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Proposal of precise voltage tracking control for a boost converter by two-degree-of-freedom control with

linear-parameter-varying model and non-casual control input
Shota Miyoshi®, Wataru Ohnishi, Takafumi Koseki (The University of Tokyo)
Motoki Sato (Toyo Denki Seizo K.K.)

Precise control of the output voltage transient response of a boost converter is expected to be applied to ener-

gy-saving electric drive by pulse amplitude modulation control and downsize of components by reducing overshoot.

The authors applied preactuated feedforward control that is effective for linear time-invariant (LTT) nonminimum

phase system. 2 degrees-of-freedom (DOF) control with non-casual feedforward control for linear parameter-varying
(LPV) system and voltage feedback control with the LPV reference model is applied to the boost DC-DC converter.

The authors report on the results obtained by conducting experimental verifications and the effectiveness of the

proposed method.
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Fig.1. Circuit schematic of boost converter.

TrL D/ 1
, i - 10
ADY=| b "’_(§>’C_<o 1)
T Cr

3)

Thb,

ZDRESHFERNE 3 ZHIZBRRZFIE TV N— X OFHIE
FLEUTHWS,

2:2) EEQAVN—YDELEHEETIL  KWET
&, ZAUTHNZ TRUE IR R 2 D CRIEIR G 2175
72, MR OEFETHRIPALZITD, FlinE: = X =
(I, V)T, U =V, &B8<, FERIZBWTIRREBEROD
RN 0 TH B0, (1) NI T f(X,U)=0L, BV
4), (5

—rp I = D'V, +V; =0 (4)
D'Rir, —V,=0 (5)

&b,

;1 Vi\* 7
D.—2<M)+ (ﬁ> 4R> (6)
#1585, D IZ2@YDERZ L DD, 0< D <1MWDOEN
REWHZEERT S, (6) Rck b, HAUBECHIET S
FTa—T1HERDBIENTE S,
72, (4), 6) X% D' IZDOVWTIRNT,

Vi

= DR @
D'RV;

° ru+D”R ()

8%, (), ) AX&bY, Fa—F1 D ERIZLUTHE
AVN—ROEREERT N TESL, Ta—FT 1O
AT T B HNEE, I VEROIGEIIERETH S
HER 25,

(7), (8) iz & v kb 5N B EEARBOBWER (Do, Vi, Vo, I1)
DB BRETVN=KD D IZET 25080 E T
NERDBI LT, AD IZHT 5/MESEERBEZEH S
5, D=D,+AD, u=V;,, c=X+ Az, y=Y + Ay
EBE, )X, @ RNInsE2RALT,

d dA(D)

9 px— A(D)A
g 27 = AD) Az + =55

AD 9)

2/6



Gain [dB]

Frequency [Hz]

Fig.2. Variation of small signal transfer function of the
output voltage of the boost converter.
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Fig.3. 2 DOF control system of the boost converter
with LPV nominal model P,.
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Fig.4. 2 DOF control system of the boost converter
with direct feedback.
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Fig.5. Step feedforward controller for the boost
converter.
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Fig.6. Preactuated multirate feedforward controller for
the boost converter.

Table 1. Condition of numerical simulation and

experimental verification.

Variable Value
Inductance L 400 pH
Series Resistance of Inductor rp, 0.1 Q
Capacitance C' 89 uF
Load resistance R 10
Input voltage V; 5V
Output voltage V, I0V—->15V
Switching frequency 10 kHz
Rise time T} 2 ms
Order of polynominal trajectory 9

Angular frequency of pole placement wp| 1000 rad/s
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(a) Duty ratio. (b) Output voltage.

Fig.7. Experimental result of feedforward control of
the boost converter.
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Fig.8. Simulation result of step feedforward and 2 types of feedback control of the boost converter.

0.75 18
—16 /
o 1/ —T
T0.65 24
: g
=
A 06 g 12 | |—Reference
O‘S FF only
0.55 Direct FB 10 jE}l}r{c/ct Fﬁ -
- = -LPV model FB mode
05 8
0 5 10 0 5 10
Time [s] %107 Time [s] %107
(a) Duty ratio. (b) Output voltage.
075 18
0.7 S 16
o
T0.65 24
= °
3 >
A 06 s 12
="
5 . —Reference
055 Step FF & model FB 0 Step FF & model FB
— PMF & model FB ——PMF & model FB
05 8

0 5 10 0 5 10
Time [s] %107 Time [s]

(a) Duty ratio. (b) Output voltage.

x107

3

Output Voltage [V]

(¢) Output voltage magnified.

12 — 15
——Reference
115 Step FF & model FB 1
——PMF & model FB Z
11 )
2os
Gl
10.5 S
5 0
10 =l
]
©.0s
9.5 -~ Step FF & model FB
——PMF & model FB
9 -1
-1 0 1 2 0 5 10
Time [s] 10”3 Time [s] 107

(c) Output voltage tracking

€error.

Fig.9. Simulation result of 2 DOF model feedback control of the boost converter.
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