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Tém tit: Bai viét nay trinh bay thiét ké, phan tich va trién khai bé diéu khién hoc lap
(ILC) cho mach chuyén doi cong sudt Buck-Boost. Mach Buck-Boost la mot mach chuyén
doi DC-DC linh hoat dwoc tich hop c6 thé chay & ché do ha dp (Buck converter) va tang dp
(Boost converter). Mot bo diéu khién hoc lap cho mach chuyén doi buck-boost, nham cdai
thién hiéu sudt va do on dinh ciia hé théng. B¢ diéu khién ILC dwoc dé xudt nham téi wu héa
dap ing ciia mach dudi cac diéu kién tai bién thién, dong thoi giam thiéu sai léch theo chu
ky hoat dong. Thong qua viéc hoc tir cdac chu ky truoce, bo diéu khién ILC ¢6 kha nang ty diéu
chinh cac thong s6 diéu khién dé dat dwoc hiéu sudt t6i wu ma khong can mé hinh chinh xdc
cua hé théng. Cdc mo phong va thu nghiém thuc nghiém da dwoc thuc hién trén phdn mém
PSCAD dé danh gia hiéu qud cia b diéu khién ILC trong viéc diéu chinh dién dp dau ra
va cdi thién hiéu sudt ciia mach chuyén déi buck-boost. Két qua cho thdy bé diéu khién ILC
mang lai do on dinh va kha nang thich ung 16t véi cac diéu kién hoat dong khac nhau, mo ra
tiém ndng 1ing dung trong cdc hé thong bién doi cong sudt yéu cau do chinh xdc cao.

Tir khéa: diéu khién dién ap, diéu khién dong dién, bo diéu khién hoc lap, Buck-boost converter,
PSCAD.b

I. Dit vin dé va mat do cong suit cao trong mot thiét
Mach bién déi dién 4p DC-DC hién ké nho gon. Chu tric nay khong chi dam
nay duoc xem la giai phap t6i wu trong ky bao muyc tiéu tiét kiém nang lugng ma con
thuat dién tir cong suit nho so hiru nhimg dap ung dugc yéu cau khat khe ctia nhiéu
uu diém vuot trdi vé hidu sudt chuyén doi, linh vue, tir thiét bi dién tir dan dung dén
kha nang diéu tiét dién ap dau ra linh hoat céc hé thong cong nghiép va ha tang ning
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lwong tai tao. Trong bdi canh ngudn nhién
liéu hoa thach dang dan can kiét, viéc tmg
dung cac bo bién doi nay trong hé thong
dién mat tro1 (PV), pin nhién li€u, xe dién
lai (HEV) (Qadir & Ati, 2024) va hé thong
luu trit nang lugng dung luong cao tro nén
dac biét cép thiét, nhim cung cép mot dién
ap on dinh tir cac ngudn so cap von co dic
tinh ngau nhién va kho diéu tiét (Safari &
Ardi, 2018).

Trong sO cac cau tric hinh hoc phd
bién, bd bién ddi Buck-Boost nhan dugc
su quan tam 16n nho kha ndng linh hoat
trong viéc diéu chinh dién ap dau ra thap
hon hoac cao hon dién ap dau vao thong
qua viéc thay doi chu ky lam viéc ciia khoa
ban dan. Tuy nhién, viéc thiét ké bo diéu
khién cho ciu trac nay ddi mat véi nhiéu
thach thtrc k¥ thuat phtrc tap do day 1a mot
hé théng cd cAu tric thay ddi, van hanh
phi tuyén tinh (Salazar va cong su, 2013)
va mang dic tinh pha khong cuc tiéu (non-
minimum phase) (Safari & Ardi, 2018) béi
su xuat hién cua diém khong nam bén phai
mat phang phirc (RHPZ) trong ham truyén.

Nhirng dic diém nay doi hoi cac
chién luge diéu khién tién tién dé dam
bao tinh on dinh cta h¢ thong va kha ning
dap tng dong hoc nhanh chong trude cac
nhidu dong. Cac phuong phap diéu khién
truyén thdng, dién hinh 1a bo diéu khién
PID (Proportional-Integral-Derivative),
da dugc tmg dung rong rdi nhd cdu trac
don gian va tinh kha thi trong thiét ké
dua trén viéc diéu chinh sai s6 giita gia tri
thue té va gid tri dat (Qadir & Ati, 2024).
Dé cai thién hiéu suat, mot sd nghién clru
dé xudt cdu tric diéu khién hai vong lap:
Vong lap trong diéu khién dong dién va
vong 1ap ngoai diéu khién dién ap dau ra
(Algamluoli & Hasan, 2020). Tuy nhién,
do ban chat 1a bo diéu khién tuyén tinh,
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PID thudng boc 16 han ché khi hé thong
van hanh xa diém lam viéc dinh mirc hodc
chiu tac dong tir cac nhidu dong 16n ve tai
va dién ap dau vao, dan dén hién tuong
vot 16 cao va thoi gian xac lap kéo dai.
Dé khic phuc nhitng nhuge diém nay, cac
phuong phap diéu khién phi tuyén nhu
Fuzzy-Logic (FLC) d3 duoc dé xuit, cho
phép diéu phdi hé thdng dwa trén kinh
nghiém va quy tic ngdn ngit ma khong
phu thudc hoan toan vao moéd hinh toan
hoc chinh xac (Sahin & Okumus, 2011).
Nhiéu nghién ctru thuc nghiém da chimg
minh FLC c6 kha nang cai thién dap Gng
qua d6 va duy tri tinh bén viing t6t hon
so voi PID trong cac irng dung sac pin va
nang lugng mat troi, du hiéu qua cua no
van phu thudc chit ché vao viéc xay dung
co s& quy tic va ham thudc.

Bén canh do, diéu khién ché do truot
(SMC) ciing duoc biét d¢én 1a mot phuong
phap manh mé& danh cho cac bo bién ddi
dién tr cong suit, dic biét phu hgp cho
cac bd bién doi dién tu cong suét von c6
ban chét chuyén mach (Mohan & Sinha,
2008). Nho dic tinh bén ving tuyét ddi
truge su thay doi tham sd va nhidu ngoai
bang cach cudng bic quy dao trang thai
hé théng di chuyén va duy tri trén mot bé
mit trugt xac dinh (Torchani, 2025). Dau
vay, 1y thuyét SMC doi hoi tin s6 chuyén
mach vo han, diéu nay dan dén hién tuong
rung (chattering) trén bé mat truot trong
cac ung dung thuc té v6i tan sd hiru han
(Sahin va cong su, 2015). Trong mot sd
c4u trac mach Buck-Boost gap phai vin dé
vé diém khong bén phai mat phang phiic,
cu thé hon 1a khi chu ky 1am viéc D ting,
nang luong tich trir trong cudn cam L tang,
nhung dién ap dau ra V, lai giam tam thoi
do cudn cam chi gidi phong nang lugng
vao tai khi phan tir dong cat tit. RHPZ
phan anh su tré pha nay: thay vi dién 4p
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tang ngay lap trc, nd lai gidm trude khi
tang. Dé giai quyét van ¢¢ RHPZ, phuong
phap diéu khién dong dién thuong dugc
ap dung trong thiét ké SMC thay vi chi

diéu khién dién ap (Safari & Ardi, 2018)
va stir dung cu trac mach ndi ting. Cau
trac co ban cta mach duoc thé hién trong
Hinh 1 dudi day.
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Hinh 1. Cdu triic téng quan ciia mach Buck-Boost néi tang

Pé dat duoc dién ap dau ra 6n dinh,
dong dién cudn cam khong ddi va cai thién
hé s6 cong suat, hai vong diéu khién c6
thé duoc mo hinh héa. Bo diéu khién nay
bao gdm vong diéu khién dién ap dong vai
trd 13 vong ngoai va diéu khién dong dién
1a vong trong. Vai trd cua bd diéu khién
dién ap nham gitr dién ap dau ra 6n dinh
trong khi vong diéu khién dong dién tao
tin hiéu diéu khién cho cac khoa chuyén
mach (Zulkifli, 2013).

Su phat trién cta cong nghé ban dan
hién dai, dac biét la cac linh kién dua trén
nén tang Silicon Carbide (SiC), cung voi
cac by xur 1y tin hi¢u s6 toc do cao, hién da
tao diéu kién thuan lgi cho vic trién khai
cac thuat toan phuc tap nhu diéu khién du
doan hay tri tu¢ nhan tao (mang no-ron va
logic mo) trong thoi gian thye voi do chinh
xac cao. Trong xu thé d6, bo diéu khién hoc
l1ap (Iterative Learning Control - ILC), dua
trén y tuong “didu khién thong qua phép
tha” caa Uchima tir ndm 1978, d3 noi 1én
nhu mot giai phap hiéu qua cho cac hé
thong hoat dong co tinh chat chu ky nho
ciu trac don gian va kha ning ty tdi vu hoa
qua tirng vong 1ap. Trong nghién clru nay,
tac gia thuc hién ung dung bo diéu khién
hoc lap dé diéu ché do rong xung cho bo
bién d6i Buck-Boost str dung bo diéu khién

hoc lap ILC, nhim thay thé cac phuong
phap truyén thong vén ton tai nhimg nhuoc
diém cb hiru. Qu4 trinh thuc nghiém duoc
trién khai trén phan mém PSCAD - mot
cong cy mo6 phong manh mé trong phan
tich hé thong dién va dién tir cong suat. Dé
ma& rong kha nang tinh todn vuot ngoai cac
thu vién sdn c6 cua phan mém, thuét toan
ILC da duoc thiét 1ap théng qua ngdn ngir
FORTRAN dudi dang linh kién ngudi dung
tu dinh nghia trong mdi truong PSCAD/
EMTDC. Sau khi hoan thién mé hinh mo
phong, cac két qua thu duoc s€ duogc ddi
chiéu véi by diéu khién PI tiéu chuan dé
danh gia hi¢u nang.
II. Co s& ly thuyét

2.1. M6 hinh b bién déi Buck-
Boost néi ting

Nhu d3 gidi thiéu ¢ phan trén, cau
triic cia bo bién doi Buck-Boost ndi ting
(CBB) str dung 2 phan tir dong cit. Muc
tiéu cua CBB la c6 duoc dién ap dau ra
on dinh va cai thién hé s6 cong suét cho
dong dién dau vao (Yang va cong su,
2014). Mot wu diém khac cia CBB 1a
kha nang hoat dong ¢ Ché do dan lién
tuc (CCM) ddi voi dong dién cudn cam,
diéu nay phu hop dé lam ngudn dong
DC cép cho tai. Cac phuong trinh khong



gian trang thai trung binh da dugc mo
hinh héa str dung diéu kién ba trang thai
ctia mach CBB, bao gdm: ché do tu dién
D, ché do tang ap D, va ché do dong
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chay tu do D. Pham vi ctua nghién ciru
nay sé& di sdu vao phan tich hai ché do
D_va D, cia mach CBB duoc thé hién
trong Hinh 2.
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Ché d6 tu dién

Ché do tang ap

Hinh 2. M6 hinh twong dwong 2 ché dé trong CBB

MO hinh khong gian trang thai ctia 2
ché d6 trén (Zulkifli, 2013) duge thé hién
thong qua hai phuong trinh sau:

% 0 _fl 11
t L -
= +| L 1
AN —_1[%} o w
dt C RC
ﬁ 0 0 . 1

l —_—
dd; =1 -l L;}r LV, ()
—>1 |c RC|-° |0
dt

Xét chuky D=0 nén ta c6: D, +D_=
1. Nhén céc thanh thanh phan D, va D_véi
gia tri thanh phan tuong ing trong phuong
trinh (1) va (2) ta co:

% 0 _fc i, |2

t | _ L

av, | D, -D, {Vo}r é O
dt | _C R,C

di | To o _ D,

dt I —

v, |Tlo 2y [f| L@
— 0 C 0 0

dt | - Ry

Trung binh hoéa khong gian trang
thai tor phuong trinh (3) va (4) ta duoc
phuong trinh rang budc cac thong sb dong
dién va dién ap trong mach:

. -D,

L7 0 —* . D, +D,

dt _ L I I I v (5)
av, || o oo | o

dr | | C RC

CAu hinh bd diéu khién dé xuit dugc
trinh bay trong Hinh 3.

Diéu khién
dong dién

Hinh 3. So do tong quan bé diéu khién
s dung

So d6 cho thay hai khéi diéu khién,
v6i vong diéu khién dién ap, dién ap ngd ra
V, dugc so sanh voi dign ap tham chiéu V.
dé tao ra chu ky nhiém vu mong mudn D,
cho ché d6 tu dién. Khdi nhan duoc sir dung
dé tao ra dong dién cam tham chiéu L -
dong dién nay sau do dugc so sanh voi tin
hiéu phan hoi ca dong dién cam I,.Dong I,
duogc st dung lam phan héi nham dat dugc
ché @6 dong lién tuc (CCM) 6n dinh.
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2.2. B§ diéu khién hoc lap ILC

Diéu khién hoc 1ip 1a mot ki thuat
diéu khién don gian, hiéu qua, c6 thé giam
dan céc 16i phan hoi va cai thién d6 6n dinh
ctia hé thdng théng qua viéc diéu chinh
thong s diéu khién qua mdi 1an hoc. Muc
tiéu cua ILC la tao ra mot tin hiéu chuyén

o )
.. . +’
Bien ap 5
dat

ILC

A 4

Dién ap phan hdi

tiép dé theo ddi mot tham chiéu cy thé
hodc dé loai nd mot tin hiéu nhiéu lap lai.
ILC mang tinh chit du doan va c6 thé bu
dép cho cac tin hiéu ngoai sinh, vi du nhu
tin hiéu nhiéu c6 tinh lip lai béng cach hoc
tir nhitng lan lap trude d6. Nguyén 1y cua
bo diéu khién duge mo ta

Tin hiéu dieu
khien

»

>
Dbién ap
ra

A

Hinh 4. So' do khoi vong diéu khién dién dp sir dung ILC

Goi u_va y, 1an luot biéu dién tin
hi¢u dau vao va dau ra cua bo diéu khién
ILC, véi k 1a s6 1an 1ap lai, y, 1a dién ap
dau ra mong mudn ciia bo bién doi Buck-
Boost, u, tai lan lap thtr k twong tmg voi
dau ra Yy, cua bo diéu khién. Sai sb e, gilta
dau vao va dau ra dugce tinh toan, mot tin
hiéu u,, dugc tinh toan va cap nhat dua
trén céac rang budc diéu khién. Nhiém vu
thiét ké sao cho qua moi lan hoc, giatri dau
ray, s€ dan hoi tu vé diém lam viéc mong
mudn y,- Noi cach khac, mong mudn thiét
ké bo diéu khién sao cho e, tién téi 0 khi k
tién t6i vO cung

Gid st c6 quan h¢ anh xa gitra tin
hiéu dau vao va tin hiéu dau ra nhu sau:

y=fu) (6)

D6 rong xung diéu ché u_thoa ma

phuong trinh y = f (u,), ta co:
{”kn =u, +u(e)
€ =V =k

Mot luat diéu khién ILC don gian
dugc thiét 14p cho hé thong nhu sau véi q
1a s6 1an hoc lap:

Up, =U,+qe; (8)

(7)

Xeét € va €, lan luot 1a cén trén va
can dudi cua ham gradient:
0

=/
ﬁ‘@

u

€1 =V~ Vi
=e —[f Uy =] (9)
—[-gf @’ Ve,
Trong d6 u’, duoc xac dinh bang:
S )= )= fulu)) ., —u,)
Theo do ta co:

[1-gf, ()| <1

e .
Vivay —+<l hay lime =0
‘ ek k—o
H¢ qua 1a tin hi¢u sai 1éch cua hé
théng duoc loai bo, su hoi tu ctia bo diéu
khién ILC duoc dam bao. Hé sb hoc lap q
duoc tinh nhu sau:
u, —u
q = sat—+—*+L

(10)
Yie = Via
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III. Phwong phap, vat li¢u toan vao mo hinh chinh xac cua ddi tugng.
nghién ciru Dé trién khai thuat toan, nghién ciru sir
dung phan mém PSCAD/EMTDC lam
moi trudong mo phong chinh. Hiéu qua ctua
phuong phap dugc kiém ching va danh
gia dinh lugng thong qua vi¢c so sanh céc
chi tiéu chit luong qua do (d6 qua diéu
chinh, thoi gian xé4c lap) v6i bo diéu khién
PID truyén thong trong ca hai kich ban
tang &p va giam ap.

3.2. Xdy dwng mé hinh bp diéu

3.1. Phuwong phap nghién cuu

Nghién ctru nay tiép can bai toan
diéu khién b bién d6i Buck-Boost néi
tang thong qua viéc xay duyng mo hinh
toan hoc dua trén phuong phap trung binh
héa khong gian trang thai (State-Space
Averaging), tap trung phan tich hoat dong
ctia mach & céac ché do tu dién va tang ap
dé thiét 1ap phuong trinh rang budc giira

dong dién va dién ap. Trén co so 1y thuyét khién ILC
nay, tac gia dé xuéat chién luge didu khién Xac dinh luat cap nhat sau dé xac
hoc lip (ILC) véi cdu trac hai vong lap dinh dau vao cua hé thong:
- vong ngoai diéu khién dién 4p va vong N . .

. . u.  ()=u.(@)+Au, (i
trong diéu khién dong dién, sir dung luat J (@) J (@) JH( ) )
cap nhat kiéu PID nham t6i uru hoa tin hiéu Trong d6 Auj+1(i) 1a mot sd hang
diéu khién va triét tiéu sai s6 qua timg chu hiéu chinh. Theo chién lugc PID, Auj+1(i)
ky hoat dong ma khong phu thudc hoan dugc chon nhu sau:

i+l
Au; (i) =kpe,(i+]) +kIZej(m) +kp(e;(i+1)—e, (@) (12)

m=1

chon tham s6 nay sao cho dic¢u kién hoi

voi: €0 =2(D=y;() 14 sai s6 tu duoc théa man. Coi khoang giam moi

diéu khién qua cac lan lap. vong 1ap 1a V(j). Nhiém vu ctia bd didu
K, K, K, la cac hé¢ sb hing sb khién hoc lap chinh 1a thiét ké mot quy
thuc (hé sé), lan luot 1a cac hé sb hoc luat dé tinh V(j) sao cho sai léch giam
ty 1€, tich phan va dao ham. Viéc lya dan qua moi lan lap.
i+1
V)= (kP+kD)ej(i+1)+klzej(m)_kDej(i) (13)
m=1
* Thanh phén ty 1€ va dao ham, tich phan va dao ham 1an luot duoc biéu dién:
(kp +kp)e (1) 10 W |le(
(kp +kp, )e;(2) | = (kp+ky)| 0 1 N e;(2) | =(kp +kp)IE()) (14)
N N N N X
1 0 0N (1
0 o
lem+re =k 1O 9P| pre 15
s R LR 3| Y (15)
N X K K X
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0 00 0 e
e,(1) 10 0 0 [[e() .
= =k, F,E
le | "o 1 0 B |[e3] "7 ) (16)
X R B E R
Diéu kién cho qua trinh hoc hdi tu:
I -G[(kp+ k) +k, F—k,F,]<1 (17)

Tur cac phuong trinh todn hoc trén, ta thiét 1ap dugc mo hinh bo diéu khién ILC trong
phan mém PSCAD dugc trinh bay trong Hinh 5.

F

2 —| 4,1‘" \
J l K2 | DAty /
if

o st g
L€ [ 1000 [,

+
IF £ T

e Ham b O—a
F

I "
)_k_mif -u-'ST I 1 K 0

0=y

,.
3.3 [mF]
)

[

Hinh 6. M6 hinh mach Buck-Boost xdy dung trong PSCAD

Mach buck-boost dugc moé phong muirc 30V, dién ap dau ra dugc thay ddi &

v6i théng sb: V, bién thién trong dai
25- 60V, V. = 24-48V, R=2Q, L= 15uH,
C=2.3mF, tan s6 dong cat 250kHz

IV. Két qua va thao luin

4.1. Truong hop bj bién doi chay &
ché dp giam dp

Trong trudng hop nay, xét dau vao
bo bién doi dién c6 dién ap khong doi &

cac muc 18V va 12V, dac tinh duoc mo
phong trong phin mém PSCAD, dit liéu
mod phdong dugc veé lai dac tinh thong qua
Matlab dugc thé hién trong Hinh 7.
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Hinh 7. Bac tinh dap vng dién ap dau ra b bién doi Buck-Boost ché dé giam ap

Bdng 1. Bang so sanh théng sé ddp iing
dau ra gitta 2 bo diéu khién tai ché do

giam dp

Do qua | Thoi gian

Bo diéu khién | diéu chinh | dap {ng
(%) (s)
Giai doan | ILC 9 0.05
quadd | PID 25 0.3
Giai doan | ILC 0 0.02
giémdp | PID 0 0.2

Ta thidy do qua diéu chinh cta bd
diéu khién PID cao hon rit nhiéu so véi
ILC, dong thoi thoi gian xéac 1ap ciia PID
cling 16n hon cua ILC twong ddi 16n. Tuy

nhién ca hai bo diéu khién déu cho thay
kha nang triét tiéu sai s6 xac lap t6t sau
khi hét giai doan qua do. Két qua so sanh
chi tiét dugc thé hién trong Bang 1.

4.2. Trwong hop bj bién déi chay &
ché dj ting dp

Trong trudng hop nay, xét dau vao
bo bién d6i dién c6 dién ap khong ddi ¢
muc 15V, dién ap dau ra duoc thay doi
0 cac muc 24V va 36V, dac tinh duoc
mo6 phong trong phin mém PSCAD,
dir liéu mo phéng dugc veé lai dac tinh
thong qua Matlab duoc thé hién trong
Hinh 8.
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15 2

Thoi gian (s)

Hinh 8. Pic tinh dap ieng dién dp dau ra bo bién doi Buck-Boost ché dé tang dp
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Pap ung dau ra cia bo bién dbi
trong ché do tang ap duoc tinh toan chi
tiét trong Bang 2.

Bdng 2. Bang so sanh théng sé ddp iimg
dau ra gitta 2 bo diéu khién tai ché do
tang ap

. Po qua Thoi
B0 diéu khién | di€u chinh | gian dap
(%) rng (s)

Giai doan | ILC 21 0.05
qua do PID 46 0.2

Giai doan | ILC 0 <0.01
giam &p | PID 0 0.12

Trong ché do ting ap nay, su chénh
léch hi€u nang cang 1o rét hon ché d6 ha
ap trude d6. PID boc 16 diém yéu 1 do qua
diéu chinh qua 16n khi khoi dong, trong
khi ILC kiém soat ning luwong t6t hon
nhiéu va duy tri kha ning bam sat tin hiéu
dat tuyét voi.

V. Két luin

Nghién ctru da dé xuat va trién khai
thanh cong chién luge diéu khién hoc
lap (ILC) cho bo bién d6i Buck-Boost,
dugc kiém ching thong qua méi trudng
mo phong PSCAD/EMTDC. Két qua
dinh luong khang dinh thuat toan ILC
mang lai hiéu suat vuot trdi so voi bod
diéu khién PID truyén thong trén ca hai
phuong dién: do on dinh va tdc do dap
ung. Cu thé, tai cac kich ban van hanh
thay doi, bo dicu khién dé xuat da giam
thiéu dang ké do vot 16 dién 4p dau ra
(giam tir 46% xubng 21% & ché do ting
ap va tir 25% xudng 9% ¢ ché do giam
ap), dong thoi rat ngan thoi gian xac 1ap
xubng con khoang 0.05s, nhanh gap 4
dén 6 1an so v6i ddi chirng PID. Bén canh
d6, kha nang bam tin hiéu tham chiéu cta
ILC dat do chinh xac cao vdi thoi gian

dap tmg tirc thoi (dudi 0.02s), khic phuc
triét dé nhuge diém vé do tré va dao dong
quéa do 16n thuong gip & cac phuong
phap tuyén tinh. Két qua nay minh chimg
tiém ning tng dung ctia ILC trong cac hé
thdng chuyén doi nang luong yéu cau cao
vé chat luong dién 4p, tao tién dé quan
trong cho cac nghién ctru thuc nghiém
phén ciing va tdi wu hoa luat hoc thich
nghi trong tuong lai.
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ITERATIVE LEARNING CONTROL SCHEME FOR
BUCK-BOOST CONVERTERS: A SIMULATION STUDY
IN PSCAD/EMTDC

Pham Minh Tu', Trinh Van Cuong?, Nguyen The Phong'

Abstract: This paper presents the design, analysis, and implementation of an Iterative
Learning Control (ILC) scheme for a Buck-Boost power converter. The Buck-Boost converter
is a versatile DC-DC power electronic circuit capable of operating in both step-down (Buck)
and step-up (Boost) modes. To enhance system performance and stability, an ILC-based
controller is proposed to optimize the circuit response under varying load conditions while
minimizing periodic errors. By learning from previous operation cycles, the ILC controller
autonomously adjusts control parameters to achieve optimal performance without requiring
an exact mathematical model of the system. Simulations and experimental evaluations were
conducted using PSCAD software to assess the effectiveness of the ILC in regulating output
voltage and improving conversion efficiency. The results demonstrate that the proposed
ILC scheme provides robust stability and excellent adaptability across diverse operating
conditions, highlighting its potential for high-precision power conversion applications.

Keywords: voltage control, current control, iterative learning control (ILC), Buck-Boost
converter, PSCAD

!'School of Electrical and Electronic Engineering, Hanoi University of Science Technology, Hanoi, Vietnam
2 Faculty of Electric and Electronic Engineering, Hanoi Open University, Hanoi, Vietnam



