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ABSTRACT

Using solar energy in aquaculture is one of the encouraged solutions in
sustainable development. This paper aims to introduce and provide a method
of implementing the algorithm to detect and track the maximum power point
of photovoltaic panels (solar panels) based on the conductivity of the panel
(Incremental Conductance Maximum Power Point Tracking - Ind. Cond.
MPPT). This is an important part of creating a basis for deploying solar
energy in aquaculture ponds, especially addressing the energy needs of the
paddle wheel aerator for shrimp ponds (for oxygen supply and water stirring),
because it helps maximize the extracted energy from solar panels. Based on
the theory of the electrical model of the photovoltaic panel, the Incremental
Conductance algorithm is implemented in the interleaved boost DC-DC
converter topology controlled by a programmable digital controller
(STM32F1 microcontroller unit). The results of the implementation show that
the voltage at the maximum power point of the panel array is always stably
maintained, the extracted power is controlled to track the maximum available
power of the panel array, the system with the Ind. Cond. The MPPT algorithm
is stable and does not get stuck into the transfer characteristic transient
region of the DC-DC converter.

TOM TAT

Sit dung nang heong mdt troi trong nudi trong thity san la giai phap phat trién
bén viing ma nha nudc dang khuyen khich. Bdi bdo ndy nham muc tiéu gioi
thiéu va cung cap phwong phap trién khai giai thudt do tim va bam theo diém
cong sudt ciee dai ciia tam pin quang dién (tdm pin ndng heong mdt troi) dya
trén do dién dén cua tam pin (giai thudt Incremental Conductance Maximum
Power Point Tracking — Ind. Cond. MPPT). Ddy la phdn quan trong dé tao
co so trlen khai sir dyng nang heong mat troi trong cdc ao nudi, ddc biét la
gidi quyet nhu cdau vé nang lwong cho cac dan quat nuwde ao tom (diing cho
cung cap oxy va ddo mirde trong ao), vi né gitip khai théc t6i da nguon nang
lwong tir tam pin nang heong mdt troi. Dua trén co sé Iy thuyét vé mo hinh
clia tam pin quang dién, gidi thudt Incremental Conductance durgc trién khai
trong cau hinh mach chuyen doi dién ap DC-DC kiéu boost xen ké dwoc diéu
khién boi bg diéu khién ky thudt sé kha trinh (vi dzeu khién STM32F1). Két
qua trlen khai cho thdy dién dp tai diém cong sudt cyc dai cia hé pin duwoc
duy tri 6n dinh, cong sudt trich xudt dwoc diéu khién bam theo cong sudt kha
dung 16i da ciia hé cac tdm pin, hé tho”hg voi gidi thudt Ind. Cond. MPPT hoat
ddéng on dinh va khéng roi vao ving thay déi dic tinh truyén ciia bg bién doi
DC-DC.
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1. GIOI THIEU

Trong nhitng nam gan day, v6i chinh sach thuc
day phat trién nang luong sach, sy phat trién manh
mé cua nganh cong nghiép san xuat tam pin nang
luong mat troi cung véi cac tién bo vé cong nghé
dién tir cong sudt da thuc ddy qua trinh tng dung
nang luong mit troi vao cac linh vuc doi sbng mot
cach hidu qua va rong ri trén toan thé gidi. Trong
d6, ndng nghi¢p la mot trong cac linh vuc dugce wu
tién quan tdm. Hién tai, ndng luong mat troi phuc vy
cho nong nghiép chu yéu dugc ung dung trong céc
h¢ théng cung cap nudc tudi tiéu, cac he théng quan
trac va _giam sat thong s6 moi truong,... Linh vuc
nudi trong thiy san tiéu thy mot lugng ning lwong
kha 16n, chii yéu dé cung cp cho hé théng quat nuée
va cung cap khong khi cho vét nudi.

Hién nay, hau hét cac dan quat nuéc trong ao
nudi tom cong nghiép déu sir dung dong co diesel
hodc dong co dién AC bét ddng bo. Cac dong co
diesel c6 nhuoc diém vé hiéu qua lam viéc so Voi
gi4 thanh nhién liéu, hoat dong vai tiéng on 16n, gay
6 nhiém moi truong nude, moi trudong khong khi va
¢6 chi phi bao tri cao. Cac dong co dién AC dugc
g dung rong rdi hon do khac phuc duoc hau hét
cac nhuoc diém cua dong co diesel. Tuy nhién,
nhuoc diém I6n nhit cua cac dong co dién AC la
ching doi hoi ngudn dién AC sin co, diéu nay gy
tré ngai 16n cho viéc trién khai nudi tom cong
nghiép & nhitng viing khong san c6 dién lusi hoic
dién ludi khong du cong suat. Mo hinh quat nudc
Vv6i dong co AC chay bang nang lwong mit troi dugc
dé xuat nham khic phuc nhugc diém cua mé hinh
quat nuéc chay bang dién ludi sdn c6, nham thuc
day sy mé rong ving nudi tom cong nghiép va
khong phu thuge hoa vai ludi dién AC.

C6 hai van dé chu yéu can giai quyét trong hé
thdng chuyén ddi nang lugng cho dong co AC trong
dan quat nugce: do tim va trich xudt duoc diém lam
viéc cua hé cac tam pin quang dién ma tai d6 cong
Suit lam viéc cua tam pin 1a tdi da trong mot diéu
kién moi truong xac dinh (MPP — Maximum Power
Point); va van dé can bang dong ning lugng vao ra
cta hé thong chuyén d6i nang lugng cho cac hé khai
thac ndng luong tai tao nhu dién gid va dién mt troi
(can bang dién ap chuyén tiép, trong truong hop hé
thong str dung giai phap c6 mach trich xuat ning
luong t6i da tach biét véi mach diéu khién tai).
Trong cac hé thdng sir dung tai thay dbi, nhu hé
théng quat nudc, van dé khai thac triét dé nang
lwong kha dung tir tim pin 1a mot trong nhitng vén
dé c6 thm quan trong hang dau trong hé théng. Cac
phwong phép t6i wu nang lwong khai thac dwoc tir hé
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céc tAm pin quang dién déu nham c6 gang dua dién
ap lam viéc vé mot gia tri ma tai do cong suét phat
tir hé 1a cuc dai trén toan mién dién 4 ap.

Mot s6 bai bao dé xuat trién khai md hinh do tim
va bam theo diém cong suat cuc dai trong hé chuyén
d6i dién ap DC-DC thong qua viée thay ddi do rong
xung truc tiép khong thong qua khau diéu chinh dién
4p nhu Charais (2010), Nguyén Ngoc Trung (2012),
Nguyén Vin Tan va ctv. (2018), Rao et al. (2017)
va Vamja & Mulla (2018). Cac m6 hinh nay tuy c6
dic diém don gian trong qua trinh trién khai nhung
lai d& bi ket vao ving chuyén giao giita hai ché do
lam viéc ctia mach DC-DC. Tai d6, giai thuat trich
xuit khong thé dua hé thong dén diém cong suét cuc
dai that su cua hé quang dién. Diéu nay giy ra tré
ngai 16n cho ngudi nghién ctru trong giai doan tiép
can va ung dung cac giai thuat nay.

Pé khic phuc cdc kho khan hién c6, bai bdo tap
trung gidi quyet van dé trién khai giai thuat trich
XUit cong suat kha dung t6i da cua hé thong quang
dién ¢& nho (cong suat dinh 1 kWp) vao hé chuyen
d6i dién ap DC-DC, bao gém céac ndi dung chu yéu:
gioi thiéu giai thuat Inc. Cond. MPPT, trién khai giai
thuat trong hé thdng chuyén déi dién ap DC-DC,
khao sat dac tinh 1am viéc thyc té caa hé cac tim pin
va mot s Van dé c6 lién quan.

2. PHUONG PHAP NGHIEN CUU

2.1. Téng quan
2.1.1. Phgm vi #ng dung ciia dé tai

Dé tai nay nhim t6i kha ning ung dung cho cac
a0 nudi tom sir dung cac may quat nude. Do voi mod
hinh nuéi tém hodc ca c6 sir dung quat nudc dé cung
c4p oxy, tao dong chay dé dao nudc va xi phong day,
nhu cau sir dung nang luong dién nang danh cho cac
dan quat nay 1a 16n nhét trong sé cac nhu cau ning
Iugng cua ao.

Tuy theo quy m6 ao nudi dugc quy hoach ma cé
thé két hop sir dung nhiéu hé quang dién ¢& nho voi
cong sudt dinh 1 kWp nhu da dé cap, véi s6 luong
hé quang dién chi bi giGi han bai chi phi, nhu cau va
dién tich lp dat. Diéu nay mang dén kha ning tuy
bién vé nhu cau mo rong hodc thu hep quy mé ao
nudi va tdi wu kha nang trich xuat nang lugng cua
bo diéu khién (giam anh huong cia hién tugng bong
khong déu trén toan ao).

2.1.2. Gidi thudt do tim diém cong sudt dua

trén d¢ dién dan cua tam pin quang dién

a. Bdc tinh cua tam pin quang dién

Té bao quang dién (PV cell), goi tat 'té bao", 1a
thanh phan co ban cu tao nén mot tim pin quang
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dién. Mot tam pin quang dién dugc ché tao bang
cach phéi hop song song va/hodc néi tiép nhiéu té
bao quang dién véi nhau, dic tinh cua té bao quang
dién dai dién cho dic tinh cta tim pin quang dién.
Cuong d6 anh sang mat troi (bac xa) va nhiét do lam
viéc 1a cac yéu té anh huéng chinh t6i cac dac tinh
hoat dong cua cac té bao. Dong dién ciia té bao thay
ddi gan nhu ty 18 v6i cudong d6 bic xa nhan dugc
nhung dién 4p chi thay ddi nhe khi cudng d6 buc xa
thay d6i. Nguoc lai, dién ap chiu su chi phdi manh
tir yéu té nhiét do, khi nhiét do cua té bao ting cao
thi dién ap bi giam dang ké, trong khi d6 dong dién
chi thay d6i mot lugng nho. Su anh huéng cua
cuong d¢ birc xa va nhiét d6 1én dic tinh ciia tim pin
quang dién dugc mo ta nhu trong Hinh 1.

Su thay dbi vé cudong do anh sang c6 suc anh
huéng téi cong suat dau ra cua té bao dang ké hon
su thay d6i vé nhiét d6. Pidu nay ding cho hau hét
céc loai vat liéu san xut té bao thong dung. Tém lai,
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cong suat ciia tam pin quang dién s& bi suy giam khi
cuong d6 anh sang giam xuong hoac nhiét d6 cua
tam pin tang lén.

b. Diém cong sudt cuc dgi

Mot tim pin quang dién c6 thé hoat dong trong
mot dai dién ap va dong dién rong. Néu mac mot
dién tro vao dau ra ciia tim pin véi gia tri ting tir 0
Q (xem nhu diéu kién ngan mach — dong dién 1a tdi
da) 1én t6i mot gia tri rat Ion (twong duong mach ho
— dong dién téi thiéu), diém cong suat cuc dai c6 thé
duoc xac dinh dua vao dic tuyén cong suit theo
dong dién nhu trong Hinh 2b. Diém cong suat cuc
dai 1a diém hoat dong cua tdm pin ma tai d6 tich sb
giita dong dién va dién 4p cta tim pin 1a 16n nhét
trong toan mién dién ap, trong diéu kién cac yéu to
mai truong xac dinh. Cong suat dau ra cua tam pin
& diéu kién ngan mach (SC — short circuit) hoic ho
mach (OC — open circuit) dwgc xem nhu bang 0 W.
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Hinh 1. Pic tinh tii cha tim pin quang dién 36 té bao: (a) anh hwong ciia cwong dd chiéu sang; (b)
anh hwéng cia nhiét d¢ caa tam nén

Hinh 2 cho thdy dong dién va cong suét‘ dau ra
cia mot tam pin quang dién, trong mot dieu kién
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Hinh 2. Pic tinh diém cdng suit cuc dai cia mot tAm pin quang dién

Hé thong khai thac ning lugng tir cac tam pin
quang dién bat buc phai dam bao rang tim pin luén
hoat dong & diém cong suat cuc dai, dé hé chuyén
ddi nang lwong va tai tiéu thy ludén thu dwoc nhiéu
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nang lugng nhat tir hé quang dién. Giai thuat MPPT
(Maximum Power Point Tracking), chiu trach
nhiém dam bao diéu kién nay. D6 gon dién ap trong
lac hoat dong ciia tam pin phai du nho dé giai thuat
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MPPT c6 thé do dung diém cong suat cuc dai, nghia
1a tim pin phai hoat dong véi gia tri cong suét trung
binh tirc thoi dao dong khong qua nhiéu xung quanh
gi4 tri cong suat cuc dai thuc sy cta nd va cac tac
nhan gy nhidu phai di nho dé khong anh huéng dén
tién trinh MPPT. Céc tac nhan gy nhidu tiéu biéu
bao gém: d6 gon dong dién, dién ap, hién tuwong
ground loop, nhiéu dién tir tir mach chuyén d6i dién
ap DC-DC kiéu switching, va tham chi 1a sai sb
luong tir dén tir qué trinh 1ay mau/tinh toan trong bo
diéu khién.
c. Gidi thugt Inc. Cond. MPPT

Giai thuat Inc. Cond. MPPT dura vao gia thiét vé
dic tuyén cong suét theo dién ap cua tam pin. Gia
thiét duoc dit ra va da dwoc kiém ching 1a: d6 thi
ddc tinh ctia tim pin ton tai mot cuc dai trong toan
mién dién 4p vai diéu Kién cac té bao trén tim pin
dugc ché tao dong chét, khong c6 tinh trang hu hong
dbi véi bat ky té bao nao va do roi cta anh sang trén
mdi té bao 1a nhu nhau, tai d6 céng sudt lam viéc
cta tim pin 13 t6i da. Vi cong suét cua tAm pin 1a
ham kha vi trong moi diéu kién lam viéc, diéu nay
ddng nghia v6i dao ham cia cong sudt theo dién ap
tai day bang 0. Pay la diém MPP caa tim pin quang
dién.
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Hon nita, dao ham ciia cong suét theo dién ap
mang gia tri dwong khi tdm pin hoat dong tai diém
cong suat ¢ bén trai diém MPP va mang gia tri 4m
khi tim pin hoat dong tai diém cong suat & bén phai
diém MPP. Phuong trinh (1) biéu dién y tuong nay.
Trong d6, dP 1a d6 doi cong suat va dV 1a d6 doi
dién ap.

P .
v 0 tai MPP,

dp > 0 bén trai MPP
v én trai ,
dP<ObA hai MPP 1
v én phai (1)

Giai thuat Inc. Cond. MPPT dua vao gia tri dao
ham cong suét theo dién ap lam viéc cua tam pin dé
thay d6i dién ap tham chiéu dua toi bo diéu khién
dién 4p tdm pin. Luu dd giai thuat trong Hinh 3 dién
giai chi tiét cho giai thuat nay, voi V[k], I[k] va P[k]
lan luot 1a dién 4p, dong dién va cong suat lam viéc
tai 1an do gan nhat va V[k-1], I[k-1] va P[k-1] lan
luot 14 dién 4p, dong dién va cong suat lam viéc tai
lan do lién ké truéc lan do hién tai.

BAT BAU

/ DOC DIEN AP DONG DIEN VA CONG SUAT HIEN TAI /

TINH O CHENH LECH DIEN AP, DONG DIEN VA CONG
SUAT SO VUL QUA KHU

NT

@ Y

N

k4
GIAM DIEN Ap
THAM CHIEU

\_l

<&

[ GIAM DIEN AP

THAM CHIEU

rl

GAN DIEN AP, DONG DIEN VA CONG SUAT QUA KHU
BANG CAC GIA TRI O HIEN TAI

Hinh 3. Lwu db cia giai thuat Inc. Cond. MPPT
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Giai thuat Inc. Cond. MPPT c¢6 hai nhuoc diém
chinh: khong thé phat hién chinh x4c hién tuong nua
béng va nhay cam véi nhiéu. Hién twong nira bong
1a hién tugng cac tim pin trong hé quang dién khong
nhan dugc mac bic Xa déu nhau. Trong ; diéu kién
nay, do thi cong suit theo dién ap cta tdm pin co
nhiéu hon mot cyc dai, diéu nay c6 thé 1am cho diém
cuc dai dugc giai thuat phat hién ¢6 kha nang khong
phai 1a cyc dai I6n nhit trén toan mién (do gia thuyét
db thi cong suit chi c6 mot diém cuc dai khong con
dung nira). Ngoai ra, do ton tai toan tir vi phan, giai
thuat nay nhay cam véi nhidu vi ban chat cia vi phan
1a bg loc thugng thong, diéu nay doi hoi tin hi¢u dau
vao cua b do phai c6 ty 1€ nhiéu thap, ddng nghia
V6i Vviée yéu cau cac budc xu ly nhidu ca trén phan
cimg va phan mém. Tuy nhién, wu diém cua giai
thuat nay so véi cac phuong phap don gian khac
(giai thuat Perturb and Observe, phuong phap udc
luong dién ap MPP...) 1a n6 c6 thé do diém cong
Sut cyc dai mot cach chinh xac va it dao dong xung
quanh diém nay, gop phan giam hao phi trong qua
trinh trich xuat nang lwong ciing nhu tang chat luong
dién dau ra.

2.2. Trién khai giai thuat véi mach chuyén

doi DC-DC kiéu boost xen k&

L2 D2

—H——.Vout

Vin

—— Cout

—

Hinh 4. So d6 nguyén Iy don gian caa mach
boost xen ké

Kiéu cdu hinh mach boost xen k& c6 ciu tao
tuong tu nhu hai mach boost d4u song song dau vao
va dau ra, tuy nhién, tin hiéu diéu khién cua cac van
cong suit co pha 1éch nhau 180° trong mét chu ky.
Do dgic tinh nghich pha cua tin hi¢u diéu khién nén
hai van cong sut cing dong mo nghich pha twong
g, diéu nay gbép phan tao nén cic wu diém chinh
cua kiéu mach ndy: giam do gon dong dau vao va
giam d¢ gon ap dau ra. Hinh 4 m6 ta so d6 nguyén
ly cia kiéu cdu hinh mach nay.

DG gon dong dién dau vao giu’qc xem phu' béng
0 néu do rong cua hai xung diéu khién bang 50%,
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trong cac tng dung doi hoi do tin cdy va hé théng
hoat dong bén bi, diéu nay tré nén rat quan trong.
Tudi tho cua cac tu dién hoa trong hé théng chuyén
d6i DC-DC giam dang ké néu ching phai thuong
xuyén hoat dong véi dd gon dong cao. Thém vao do,
do trong mot chu ky déng ngit co hai xung diéu
khién van ban dan nén tan sé dong dién nap tu Cout
bang gap d6i tan sé diéu khién van cong suat. Diéu
nay lam cho d6 gon dién ap dau ra caa mach giam
gap doi.

Tuong ty nhu kiéu mach boost thuong, kiéu
mach boost xen k& ciing c6 hai ché d6 lam viéc: ché
d6 dong lién tuc va ché do dong khong lién tuc,
twong ng voi d9 lién tuc cia dong dién di qua cudn
cam. Tai dau ra va gia tri dién cam quyét dinh ché
d6 lam viéc ciia mach. Tai ché do dong khong lién
tuc, dong dién ciia cudn cam giam xudng 0 trudc khi
bit ddu chu ky méi. Trong ché do nay, ham truyén
dién ap theo do rong xung cia mach cé dang phirc
tap va kho ude luong. Tai ché do dong lién tuc, dong
dién di qua cac cudn cam ludn 16n hon 0. Ham
truyén ciia mach trong ché d¢ nay chi phu thudc vao
d6 rong xung nhu trong phuong trinh (2), trong do
Vout, Vinva D 1an luot 13 bién d¢ dién p dau ra, bién
d6 dién 4p diu vao va do rong xung cua tin hiéu diéu
khién MOSFET. Ché d¢ nay con c6 uu diém 1a dong
dién dinh di qua cac van cong suit nho hon (Kumar,
R., Singh, B., Chandra, A. and Al-Haddad, K.,
2015), nham lam giam chi phi cho linh kién ban dan,
dé& dang wng dung cho cac bo chuyén d6i c6 mat do
cong suat/thé tich 1on va tao ra it nhiéu dién tir hon.
Vi nhitng wu diém ké trén, trong bai bao nay, cac
thanh phan linh kién duoc thiét ké theo khoang tai
sao cho mach boost xen k& ludn chay & ché d6 dong
lién tuc.

Vin

V, —_—.
1-D

out = )

Bai viét nay khong tap trung phan tich sau vé
kiéu mach boost xen k&, thong tin vé dic tinh cua
mach ciing nhu céc tinh toan can thiét co thé tim
thiy trong cac cong trinh lién quan (Ajit, 2014;
Chitra & Seyezhai, 2014; Coruh et al., 2011; Crews,
2013; Gunawan, 2009; Stasi, 2015; Zdanowski et
al., 2017).

Mot trong nhirng van d& quan trong hang dau khi
trién khai giai thuat MPPT vi kiéu mach boost hozc
buck 1 ham truyén cua mach cé thé thay ddi khi tai
dau ra thay doi. Vé ban chat ciia mach boost, khi tai
c6 dic tinh thay dbi cong suat cing chidu véi su thay
d6i dién ap, dong dién dau vao nhin chung s& ting
khi d¢ rong xung tang, tuy nhién, d¢ rong xung
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khong nén dugc thay doi truc tiép trong tién trinh do
tim diém cong suat. Trong luu d6 & Hinh 3, néu chi
don thuan thay ddi d¢ rong xung thay vi thay doi
dién ap tham chiéu trong qua trinh do tim MPP, h¢
thdng c6 nguy co roi vao ving chuyén giao giita hai
ché d¢ 1am viéc ciia mach boost. Tai diém nay, dién
ap dau ra thay d6i dot ngot theo ham truyén, trong
truong hop tai dau ra la dién tro c6 gia tri khong thay
d6i ¢ nhanh, dong dién dau ra ciing thay doi theo,
kéo theo su thay doi dot ngot ciia dong dién dau vao
(lac nay d6 rong xung khong kip thay doi, do téc do
do ciia MPPT tuong d6i thap so véi nhiing sy thay
dbi da néu) lam cho giai thuat MPPT hiéu nham
diém nay 1a diém cong suat cyc dai va bi ket tai do.
Diéu nay dugc phan tich ky trong Oprea et al.
(2014).

Vi Iy do néu trén, hé thong can c6 thém moét tién
trinh diéu khién c6 toc d6 di nhanh dé dua dién ap
lam viéc cua hé quang dién vé& ding dién ap tham
chiéu cho ra bai tién trinh MPPT. Trong bai bao nay,
mo hinh diéu khién trich xuét cong suat kha dung t6i
da ctia hé quang dién bao gom mot bo diéu khién PI
két hop vai giai thuat Inc. Cond. MPPT duoc dé xuat
nhu trong Hinh 5. Trong d6, Vpv, Ipv, Ppv lan luot
1a dién ap, dong dién va cong suét cua hé quang dién
va D 1a tin hiéu diéu khién (d6 rong xung) cho bo
boost. B6 tich phan trong m6 hinh dong vai tro nhu
mot bo loc ha théng gitip on dinh tin hiéu trudc khi
dua vao bo do MPPT. Mo hinh nay c6 kha nang hoat
dong khong phu thuoc kiéu mach chuyén dbi DC-
DC, nhu da néu trong Rosu-Hamzescu et al. (2013).

Hinh 5. M6 hinh diéu khién mach DC-DC dé
Xuét

Trong mod hinh néu trén, Vpv,ref 1a tin hi¢u dién
ap MPP tham chi€u dugc do bdi gidi thuat MPPT.
Tin hiéu nay 1a dau vao dao (diém dat) cua bo dieu
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khién PI va tin hiéu dién ap doc Vé tir hé quang dién
1a ddu vao khong dao (tin hiéu hdi tiép) cua bo PI,
so di diém dat va tin higu hdi tiép hoan doi vi tri cho
nhau so véi mot hé diéu khién thong thuong 1a vi
khi d6 rong xung cua mach cang ting thi dién ap dau
ra cang giam, va nguoc lai. Bé diéu khién dién ap
trén hé quang dién mot cach hiéu qua, bang thong
ctia khau bu PI can théa méan cac yéu cau sau: cao
hon bing thong cia bd do MPPT it nhét 30 lan va
du nhanh dé dap ung voi dic tinh nap Xa cia cac linh
Kién tich tr&r nang lugng trong mach boost.

Mot dic diém quan trong nita dbi vai giai thuat
Inc. Cond. MPPT la khi hé théng DC-DC kiéu boost
lam viéc & mién dién 4p cao hon dién ap hd mach
cua hé quang dién, giai thuat c6 thé ngung do diém
cong suat (bi treo). Nguyén nhan 1a khi & ving nay,
d6 doi dién ap, d6 doi dong dién va do doi cong suét
déu bang 0, ltic nay dong rong xung dau ra caa khau
bu PI hién nhién bang 0. Vi vay, trién khai vao hé
kha trinh, dién 4p hd mach cua hé quang dién can
duoc nhan dang trude khi giai thuat bat dau do diém
MPP.

Hinh 6 minh hoa so d6 cac khdi chiic nang cua
mo hinh dé xuat. Trong d6, tai dau ra cia bo boost
1a bong dén soi ddt co do thay ddi dién tro khong
dang ké so véi do thay dbi dién ap ngudn, c6 thé xem
nhu dién tré thuan.

2.3. Trién khai va thu thap dir ligu

2.3.1. Trién khai hé quang dién va mach DC-
DC

Hé quang dién, bao géom 03 tim pin c6 tén ma
WE350TU-36MD (WorldEnergy) dau ndi tiép,
dugc trién khai trén mai nha, két qua trién khai duoc
thé hién qua Hinh 8.

Tir cac dic tinh cua tim pin quang dién trong
Hinh 7, c6 thé uéc lwong dién ap, dong dién va cong
suit cua hé quang dién qua cac phuong trinh tir (3)
dén (7). Trong d6, STC la diéu kién méi truong
trong phong thi nghiém va NOCT 1a diéu kién lam
viéc & méi truong thuc té va 0,93 1a hé s suy giam
wde luong théng qua thyc nghiém trén hé thong.

Varray,NOCT,0C = 3"0-98"Vpanel sTC OC = 1237365 V. (3)
Varray,NOCT,MPP = 3*0.98*Viane sTC Mpp = 1119348 V. (4)
larray,NocT,sc = 093" panel,sTC,5C = 86862 A (5)
Iarraly,NOCT,MPP =0.93"1 panel STC,MPP ~ 8.1189 A (6)

Parray,NOCT,MPP = Varray,NOTC,MPP array,NOTC, Mpp = 9087874477 W. (7
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Interbeaved
Boost Converter

Vpw,ref
Controller Algorithms

Hinh 6. Md hinh chirc niing ciia hé théng

Mach bién d6i DC-DC véi giai thuat MPPT
duoc trién khai dudi dang PCB véi cac thanh phan
dugc chu giai trong Hinh 9. T4 hop tai bong dén soi
dbt duogc dau ndi dé tiéu thu cong suét trong duong
1115 W tai 340 V, dam bao c6 thé chiu dung duoc
cong sudt kha dung téi da cua hé quang dién.

Hinh 7. Pic tinh k§y thuat cha tim pin quang

dién
e

Hinh 8. H¢ thong quang di¢n dwoc trién khai
2.3.2. Trién khai giai thugs MPPT va b¢ diéu
khién dién ap PI
Giai thuat MPPT va b diéu khién dién ép PI
duoc trién khai trong hé giéu khién ky thuat s6 khé
trinh, sir dung vi diéu khién STM32F103C8. Vi diéu
khién nay c6 mét s6 théng s ndi bat nhu sau:
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—  Téc d6 tinh toan tdi da 72 MIPS cho cac 1énh
cong trir va nhan 32 bit.

— H0 trg 02 module timer véi kha ning tao
xung PWM léch pha 180°, 02 module timer thong
thudng va mot system timer.

— €6 sin bo didu khién giao tiép USB kiéu
device.

— Tich hop vong khoa pha PLL cho h¢ thong
xung nhip nén chi yéu cau thach anh ngoai véi tan
S0 toi da 8 MHz.

— (6 san 64 kB bo nhé chuong trinh va 20 kB
b nhé RAM.

— Duoc trang bi 02 module ADC 12 bit véi toc
6 ldy mau téi da 1 MSa/s.

Resistor Load /‘

Microcontroller
~~and

External

Filters

LCD for fast
debugging
/ L
Cooling fa ]
ilictors; ooling fan

MOSFETs

Bias power supply cable ——] !‘\ |
& diodes P £y, {3

/ (O~UsB cable

Hinh 9. Trién khai phan cing ciia hé théng
MPPT

Tan suét cua tién trinh Inc. Cond. MPPT dugc
chon bang 281,25 st va cua tien trinh dieu khién
dién 4p tam pin duoc chon bang 36.000 s.

Do 16i xtt Iy Cortex® M3 trong vi diéu khién
STM32F103C8 khong hd tro kiéu sé ddu chdm dong
nén cac kiéu diu chim tinh duoc s dung phdi hop
nham tao d6 chinh x4c cao nhét trong khi van gitr
tdc do tinh toan t6i da. Tuy nhién, nhuoc diém cua
su phdi hop cac kiéu dir li¢u nay 1a chwong trinh can
phai dwoc chinh sira nhiéu néu tai sir dung trén hé
thong khac.

Bo diéu khién PI dugc roi rac hoa nhu sau:

U[k] =U[k1] + Kp*E[K] + Ki*IKI.  (8)

Trong d6, I[k] Ia thanh phan tich phan. Trong bo
diéu khién, thanh phan nay gitp loai bo sai s6 xac
lap (chu yéu gy ra boi sai s luong tir trong hé
thdng c6 lay mau va tinh toan k¥ thuat s6), dugc tinh
nhu sau:
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I[K] = I[K] + E[K]. ()

Mot luu ¥ quan trong ddi voi thanh phéan tich
phén 1a gia tri cia nd phai dugc gidi han trong mot
khoang ¢ dinh cho truéc, lénh gigi han duoc thuc
hién tu dong hoac bang cac 1énh cia ngudi lap trinh
tuy theo kha néng tinh toan cia CPU. Thong thuong,
cac CPU véi tap lénh DSP sé& ho tro cac 1énh tinh
toan va gidi han ty dong. Viéc gisi han thanh phan
tich phan nham tranh hién tuong tran kiéu dir lidu
trong hé diéu khién s6 kha trinh (hién tugng nay chu
yéu gay ra do gidi han cua co cau chap hanh, vi dy,

BAT DAU,
CHUONG TRINH

Tap 57, S chuyén d@é Thiy san (2021): 202-213

d6 rong xung t6i da cho phép ciia bo boost — khoang
78%).

Trong Hinh 10 1a lvu d6 giai thuat cia toan bo
chuong trinh duoc trién khai trén vi diéu khién. Luu
d6 dau tién bén trai la cta chuong trinh chinh, luu
dd dau tién bén phai la cua bo diéu khién PI. Luu dd
phia trén ¢ gilra la cua tién trinh phuc vu gtri dit liéu
1én may vi tinh. Luu d6 con lai 14 cta tién trinh do
tim dién ap tai MPP, trong d, tién trinh con TINH
TOAN INC. COND. ¢6 luu db giai thuat nhu da
trinh bay trong Hinh 3.

CHINH

KHOT TAO
NGOAI VI

v

CHO_HE THONG
SAN SANG

v

BAT DAU TRUYEN
DU LIEU

DINH DANG
DU LIEU

v

GUT DU LIEU QUA
usB

GAN
Vpy,ref — 90% *Vpv,opencircuit

v

CHO PHEP
THEO DOI MPPT

¥

KIEM TRA LOI

PHAT HIEN
Lo1?

DUA HE THONG VE
TRANG THAI AN
TOAN

BAT DAU HAM
MPPT

XU LY BIEN

v

BAT DAU HAM
DIEU KHIEN PI

xU LY BIEN

v

DAT GIOT HAN CUA DUTY
CYCLE BANG 75%

v

TINH TOAN DAU RA CUA
KHAU BIEU KHIEN PI

v

GAN DUTY CYCLE —_
DAU RA CUA KHAU DIEU
KHIEN PI

DAT GIOT HAN Vpy, ref

BANG
95%Vpv,opencircuit

v

TINH TOAN
MPPT
INC. COND.

v

CAP NHAT BIEN

v

CAP NHAT BIEN

Hinh 10. Luwu db cia cac tién trinh chinh trong mé hinh
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2.3.3. Thu thdp de liéu qua wng dung
SerialPlot

Dit liéu tir mo hinh phan cing dugc thu thap va
v& dd thi minh hoa biang tng dung SerialPlot véi toc
do 1 kSars. SerialPlot 1a ttng dung hd tro thu thap dir
liéu, v& do thi theo thoi gian va két xuat thanh tép
csv trén co s¢ dit ligu thu thap duoc thong qua giao
thuc truyen thong nol tiép Serial. Ung dung nay c6
mot s6 dac diém noi bat nhu sau:

— Laphan mém ma ngudn mo, twong thich voi
hé diéu hanh Windows® va Linux®.

HJ tro toi da 32 kénh tin hiéu véi cac kiéu sb
uint8, uintl6, uint32, int8, int16, int32 va float.

File View Snapshots Commands Help
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HJ tro ca hai loai Endianness.
— €6 chirc nang két xuat dir liéu thanh tép csv.

Puong truyén théng tir vi diéu khién
STM32F103 va mdy vi tinh duoc thiét lap qua giao
thac USB. Vi dleu khién két néi véi mdy vi tinh
thong qua két ndi USB kiéu gia lap cong truyén
thong ndi tiép a0, hd tro toc do baudrate tdi da hon
1 MBd.

Hinh 11 minh hoa giao dién v& db thi cia ting
dung Seriall?lot Voi gia tri cac bien s6 da dugc nhan
v6i 100 (nham tang do phan giai).

Pause Clear Take Snapshot

|-<-' COM4 STMicroelectronics Virtual 1 ~ | & Open

Record

W), (V) 15

350

300

—+=
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¥ Panel power MPF valtage reference

+ Panel voltage

T T
180 185

T T T T T |
195 200
Time (s)

T
190

| Port | Data Format | Flat | Commands | Record | Log |

Osps

Hinh 11. Giao dién chinh cia @ng dung SerialPlot

3. KET QUA VA THAO LUAN
3.1. Pj 6n dinh cong suit va dién ap caa hé
pin

Hinh 12 thé hién dap tmg khoi dong va lam viéc
cua giai thuat Inc. Cond. MPPT vaéi cuong do birc
xa 300 W/m?2. Tai gidy thtr 180, hé thdng bt dau
hoat dong, dién ap tham chiéu duogc cai trude bang
98% dién ap ho mach cua hé quang dién, bo do
MPPT va bo diéu khién PI dugc cho phép hoat dong,
mach boost bit dau bam theo diém cong suit cuc dai
ctia hé quang dién. Cong suat trich xuat xac 1ap sau
thoi gian 1,5 gidy. Tir diém nay dén 200 gidy, dién
ap hoat dong cua hé quang dién duoc 6n dinh tai
diém xdp xi 110,3 V; cong sudt dau ra cua hé quang
dién dugc 6n dinh tai diém xap xi 300 W.
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Hinh 13 thé hién dép tng khoi dong va lam viéc
cua giai thuat Inc. Cond. MPPT véi cuong do buc
xa 250 W/m2. Cong suit trich xuat xac 1ap sau thoi
gian 4 gidy. Tir diém nay dén 200 gidy, dién ap hoat
dong cua hé quang dién duoc 6n dinh tai diém xap
xi 110,3 V; cong suét du ra cia hé quang dién dwoc
6n dinh tai diém x4p xi 248 W.

Diéu nay chung té giai thuat MPPT hoat dong
on dinh nhiéu va dién ap dau ra cta hé quang dién
dugc khong ché tai MPP.

3.2. Pap wng cia khau bu dién ap PI

Dap wng ctia khau bu dién ap PI tai cac diém lam
viéc 300 W va 248 W lan lugt duoc minh hoa trong
Hinh 14 va Hinh 15. C6 thé thdy, ké tir thoi diém
cho phép do MPP, tin hiéu dau ra (duong mau den)
bam rat tét theo tin hiéu dit (duong mau xanh).
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4. KET LUAN VA PE XUAT quat a0 tom, hé thdng tich trir nude thuy loi, cac hé
4.1. Két luan thong quan trac, thu thap dir liéu va diéu khién thong

] L, ‘, S0 moi truong trong nong nghi¢p thong minh.
Bai bao da dé xuat, phan tich va trién khai thanh

mot mo hinh do tim diém cong suét cuc dai duya trén Cu thé, cac mdy quat ao tom chay bing dong co
giai thuat Inc. Cond MPPT va bo chuyén doidiénap ~ dién AC khong dong bg, c6 the hoat dong tir nguon
DC-DC kiéu boost xen k&, st dung vi diéu khién dién DC thong qua bién tan (inverter). Mot inverter

STM32F103C8. M6 hinh hoat dong én dinh trong két hop véi dong co AC c6 thé dugc xem 1a tai DC
dai cong sudt dudi 300 W. Trong hai truong hop c6 thé dé dang diéu khién thay doi ndi tro (thong qua

cong sut buc xa bing 300 W va 250 W, d6 bam cua cac tham s6 nhu bién d6 dién ap va tan s dong dién
gidi thuat Inc. Cond. én dinh va khong ¢6 dao dong. ~ dieu che). Hg thong hop thanh tir inverter va bg
Dic biét, dic tinh bam diém dit ciia khau bu dignap ~ chuyén doi DC-DC la mot hudng nghién ciu rat
c6 thé duoc danh gié 1a rat tot. tiém nang. Trong kich ban nay, by chuyén doi DC-

DC vai giai thuat MPPT s& c6 vai tro trich xuét

4.2. D& xuat hudng nghién ciu ngudn nang lugng tbi da tir cac tam pin mat troi va

Bai bdo nay 1a co s& dé phat trién cac hé thong b¢ inverter vei giai thuat can bang cong suat vao/ra
chuyén d6i nang lugng dung trong cac linh vic ning s& ¢6 vai tro diéu ché dong dién AC lam quay dong
luong, dac biét 1a hé thong dung cho tai thay ddi co kéo canh quat vdi cong suét toi da duoc trich xuét
trong linh vyc nong nghiép nhu hé théng t6 hop may tir cac tam pin.
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Trong twong lai, huéng mé rong cha yéu caa mo
hinh trich xuat nang luong nay 1a tich hop thém céc
giai thuat do tim MPP cho hé quang dién c6 quy mo
I6n ma tai 6, van dé nira bong gy anh huong dang
ké toi hiéu qua hoat dong cua toan hé thong, dé cau
thanh nén céac hé théng Ién hon.

Hién tai, c6 ba hé thong chuyén déi nang lugng
phu hgp dé (ing dung mé hinh trich xuat nang lugng
trong nghién cuu nay:

— Hé thong tich trit ning lugng: c6 thé dugc
trién khai dé dang dua trén mo hinh nay, mo hinh
tich trit nay chi doi hoi thém cac tién trinh bao vé va
khéng ché cong suét t6i da nap vao thiét bi luu trix.

Hg théng chuyén doi nang luong cho phu tii
6 kha nang thay doi: doi hoi phai c6 tién trinh can
bing cong suat vao ra cua hé thong (cong suét lam
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viéc tdi da cua hé pin va cong st}ét tac dung cua tai)
va tién trinh khong ché cong suat.

— Hé théng hoa ludi: khi xem lu6i dién 14 tai
tiéu thu, 7hé thong nay dugc xem nhu hé thong
chuyén doi nang lugng cho phuy tai c6 khd nang thay
doi.

LOI CAM ON

Nghién ctru nay dugc tai trg mot phan tir Dy 4n
néng cap truong Dai hoc Can Tho VN14-P6 dugc
hd trg bai ngudn vén ODA ciia Chinh pha Nhat Ban.
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