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Tom tat:

Hiéu suat lam viéc cta hé théng dién mat troi doc lap phu thudc nhiéu vao dién ap ctia bus DC va kha
nang dat dugc diém c6 cdng suat 16n nhat khi cac diéu kién thai tiét va cong sudt tai tiéu thu thay déi.
Trong bai bao nay, Bo diéu khién Pl va bo bién déi dién ap hai chiéu DC/DC sé dugc st dung dé gilr dién
ap clia bus DC luén la hang s6. Mot bo diéu khién MPPT logic m& vai mét dau vao dugc thiét ké dé thu
dugc cong suat Idn nhat tir pin mat troi. DE tranh trang thai sac va phdng dién qua muic cla pin lithium-
ion mét bo giam sat ma sé dugc sirdung. Cac két qua mé phdng trong phan mém Matlab/Simulink chira
rang cac bo diéu khién dugc thiét ké hoat ddong t6t va phu hop véi hé théng nang lugng mat trai doc lap.

Tu khéa:
Hé théng dién mat troi doc 1ap; diéu khién md; MPPT; b6 bién déi dién ap hai chiéu DC/DC; diéu khién PI.

Abstract:

Standalone photovoltaic system performance is strongly dependent on the DCbus voltage and the ability
to reach the point of maximum power under the variation of weather condition and load consumption.
In this paper, The Pl controller and bidirectional DC/DC converter are used to keep DC bus voltage in
constant value. An input fuzzy logic controller is designed to extract the maximum power from PV panel.
In order to avoid the over-charge and over-discharge of lithium-ion battery, a fuzzy logic supervisor is
used. The simulation results in Matlab/Simulink software are presented to show the good performances
of the proposed controllers in the standalone photovoltaic system .

Keywords:

Standalone photovoltaic system; fuzzy logic controller; MPPT; bidrectional DC/DC converter; Pl controller.

Ky hiéu Chirviét tat
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diém cong suat cuc dai)
D1 Chu ky nhiém vu cta bo tang

4p DC/DC PMP Pojnt of mgximum power (diém c6 cong
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Chu ky nhiém vu cta bd bién

D2 déi hai chidu DC/DC FLC Fuzzy logic controller (b didu khién
R . logic mo)
Poy W | Cong suat cla pin mit troi Bo didu | Bo didu khién tich phan ty 18
'~ A% Dién ap cua pin mat troi khién PI
V. AV Dién 4p ctia bus DC SOC State of charge (trang thai sac cua pin)
v v Dién 4p dit ciia bus DC P&O Perturbations and observations (nhiéu loan
deref v ¢

va quan sat)
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1.GIGI THIEU CHUNG

Ning lugng mit troi 1a ngudn ning luong vo tan,
khong gidng nhu cic ngudn niang luong hoa thach
nhu than, dau va khi dét. Tai nhiing noi xa x06i héo
lanh noi ma khong c6 ludi dién qudc gia, hé théng
nang luong mat troi doc 1ap la mot trong nhitng
giai phap hiéu qua dé cung cap dién. Do khong
duoc két ndi voi ludi dién, nén viée can bang cong
suat va gitt on dinh dién ap trong hé théng ludn
duoc dit ra. Cong suat phat ctia pin mat troi phu
thudc nhiéu vao cac diéu kién tu nhién nhu cuong
dd sang va nhiét do, nén sé thay ddi va khong 1a
hang s6. Diéu nay dan toi viéc phai sir dung pin
lithium-ion dé dap tmg cong suét tiéu thy cua tai.
Va thiét ké bo diéu khién MPPT dé thu duoc cong

suat 16n nhét tir pin mat troi.

C6 rat nhidu phuong phéap dé thiét ké bo didu khién
MPPT. Phuong phéap st dung diéu khién logic mo
da chi ra nhiéu vu diém vé hiéu suét va tinh linh
hoat khi diéu kién méi truong thay d6i. Hau hét cac
bo diéu khién MPPT logic mo dugc dé xut déu co
hai dau vao [1]-[4]. Piéu ndy s& gy ra nhiing su
phurc tap trong cac budc mo hod, xay dung luat hop
thanh md va giai mo. Trong [5], bai bao da thiét ké
b diéu khién MPPT logic md véi mot déu vao, va
tac gia da chi ra uu diém vé mit cAu trac so v6i bd
diéu khién MPPT logic md véi hai dau vao. Tuy
nhién tai tiéu thu trong [5] la tai dién trd mot chiéu,
va bai bao chua danh gia dugc hoat dong cta bo
diéu khién MPPT logic md véi mot dau vao khi tai
tiéu thu 14 tai xoay chiéu.

Trong hé théng dién mat troi doc 18p, dién ap cia
bus DC can duoc giir 6n dinh dé dam bao hiéu suat
hoat dong cua hé théng. Bus DC thuong duoc ndi
truc tiép voi pin lithium-ion hodc thong qua mot bo
chuyén ddi hai chiéu DC/DC. Viéc st dung bd bién
d6i hai chiéu DC/DC giita pin lithium-ion va bus
DC s& giup hé thong trd 1én linh hoat hon [6]-[9].

(ISSN: 1859 - 4557)

Trong hé théng dién mat troi doc lap, viéc quan ly
dong cong suit khi téc do cuong do sang va cong
suat tiéu thu cua tai thay doi la can thiét dé dap tmg
nhu cau tiéu thy cua tai [10] -12].

Do dic tinh phi tuyén cua hé théng dién mit troi va
cong suat phat cua pin mat troi thay doi phu thudce
vao diéu kién thoi tiét, viéc diéu khién hé thong
nay su dung logic mo t6 ra c6 hi¢u qua va da dugc
dé xudt trong nhiéu bai bao [13]-[15].

Bai bao néu nghién ctru vé hé théng dién mat troi
doc 1ap bao gdbm pin mit troi, pin lithium-ion va tai
tiéu thy xoay chiéu. B6 diéu khién MPPT st dung
logic mo véi mot dau vao s& dugc thiét ké dé thu
dugc cong sut 16n nhat tir pin mat troi khi diéu
kién thoi tiét thay d6i. Bang cach chi sir dung mot
dau vao, cau trac cia bd diéu khién MPPT sé& trd
nén don gian hon khi thyc hién cac budc mo hoa,
luat hop thanh md, va giai mo. Bo diéu khién PI
hai vong kin duoc sir dung dé gitr dién ap bus DC
6n dinh va diéu khién trang thai phong sac ctia pin
lithium-ion. Nghién ctru da dung mdt bg giam sat
mo dé hé thong tranh dugc trang thai phong va sac
qua muc cua pin lithium-ion.

2.MOTAHETHONG

Hé théng dién mat tro1 doc 1ap bao gém mdt tAm
pin mat troi 20x30 (15,12V va 0,902A tai 1000W/
m? va 25°C), mét pin lithium-ion (650V,10Ah) dé
cung cap dién cho hai tai xoay chiéu c6 cong suat
la4 kW va 2 kW dugc mo ta trong Hinh 1. B diéu
khién MPPT logic mo sé& thay doi chu ky nhiém vu
D1 cta bd ting 4p DC/DC 1 dé thu dugc cong suat
16n nhét tir pin mat troi. Pau vao ciia bd diéu khién
1a cong suat va dién ap ctia pin mit troi. Pau ra la
chu ky nhi¢m vu D1.

Bo diéu khién PI va bo bién d6i dién ap hai chiéu
DC/DC sé& dugc st dung dé gitr dién ap cta bus
DC luén 1 hang sé va diéu khién trang thai phong
hodc sac cua pin lithium-ion.
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Néu nhu cong suat ctia pin mit trdi nho hon cong
sudt tiéu thu ciia tai, va dung lugng ciia pin lithium-
ion di. B diéu khién PI s& diéu khién pin lithium-
ion ¢ trang thai phong dién dé cung cap cong suat
dién cho tai ti€u thy.

Néu nhu cong suat ctia pin mit troi 16n hon cong
sudt tiéu thu ciia tai, va dung lugng ciia pin lithium-
ion chua day. Bo diéu khién PI sé& diéu khién pin
lithium-ion ¢ trang thai sac dién. Lugng cong suét
du thtra s€ duoc sac vao pin lithium-ion.

Dé tranh trang thai phong va sac qua muc va qua do
tang tudi tho 1am viéc cta pin lithium-ion, mdt bd
giam sat mo s€ dugc st dung. B giam sat mo s€
can hai thong tin diu vao. DPau vao thir nhat 14 trang
thai SOC cua pin lithium-ion. Pau vao tht hai la
chénh 1éch cong suét gitta pin mat troi va tai tiéu
thu. BO giam sat mo sé lya chon thoi diém dong mé
cua khod S , va xac dinh thoi diém tiéu tan luong
cong suat du thira qua tai dién tré bang khoa S,

Néu nhu cong suét clia pin mit trdi nho hon cong
suét tiéu thu ctia tai va dung luong cua pin lithium-
ion khong du. Bo giam sat mo s& diéu khién khoa

S, ¢ trang thai m& dé tranh trang thai phong dién
qua muc cua pin lithium-ion.

Néu nhu cong sut cua pin mit troi 16n hon cong
suét tiéu thy cta tai va dung luong cua pin lithium-
ion da day. Bo giam sat mo sé diéu khién khoa S2
& trang thai dong dé tranh trang thai sac dién qua
mirc ciia pin lithium-ion. Lugng cong suét du thira
s€ duogc tiéu tan qua mot tai dién trd.

Bing cach st dung logic mo, chiing ta s& khong can
phai biét mé hinh chinh x4c cta cac hé théng phirc
tap (pin mat tro1, bd chinh luu, bo nghich luu).
3.BO BIEN DOl HAI CHIEU DC/DC

Bo bién dbi hai chiéu DC/DC duoc sir dung dé
thyc hién qua trinh trao ddi dién ning giita hai
ngudn dién mot chiéu. Bo bién d6i nay dong vai
tro quan trong trong hé théng dién mat tro1 doc lap
dé thyc hién qua trinh trao d6i ning luong gitta pin
mat troi, tai tiéu thy va pin lithium-ion.

bién ép cua bus DC V_duge diéu khién dé luon

6n dinh ¢ gi4 tri dién ap dat V s thONE qua hai
vong diéu khién kin (Hinh 2).
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Hinh 2. B bién ddi hai chiéu DC/DC

N Bo diéu
khién PI 1

Tai vong diéu khién tha nhét, gia tri do luong
cua V _ s€ dugc so sanh v6i V. Sai sb e, s€ la
dau vao cua bo diéu khién PI 1. Dau ra cia bd
diéu khién PI 1 s& la gia tri dong dién dat cua pin
lithium-ion Ipinre -~ Tai vong diéu khién thw 2, gia tri
do luong cua dong dién chay qua pin lithium-ion
Ipin s€ dugc so sanh voi L et Sai 6 e, s€ la dau
vao cua bd dicéu khién PI 2. Pau ra cia bo dicéu
khién PI 2 s& 14 gia tri chu ky nhiém vu D, ctia bd
bién doi hai chiéu DC/DC.

Khi V 16n hon 'V _ . Ipin s& dugc diéu khién dé
dat gia tri am. Do do pin lithium-ion s& lam viéc
& ché do sac, va bo bién doi hai chiéu DC/DC s&
hoat dong & ché 46 giam di¢n ap (buck mode). Khi

Vdc nhé hOTl Vdcrcf’ Ipin
tri duong. Do d6 pin lithium-ion s& lam viéc & ché
d6 phong, va bo bién doi hai chiéu DC/DC s& hoat

dong & ché do tang dién 4p (boost mode).

4.THIETKE BO DIEU KHIEN MPPT LOGIC MO

s& duoc diéu khién dé dat gia

Bo diéu khién MPPT logic mo dugc thiét ké dua
trén sy két hop ciia phuong phap nhiéu loan va quan
sat (P&O) trong bo diéu khién logic mo. B diéu
khién MPPT logic mo c6 mot dau vao va mot dau
ra : dau vao 1a dao ham bac mot cua cong suét theo
dién ap pin mdt troi (dP, /dV ), dau ra 1a sy khéc
nhau gitta chu ky nhiém vy hién tai va chu ky nhiém
vu truge d6 AD,| cua mach tang ap DC/DC (Hinh 3).
Khi diém 1am viéc ciia pin mdt troi vé phia bén trai

cua diém cong suat cuc dai, gia tri cua (dP,/dV )
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s& duong. Luc ndy can giam gia tri D, dé tang gia
tri dién 4p V,,. Do d6, diém lam viéc s& tién lai
gan diém c6 cong suat 16n nhat (point of maximum
power) (PMP).

Hinh 3. Bé diéu khién MPPT logic m&
Khi diém lam viéc cua pin mat troi vé phia bén
phai cua diém cong sudt cuc dai, gia tri cua
(dP,,/dV,,) s€ am. Luc nay can térzg gia tri D, d¢
giam gia tri di¢n ap V.. Do do, dieém lam vigc s&
tién lai gan PMP (Hinh 4).

Diém c6 cong sudt
cyc dai (PMP) : dP/dV =0

6 Diém & bén trai va
gdn PMP upcav/
- duongnhé Diém & bén phai
va gin PMP
dP/dV 4mnhé
=4
g
2
&3 Diém & bén trai
va xa PMP : dP/dV

duanglén

2 Biém & bén phi \
va xa PMP : dP/dV ¢
1 amlion
. L

0 50 100 150 200 250 300 350 400
Vpv (V)

Hinh 4. Piém c6 c6ng suat I6n nhat theo
dién ap pin mat troi

Néu ching ta chon mét gia tri 1én cia AD , chung
ta co thé nhanh chong dat dugc PMP. Nhung diéu
niy s& gay ra nhiéu dao dong xung quanh PMP. Mt
khéc, néu chung ta chon mdt gia tri nhé cua AD |, dap
g thoi gian cta bo diéu khién MPPT logic mo s&
cham. Nhung, chiing ta c6 thé dé dang dat t6i PMP.
Dé giai quyét van dé nay, gia tri thuc cta cac bién
dau vao va dau ra s& dugc chia thanh cac bién ngon
ngit sau day dé xir Iy trong bo diéu khién mo:
- dP, /dV,, [’rﬁt am, kha am, am, khong, duong,
kha duong, rat duong].
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- AD, [-2%, -1%, 0.5%, 0%, +0.5%, +1%, +2%].

D6 16n cua AD, s€ dugc bo MPPT logic m¢ thay
d6i tuy thuoc vao khoang cach cua diém lam viée
pin mat troi véi PMP. Do d6, PMP s€ nhanh chong
dat dugc, nhung khong vuogt qua. Va s€ khong con
dao dong xung quanh PMP.

Khi diém lam viéc ctia pin mit troi & xa vé phia
bén trai cua diém cong suat cuc dai gia tri cia
(dP,/dV,,) s& rit duong. Liic nay chu ky nhi¢m
vu D1 can giam xudng mot cach nhanh chéng dé
tang dién ap V,, dat t6i PMP.

Quy tic hop thanh max-min va mé hinh mo
TakagiSugeno s€ dugc st dung.

Néu nhu dP, /dV,, 1a rit duong thi AD, = -2%.
Néu nhu dP,/dV,, la duong thi AD =-0.5%.

Néu nhu dP,/dV,, la khéng thi AD, =0 %.

Néu nhu dP,/dV,, 1a rit m thi AD, = +2%. Néu

nhu dP, /dV, 1a am thi AD, = +0.5%.

Luat hop thanh dugc tom tit trong bang 1 sau day:
Bang 1. Luat hop thanh ciia AD1

dpP, /dV,,
rit 4m kha am am khong
AD +2% +1% +0.5% 0%
dP, /dV,,
duong | kha duong rat duong
AD, -0.5% -1% -2%

Gia tri D1 cua bd tang ap DC/DC dugc tinh toan
dua theo cong thirc sau day:

D,(k) = D,(k-1) + AD, (k)

Phuong phap diém trong tam dugc st dung dé giai
mo. Ham lién thudc cua bién dau vao dpP, /dV,,
dugc mo ta trong Hinh 5.

rat am khda am &m khong duong kha dwong ritduong

1
O.S—W\
0

-1 -03 -02 -0.1 0 0

Hinh 5. Ham lién thudc cta bién dau vao
dp, /dV,,

5. THIET KE BO GIAM SAT MO

1 02 03 1

Bo giam sat mo dugc thiét ké dé tranh trang thai
phong va sac qua muc cua pin lithium-ion. B$ giam
sat mo ¢6 hai dau vao va hai dau ra. Pau vao thu
nhét 14 state-of-charge (SOC) ctia pin lithium-ion.
Diu vao thir hai 1a AP chéch 1éch giita cong suit phat
clia pin mat troi va cong suat tiéu thy cia tai. Daura
thir nhat la khod S,. Dau ra thi hai 1a khoa S,.
Giatri thuc cua cic bién dau vao va dau ra sé duoc
chia thanh cic bién ngdn ngit sau day dé xur ly
trong bo diéu khién mo:

- AP [am ,duong nho,duong ,rat duong];

- SOC [tréng khong, trung binh, day];

- S, [dong, mo];

- S, [dong, mo].

Ham lién thudc ctia bién dau vao AP va SOC dugce
mo ta trong Hinh 6 va Hinh 7.

Viéc xay dung cac luat hop thanh mo s€ dya trén
ludt hop thanh md Mamdani. Phuong phap diém
trong tdm duoc sir dung dé giai mo.

Néu nhu AP 1a 4am va SOC 1a trung binh, thi S,
dong va S, mo.

Néu nhu AP 1a 4m va SOC 14 tréng khong, thi S,
mo va S, mo.

Néu nhu AP 14 rat duong va SOC 1a day, thi S,
doéng va S, dong.
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am duong nhé dwong rat dwong

0.5

0

-10 -1 01 3 5 10

Hinh 6. Ham lién thudc cia bién dau vao AP
(kw)

trong rong trung binh day

0 20 60 100

Hinh 7. Ham lién thudc cta bién dau vao SOC

Bang 2.Luathgp thanh cia s,

SOC
5, trong khong | trung binh | diy
am mé mé mo
duong mo mo mo
nho
AP duong mo mo dong
rat md mo dong
duong
Bang 3.Luathgp thanh cia S,
SOC
S trong khong | trung binh | day
am mo dong dong
duong dong dong dong
AP nho
duong dong dong dong
rat duong dong dong dong

Luat hop thanh cua S, dugc mo ta trong Bang 2.
Luat hop thanh cua S, dugec mo ta trong Bang 3.

6. KET QUA MO PHONG

Hé thdng mé ta & phan 2 dugc md phong trong phan
mém Matlab Simulink nhu trong Hinh 8. Bo diéu
khién MPPT logic md duoc md phong nhu trong
Hinh 9. Va b giam sat mo dugc mo phong nhu
trong Hinh 10. Gia sir trang thai sac ban du cta pin
lithium-ion 1a 90%. Cuong d6 sang (Hinh 11) va
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cong suét tai duoc thay doi trong vong 50 gidy dé
kiém tra hoat dong cta cac bo diéu khién dugc dé
xuét trong cac diéu kién khac nhau.

20 2 » ES o a5 50
Theri gian (gidy)

Hinh 11. Cuéng d6 sang trong 50s

20 2 30
Tho gian (gidy)

Hinh 12. Chu ky nhiém vu D1
Tai cac gidy thtr 20, 30, 40, khi blrc xa mét troi hay
d6i, bo diéu khién mo MPPT di thay doi gia tri chu
ky nhi¢ém vu D, dé thu duoc cong suét 16n nhat tir
pin mat troi. Va khi dat dugc cong suit 16n nhét,
gia tri cua D, duge gitt khong d6i. Do d6, khong
con dao dong xung quanh PMP (Hinh 12).

E] 2 ) el w© s El
hoi gian (giay)

Hinh 13. Céng suat pin mat troi

Trang thai sac SOC cua pin lithium-ion dugc mo ta
trong hinh 14. Tai gidy thit 20, cong suét ciia pin mat
trdi 10n hon cong suat tiéu thy cua tai. B didu khién
PI d diéu khién bo bién d6i hai chiéu DC/DC lam
viéc & ché do giam dién ap. Liic nay pin lithium-ion
dang lam viéc & ché do sac dién dé tiéu thu dién tur
pin mat troi (Hinh 15).
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Hinh 15. Céng suat pin lithium-ion
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Tai gidy thir 35, cong suit tiéu thy cua tai ting tir
4 kW 1én 6 kW. Va cong suat phat ciia pin mat troi
nho hon cong suét tiéu thu cta tai. BO diéu khién
PI da diéu khién bo bién doi hai chiéu DC/DC lam
viée & ché d6 tang dién ap. Lic nay pin lithium-ion
dang lam viéc & ché do phong dién dé cung cip
dién cho tai tiéu thu (Hinh 15).

Dién 4p bus dc (V)
8

Thoi gian (gidy)

Hinh 16. PBién ap Bus DC

Dién 4p tai xoay chidu (V)
°

-500

4092 4094 4096 4098 41 4102 4104 4106 4108 411 4112

Hinh 17. Dién ap tai xoay chiéu

Tai cac giay thu 20, 30, 40 btic xa mat troi hay ddi.
Va tai gidy thir 35, cong suit tiéu thy cua tai thay
d6i. Bo diéu khién PI ludn hoat dong t6t dé giir dién
ap cua bus DC 6n dinh ¢ gia tri 700 V (Hinh 16).
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Do d6 dién 4p va tan sb ciia tai xoay chiéu ludn &
380V, 50Hz khi cong suét tai va blrc xa mit troi
thay d6i (Hinh 17).

7.KET LUAN

Trong bai bao nay, bd MPPT logic md véi mot dau
vao, bo diéu khién PI va bo giam sat logic mo da
duoc thiét ké dé quan 1y ning luong cho hé thong
dién mat troi doc lap.

Két qua mo phong da chi ra rang véi cac thong tin
v& tai tiéu thy, trang thai SOC cua pin lithium-ion,
cong suit va dién ap cua pin mat troi, cac b diéu
khién d3 hoat dong tot dé dap ung nhu cau tiéu thu
cuia tai khi diéu kién thoi tiét thay doi. Pién ap cia
bus DC luén duoc giit & gia tri 700 V. Cong suat
pin mat troi ¢ gia tri cuc dai Ging voi cuong do
sang khac nhau.

PHU LUC

Thong $6 cla pin mat troi tai 25°C va 1000 W/m?:
bién 4p ho mach V = 19,44V, dong dién ngén
mach [ = 1A; dién ap lam viéc tai cong suét cuc
dai Vmpp= 15,12V; dong dién tai cong suét cuc dai
Impp= 0,902A; s0 lugng cac module mac ndi tiép
N, = 20; s0 lugng cac module mdc song song
N, =30.

Théng s6 ciia pin lithium-ion: Dién ap dinh mirc
600V; Dung Iuwgng dinh mic 5Ah; thoi gian phan

hoi ciia pin 30s.

TAI LIEU THAM KHAO

[1] M. R. Hans, M. B. Gaikwad, M. K. Nigam and B. Patel, “Comparative Analysis of The Traditional Perturb
and Observe with Studied FPPT Method and Fuzzy Logic Control Strategy Based P and O for the MPPT
of a Photovoltaic System,” 2021 IEEE Mysore Sub Section International Conference (MysuruCon), Hassan,

India, 2021, pp. 372-377.

[2] G.Dhaouadi, O.Djamel, S. Youcef and A. BOUDEN, “Fuzzy logic Controller Based MPPT For a Photovoltaic
System,” 2021 IEEE 1st International Maghreb Meeting of the Conference on Sciences and Techniques of
Automatic Control and Computer Engineering MI-STA, Tripoli, Libya, 2021, pp. 204-208.

S6 35

39



TAP CHi KHOA HOC VA CONG NGHE NANG LUONG - TRUGNG DAI HOC DIEN LUC
(ISSN: 1859 - 4557)

[3]1 M. Dabboussi, A. Hmidet and O. Boubaker, “An efficient Fuzzy Logic MPPT Control Approach for Solar
PV System: A Comparative Analysis with the Conventional Perturb and Observe Technique,” 2020 6th IEEE
International Energy Conference (ENERGYCon), Gammarth, Tunisia, 2020, pp. 366-371.

[4] M. Zerouali, A. El Ougli, B. Tidhaf and H. Zrouri, “Fuzzy logic MPPT and battery charging control
for photovoltaic system under real weather conditions,” 2020 IEEE 2nd International Conference on
Electronics, Control, Optimization and Computer Science (ICECOCS), Kenitra, Morocco, 2020, pp. 1-5.

[5] Duy An. PHAM, Frédéric. NOLLET, and Najib. ESSOUNBOULI, ‘A One Input Fuzzy Logic Controller for
Maximum Power Point Tracking of a Photovoltaic System; Journal of Electrical Engineering, vol. 17, no. 1,
pp. 9-15, Mar. 2017.

[6] F. Oufqir, M. Bendaoud, K. Chikh and A. LOKRITI,“Modeling and Control of a Photovoltaic Solar System
Using a Storage and Voltage Stabilization Battery for an Efficient Microgrid,” 2020 IEEE 2nd International
Conference on Electronics, Control, Optimization and Computer Science (ICECOCS), Kenitra, Morocco,
2020, pp. 1-6.

[7]1 M. Satapathy, M. P. Korukonda, A. Hussain and L. Behera, “A Direct Perturbation based Sensor-free
MPPT with DC Bus Voltage Control for a Standalone DC Microgrid,” 2019 IEEE PES Innovative Smart Grid
Technologies Europe (ISGT-Europe), Bucharest, Romania, 2019, pp. 1-5.

[8] L. Bandic, J. Hivziefendic, M. Saric and M. Tesanovic, “Voltage Regulation of PV System with MPPT and
Battery Storage in Microgrid,” 2020 International Conference on Smart Systems and Technologies (SST),
Osijek, Croatia, 2020, pp. 161-166.

[9]1 M. V. Satya Sai Chandra, B. D.B, L.V. Kumar and S. Mohapatro, “Voltage Control and Energy Management
of Solar PV fed Stand-alone Low Voltage DC Microgrid for Rural Electrification,” 2020 21st National Power
Systems Conference (NPSC), Gandhinagar, India, 2020, pp. 1-6.

[10] O. S. S. Hussian, H. M. Elsayed and M. A. Moustafa Hassan, “Fuzzy Logic Control for a Stand-Alone
PV System with Pl Controller for Battery Charging Based on Evolutionary Technique,” 2019 10th IEEE
International Conference on Intelligent Data Acquisition and Advanced Computing Systems: Technology
and Applications (IDAACS), Metz, France, 2019, pp. 889-894.

[11] M. Unde, K. Ghuge and A. Renapurkar, “Overview and Implementation of Power Management in
PV-Battery-Hydro Based Standalone Microgrid,” 2020 International Conference on Smart Electronics and
Communication (ICOSEC), Trichy, India, 2020, pp. 1133-1138.

[12] M. J. Usmani and A. Haque, “Power Management of Solar PV systems for PEER load,” 2020 |EEE
International Conference on Power Electronics, Smart Grid and Renewable Energy (PESGRE2020), Cochin,
India, 2020, pp. 1-6.

[13] N. K. Mourya and B. Koul, “Fuzzy Logic Based PV-Battery system for a Standalone Microgrid,” 2023 4th
International Conference for Emerging Technology (INCET), Belgaum, India, 2023, pp. 1-6.

[14] F. A.Mohammed, M. E. Bahgat, S. S. EImasry and S. M. Sharaf, “Design of a Fuzzy Logic Controller for DC
Converter of a Stand-Alone PV System Based on Maximum Power Point Tracking,”2021 22nd International
Middle East Power Systems Conference (MVEPCON), Assiut, Egypt, 2021, pp. 7-13.

[15] M. Zerouali, A. El Ougli, B. Tidhaf and H. Zrouri, “Fuzzy logic MPPT and battery charging control
for photovoltaic system under real weather conditions,” 2020 |IEEE 2nd International Conference on
Electronics, Control, Optimization and Computer Science (ICECOCS), Kenitra, Morocco, 2020.

40 S6 35



Gigi thiéu tac gia:
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Tac gid Pham Duy An t6t nghiép dai hoc nganh hé théng dién tai Trudng Dai
hoc Bach khoa Ha Noi vao nam 2010. Nam 2011 nhan bang Thac sy nganh ky
thuat dién tai Truong Pai hoc Bach khoa Grenoble, Cong hoa Phap. Nam 2018
nhan bang Tién si nganh tu déng va xu ly tin hiéu tai Trudng Dai hoc Reims
Champagne Ardenne, Cong hoa Phap. Hién nay tac gid cong tac tai Truong Dai
hoc Khoa hoc va Coéng nghé Ha Noi.

Hudng nghién ctu chinh: Diéu khién t6i uu hé théng dién st dung nguén nang
lugng tai tao, diéu khién ma.
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