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Nonlinear Output Feedback Control for Average Output
Voltage of Boost Converters Based on their Discretized

Bilinear Model*

Toru TAMBOT, Yoshio EBIHARA! and Tomomichi HAGIwARAT

This paper is concerned with nonlinear output feedback control for the average output voltage
of boost converters through their discretized bilinear models. We first propose a bilinear observer
synthesis method for the discretized bilinear model by effectively using the fact that the control input
corresponds to the duty ratio and hence has upper and lower bounds whose values can be exploited
in the synthesis. We next employ a kind of Lyapunov method for the synthesis of state-feedback
controllers with integral compensation. Here, the integral compensation aims at making the (approx-
imate) average output voltage track its reference input and is introduced with its implementability
taken into account under limited data acquisition performance and operational speed of digital signal
processors. Finally, we carry out control experiments with the combined use of the designed state
feedback and bilinear observer and verify the effectiveness of the overall control strategy.
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Fig. 1 Boost converter
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Fig. 2 Circuit overview

Table 1 Circuit parameters

Symbol | Value | Symbol | Value
Vi 3V Ep 03V
L 1.0 mH Ry, 2.6
C 10 pF R 100 ©
Rg 0.12 Q T 100 ps
r 10 kQ
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HUEBREBOBKN % Fig. 2 (R T. A/DEHETHR
APAHZEDTELZEEQHMAIPELNTNS729, R
EHEBELCHARERER r W CHOBEEZSEL
TW5, /2, AV/E TR EDOfEE Table 11IR7T.

5.2 REXERE ZDORER

FIEEBR T, FRICER LT 2—7 11 pp DR
FlDdETT—A NIy NN—F%EBIL, AL v T
ON & 7% 5 ZEEZNC B 5 BEM v, DHEZATI. v
X9 5 HEEEY v =45V EL, ThEZERKTS
Fa—7 4 WOEEME p* % ERTRITHERNITRD T
p*=0.5006 &\ ) HEREF ER 1 TRLAE @
EOHELLER DY, FNiL4.6 TRRZFHFICLS
bOTHY, HRE CIIMOAEEZELLIOTIER
V). InEY B)RICEVET S wy, BEPTN—
SN ZDBEMBELDRELLTEE Sy, (22T
E EERHBICHDE Ty =vp —Vet) PRIEAT—F &
L CHATEEZRR T, 4) R0 (RER) REFEX
& (UK [8] 1Cifio T (5) R&E—#A b L72) HAAERX
yr = Cyp2p + Dwy, DEEZIT.

FEEBRCTHWL AR T— 7 OE&I31500 815
(FT=A P aUN=F DAL vF ¥ 7 EIIT 100us & &
FBELIZ720, K TI50ms DEFIZRB). ThEET
VBEROT—% 1y b ETVHIFAOT—% v b
AT TETIVERET 5. AHRILTIE, ELHD 1000
BEETVEBEROT— Xy b EL, BYD500 5%
EFVRIERADOT =%ty P LTHWAZ EIZT 5.



R - SR - AR - BERALEREE TIVICE DK T —A Pa NS EEHR N BEEOFREB I 74— FXv ZHI# 71

DX, FEERTHWAANRES EicERLL
Fa—7 4 DRG] 2oV THh~R5, HEEE*EK
T5T2a—TAOEFEMEIBLZ05THY, Zoff
WHCTT—APIvN—F 2B ELZ L 2EEL, FH
ECTHWAT 2—7 1 ORI 03< <0727 5.
¥, BREBRS 2L EALRANETEHVESEE,
T—A b UN=F 2 HIHT B ) 2 TIEIARERTFIRORK
SECTERTHILICRDD, TVASEEIEON
e WHEEMED D B, SCER [6] Tik, REEEHS Ty =1000us
DEHER 1 KBNRE AL vF ¥ Z A T CEEBIL
LT 4 PNV T4VvF BT 2 L CERREEBS 2
Bz ATMEE E AV CTREERIITOITEY, 20
BRESHERSN T VDS, KFHIL TR [ EEBIT L
B [6] TN TV B EREIZIZA—OEE! 2HNT
Wh70, KX TbZDOANEEZHVEIDETS
(AIEBDERFEDFHMIZOWTIE[6]) 2 BRIz
V) . AJIMEH % Fig. 312”7

1

0.9
08 -
0.7 1

os | o
T

02 -

0.1

0
0 0.05 0.1 0.15

Time /s
Fig. 3 Input signal for identification
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Fig. 4 Comparison of responses
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Fig. 5 Average output voltage
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Fig. 6 Control input (duty ratio)
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Fig. 7 Average output voltage (Vin is changed to 2.7 V)

0.01

5

45

4t
>
=~
>

35

3

= Bilinear
= = Linear

0.008

25

0 0.002 0.004

Time /s

Fig. 8 Average output voltage (R is changed to 90 Q)
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