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Improved fractional-order complementary sliding mode control for
fractional-order Buck converter based on Riemann-Liouville derivative

CAI Zhong-ze, SUN Gu-hao, ZENG Qing-shuang'
(School of Astronautics, Harbin Institute of Technology, Harbin 150001, China)

Abstract: This paper focuses on the complementary sliding mode control (CSMC) of fractional-order Buck converters.
Firstly, to establish a more accurate model for describing the characteristics of the Buck converter, a mathematical model
based on the Riemann-Liouville definition is proposed, which is more precise in describing the characteristics of the Buck
converter compared to the Caputo definition, considering the non-integer order characteristics of electronic components.
Then, to deal with parameter uncertainties and external disturbances, which are lumped as matched and mismatched
disturbances, two fractional-order disturbance observer (FDOB) are designed to track them and their fractional-order
derivatives. Subsequently, a novel fractional-order CSMC surface is developed to improve the robustness and steady-state
error of the sliding mode phase by taking advantage of the high accuracy of CSMC and the memory property of fractional
calculus. A new reaching law is also introduced to increase the convergence rate while maintaining the robustness of the
sliding mode. Finally, the stability of the sliding mode controller is demonstrated based on the Mittag-Leffler stability.
The simulation results demonstrate the superiority of the FDOB. Compared with the traditional sliding mode strategy, the
proposed controller achieves better dynamic performance and lower steady-state error.

Keywords: fractional calculus; Riemann-Liouville; Buck converter; mismatched disturbance; disturbance observer;

fractional-order complementary sliding mode control; Mittag-Leffler stability

oy

0 3 VR (IR RCRE S A B BN D, I AR Ly B e g B i T
W T EN, R FEOR I R R SRR T S A R H ) R e v T AR RE U
AR BN F5oR H st B2, 0% WO 2R R I BRI SR R %, Buck B # SHE N EHE 1 )

Yris BHR: 2022-12-31; F A BHEA: 2023-06-16.
EEWMHE: HFEBAARREAESTH (61673130).
HIERE: kYE.

Tl IFA/E 4. E-mail: zgshuang@hit.edu.cn.



2648 # % 5

xR ¥39%

M4V %, B 0% 8 I B R 4% ) SRS AR I B HE LR,
B2 N TR RGN A B FRLER R &5 Tl
Y. T E )& P, Buck g8 g —Fh &
RIS AR AR 2 M FR 48, 1T HLAE S B S o HL S A
1 2 BT, WA 8078 A0 AT H e SRR 55, 38 23 R ik )
S0 Buck A8 4 #5345 ) 5 Gt 1) 20 25 W B AT RS A 1R
ZEVEH T R, R, Wi R R A R PRAE
Buck 7% 4 #5345 il 22 48 1 A 8 VAT B B 1, 32 T R 4t
PEREFR bR, B = F A TR 9T 45 A
EFATVEN XS Buck B A2 7 2 FhAR 2R M 45
S BEIVE il R NI 41 3 DR 1| N 2
2 )01 AL o) 1780 S A X G A 2 M o) SR
W #i42 i (sliding mode control, SMC) [A H B A i &
o A A0 8 ) T B (R A R, 32 81 T T2 DR, SR [9]
FFH TP 25 25 & SMC AL B L RL T30, 18 T+ T &
SIS ER B TERE. £ ASULED TP 1 F 1] 7]
JE SCHR [10] 32 H 1 AR SR T A0 I 48 25 4 M A T AT
TP SCHR (117528 K B AMNE #5425 5] (complementary
sliding mode control, CSMC) Fl1 F i& M {3 A 45 A 1 5
A RHEIES T EHR RS T RERE RN SCER[12]
XT Buck 2% 4 4% 1 1% 22 HEAT 70 A, 45 T WAL ) &
G SRR 5B E T
SR, bR S 54 6 BE ALY (1) Buck A8 6 5 45
A, 3T A R AH R LR B, AR 2 L o A (o AR AT
HJEK) B A A B E B R 1, AN A A 1) AR 22 2R 45 ) &
Gty SR B R 22 0 BIAREE ) BRI, B B
RPN R AR EMNEENR, 2H
s | 28 Ve Re. B2 T DL B, S E AT G A
FH 3 BB AR 43 BRAL SR 9T Buck 728 4 25 1) S A5,
WL 53 B T AR 73 %€ A R-L, Griinwald-Letnikov I
Caputo Z¢1314 H 1 2 # L F 5L T Caputo & X7t
Buck 2 #e 4% 1 73 B 152 4, {H#E Caputo /& LR, 8 T
BT B, A 70 POl 2 AR 1 R BR B R, IR
AL AR AT R TE B B R, R L, — S22 T
GAWEFCAE R-L 20 20 M 78 SN Buck A8 4 85 1) 0 5 A
B SCHR[15-16] 5 T R-L & S, % Buck 28 46 #5 7E % 48
AN 2 T 08 ACRAES NHEAT T 0 A A 45, 12
TSRS H AR T V. SCHER [17] 1 BH B S Y
H 1 FEAIC, Buck 722 46 25 11 BE A4 PH 2R i B 51 NS g . SC
Bk (18] 257 1 Buck A2 e &5 i) R-L 7 b A5 1Y, 45 3
Lt Caputo & X HE RGN S5 18, 58] T R-L 5050 &
N REHE IR T R G ERAKE FE. SCHR [19] %1% R-L & AN
Caputo & SR R 118, WFR TR RN SLIG 25 H g
T R-L & X Buck B 2% RGN 5L x KRG A

B B — B AR R R 22 B /N 2, HLR-L E U
BR BIWTA6 25 A 52 SCAE HL % B AT AH . ) P L

AR, B X 4 B Buck 2% 4 2% 2 1] I BF 5
SCHRATI SR 2. SCHR [5-6] 18 FH 70 B 42 1) 2%, (ELG B
AT 52 BEE Y 105 SCHR [31 6T X UL B T3 it 1 2 50
H I B BRI 28, 2T T R GRS 1 SOk [20]
T2 H 2 T OO0 2% 1 2 B v A A o B, e
AMEA VLS4 SCHR (211 810 AL RS TPt 1
BN T-PU AL 25 (fractional-order disturbance observer,
FDOB), SEHL 1 X A VT HC T4 i 287, BL_EA 9T
)72 2 T Caputo € X, 2 T R-L & ] Buck 28 # 4%
BRI FEANER KT Buck 228 48 2% HH AN VT HC - e 0 i B
FCAENE A HL B 28 0 42 o TV R s i 4 A3t 8 0 1) L
FIERAN T E BB

FR A LA 23 #T, AR SCEF X 43 B0 Buck 48 4 2% 32
th 1 3% T FDOB 1) 73 # ffir CSMC 77 V. £ 3CHR [15-
19] BB FE BE Al b, g 57 7 5 T R-L g SR 40 e
Buck A8 # 28 H A B WA AR T R ORS MR, B XS
Buck 7% # 85 7 A7 75 1 UL L AT AS UC e T8, $2 H 17—
Fii 3L FDOB [ 243t 8 CSMC % il #5. FDOB REWE 7
A BRI B A S T TG 5 S o S8 IR T
I3 HAMB AR &, 73 BN AR 23 R ICAL R T R %
TTHE RS ) M S, BAMNE AR BB Re g 1R T
RARERE. &a, WitHGiEE 7 7 2580
T AN R
1 BSR4 E8 AR5 3

AT 4 73 B IR 4 R FE AR A A 56 5| .

BN AR L (¢) 1 aBr Caputo il
G € IR

WDEf() = F(ll— ) f: (tf—(:))adT' )
HA: DRES BN MRS EF,a € (0,1),t > to.
I'(-) & Gamma PR 5§, 52 SUH
I'(\) = IOOO o teTTdr,

Hea>o0.
E X 2113
E X UR:

o DEf(t) =

0] bR B f(8) 1) B R-L AR 4

1 d et f(n)
ra foz)afto )
He:a € (0,1),t > 1.
TE X 3 S A] R L f () B a M R-LALS
5E AR
WDy f () =

2)

¢ f(n)
I'(a) L (S

Hea € (0,1),t > t.

3)




%8

K piE & X F Riemann-Liouville 5 2 Ur A2 & 49 Buck T #: 28 A 3t 5 3 MW T AN B AL 38 451 2649

1 B, H AR oy A B AR 4 ) —
b e, BB B AR 43 R 40 B SRR 43 1 e R T
3. BRI, 6 R-L 73 20 155 28 Buck 748 46 2% 152 42 il
AR L, BE 4 2 ) 48 (1) S YE L

72 R-LFlCaputo & X FEZHNET RS
AR 43 (R GLY A 5], 5 32 2 X0 F(¢) 2 R4 SR 7,
JaB MR fO)RFERT EER )2
T, P Fh e SO B9 B T S5 RN, F() B
Caputo (432 0, M HE R-L & LR s & RED)C =
%%f%f¢Mﬁma#$%ﬁTmmwmwﬁ#
AR RRAE SCHR [19], R-L 8 SR AU 2 R Fa i
F2 48 AR IR ) ) B 1T Caputo € SCKE %R0,
XA A H AR 22 (R OR R, SCHR [15-19] % W, R-L € XL IH)
3 HU A Y T B8 MR 4 8 Buck R 28X K.

SIEE1 FEan T o Ey s N\ B R G

Doz;(t) = x41(t), 1=1,2,...,n — 1;
Dz, = f(z1, 22, -, xn) + g(T1, T2, - ..
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1 . Vb ‘/inO
R a(“ - RT)’ 9= CoLo’
1 1
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1 1
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