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TOM TAT

Bai bdo trinh bay qua trinh thiét ké va trién khai mot hé thong diéu khién ning luong mit troi tich
hop thuat toan theo ddi diém cong suat cuc dai MPPT (Maximum Power Point Tracking), str dung phuong
phap dién dan gia tang INC (Incremental Conductance). Hé thong bao gdm phan cling sir dung vi dleu
khién Arduino, cam bién dong ACS712, mach diéu khién MOSFET va man hinh LCD, cling phan mém
mo phong trén MATLAB/Simulink. M6 hinh dugc dénh gia trong ba diéu kién birc xa nh sang va tai dién
khéc nhau nham kiém chimg kha ning thich nghi va 6n dinh cta hé théng. Két qua mo phong va thuc
nghiém cho thay hé thong phan timg nhanh trudc cac bién dong moi trudng; trong thir nghiém véi tim pin
dinh mtrc 50 W, cong suat dau ra do dugc dat 19,45-20,66 W & diéu kién chiéu sang khao sat, minh chimg
cho kha ning tmg dung thuc tién ctia thuat toan INC. Ngoai ra, thuat toan INC thé hién wu thé vuot troi so
v6i cac phuong phap MPPT truyén théng nhu P&O (Perturb and Observe) trong viée giam dao dong cong
sudt, thoi gian hoi tu nhanh hon va nang cao d6 chinh xé4c khi x4c dinh diém MPP phu hop cho céc tmg
dung nang lugng tai tao quy mo nho.

Tir khéa: Diém cong sudt cuc dai (MPPT), dién dan gia ting (INC), ACS712, diém cong suat cuc dai
(MPP), pin mat troi.

1. MO PAU

Trong bbi canh nhu cdu ning lugng toan cau ngdy cang gia ting cung v&i nhitng thach thirc vé
bién d6i khi hau va 6 nhiém méi truong, cac ngudn nang luong tai tao nhu nang lugng mat troi dang
ngdy cang duoc quan tim va du tu phat trién. Nang luong mit trdi ¢6 vu diém ndi bat 1a sach, khong
gdy phat thai khi nha kinh va c6 kha nang khai thac lau dai, déc biét phu hop voi diéu kién khi hau tai
nhiéu qudc gia c6 cudng do bire xa cao quanh nam. Tuy nhién, hi¢u suét chuyen dbi nang luong tir bire
Xa mit troi thanh dién ning van con nhiéu han che do sy bién thién khong on dinh ctia diéu kién moi
truong nhu anh sang va nhiét do. De khic phuc van de ndy, cac ky thuat theo ddi diém cong sut cuc
dai MPPT da dugc phat trién nham ti wu hoa cong suat dau ra ctia tim pin mit troi.

Mot s6 nghién ciru tiéu biéu tir giai doan gan day [1-7] lién quan dén trlen khai thuét toan MPPT
va diéu khién hé thdng nang luong mat troi. Trong [1], bai béo trinh bay tong quan cac phuong phap
didu khién MPPT trong hé PV, v&i thuc nghiém trén bén thuét toan tich hop bo bién ddi boost. Mang
no-ron nhan tao (ANN) tao tham chiéu cong sudt cyc dai theo birc xa va nhiét do, hd tro didu khién
SMC (sliding mode controller), FLC (fuzzy logic controller) va MPC (model predictive control). Ket
qué cho thdy mdi phuong phap c6 uu nhuoc diém riéng tiy theo diéu kién phan cing va phan mém.
Trong nghién ctru [2], tac gia dé xuat mot thuat toan MPPT cai tién, trong d6 budc didu khién duoc didu
chinh linh hoat theo d6 dbc ctia dic tuyén cong suat-dién ap (P-V) nhém xéc dinh chu ky xung t6i uu.
Thuat toan két hop phuong phap INC véi logic mo, gitp cai thién hiéu suét thu nang luong va giam dao
dong quanh diém cong suét cyc dai. Két qua mo phong xac nhén tinh hiéu qua cua phuong phap e
Xuét. Trong [3], tac gia d8é xuat thiét ké bo diéu khlen sac nang luong mat trdi chi phi thap st dung
Arduino Nano va cam bién tiéu chudn. Hé thong gdm tAm pin mat troi, bd chuyén déi DC-DC, pin luu
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trir va mach MPPT. Thuét toan MPPT diéu chinh chu ky xung theo tai nham t6i uvu cong sut. Két qua
cho thay h¢ thdng diéu khién hi¢u qua, duy tri hoat dong gan diém cong suat cyuc dai. Nghién ctru [4]
dé xuat phuong phap MPPT méi két hgp mang no-ron nhéan tao va thuat toan quét nham xac dinh diém
cong suat cuc dai toan cuc trong diéu kién chiéu sang khong dong déu. Mo hinh duge mo phong trong
MATLAB/Simulink va so sanh véi cac thuét toan PO&GS (perturb and observe and global scanning)
va FLE (fuzzy logic estimator), cho thiy phuong phap dé xuét dat hi¢u suit cao va thoi gian dap ung
nhanh trong viéc theo ddi MPP. Trong nghién ctru [5], tac gia dé xuit bo diéu khién sac nang lugng mat
troi sir dung Arduino tich hgp thuat toan MPPT, huéng dén nang cao hiéu suat cho hé thong PV cong
suat 1on. Mach str dung LM7815 va transistor 2SC5200 d¢é diéu khién 4p va dong, hd tro tai dén 60 A.
H¢ thong c6 chi phi thap, phi hop cho tmg dung doc 1ap va cho thay hi¢u suit cao ciing d tin ciy qua
thuc nghiém. Nghién ctru [6] gidi thi¢u thuat toan MPPT P&O cai thién hiéu sudt hé théng PV. Vi diéu
khién ATMEGA328 diéu khién PWM qua bd Buck-Boost dé giit dién ap dau ra 6n dinh. Giai phap chi
phi thap, tdi uu chuyén d6i DC-AC cho thiét bi gia dung. Trong [7], tic gia d4 tong quan cac k¥ thuat
MPPT trong hé théng quang dién dén ndm 2012, phan loai dya trén bién diéu khién, chién lugc va cau
trac mach. Nghién ciru nham hd tro Iya chon phuong phéap phu hop, cung cap tai liéu tham khao toan
dién cho tmg dung va phat trién MPPT trong tuong lai. Cac nghién ctru nay déu c6 chung mot muc dich
1a hudng den viéc cai thién kha néng theo doi diém cong suét cyc dai trong cac diéu kién hoat dong bién
dbi, bao gom su thay dbi tai va chiéu sang khong ddng déu, thong qua viéc két hop cac phuong phap
diéu khién truyén thong véi cac k¥ thuat tién tién nhu logic mo, mang no-ron nhan tao va bién ddi budc
diéu khién. Ngoai ra, cac nghién ciru déu chu trong phat trién cac giai phap diéu khién chi phi thap, d&
trién khai thyc nghiém trén nén tang vi diéu khién phd bién nhu Arduino hoic ATMEGA, dong thoi
dam béo tinh 6n dinh va hiéu qua trong thuc té.

Bai bao tép trung vao thiét ké mo hinh va trién khai thuét toan MPPT st dung phuong phap INC
trong diéu khién ning luong mat troi, bao gdm phan ctng thuc nghiém va phan mém moé phong. Phan
mém duoc xdy dung trong moi truong MATLAB/Simulink v6i muc tiéu danh gia kha nang theo doi
dlem cong suét cuc dai trong cac diéu kién chiéu sang va tai thay d6i. Phan clng dugc trién khai trén
nén tang vi diéu khién Arduino, tich hop véi cam bién dong ACS712, mach diéu khién MOSFET va
man hinh LCD dé hién thye hoa viée do luong, tinh todn va diéu khién cong suét theo thoi gian thyc.
Céu triic bai bdo gdbm 4 phan: phan 1 - d4t vin dé. Phan 2 - xay dung va mo phong hé thong didu khién
nang lugng mat troi trén MATLAB/Simulink. Phan 3 - trinh bay mo hinh phan cting va danh gia hoat
dong cua hé théng didu khién nang lugng mit troi. Cudi cung 13 phan két ludn va tai liéu tham khéo.

2. THIET KE VA MO PHONG HE THONG PIEU KHIEN NANG LUQNG PIEN MAT TROI

2.1. So' d6 khdi hé thong didu khién niing lweng dién mit troi

Pin Mt o LoD
Troi
Vi Didu Mosfet
y Khién 1 ewMm
Cam bién 1
déng
Tai

Hinh 1. So 6 khbi hé théng diéu khién ning lugng dién mit troi

Hinh 1 trinh bay so db khdi ciia mot hé thong diéu khién dong dién st dung nguon nang lugng tur
pin mit troi, tich hop cam bién dong va vi dleu khién dé giam sat va didu chinh cong suét cung cip cho
tai. Nguon dién mot chiéu duoc tao ra tur thm pin mat trdi s€ di qua cam bién dong va gia tri do dong
dién s& dugc gui vé vi diéu khién. Vi diéu khién s& thu thap gié tri do, xtr Iy va diéu khién mot transistor
cong sudt MOSFET thong qua ky thuat diéu ché d6 rong xung PWM (Pulse Width Modulation), cho
phép diéu chinh cong suét cung cap dén tai theo thoi gian thue. Bén canh do, vi diéu khién clng truyen
dir lidu hién thi dén man hinh LCD nhdm cung cép thong tin trang thai hoat dong ctia hé thong. Kién
trac diéu khién vong kin nay khong chi dam bao kha ning giam sat va phan hoi linh hoat ma con 1a nén
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tang phu hop cho viée tich hop cac thuat toan diéu khién tién tién nhu MPPT, gop phan nang cao higu
suét chuyén ddi va khai thac t6i da nang lugng tir birc xa mat troi.

2.2. Thuit to4n din dién gia ting (INC)

(k)& I(k)

AT =I(k)-I(k-1)
AV =V (k) -V (k—1)

| D(n)=D(n-1)+AD | | D(n)=D(n-1)-AD | | D(m=D(n-1)+AD | | D(n)=D(n-1)—-AD |

- ]

Ik =I(k-1)

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

Hinh 2. Luu d6 thudt toan dién dan gia tang (INC)

Hinh 2 mé ta so d6 thuat toan INC sau khi duoc hiéu chinh dé cai thién do chinh xéc trong viéc
xac dinh vi tri MPP va on dinh hé thong trong diéu kién thay doi birc xa mat troi hoac nhiét d6 moi
truong [8].

Thuit to4n bt dau bang viéc lay mau dién 4p va dong dién tirc thoi cia mo-dun PV tai thoi diém
hién tai, ky hiéu la V(k) va I(k). Sau d6 tinh toan sy thay doi cua dong dién va dién ap dugc trinh bay
nhu sau:

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

Trong d6: AI 1a bién thién dong dién, I(k) 1a dong dién tai thoi diém hién tai (chu ky hién tai) va
I(k—1) 1a dong dién tai thoi diém trude d6 (chu ky trudc). AV 1a bién thién dién ap, V(k) 1a dién ap tai
thoi diém hién tai va V(k—1) 1a dién p tai chu ky trude.

Viée xac dinh MPP dugc thyc hién thong qua phén tich dao ham gan dang clia cong sut theo dién
ap, bang cach so sanh din suat gia ting % v6i dao ham tirc thoi —% va duoc so sanh qua ba truong
hop sau [9]:

Truong hop 1: % = —é thi hé théng dang hoat dong tai diém cong sut cyc dai, do do khong
can thay ddi tin hiéu diéu khién.

Truong hop 2: Néu % > —é thi hé théng dang hoat dong bén trai MPP trén dudng dic tuyén
cong suét, can tang chu ky xung D dé giam dién ap va tién vé MPP.
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Trudng hop 3: Nguoc lai, néu % < —é thi hé thong nam bén phai MPP, can giam chu ky xung

D d¢é tang dién ap va dat MPP.

Trong trudng hop AV =0, tirc dién ap khong thay ddi, thudt toan xét tiép dén bién thién dong dién
Al @ dua ra quyét dinh. Néu A7 =0, khong can diéu chinh vi hé théng dang & MPP. Néu A7 > 0, thut
toan s& ting chu ky xung; néu A7 <0, chu ky xung s& bi giam. Nh¢ vao cac diéu kién phan nhanh chit
ché nay, thuat toan INC co thé diéu chinh diém lam viéc ctia hé théng vé MPP mét cach 6n dinh va chinh
xé4c hon so véi cac phuong phap truyén théng nhu P&O [10]. Sau khi quyét dinh thay d6i chu ky xung
D(n) = D(n—1)+ AD , hé thng cp nht lai gia tri dién 4p va dong dién hién tai dé phuc vu cho chu ky
diéu khién tiép theo. Luu d0 giai thuat diéu khién trong Hinh 2 khong chi d¢am bao theo dbi chinh xac
diém MPP ma con c6 kha ning phan tmg nhanh véi sy thay d6i nhanh chong cta diéu kién moi truong,
ddng thoi giam hién tuong dao dong quanh MPP khi hé thong di dat trang thai 6n dinh.

2.3. M6 phéng hé thong ning lwgng dié¢n mit troi trén Simulink/MATLAB

M6 hinh MATLAB/Simulink sir dung mo-dun Zytech Solar ZT145P c6 cong sudt tai MPP la
144,8 W & nhiét do tiéu chuén 25 °C, véi cac thong sé dugce trinh bay trong Bang 1. M6-dun nay duoc
sir dung cho mé phong, trong khi hé thdng thuc nghiém tai muc 3 sir dung tim pin c6 cong suét dinh
murc 50 W.

Badng 1. Thong sb md phong hé théng

T4m pin Zytech Solar ZT145P
S6 lugng ghép ndi tiép 1 module
S6 lugng ghép song song 1 chubi
Cong suét tai MPP 144,8 W
Dién ap tai MPP 18,1V
Dong tai MPP 8 A
Dbién ap ho mach V. 22,6V
Dong dién ngén mach /. 8,58
Polt2
=he
Discrete P pv
0.0001s. 1 Poh

powergui @
VA D >{ D P @
1A

VApﬂe\‘

1aprevine
Dprev Do

INC MPPT

i
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Hinh 3. M0 hinh pin nang lugng mat troi st dung thuat toan INC

Hinh 3 m6 ta mé hinh mé phong hé thong diéu khién thu nang lugng tir pin mat troi trén nén tang
MATLAB/Simulink, st dung thuat toan MPPT theo phwong phap INC dé t6i wu hoa cong suét. Hé
thong gom céc khdi do dién ap, dong dién, thuat toan MPPT, b tao xung PWM va bg bién d6i DC-DC.
Thuat toan INC dleu chinh tin hiéu PWM nham diéu khién MOSFET, gitip hé thong duy tri hoat dong
tai diém cong sudt cyc dai. M6 hinh cho phép danh gia hiéu qua diéu khién trong cac diéu kién méi
truong thay doi.

Array type: Zytech Solar ZT145P;
1 series modules; 1 parallel strings
T T
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i
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<
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@
5 0.5 kWim?
O 4
2 2
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0 . L 4 T \
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Voltage (V)
T T
150
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)
g 0:5KkW/m?
Q. \
50
O-+kW/m?
0¢ =X >
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Voltage (V)

Hinh 4. Dic tuyén dap ung ctia pin mit troi

Hinh 4 mé ta dic tinh cong suét ctia tAim pin mit troi Zytech Solar ZT145P dudi ba murc birc xa
khac nhau. Cu the dudng cong mau dé twong tmg v6i muc birc xa cao nhit (1 kW/m?), cho thdy cong
suét cuc dai dat xap xi 144,8 W. Puong cong mau xanh phia trén biéu thi cong suat giam xuong khoang
50% khi cuong do birc xa giam, trong khi duong cong mau xanh phia dudi cho thdy cong suét rat thip
tmg véi diéu kién birc xa yéu. Dya vao cac dic tinh, ¢ thé nhan thdy rang khi birc xa mit troi giam,
dong dién va cong suat phat giam déng ké, trong khi dién 4p ho mach V. chi thay d6i khong dang ké.
Do d6, cong suét t6i da ma pin mat troi ¢ thé cung cap phu thudce chi yéu vao mirc bire xa va dat gia
tri 16n nhét khi birc xa & murc cao nhét.

He¢ thng diéu khién thu ning lugng mat troi, dugc tich hop thuét toan MPPT st dung phuong
phap INC, dugc m6 phong trong ba kich ban khac nhau véi cac diéu kién buc xa (Ir) va gid tri tai thay
d6i. Cac két qua dugc thé hién qua cac d6 thi dong dién, dién p va cong suét tai dau ra tai.

Trudng hop 1: Birc xa Ir= 100 W /m’
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Hinh 6. Dap tng cua hé théng vai bire xa Ir = 100 W / m? vdi tai 30 Q

Pap tmg diu ra ¢ Hinh 5 va Hinh 6 cho thdy ¢ mirc birc xa thip (Ir =100 W /m’ ) dong dién dau
ra thip va cong suit thu duoc ciing han ché. Khi gia tri tai dugc thay doi tir 20 Q 1én 30 Q, hé thong
diéu khién ty dong diu chinh dién 4p dau ra dé dam bao cong sudt thu dugc van tiém can diém cuc dai
trong diéu kién gi6i han vé birc xa. Piéu nay thé hién kha nang thich tmg cia thuat toan MPPT trong
diéu kién 4nh sang yéu.

Trudng hop 2: Birc xa Ir = 500 W/ m’

o 7] ; o T

Ready |Scmpe Sazed [T-1 000

Hinh 7. Dap (mg ctia hé théng véi birc xa Ir = 500 W / m?® v6i tai 20 Q
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Hinh 8. Bap ung cua h¢ théng vai bue xa Ir =500 W / m? véi tai 50 Q

Tai muc birc xa trung binh (Ir = 500 W/m2), cac dap tng cho thiy cong suit dau ra ting rd rét
(Hinh 7 va Hinh 8). Khi gia tri tai dugc thay dbi tir 20 Q 1én 50 €, thuat toan MPPT van dam bao réng
dién ap dau ra duoc diéu chinh phu hop dé duy tri hoat ddng gan diém cong suat cuc dai (MPP). Diéu
ndy cho thdy hiéu qua diéu khién 6n dinh cta bo diéu chinh DC-DC dudi anh hudong cia thay doi tai va
diéu kién méi truong.

Trudng hop 3: Birc xa Ir= 1000 W /m’

I

R A e L A L S L e R O A L T
Jotetd id

Hinh 9. Dap tng ctia hé théng v6i bire xa Ir = 1000 W / m? v&i tai 20 Q

1 |

Resty Sunghe based 121600

Hinh 10. Bap tng cua hé thong véi bire xa Ir = 1000 W / m? véi tai 50 Q

O mirc buc xa cao nhat (Ir = 1000 W/m?), dap ting déu ra cho théy hé théng dat cong sut cuc dai
gan véi thong s6 dinh mirc ctia tim pin Zytech ZT145P (~145 W) (Hinh 9 va Hinh 10). Su thay ddi tai
khong 1am suy giam dang ké cong sudt dau ra, cho thiy kha ning phan tmg nhanh va 6n dinh cta thuat
toan MPPT INC trong viéc theo doi va duy tri MPP.

Két qua mo phong cho thay hé thong diéu khién pin nang luong mit troi sir dung thuat toan MPPT
theo phuong phap dién dan gia ting c6 kha ning thich nghi hiéu qua trudc sy thay ddi cua cuong do
blic xa mit troi va tai dién. Trong cac truong hop khao sat, dién ap dau ra dwoc diéu chinh cha dong
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nham duy tri hoat dong g'?m diém cong suét cuc dai, thé hién do chinh x4c va tinh dn dinh cao cta thuét
toan INC trong viéc t6i wu hoa cong sudt thu tir tim pin. Cong sudt mé phong thu dugc co do tuong
ddng cao véi dic tinh Iy thuyét cua tim pin Zytech ZT145P, khang dinh do tin cdy cia md hinh va tinh
kha thi trong tmg dung thyc té. Phan tich dap timg hé thong cho thdy kha nang duy tri 6n dinh & cac mirc
bire xa khéc nhau ma khong gay ra hién tuwong vuot mirc dang ké. Tuy nhién, tai cac thoi diém chuyén
tiép nhu khi tai thay d6i dot ngdt, xuét hién dao dong nho quanh MPP do hién twong "hunting", bit
ngudn tir giéi han d6 phan giai ADC va sai s6 do, anh huéng dén do 6n dinh cua diéu khién PWM

3. HOAN THIEN MO HINH VA PANH GIA HOAT PONG HE THONG

3.1. Hoan thién mé hinh

Hinh 12. Mach in va mé hinh phan cting ctia hé théng diéu khién pin mat troi

Hé¢ thong diéu khién pin nang lugng mit troi duge mo ta trong Hinh 11 sir dung Arduino lam bo
xtt 1y trung tim, thu thap tin hiéu dong va ap tir cam bién ACS712 va bd chia dién ap dé tinh cong suit
tiéu thu. Arduino thyc hién diéu khién cong suét theo thoi gian thuc thong qua tin hiéu PWM diéu khién
MOSFET (Q1), diéu chinh ning lugng cap cho tai. Man hinh LCD hién thi dién 4p, dong dién va cong
sudt tte thoi phuc vu giam sat. Hiéu sudt diéu khién phu thude dang ké vao do chinh xac ciia cam bién
va d6 phan giai ADC. Cam bién ACS712 chiu anh hudng cua nhidu dién tir va nhiét do, trong khi ADC
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10-bit cua Arduino (d6 phéan giai ~4,9 mV/bit) han ché kha nang do tin hiéu nho, l1am giam do chinh
xdc cua thuat toan MPPT INC va c6 thé gdy dao dong quanh diém cong suat cyc dai. Hinh 12 trinh bay
thiét ké mach in va mé hinh phan cing ctia h¢ thong dicu khién pin mat troi.

3.2. Két qua hoat dong mé hinh

Hinh 13 va 14 trinh bay két qua thyc nghiém cua hé thong thu va diéu khién cong sut - nang luong
mit troi trén nén tang phan cimg thyc t&. Quan sat thyc nghiém cho thay hé thong phan hoi tbt véi su
thay ddi cua cuong do birc xa mit troi, khi dién ap va dong dién thay d6i, mach diéu khién tu dong didu
chinh d¢ rong xung PWM dé duy tri cong suit dau ra gan diém t6i vu. Két qua thuc nghiém nhit quan
v6i md phong trong MATLAB/Simulink, khang dinh tinh kha thi va hi¢u qua cia mo hinh trong ting
dung thuc té cho cac hé théng ning luong tdi tao quy md nho. Bang 2 trinh bay so sanh két qua thuc
nghiém ¢ cung mot cuong do sang (do diéu kién thuc nghiém khong c6 may do cuong do sang).

Hinh 14. Mot s6 hoat dong thuc nghiém mo hinh

Bang 2. Két qua thuc nghiém véi tim pin 50 W & cung diéu kién chiéu sang

STT | Pién tro tai | Dién 4p (V) | Dongdién Cong suat thudCong suat MPP 1| Hiéu sudt | PWM Duty
Q) (A) nghiém (W) thuyet (W) (%) Cycle (%)
1 25Q 25,5 0,81 20,6 50,0 413 75
2 50 Q 32,0 0,62 19,8 50,0 39,7 68
3 100 Q 442 0,44 19,4 50,0 38,9 62

Bang 2 trinh bay két qua thyc nghiém cta hé thdng trong diéu kién chiéu sang khong ddi véi ba
gia tri dién tro tai (25 €, 50 Q va 100 Q). Cong sudt dau ra dugc tinh lai theo P = VI, lan luot dat 20,66
W, 19,84 W va 19,45 W. So v6i cong suat dinh mirc 50 W ciia tim pin thuc nghiém, céc gia tri ndy
tuong mg 41,3%, 39,7% va 38,9%. Cac ty 1& nay phan anh murc cong suét khai thac dugc trong diéu
kién do cu thé, khong dwoc ddng nhét voi hiéu suat theo ddi MPPT vi thi nghiém khong ghi nhan dong
thoi cong sudt MPP kha dung dudi birc xa va nhiét do thuc té. Bén canh do, tin hiéu diéu khién PWM
tir vi diéu khién Arduino thay d6i twong tmg voi timg gia tri tai, véi do rong xung giam dan tir 75%
xudng 62% khi dién tré tai ting. Sy thay doi nay thé hién phan tng thich nghi ciia hé théng nham duy
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tri mirc cong suét tbi wu tai dau ra. Nhin chung, cac két qua thuc nghiém cho thiy tinh 6n dinh va hi¢u
qua cta h¢ thong trong viéc theo doi va khai thac cong suét cyc dai tir pin mit troi, dong thoi khang
dinh kha nang trién khai thyc té cho cac g dung ning lugng tai tao quy mé nho.

Dé khao sat kha nang phan tmg ctia hé théng diéu khién theo sy thay doi chiéu sdng trong ngay, cac
phép do dugc thyc hién trong khoang khao sat 6 gio, tir 08:00 dén 14:00, tai ba thoi diém dic trung: 08
gio sang (anh sang yéu), 12 gio trua (bue xa cuc dai), va 14 gio chiéu (4nh sang giam dan). Tai mdi thoi
dlem dién tro6 tai duoc gitr c6 dinh ¢ mure 50 Q nham loai trir anh hudng cua bién thién tai, va cac thong
s6 dién ap, dong dién, cong suat dau ra va chu ky PWM duoc ghi nhan. Két qua cho thiy hé thong dat
cong suat thip nhét vao luc 08 gio sang voi 11,05 W, phan anh ding diéu kién birc xa yéu; trong khi tai
thoi diém 12 gid trua, cong sudt dat 29,94 W, twong tmg 59,89% cong suat dinh mirc 50 W ciia tim pin
trong diéu kién burc xa thuc té chua dugc do truc tiép. Cac ty 1€ cong suit do duoc so véi dinh mirc tai
08:00, 12:00 va 14:00 lan luot 1a 22,09%, 59,89% va 48,58%; day khong phai 1a hi¢u suat MPPT. Tai 14
gio chidu, cong sudt giam nhe xudng con 24,29 W, phan anh sy suy giam cuong do chiéu sang cudi budi
trwa. Chu ky PWM duoc didu chinh linh hoat trong dai tir 58% dén 72%, phui hop véi cong suat va dong
dién dau ra tai timg thoi diém. Hé thong phan hdi nhanh, dic biét tai thoi diém 12 gio trua, véi thoi gian
diéu chinh 6n dinh <1 gidy, trong khi thdi gian phan tng vao budi sang la 1-2 gidy do mirc tin hi¢u dau
vao thap hon. Khong xuét hién dao dong 16n quanh diém cong suét cuc dai, cho thay thuét toan INC da
phat huy hiéu qua trong viéc diéu chinh diém lam viéc theo thoi gian thuc. Cac két qua thi nghiém cho
thy h¢ thong duy tri dap tmg 6n dinh va diéu chinh nhanh tai ba thoi diém khao sat, qua d6 nang cao tinh
thyc tién va do tin cdy cua md hinh didu khién ning luong mit trdi st dung thudt toan INC. Bang 3 va
Hinh 15 trinh bay két qua do thuc nghiém hé théng diéu khién ning luong mat troi tai ba thoi diém dién
hinh trong ngay véi tai ¢ dinh.

Bdng 3. Két qua do v&i tAm pin 50 W tai ba thoi diém trong khoang 08:00-14:00 va tai ¢6 dinh

Thoi | Cuongdd | Diéntré | Diéndp |Dong dién|Cong sudt | PWM duty | Ghi cha phan tng hé théng
diém burc xa tai (Q) %) (A) ) cycle (%)

. £ Hé théng phan img chdm
8:00 Thap 50 23,5 0,47 11,05 58 nhe, én dinh sau ~1-2 s
12:00 | Cao 50 39,4 076 | 2994 72 Phan {mg rat nhanh, cong

suat dat gan cuc dai
14:00 |Trung binh| 50 34,7 0,70 24,29 68 Phan tmg on dinh, gidm
cong suat nhe theo buc xa

Dap dng hé théng diéu khién nang lugng mat trdi theo thai diém trong ngay

Dign ap (V)

Gia trj do

08:00 12:00 14:00
Thai diém
Hinh 15. Dap (g h¢ théng diéu khién ning lrgng mit troi
tai ba thoi diém trong ngay (08:00, 12:00, 14:00) v6i tai co dinh

Dé danh gi4 hiéu qua thuat toan MPPT sir dung phuong phap dién din gia tang (INC) so véi
phuong phap truyén théng P&O, bang so sanh dugc xdy dung dua trén két qua thyc nghiém trong nghién
clru nay va cac nghién ctru nbi bat tir nam 2007 dén nam 2016 [6], [7], [8], theo ba tiéu chi: thoi gian
hoi tu, dao dong cong suat quanh MPP va hiédu suét toan hé thong. Bang 4 trinh bay So sanh dinh luong
gitta thudt toan INC va P&O.
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Bang 4. So sanh dinh lugng gilra thuat toan INC va P&O

Tiéu chi danh gia Nghién ciru nay (INC) | Nghién ctu [6-8] (P&O) Ut thé INC
Thoi gian hoi tu 0,1-0,2 giay 0,3-0,5 giay Nhanh hon khoang 40-60%
Dao déng cong suit 1-2% quanh MPP 5-10% quanh MPP Giam dao dong 3-5 lan
Mirc cong suat thuc nghiém 38,90%—41,3 1% (khong| Khong so sanh truc tiép | Cin do cong suit MPP kha
so voi dinh muic phai hiéu suat MPPT) dung trong cung diéu kién

Két qua trong Bang 4 cho thay INC c6 thoi gian hoi tu va mic dao dong cong suat thuan loi hon
chc gia tri P&O dugc tong hop tir [6]-[8]. Tuy nhién, ty 1¢ cong suat dau ra so v6i cong suat dinh muc
trong nghién ctru nay khong phai 1a hiu sudt MPPT va khong thé so sanh truc tiép vé6i hiéu suat ciia
P&O khi diéu kién birc xa, nhiét d6 va cdu hinh phﬁn cung khac nhau. Thoi gian héi tu dugce ghi nhan
& mirc 0,1-0,2 gidy va dao dong cong suat khoang 1-2% quanh diém lam viéc trong diéu kién khao sét.
Céc két qua nay phan anh kha nang theo doi MPP chinh xac, 6n dinh va nhanh chéng cta INC nho vao
co ché danh gia dao ham tirc thoi thay vi diéu khién nhiéu loan. Do d6, INC 14 lva chon tdi wu cho cac
hé thdng ning luong mat troi quy mo nho, dic biét trong diéu kién chiéu sang va tai bién ddi, voi wu
diém ndi bat vé hiéu qua nang lwong va tinh kha thi trong trién khai thuc té.

4. KET LUAN

Bai bao da trinh bay thanh cong mot hé thdng diéu khién nang lugng mat troi ing dung thuat toan
MPPT theo phuong phap dién dan gia ting (INC), tich hop ca m6 hinh phan cling va phan mém mé
phong. Két qua mo phong va thuc nghiém cho thay hé thong co kha nang phan hoi hidu qua véi cac
bién thién ciia birc xa mait troi va tai dién, duy tri dap ng 6n dinh; cong suat thuc nghiém dat 19 45-
20,66 W véi tAm pin dinh muc 50 W trong diéu kién chiéu sang khao sat. So voi cac thudt toan truyen
thdng nhu P&O, phuong phap INC khic phuc duoc hién tuong dao dong cong sudt va rt ngan thoi
gian hoi ty, dong thoi co kha nang phan ung tot v6i su thay doi dot ngdt ciia birc xa va tai. Viée ung
dung nén tang Arduino gitp hé thong co chi phi thip va d& dang trién khai trong thuc té. Két qua nghién
ctru 14 co s6 kha thi dé phat trién cac hé thong niang lugng tai tao thong minh, thich Gng véi diéu kién
mdi trudng thyc té, dac biét pht hop véi cac mé hinh nha kinh hodc ving nong nghiép st dung ning
luong mat troi.

Trong tuong lai, viéc tich hop cac thuat toan didu khién thong minh sir dung tri tué nhan tao (AI)
hodc hoc may (Machine Learning - ML) nhdm nang cao kha ning du doan, ty t6i wu tham sé va thich
nghi v6i moi truong thay ddi nhanh. Pong thoi, viéc két hop hé thong luu trir ning lugng (pin lithium,
siéu tu) gitp 6n dinh ngudn dau ra va tang tinh linh hoat cho hé thong trong diéu kién birc xa khong lién
tuc. Ngoai ra, ing dung cong nghé ToT vao giam sat tir xa va diéu khién thoi gian thuc sé tao tién dé
phat trién cic mo hinh nha thong minh va ludi dién phéan tan bén viing.

TAI LIEU THAM KHAO

[1] M. Derbeli, C. Napole, O. Barambones, J. Sanchez, I. Calvo, and P. Fernandez-Bustamante,
“Maximum power point tracking techniques for photovoltaic panel: A review and experimental
applications,”  Energies, vol. 14, mno. 22, Art. no. 7806, 2021, doi:
https://doi.org/10.3390/en14227806

[2] H. Abbes, H. Abid, and K. Loukil, “An improved MPPT incremental conductance algorithm

using T-S fuzzy system for photovoltaic panel,” International Journal of Renewable Energy
Research, vol. 5, pp. 160-167, 2015, https://izlik.org/JA48DX73BY

[3] B. Abdelilah, A. Mouna, N. Kouider M’Sirdi, and A. El Hossain, “Implementation of maximum
power point tracking (MPPT) solar charge controller using Arduino,” /OP Conference Series:
Materials Science and Engineering, vol. 353, Art. no. 012024, 2018, doi:
https://doi.org/10.1088/1757-899X/353/1/012024

[4] L. Bouselham, M. Hajji, B. Hajji, and H. Bouali, “A new MPPT-based ANN for photovoltaic
system under partial shading conditions,” Energy Procedia, vol. 111, pp. 924-933, 2017, doi:
https://doi.org/10.1016/j.egypro.2017.03.255

146



Thiét ké va hoan thién hé théng diéu khién nang luong mat tri (ing dung thuét toén dién dén gia tang...

[5] M. B. Olajide, S. Adeyoye, K. Otesile, D. S. Kuponiyi, and C. S. Odeyemi, “Design and
implementation of an Arduino-based MPPT solar charge controller,” NIU Journal of
Humanities, vol. 9, pp. 51-60, 2024, doi: https://doi.org/10.58709/niujhu.v9i4.2049

[6] U. U. Khan, M. Raheem, S. Ata, and Z. H. Khan, “Design and implementation of a low-cost
MPPT controller for solar PV system,” in Proc. 10th IEEE Int. Conf. Open Source Systems and
Technologies (ICOSST), Lahore, Pakistan, 2016, doi:
https://doi.org/10.1109/ICOSST.2016.7838594

[7] B. Subudhi and R. Pradhan, “A comparative study on maximum power point tracking
techniques for photovoltaic power systems,” IEEE Trans. Sustain. Energy, vol. 4, no. 1, pp. 89-
98, 2013, doi: https://doi.org/10.1109/TSTE.2012.2202294

[8] T. Esram and P. L. Chapman, “Comparison of photovoltaic array maximum power point
tracking techniques,” IEEE Trans. Energy Convers., vol. 22, no. 2, pp. 439-449, 2007, doi:
https://doi.org/10.1109/TEC.2006.874230

[9] V. Salas, E. Olias, A. Barrado, and A. Lazaro, “Review of the maximum power point tracking
algorithms for stand-alone photovoltaic systems,” Sol. Energy Mater. Sol. Cells, vol. 90, no. 11,
pp- 1555-1578, 2006, doi: https://doi.org/10.1016/j.solmat.2005.10.023

[10] H. Patel and V. Agarwal, “MATLAB-based modeling to study the effects of partial shading on
PV array characteristics,” IEEE Trans. Energy Convers., vol. 23, no. 1, pp. 302-310, 2008, doi:
https://doi.org/10.1109/TEC.2007.914308

ABSTRACT

DESIGN AND IMPLEMENTATION OF A SOLAR POWER CONTROL SYSTEM USING
INCREMENTAL CONDUCTANCE MPPT ALGORITHM ON ARDUINO PLATFORM

Nguyen Thi Ngoc Thao!, Vo Van An**
'Binh Duong Economics and Technology University
’Thu Dau Mot University

"Email: anvw@tdmu.edu.vn

The article presents the process of designing and implementing a solar power control system that
integrates the Maximum Power Point Tracking (MPPT) algorithm using the Incremental Conductance
(INC) method. The system includes hardware that utilizes an Arduino microcontroller, an ACS712
current sensor, a MOSFET control circuit, and an LCD screen, along with simulation software in
MATLAB/Simulink. The model is evaluated under three different light radiation conditions and
electrical loads to verify the system's adaptability and stability. Simulation and experimental results
show that the system responds quickly to environmental fluctuations; in tests with a 50 W-rated panel,
the measured output power ranged from 19.45 to 20.66 W under the surveyed lighting conditions,
demonstrating the practical applicability of the INC algorithm. Additionally, the INC algorithm offers
significant advantages over traditional MPPT methods, such as Perturb and Observe (P&O), in reducing
power fluctuations, achieving faster convergence, and improving MPP identification accuracy, making
it suitable for small-scale renewable energy applications.

Keywords: Maximum power point tracking (MPPT), incremental conductance (INC), ACS712,
maximum power point (MPP), solar panel.
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