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This paper presents a method to design a sliding mode control (SMC)
based on proportional integral (PI) sliding surface for a Buck-Boost
converter. The SMC methodologies emerged as an effective tool to
tackle uncertainty and disturbances, which are inevitable in most of
the practical systems and is a robust feedback control method.
However, one of the drawbacks of the SMC is the high frequency
oscillation (chattering) around the sliding surface. This paper uses the
SMC combined with PI sliding surface to overcome chattering
phenomenon. The proposed method is test to voltage tracking control
for the Buck-Boost converter.  Simulation results in
MATLAB/Simulink show that the proposed algorithm is more
effective than the SMC internal model and traditional PID with the
rising time achieves 0.0022(s), the overshoot converges to zero, the
steady-state error is 0.014(s), and the settling time is about 0.0041(s).
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Bai bao nay trinh bay phwong phap thiét ké bo diéu khién truot dya
vao mat truot tich phan ty 1& cho bo chuyén déi Buck-Boost. Phuong
phap diéu khién truot xuat hién nhu mot cong cu hiéu qua dé giai
quyét sy khong chic chin va nhiéu ngoai trong hau hét cac hé thong
thuc t& va 1a mot trong cac phuong phap diéu khién hoi tiép bén
viing. Tuy nhién, mét trong nhitng nhuoc diém cua diéu khién truot
la hién tugng dao dong tan sé cao (chattering) quanh mat truot. Bai
bao nay st dung diéu khién truot két hop voi mat truot tich phan ty lé
dé khéc phuc hién twong chattering. Phuong phap dé xuat dugc kiém
chung dé diéu khién bam dién &p bo chuyén do6i Buck-Boost. Két qua
md phong véi MATLAB/Simulink cho thdy hiéu qua cia phwong
phap dé xuit dwoc so sanh véi diéu khién truot md hinh noi va diéu
khién PID véi thoi gian ting dat 0,0022(s), do vot 15 hoi tu vé 0, sai
s6 xac 1ap 14 0,014(s), thoi gian xac 1ap 12 0,0041(s).
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1. Giéi thiéu

B6 chuyén d6i DC-DC l1a mét loai bo diéu chinh duogc sir dung dé chuyén dbi dién p DC tir
mot mic nay sang mac khac sao cho dién ap ngd ra phai dugc diéu chinh [1]. Bo chuyén doi
Buck-Boost 1a mét trong cac bo chuyén doi DC-DC duoc sir dung rong ri trong nhiéu tng dung
thuc té nhur trong hé thong ning luong tai tao [2], hé théng luu trit ning lwong DC, hé thng diéu
chinh nguén DC, nganh hang khéng, cong nghé vii tru [3]. Dién &p ngd ra cia bo chuyén doi nay
c6 gié tri &m va gia tri nay co thé nho hon hodc Ién hon dién ap ngd vao [1]. Pién ap ngd ra cua
Buck-Boost phu thuge vao thoi gian hoat dong cua chuyén mach IGBT (Insulated Gate Bipolar
Transistor) didu khién bang diéu ché d6 rong xung (pulse-width modulation - PWM) [4]. Nhiéu
nghién ctru da tng dung cac phuong phap khac nhau dé diéu khién bo Chuyen doi nay, tiéu biéu
nhu trong [1], [2] da diéu khién dién ap bo chuyén d6i Buck-Boost véi bo diéu khién vi tich phan
ty 16 (PID: Proportional Integral Derivative), diéu khién truot dwa vao md hinh ndi duoc thyuc
hién trong [3], trong [4], [5] da diéu khién bo chuyén doi Buck-Boost véi bo diéu khién PI, bo
diéu khién LMI (linear matrix inequalities) dugc thuc hién trong [6] dé 6n dinh dong dién bo
chuyén dbi Buck-Boost va [7] da nghién ciru bo didu khién truot tich phan cho b Buck-Boost
véi thoi gian xac 1ap 1a 0,05(s) va do vot 16 1a 60(%) ¢ chattering ngd ra. Trong cac nghién ciu
da cong bd, bai toan chattering da duoc quan tim nhung con han ché. Vi thé, nghién ciru nay dé
Xuit str dung bo diéu khién truot dua vao mit truot PI dé &p dung didu khién 6n dinh dién 4p ngd
ra b6 Buck-Boost.

Phuong phap diéu khién truot xuét hién nhu mét cong cu hiéu qua dé giai quyét su khong
chac chin va nhidu ngoai trong hau hét cac he thong thuc té va 1a mot trong cac phuong phap
diéu khién hoi tlep bén viing [8]. Céu truc thay dbi caa SMC Iam cho né ¢6 kha nang chuyen doi
giira cac luat diéu khién khac nhau. Vi SMC khéng nhay cam véi nhing thay doi va nhidu ngoai
nén né tro thanh su lya chon canh tranh gitra cac phuong phap diéu khién khac [9]. Tuy nhién,
dbi véi bién do cua luat didu khién truot néu khong duoc lya chon pht hop s& gay ra hién twong
dao dong tan sb cao (con goi la chattering) quanh mat truot. Hién tuogng chattering do sy khdng
hoan hao va cham tré thoi gian trong chuyén mach, do thiét bi truyén dong hang sé thai gian nho,
cac mach cong suat d& bi qua nhiét dan dén hu hong [10]. Nhiéu nghién ciru da dwa ra cac giai
phap dé khic phuc hién tugng chattering trong diéu khién truot, tiéu biéu nhu trong [11] da thay
ham signum bang ham b&o hoa, str dung mang no-ron EIman; mang no-ron dwoc sir dung trong
[12]; diéu khién trugt dau cudi thich nghi duoc thao luan trong [13]; trong [14] thuc hién véi ham
Hyperbolic Tangent.

Bai bao nay duogc to chirc gdm 5 phan: phan 2 trinh by md hinh toan hoc cua b chuyén ddi
Buck-Boost, thiét ké bo diéu khién truot dua vao mit truot PI dugc trinh bay trong phan 3, két
qua md phong va danh gia duoc trinh bay trong phan 4 va phan 5 1a két luan.

2. M6 hinh toan hec ciia b chuyén déi Buck-Boost

So dd nguyén ly va mach tuong duong ctia b chuyén doi Buck-Boost & hai trang thai on va
off dwgc biéu dién ¢ Hinh 1 [15].

* Trang thai dong (on)

Trong sudt trang thai déng, cudc day duoc cap dién boi u, xac dinh nhu (1). Dong thoi khong
c6 dong chay dén tu dién va dién tra, trong do i, =0va dugc xac dinh nhu (2).

di
u=L—= 1
= )
0-cde Ve )
it R
Dit bién trang thai nhu (3):  x, =i_;x, =V, )

Thé (3) vao (1) va (2) ta duoc (4) va (5):
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[IT] —r =7 M S
i—u Mosfot } i vC l
1 P L. %
T = T
1 i L

L
AR

B i1
1 < 1 =

Hinh 1. So @6 nguyén Iy va mach tiong dwong cua bé chuyén doi Buck-Boost

u1

_ @
X, = _% X, ®)
Phuong trinh trang thai cua b Buck-Boost ¢ trang thai dong nhu (6):
k1.0 % =] |E
AR
2 RC 2 O

* Trang thai mg (off)
O trang thai mo, ta c6 u, =0, nhung trang thai ngd ra cia V. va i, dao nguoc cuc do hién
tugng phong dién cua cudn cam va dugc biéu dién bai (7) va (8):

di
V. =—L—%t 7
c it ()
. dv. V,
i, =C—%+-% 8
, : dt R ®)
bat bién trang thai twong ty nhu (3), ta co (9) va (10):
.1
X = I X, C))
1 1
X, =——X ——X 10
=X aek (10
Phuong trinh trang thai ctia bo Buck-Boost ¢ trang thai mé nhu (11):
o X
% L || * ], |0
= +| |u
hj _i_"L{&}{Jl 4
C RC

Ta s& xac dinh ma tran trung binh cua A, B & trang thai dong va ma véi chu ky chuyén mach
d nhu (12) va (13):

_ 0 0 0 l
A:A(ON)d+A(OFF)(1_d): 0 _id“' 1 Ll (1-d)
RC -= "5~
C RC (12)
0 0 o =d o 1-d
_ d |+ L L
-— 1-d 1-d 1-d 1
REI 1™ ¢ "®rel ¢ "re

http://jst.tnu.edu.vn 63 Email: jst@tnu.edu.vn


http://jst.tnu.edu.vn/
mailto:jst@tnu.edu.vn

TNU Journal of Science and Technology 227(02): 61 - 69

1 d
— - 0 hal
B =Boy,d + By (1-d)=| L d+[ }(1—d)= L (13)
0
0 0
Ta c6 md hinh khong gian trang thai b Buck-Boost nhu (14) va (15):
0 T fe
{xj: 14 1 Lj+ ; U (14)
C RC
i
=[o 1]|.*
y=[ ]{VJ (15)

3. Thiét ké bd diéu khién trwot dwa vao mit truet Pl

Trong phan nay, nghién cau tién hanh thiét ké bo diéu khién truot voi mit truot P1 (PI-SMC)
bo Chuyén‘déi Buck-Boost sao cho di¢n ap thuc té bam theo dién &p tham chiéu va ching minh
voi luat dieu khi(?n duoc thiét ](é on diph theo Lyapunov.

Luat dieu khien PI-SMC gom 2 phan: 7 ’ ’

- Luat dieu khién chuyén mach usw(t) (switching control) dé dua trang thai cua hé thong dén
mit truot S(t) (sliding surface);

- Luat diéu khién dang tri ue(t) (equivalent control) dé giit trang thai cua hé thdng 6n dinh
trén mat truot; i i

So do cau trac bo dieu khién truot véi mat trugt PI dugc trinh bay nhu Hinh 2:

Ve _ref e Ve
*(%7 PI_SMC D P Buck - Boost
+

Hinh 2. So dé cdu trac bé diéu khién truot véi mat truot Pl
Mat trugt dugc dinh nghia nhu (16) [16]:

s(t)=s,(t)+s, (t):2e(t)+(;t+2a)e(t)+a2je(r)dr,,1 >0,a>0 (16)

Trong d6, mat truot ty 1¢ s, (t) nhu (17) va mét truot tich phan s, (t) nhu (18):

d
; (t)z(a+}tje(t) (17)
sz(t){%mj £.(1): £,(1)= [e(r)dr (18)
Véi sai s6 va dao ham cua nd nhu (19), (20) va (21):

e(t) =V (t) -V, (t) (19)
e(t) = Vcref (t) _VC (t) (20)
€(t) =V, (t)-V.(t) (21)

Trong d6: v, (t): dién &p tham chiéu, v, (t): dién ap thuc té

Dao ham cia s(t) nhu (22):

S'(t):2é(t)+a2e(t)+(/1+2a)[\7mf (t)+éxl+%xz}u+za)%d 22)
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Véi lut tiép can toc do hang nhu (23):
$(t)=-nsign(s(t)),n >0 (23)
Luat diéu khién trugt voi mit truot PI nhu (24):
C 1 1 .
———| 26(t)+a’e(t)+(A+2a)| v, (t)+=x +—X, |+nsign(s(t
g 20 ) (2w () e o [ s0)| o
Dé chiing minh tinh 6n dinh, ham Lyapunov duoc dinh nghia nhu (25) [3]:

up,SMc(t)=m{%‘(t)+aze(t)+(ﬁ+2a)[\7cref (t)%m%xz}nsign(s(t))} (25)

Pao ham cua (25) nhu (26):

V (t) =s(t)s(t)=—s(t)nsign(s(t)) =-ns(t) <0 (26)

Trong d6, 77>0. Thém vao do, sai s6 e(t)se hoi tu vé 0 dan theo s(t) >0 khi t—o0. Vi
thé, e(t),&(t) >0 khi t —>oo.

Upismc (t) =

4. Két qua mo phéng va danh gia

So d6 MATLAB/Simulink md phong bo diéu khién truot véi mat truot PI diéu khien bo
chuyén d6i Buck-Boost dugc trinh bay nhu Hinh 3 sau:

Q
| Buck-Boost

Hinh 3. So' @6 mo phong bg diéu khién trueot véi mét trueot Pl
Thong s6 cua bo diéu khién PI-SMC dugc trinh bay nhw Bang 1 va Bang 2 trinh bay thong s6
cua bo chuyén d6i Buck-Boost.
Bang 1. Thong sé bé diéu khién P1-SMC

Théng sb o A 7
Gia tri 2,5 50 30
Bang 2. Thong sé bé chuyén dsi Buck-Boost [16]
Théng s6 Y nghia Gia tri Pon vi
C Tu dién 250 uF
L Cudn day 15 mH
R bién trértéi 3 Q
f Tan sb 10 kHz

=-12(v) duoc trinh bay

nhu Hinh 4. Quan sat dap wng & Hinh 4 ta thiy rang, dién &p thuc té cia bo Buck-Boost bam theo
dién &p tham chiéu véi thoi gian ting dat 0,0022 (s), thoi gian xéac 1ap 1a 0,0041 (s), d6 vot 16 1a
7,9195e-05 va sai s6 xac lap 12 0,014 (v). Céc chi tiéu chat lugng nay dugc thé hién nhu Bang 3
va duogc so sanh véi bo diéu khién truegt md hinh noi va bo PID truyén thong. Bo diéu khién PlI-
SMC c6 thoi gian taing nho hon bd PID (0,008(s)) va thoi gian xac 1ap cling nhé hon bd PID va
diéu khién truot md hinh ngi (twong ng 12 0,16(s) va 0,78(s)).

Pap tng va sai s6 cua bo diéu khién dé xuat véi tin hiéu vao V

cref

Bang 3. C4c chi tiéu chat luong cuia PI-SMC véi V. =—12(V)
Céc chi tiéu chit lwong PI-SMC SMC mb hinh ngi [3] PID [1, 2]
Thoi gian tang (s) 0,0022 - 0,008
Thoi gian xac 1ap (s) 0,0041 0,78 0,16
Do vot 16 (%) 7,9195e-05 - -
Sai s6 xac lap 0,014 - -
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Dap ung dien ap cua PI-SMC
T T T T T

0o T T
- = = Vcd
Ve
>
= or T
©
c
QL
a
-10 b
- _l- - 1 1 1 L 1 1 1 1
0o 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018 0.02
Sai so cua PI-SMC
oF T T T T T T T T
=
o -5 b
©
c
QL
a
10 i
L . I . I | | | .
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018 0.02
Thoi gian (s)

Hinh 4. Pdp 1ing va sai sé ciia PI-SMC bg Buck-Boos

Tin higu diéu khien cia bo PI-SMC cho b Buck-Boost dugc trinh
khoang thoi gian tir 0 — 0,0041(s) , bién do cua tin hi¢u dieu khién khoa

t

bay nhu Hinh 5. Trong
ng 10° va khi hé thong &

trang thai x4c lap thi bién d6 cua tin hiéu ndy hoi tu vé 0 va khong c6 dao dong. Didu ndy phan

anh hiéu qua cua bo diéu khién d& xuat véi bo chuyén d6i Buck-Boost.

x10° Tin hieu dieu khien

Bien do

1 T T T T
0.5

0
-0.5

1 L 1 L

0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.0
Thoi gian(s)

18 0.02

Hinh 5. Tin hiéu diéu khién b P1-SMC cho bé Buck-Boost

V,

V6i ngd vao thay doi tir V,
Boost véi PI-SMC van bam theo dién &p tham chiéu véi sai s6 xéc 1ap
phong dap Gmg dién ap va sai s6 dugc trinh bay nhu Hinh 6.

Dap ung dien ap cua PI-SMC khi ngo vao thay doi

=-12—-24(v), dap ung dién &p cua bo chuyén doi Buck-

hoi tu vé 0. Két qua mo

0 T
- = = Vcd
5+ Ve
=
= -10 4
S k- mm-
§-isf 1
a
-20 b
25 I | | | .
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018 0.02
Sai so cua PI-SMC khi ngo vao thay doi
ofF T T T T T T T T T
=
a -5 7
©
o
2
a
10 4
I I I | | | I I I
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018 0.02
Thoi gian (s)
Hinh 6. bBdp ing va sai so cua PI-SMC bg Buck-Boost khi V., =12 — —24(v)
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Dap tng dién ap cia bo didu khién dé xuat khi R=3(Q) >1(kQ) va R=3(Q)—>10(kQ)
=-12(v) va V,, =—12—-24(v) dugc trinh bay nhu Hinh 7. Dién &p thuc té cia bo

Buck-Boost van bam theo dién &p tham chiéu trong thoi gian hiru han véi céc chi tiéu chat luong
duoc trinh bay nhu Bang 4.

Vol Vcref ref

Dap ung dien ap cua PI-SMC khi R=1Kohm, Vcref=-12(v) Dap ung dien ap cua PI-SMC khi R=10Kohm, Vcref=-12(v)
o — — —Veod ° - — —Ved
ol Ve sl Ve
— [ — 2T
= =
& 61 & 61
5 5
o Bl a 8l
10 =10
1z = === = B
o 0.002 0.004 0.008 0.008 0.01 0.012 0.014 0.016 0.018 0.02 o 0.002 0.004 0.006 0.008 001 0.012 0.014 0.016 0.018 0.02
Thoi gian (s) Thoi gian (s)
Dap ung dien ap cua PI-SMC khi R=1Kohm, Vcref thay doi Dap ung dien ap cua PI-SMC khi R=10Kohm, Vcref thay doi
- = —ved - — —ved
ve ve
= =
= o
& 8
= =
k=] k5]
=} [=}
o 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018 0.02 o 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018 0.02
Thoi gian (s) Thoi gian (s)

Hinh 7. Pdp itng dién ap bé P1-SMC khi R thay doi

Béng 4. Cac chi tiéu chat lwong ciia PI-SMC khi R =3(Q) —>1(kQ) va R =3(Q) —>10(kQ) vsi

Vcref = _12(\/) va Vcref =-12—>-24 (V)
Céc chi tiéu chit lwgng Thoigian — Thei gian o 16 (0) Sai sb
ting (s)  xac lap (s) xac 1ap
Ve =—12(v) R=3(Q) 1k 0,0022 0,0041 3,9602¢-07 0,014
cref R = 3(Q) —10 (kQ) 0,0022 0]0041 3,95788'08 01014

Quan sat cac chi tiéu chat lugng duoc trinh bay trong Bang 4 ta thay rang, thoi gian ting cua
dap tmg dién ap khi R =3(Q) - 1(kQ) 120,0022(s), thai gian x4c lap 12 0,0041(s), sai s6 X4c lap
12 0,014(v), dd vot 16 1a 3,9602e-07 va khi R=3(Q)—>10(kQ) la 0,0022(s), 0,0041 (s), 0,014
(v), 3,9578e-08.

Dap ting dién 4p ciia PI-SMC b chuyén déi Buck-Boost khi U, = 25(v) va u, =50(Vv)duoc

trinh bay nhu Hinh 8. Quan sat két qua md phong ¢ Hinh 8, dién 4p thuc té cua bo chuyén doi
van bam theo dién &p tham chiéu vai cac chi tiéu chat lugng duoc trinh bay ¢ Bang 5.

Dap ung dien ap cua PI-SMC khi u1=25(v)
T T T T T T T

- = = Vcd
Ve
=
= 5| i
o
<
o
D
[=)
10 |- i
C—- -~ " | " | I I I !
o 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018 0.02
Thoi gian (s)
° Dap ung dien ap cua PI-SMC khi u1=50(v)
T T T T T T L ———
Ve
=
= 5} i
o
<
=
2
a
-10 .
o 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018 0.02

Thoi gian (s)

http://jst.tnu.edu.vn 67 Email: jst@tnu.edu.vn


http://jst.tnu.edu.vn/
mailto:jst@tnu.edu.vn

TNU Journal of Science and Technology 227(02): 61 - 69

Hinh 8. Bdp img dién ap b PI-SMC khi u, = 25(v) va u, =50(v)
Béing 5. Cac chi tiéu chdt liong ciia PI-SMC khi u, = 25(v) va u, =50(v)

CA4c chi tiéu chat lwong  Thoi gian ting (s) Thoi gian xac 1ap (s) Do vot 16 (%)  Sai s6 xac lap

U = 25(V) 0,0014 0,0028 1,4343e-04 0,0103
U = 50(v) 9,5760e-04 0,0018 1,5166e-04 0,0578

Quan sat cac chi tiéu chat lugng dugc trinh bay trong Bang 5 ta thay rang, thoi gian ting cua
dap tng dién ap khi u, =25(v) la 0,0014(s), thoi gian xac lap 1a 0,0028(s), sai s6 xac lap la
0,0103(v), 46 vot 16 1a 1,4343e-04(%) va khi u, =50(Vv) 1a 9,5760e-04(s), 0,0018(s), 0,0578(v),
1,5166€-04(%).

5. Két luan

Bai bao da thiét ké b diéu khién truot dua vao mat trugt PI dé didu khién dién &p bo chuyén
ddi Buck-Boost. Mit truot Pl véi cac thong s6 A va a duoc lwa chon phu hop dé khic phuc
dugc hién twong chattering cua diéu khién truot & trang thai xac lap. Bo didu khién dé xuét dam
bao dién &p thuc té cua bo Buck-Boost bam theo dién ap tham chiéu trong thoi gian hitu han. Céc
két qua md phong trong MATLAB/Simulink vai céc chi tiéu dat dugc cho thay, bo diéu khién PI-
SMC hiéu qua hon bo diéu khién truot md hinh noi va diéu khién PID truyén thong. Tinh bén
vitng cua bo diéu khién dé xuat duoc khao sat véi su thay doi cua dién trg tai va dién ap u,.
Trong thoi gian t6i, nghién ciru s& wng dung cac giai thuat théng minh dé xac dinh céc gia tri cua
A VA« dé nang cao chit lwong va hiéu suit b diéu khién PI-SMC va thuc nghiém trén mé hinh
thuc té.
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