thuat toan P&O, tit d6 c6 thé suy ra cach thic
hoat dong cua thuat toan nhu sau:
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- Néu diém hoat dong ctia hé théng dang di
chuyén theo huéng 1 (AP < 0 va AV < 0) thi can
ting dién ap hoat dong 1én dé di chuyén diém
hoat dong t6i diém MPP.

- Néu diém hoat dong cta hé thong dang di
chuyén theo huéng 2 (AP > 0 va AV > 0) thi can
tang dién ap hoat déng 1én dé di chuyén diém
hoat dong t6i diém MPP.

t |

- Néu diém hoat dong cta hé thong dang di
chuyén theo huéng 3 (AP > 0 va AV < 0) thi cin
giadm dién ap hoat dong dé di chuyén diém hoat
dong t6i diém MPP.

- Né&u diém hoat dong cta hé théng dang di
chuyén theo huéng 4 (AP < 0 va AV > 0) thi cin
giam dién ap hoat dong dé di chuyén diém hoat
dong t6i diém MPP.

Vref Vref PWM
—pV
Thuat toan MPPT
Vpv
A
= ) LTI D
Current L
s Diode
| 4 r
1 Mosfet ~‘
::Il ¢ a N
3 Ve

Hinh 6. CAu truc diéu khién MPPT ctia dan PV
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Hinh 7. Puong dac tinh P-V va thuat toan P&O
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Start
P&O

Gia dinh gia tri
ban dau
P1=0
V1=Vref

[ bo: Vzk), 1k) |

P(K)=V(k)-1(k)
AP=P(k)-P(k-1)
AV=V(K)-V(k-1)

Yes @ No

(6]

I Tang Vref I I Giam Vref I I Giam Vref I I Tang Vref I

\ 4

P(k-1)=P(k)
V(k+1)=V(K)

A

Hinh 8. Luu d6 thuat toan P&O diéu khién thong qua dién ap tham chiéu Vref

Giai thich thuat toan:

Bo diéu khién MPPT sé& do cac gia tri dong
dién I va dién ap V, sau d6 tinh toan d6 sai léch
AP, AV va kiém tra:

- Néu AP. AV > 0 thi téng gia tri dién ap
tham chiéu Vref.

- Néu AP. AV < 0 thi gidm gia tri dién ap
tham chiéu Vref.

Sau d6 cap nhat cac gia tri mdéi thay cho gia
tri trude d6 cua V, P va tién hanh do cac thong
s6 I, V cho chu ky lam viéc tiép theo.

3.2. Thuat toan dién dan gia ting INC
Thuat toan INC dya trén thuc t& nhu sau:

- D6 doc cua dudng cong cong sudt bang
khoéng tai diém MPP (Chaudhari, 2005;
Akihiro.O1, 2005; Reisi, 2013; Hohm, 2003).
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- Do doc duong & bén trai diém MPP.

- D6 d6c Am 6 bén phai diém MPP.

Dac tinh P-V va thuat toan INC dugec minh
hoa trén hinh 9.

dP/dV = 0, tai MPP

dP/dV > 0, & bén trai MPP

dP/dV < 0, & bén phai MPP

Vi:
dP/dV =d(IV)/dV =1+V(dl/dV)
=1+ V(AL/AV)

nén ta cé thé viét lai la

AI/AV = -1V, tai MPP

AI/AV > -1/V, & bén trai MPP
I/AV < -1/V, & bén phai MPP
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Hinh 9. Puong dac tinh P-V va thuat toan INC

Luu db thuat toan hinh 10 gidi thich su - Néu diém hoat déng ndm phia bén trai
hoat dong caa thuat toan INC diéu khién theo diém MPP thi ching ta phai di chuyén né
dién ap tham chiéu. Cac gia tri dong dién va sang bén phai bang cach tang dién ap cua
dién 4p cua PV dudge do va sau d6 st dung cac PMT.
gia tri ttc thoi va gia tri trude d6 dé tinh toan - Né&u diém hoat dong ndm bén phai diém
cac gia tri gia ting cua Al va AV. Thuat toan sé MPP thi ching ta lai phai di chuyén né sang
kiém tra diéu kién ctia phuong trinh ¢ hinh 10. bén trai ttc 1a phai gidm dién ap PMT.

Start
P&O

Do: V(k) liki

Al=1(K)-1(k-1)
AV=V(K)-V(k-1)

V(k-1)=V(k)
I(k-1)=I(k)

Hinh 10. Luu d6 thuat toan INC diéu khién théng qua dién ap tham chiéu Vref
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SN . Al | , 5
- Khi diéu kién E:__ duge thoa mén

(chinh 1a céc diém MPP) thi thuit toan nay sé
bd qua viéc diéu chinh dién ap.

- Mot kiém tra quan trong cta thuat toan
nay 1a phat hién diéu kién ctia méi truong. Néu
diém hoat dong vin & diém MPP (diéu kién AV
= 0) va diéu kién biic xa khong thay déi (AI = 0)
thi s& khong phai diéu chinh dién ap hoat dong.
Néu nhu btic xa tang (AI > 0) thi dién 4p MPP
giam nén thuat toan INC phai ting dién ap
hoat d6ng dé theo ddi diém MPP. Né&u bic xa
giam (AI < 0) dan t6i dién ap diém MPP cao hon,
phai giam dién ap hoat déng dé theo doi diém
MPP. Vao chu ky cudi, n6 sé cap nhat lich st
bing cach luu cac gia tri dién ap va dong dién
hién tai, sé st dung chung nhu 1a cac gia tri
trude d6 cho chu ky tiép theo.

4. KET QUA MO PHONG CAC THUAT
TOAN MPPT

MPPT

< » Upv
[Ppv] X
Ml Vref

Continuous

4.1. Két qua mé phong MPPT véi thuat
toan P&O va thuat toan INC

Tu két qua md phong hinh 16, 17 ddi chidu
vé6i hinh 4a,c va hinh 22, 23 d6i chiéu véi hinh
5b,c cho th4y, khi cuong d blic xa méit troi va
nhiét @6 moi trudng thay ddi, ca hai thuat toan
déu bam dugec MPP véi thoi gian rat nhanh.
Tuy nhién, MPPT lam viéc véi thuat toan INC
tot hon so véi thuat toan P&O, céng suat dan
PV trong truong hdp st dung thuat toan INC
bam sat cong sudt cuc dai (MPP) hon, hay néi
cach khac pham vi dao dong quanh MPP nhd
hon so v6i thuat toan P&O. Thuat toan INC
trong qué trinh diéu khién MPPT, phan tng
nhanh va chinh x4c hon, dédc biét 1a dong dién
va dién ap cua PV én dinh hon khi st dung
thuat toan P&O. Vi vay, viéc st dung thuat
toan INC trong diéu khién MPPT cta hé théng
PV cdp dién doc 1ap 1a rat thich hgp, dam bao
tinh cung c4p dién cho phu tai t6i uu nhat, lién
tuc va én dinh.

Pi(s) 1

Pl Controller

j T

Group 1

E Signal 1 Group 1
Signal 1

[Ppv]

Group 1

E Signal 1

Ipv

Hinh 11. Hé théng diéu khién MPPT ctia dan PV
st dung thuat toan diéu khién P&O va INC
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Hinh 21. Dién ap dan pin khi nhiét do
thay d8i (v6i thuat toan P&O)
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Hinh 22. Céng suit dan pin khi nhiét do

Hinh 23. Cong suat dan pin khi nhiét do
thay d6i (v6i thuat toan INC)

thay d8i (v6i thuat toan P&O)
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5. KET LUAN

Bai bao da x4y dung dugc mé hinh mo
phdng cta dan PV, khao sat dude su anh hudng
clia cuong do6 blc xa mét tréi va nhiét d6 dén
coéng sudt phat caa dan PV.

Trong hé théng PV, ngudi ta ludn mong
muén cho du & bat ky diéu kién thoi tiét nhu
thé& nao, dong coéng sudt phat ti dan PV téi tai
luén 1a cuc dai, d6 14 muc tidéu cta bai toan diéu
khién MPPT. Qua d6, bai béao giéi thiéu hai
thuat toan INC va P&O ap dung trong diéu
khién MPPT caa dan PV. M6 phéng duge hai
thuat toan MPPT trong 6 diéu kién thoi tiét
thay d6i thuong gip trong thuc t& dé thay duge
uu, nhude diém cua ting phuong phap. Dua
trén két qua mo phdng 6 hinh 16, 17 va hinh 22,
23 cho thay, ca hai phuong phap MPPT déu
hoat ddong t6t khi diéu kién thoi tiét thay déi dot
ngédt, phan tng bam diém cong sudt cuc dai véi
thoi gian rat nhanh, d6 qua diéu chinh rat nhd.
Tuy nhién, thuat toan INC c6 uu diém hon
thuat toan P&O ching han nhu: dao dong
quanh diém céng suét cuc dai hep va it hon
thuat toan P&O; giam thiéu dudc hao ton cong
sudt phat do dao déng quanh diém cong suit
cuc dai it hon thuat toan P&O. Vi vay, viéc ap
dung thuat toan INC trong diéu khién MPPT s&
cho hiéu qua t6t hon thuat toan P&O.
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