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ABSTRACT: The selecting of weighted matrices plays
important role in the synthesis design of optimal feedback
control system. This paper proposed a linear quadratic
performance target based on passivity considerations. Using the
state-space average modeling method, a nonlinear affine model
of Buck converter working on current conduction mode (CCM)
was set up. The nonlinear system had been realized
linearization via state feedback linearization control theory.
Further, the feedback coefficients were optimized using the
linear quadratic control theory. The control law proposed in this
paper has some advantages of being simple, easy to
implementation. The validity of the control scheme was
verified by numerical simulation results. Key waveforms based
on simulated extensive work show that comparing with the
passivity-based control method the proposed control system
has small steady errors, excellent starting-up response, constant
switch frequency, and strong robust to the disturbance of input
voltage and load.

KEY WORDS: Buck converter; state feedback; exact
linearization; quadratic; passivity; optimal control

FEE: IAUEBE G I B R R I R G A wehh R &
TR S o 2SO T TRUR PR AR, SR B M R e
Fio N RR A2 TR F  EAR ,  78 57 L U 21 % (current
conduction mode, CCM)Buck A& 4% (1) /5 S AE e AR 7Y . %
RS OB A 71, SRR RS R RS
X, ORI RGN L. W5, R RERRE
IR AR 5 RBOEAT AR T TSI s, 2%
Gy o BUEVTELIOTE T3 H7 I, f7 ELBE )
Le A AT s S AR G JCUR P AR L, B T R
REFARZEND, BVEREILE, HIF R &, A
HLR LB A A7 3 B 1) B R I ek

KEIE: Buck Aefuds; RSB KWL i, OO,
Tt gl

0 318

DB FF AR W o A — M FF O R 2 1 &
g8, HETE My EY m&%ﬁ&W%Tﬁ R
HARKI R BR M, HahAxm N S 42 HRs FEA A
SR pitE | 35 G i HIEs % NI VN 7 NI wb 7K 3
GBI B T T A g (A 2 3,

R M RIS 5 N AT 20 AE RS
TARKIHERE, Rl LAy JUAR o T ROR e ok
(PRSI R PR 712252 31 T W Aol ek 3 Y ) 9
LRMRIRER AR e, AEZett R G T LIRS B
NI (PORE R AL, TR B AR Lo M R i 2
I FELE A0y £ P R G I A e L, 3207 vk EL
Dy FH T e — e ﬁﬁ%@ﬁu%@jﬁﬂ%m
mtEfe AT RO TS A B RGE A
ﬁm&%ﬁ%?ﬁ%ﬁﬁﬁwm%m%%oiﬁm
TR IR A SOUTORE B 26 PR AL RN — Y g I 928 1 25
B TR T B AR R R T 2% ). SCHR[8-10]
¥1% 775 T-DC-DCA 2% 1, (HAE RIS 36l
AR, TRk RE TR AR AT B B . 1
Bt R B RGN VE 2 PR 5 S AR IR B O,
BB 3 B AE e A IR 5t R e ) 2 vk i AT o
g%z:x[lS—lG]o

AR e N PR A AP AR 5k, i

T4y JUAR] J5 12 1R FEL IR 3% 8277 (current conduction
mode, CCM)Buck”z #ugis (1)) i JE LR AR Y . LT
R BRI AL B, 4 B AR MRS
FKiEA, LT IRRENLMEN. H—28, KTk
PRIEAR 7 ik 1 S AR 20, ﬁﬁ*ﬁ:@ﬂﬁ%%
br, SHIMBGEREQ, HIA — A S L4z IR
*&ﬁ%ﬁﬁﬁ%%uﬁoﬁ%%ﬁ CIEEAziEZD
GEIAHRE PR EOCUR 7 BLEE IR T IR Oy



2 S G 1 M DR - S 4 EWLE
RIEHIE, ARG BT RS TERE. Lk AR AL
1 CCM Buck T8k 7 2 A Fag4am th]?))
X
%5 T PWM % DC-DC A #s, H iR = @)
IR B AT, W 1 BRI L h(x)
AR 2 IR AR 25 (0] P A A Y X . . — —
LI~y v du, . [0 17, o
dt 1) &= 0 O§+ i ®)
duc . 1
ot b TRc' TEBLARKR T 5P R R G5 RS R e
X d _ o) +v ©)
s i L LyL¢h(X)
. Y Y

=1
j o
o

|

Uin¢ Dz +_=C ﬂRL

1 Buck Z#kzEFIEE
Fig. 1 Main circuit of Buck converter

IEHCREL EX=[X1, X]=[iL, uc], MIANZREU =
d, HithARy=h(x)=x, U, WH&ES T
JUART J572:1¥5 CCM Buck A8 # 25% (1) B8 A Bt H 1R 4
AR M R 4

x=T(x)+g(x)u
{y:h(x):XZ_Uref @
_%XZ Ui,
AHF: f(x)= 1 1 ; g(x){ L}o
PRy R 0
C R.C

2 CCM Buck T#azs3iEsk iz RGigit
R 3E

2.1 RERBHETREMEL
MRAERL Y LT LR, SCHRB]C kWX T 3((2)
It 7 5 AR e M 2R et AL R A S RS i 2 VA
(787 G5, TFRIIHE S AR S MR AR R AL AT
B MPR A S R IE 3
XTRQ)4 E I RGRAGLL T2 T4

Lh(x) =S g(x) =0 ©)
umm=%¢u#é«—ﬁ;a (@)
L&mupf%wﬁo )
lﬁm”:_Rz?_f%2+E§E7& ©6)

WL, ERG KR r=2=R G450 s LR

A v S ARARAR I S I 2P RGBT o
22 ZTRBIGMIEHEIRET LTIREMHEIS 4 EEIEIR
%6 Q 1 R 1%

2 AR LR AR BR AR 3 (7) FARES OB HE(9) D5
RN RG Q) LM RS(8), Ht, MRS
SR ) UL A o M R AR ) £ )

s AR B, SMEewW RSN

F=M®+mm (10)
§(t0):§0
SR RESE R b

J:%K%€Q§+wam (11)
. 01 0 . - .
ﬁm:A:L J;B=L}<}ﬁ£ﬁﬂ¥£%

WIFREERE; R A IE X FRARRE . MEREFRbR (1)1
55 1 AR AES i P o R 4 i I 2 (KR A 1 25 B
-0, B 2 000 e 1) R
BT VERESRAR A B/, LR A
v=—K¢& (12)
ISt 8 i
K=B"P (13)
X PR PAFATP-PBR BT +Q=0
) 1E 58 X FR A o
TGV 95 1) 7 12 1) e A RELATUR: A 2 ) 4 1) 1
v, RN T eI, S ECE R4 E
FEHOTRE I “IE) )7 384 R G0 R IR R IO
MIREE R, PR RGO . AITPRIE
RGN R ZE TR E T A, ERAERREZ
WS BRI . P RS IR P R
RAMFENE, ERCTEMESNY . et g
TeUEME I —FREF RO, Lyapunovg iE P BES A E
TEUE ML & (R E % ke iy T,



55 33 3 Ui T 5

FETIRAS ORI 22 PE A Buck 83 (S5 (e 42 3

BT ICURE RS AL I A R G RERR BH, W]
I LA A P AR 8 B U0 B ) i RE R OIS YR A B
AR SCRR[L9]H R ek i PG 2 CIR A B
E) IR gk i . BRI T IR B PE e R AR
AUIBCR 221 J5 AR e HEAAR AL o WA SCHE T8
PRV I P PA R SERE S bR AL

H=£QE= % LAI? + %CAué (14)
i = (7) AT %0
é‘:l = h(X) =X, _Uref = AuC
_ R VN N R Y
& =Lih(x)= c X R.C X, c (A R, ) (15)
. U
A'szl_R_rif
5 RGE R A
0 .
~ Ai,
=11 { AUJ (16)
C RC
HON N TN (14) K Q
( L . C ) LC
2R 27 2R 7
Q= c Lc? 17)
2R, 2
I Bk OBUHEL R«
R=(LC)? (18)

BHERE AL B FIS(17). (L8R AZ KR ET
FERT AT AR A K P A S A 2 B Ko R SRAT I
Tt o P K ARNER(9) (12), BRI 133 gtk
ARG S il u:

S e gy

U, R_C? LC R2c??

Lc. 1 11

[ X (-t )X, —k, & K 19
Uin[RLC2X1 ( LC RL2C2) k& -k é&,] (19)

3 RFME

3.1 RHZBH

FIH Matlabsxf R GEHEAT U5 5L, R ol P4 il
TTEHAT R AT, RS HIM T MARE
Uir=100 V, %t i EUe=60 V, 3R =10Q, I
KM Hf=100 kHz, HAHKL=2 mH, i f7
C=10 pF. GGG P B JEEAR=
01Q, HRZSHF L.

¥ LR RESHARNA(L7). (18), IHFIH
Matlab 84 K=Igr(A, B, Q, R), K75 isid 254

M K =[k, k,]"=[1.3693x10° 123445]" .
3.2 R@JAEKEK
321 RLGA BN

Kl 2(a) (b)) dk T ok 42 i 7 vk ) LR L it
gyt R 3BT, B 2(c) ()2t TIRAS it
A 2 P A AR — Ok R e M s T ) i e PR R R PR R
RSN TG . WL, 5 eI ST VAR L,
FEFIRAS BBORS A 2 M A R R R B A R I 1 &R
gt H R L R e L R S B B R, AR PR AR
(0.5ms), it L EEATCHE I . FRUB RIS AL
Kl 2(d) s, SUBAR N

8 :
Jr\
<S4
— |
0 1 2 3 4 5
t/ms
(2) FT-TCURH It 1 R U L UAE i
80 . —
e
20|/
2 /
{
0 | i i L
0 1 2 3 4 5
t/ms
(b) FETICUEE P B WU ue
8 -
_Ip-—
E‘ 4 II|I
0 .
0 1 2 3 4 5
t/ms
(C) FETARAS SRS i 2 PEAL RN — YR IR s It 42 0 VR R HL A i
615 —
g 6.05 | ,";\\ '_.-"r\‘.,\_ ,/\‘_ /"/\'\. _/'f’\.‘-._ :'._/"-\_\ /r \\
= VN ‘v'/ T 14 AN
5.95
180 182 184 1.86
t/ms

(d) TR BRI LA AR — I B it

P R LA i SUB LB
80 _—

0 1 2 3 4 5
t/ms

(&) FETIRAS SRS B 2 VAL AN — R BBk P A LR ue

2 FERER S rE S s R
Fig. 2 Start-up behavior of inductor
current and output voltage

3.2.2  HEkBEA N
A 10 QERARF] 20 QB , RGO A N i 2%



4 S RN €5 S T R D O 4 %28 %
Wil 3 o, 80—
> ff B
2 = 40
D i
< 15 /
o oL
0.00 001 002 0.03 0.04 0.05
t/s

0.00 0.01 0.02 0.03 0.04 0.05
t/s

() S L

8 i
|
<4 L]
O i
000 001 002 003 004 005
t/s
(b) H&T IV P ) s I i
100
= 60 | | f'. j
20
000 001 002 003 004 005
t/s
(c) FET Utk i iyt H R ue
8 :

IL/A
N

t/s
(d) FETUIRAS BRI PEA A — KR
SRR S i
100

I, .
60 y . \'

Uc/V

20

0.00 0.01 0.02 0.03 0.04 0.05
t/s

(&) T IRAS RBURE A E AL AN — PR
SR AR I i s HL T ue

3 TAE SR AT B BRGS0 [ SR
Fig. 3 Dynamic response of load variation

HE 3 AL, SR AR RIBURS I 2 AL A Ik
R, SR SSARN, PR SRR A i Y
TR LIS TA)%.(0.5 ms) . HEEE /NI . S
TURPER T AL, ARIEHI RGN 8 B
IRy
323 HAHIEILS)

YN RALTEIBINT , RGeS 25 0 B an
Bl 4 iR

FH P 4 m] D, T IR A ) SR G N
JECEN G R 2, I TIRES BRI 2 A
TR EAR ) CCM Buck AR 4% 28 40 N\
FEHEEN BA AR s S e, B s A R

() FNFEILE Uin 33

i/A
N
o

t/s
(b) T TEUBF b 0 R L i

100
> 60 pb——-F e d ‘._" ‘._
2
20
0.00 I 0.61 I 0.62 0.63 I 0.64 0.05
t/s
() T oy MEAa I i it LU ue
8
< 4
0 1 1 1 1 1 1
0.00 0.01 0.02 0.03 0.04 0.05
t/s
(d) JETRARBURETELR XA
S Az i F R LI i
100
> 60
=1
20

0.00 0.01 0.02 0.03 0.04 0.05
t/s

(&) HETIRAS MBI E AL AN — YR
DRI i L ue T

B4 N IEH s i B RS0 R
Fig. 4 Dynamic response of input voltage variation

FERAZ GBI FE M o XA ] i Buck 22 # 2
AR S S e A (19) 145 21 BRIS g RE - 2 (19) 4
ANH R UinfEE S O 73 BE, qUnfEAER BT,
Ak M S i A S AR e Ui AR A BB
Bt, AT A R SR AR AR

4 iR

WHFUBT AR MRS BIRAR, T WARAS il e fe
RANE BB T IFRARHAF AL . ASCKH
RSP BREAT 2G5 T3y )L AR CCM
Buck A2 i (1 L5 A S Y 10 07 S AR S ME R SEE
T o SRR TOIRAS SR I e ME A A — R 2 e Pl
g, W T AR AR AR B AR S S R
B BT ICUMERE, SR I —Fh PR RESahS,



% 33 14

s %

HETRAS S BORS H42 PE AL Buck A8 #3811 (22 ) >

2 UM N R INASUREL R Q R R A7 EL45 R M KiE
T BT R 5 S 00 T A 0 BT i ISR o 3 BT

AT, RGURAT R EhE &L, JF H ARG
PR R G S HAE — 52 VO H A AR AL I BAT AR
SRR .
S25 3Rk
[1] Malesani L, Spiazzi R G, Tenti P. Performance optimization of cuk

[2

B3]

4]

[5]

[6]

[]

8l

[0

[10]

converters by sliding-mode control[J]. IEEE Trans. on Power
Electronics, 1995, 10(3): 302-309.

Lin B R, Hua C C. Uninterruptible power supply with fuzzy logic
approach[C]. International Conference on Industrial Electronics,

1993.

Naim R, Weiss G, Ben-Yaakov S. Hoo control applied to Boost power
converters[J]. IEEE Trans. on Power Electronics, 1997, 12(4):

667-683.

BIERH]. ARLe iRl R ALie S N [M]. Jbat: R Tk dihict:
2005: 68-125.

Isidori A. Nonlinear control systems: Communications and control

Control and Instrumentation, Hawaii,

engineering series[M]. Berlin, Germany: Springer-Verlag, 1995:
70-118.

Divelbiss AW, Wen J T. A path space approach to nonholomic motion
planning in the presence of obstacles[J]. IEEE Trans. on Robotics and
Automation, 1997, 13(3): 443-451.

PR, PATLEE. AL RGARL MR HIIMI. bt Bh A, 1993:
20-85.

AP, gk, WIS, SF. CCM Buck 28438 (KR A& R BORS
LRI AL MRS PRI 73], P 1Bl AL T R2 A% 402, 2004, 24(5):
120-125.

Deng Weihua, Zhang Bo, Hu Zongbo, etal. Research of nonlinear
decoupled control law using state variable feedback linearization
method based on the CCM Buck converter[J]. Proceedings of the
CSEE, 2004, 24(5): 120-125(in Chinese).

MBAE, Gk, AT, 5. CCM Boost A8 S{R 7 K Wtk i 4
A SR PID #HIFFFT[]. H B B HL TRE244R, 2004, 24(8):
45-50.

Deng Weihua, Zhang Bo, Qiu Dongyuan, et al. The research of state
variable feedback linearization method on the CCM Boost converter
and nonlinear PID control law[J]. Proceedings of the CSEE, 2004,
24(8): 45-50(in Chinese).

XA, TRk, FARIG, 5. ZAHEER PWM R ki
LA PRI RIDT L[], E L TR 4R, 2005, 25(7):
97-103.

Deng Weihua, Zhang Bo, Qiu Dongyuan;, et al. Research of decoupled
control law using state variable feedback linearization method of
three-phase voltage source PWM rectifier[J]. Proceedings of the

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

CSEE, 2005, 25(7): 97-103(in Chinese).

Chen Hairong, Xu Zheng, Zhang Fan. Nonlinear control for VSC
based HVDC system[C]. Power Engineering Society General
Meeting, Montreal, Canada, 2006.

Sira-ramirez H, Llic M. A geometric approach to the feedback control
of switch mode DC-to-DC power supplies[J]. IEEE Trans. on Circuits
and Systems, 1988, 35(10): 1291-1298.

Rioual P, Pouliquen H. Nonlinear control of PWM rectifier by state
feedback linearization and exact PWM control[C]. Applied Power
Electronics Conference and Exposition, Orlando, FL, USA, 1994.
Alvarez-Ramirez J, Espinosa-Perez G. Stability of current-mode
control for DC-DC power converters[J]. Systems & Control Letters,
2002, 45(2): 113-119.

il T s SRR N R IMY. JE5T: W K % R A, 1986:
27-60.

NN, B, SEfEYs, 4. AR RUESRIDI]. T E
FHL T RE24IR, 2004, 24(7): 168-172.

Sun Xiaofeng, Wei Kun, Wu Weiyang, et al. Optimal control of
three-phase converter[J]. Proceedings of the CSEE, 2004, 24(7):
168-172(in Chinese).

Byrnes C I, Isidori A, Williams J C. Passivity, feedback equivalence
and the global stabilization of minimum phase nonlinear systems
[J]. IEEE Trans. on Automatic Control, 1991, 36(11): 1228-1240.
TrRl, AR, AR . T ICUTE R B I7E DC/DC A8t
AP, BRI, 2003, 18(4): 41-45.

Qiao Shutong, Wu Xiaojie , Jiang Jianguo . Application of
passivity-based sliding mode control in DC/DC converters[J]. Trans.
China Electrotechnical Society, 2003, 18(4): 41-45(in Chinese).
Ortega R, LoriaA, Nicklasson P J, etal. Passivity-based control of
euler lagrange systems[M]. NewYork: Spinger-Verlag, 1998: 32-56.
Sira-Ramirez H, Perez-Moreno R A, Ortega R, et al. Passivity-based
controllers for the stabilization of DC-to-DC power converters
[J]. Automatica, 1997, 33(4): 499-513.

Yrks BH: 2007-11-30,

EETEN:

IsER(979—), Ui, LIS, BTN
NSRS, AR Egk
#, shuaidingxin@mail.scut.edu.cn;

WiHiztE(1965—), U5, i, WS,
SET7 10 A L ) LT B A Bl

EERI976—), 5, WLwFRA, vHm, B
FOT RN R HOR . AR ARt
[N =i i

I sE

(WiE &T)



