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Output Voltage Precise Tracking Control for Boost Converters
Based on Noncausal and Nonlinear Feedforward Control
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Motoki Sato**, Member

Boost converters are key components of DC power conversion used for electric mobility and renewable energy

applications. In addition to constant voltage control of the output, variable voltage control has been attracting attention

in recent years for high-efficiency drive of loads. However, the dynamic characteristics of boost converters exhibit non-

linear and nonminimum phase characteristics. Therefore, the inverse model for feedforward control is unstable, making

high-precision voltage trajectory tracking control challenging. This study aims to present a noncausal and nonlinear

feedforward controller to compensate for the nonlinear and nonminimum phase characteristics of the boost converter

and to achieve perfect tracking control with respect to the output voltage trajectory. This study also establishes a method

for identifying circuit parameters and deriving the time length of noncausal control input for practical implementation.

The effectiveness of this control method is demonstrated by experiments using a boost converter.
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the control object.
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bench.
Variable Value
Inductance L 407 uH
Series Resistance of Inductor r7, [0.140 Q
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Input voltage V; 5V
Switching frequency 10 kHz
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Fig.9. Feedforward control system for experiment.

EfE e L TZERYPEZ W2, BEZ({LOESEOE
THIKNIE vyer (1) = ant” + -+ + a9 DREHE, ZHRDOKE
n (n EFE), LB END B#F'EJ T, ZEEL, ROGHREMF

Uref (O) = Vitarts

(k) _
vB0)=0,  1<k<(n-1)2, -

vref(T ) = Vend»

(k) (T,) =

o 1<k<(n-1)2

Eiliz T kSR B e TGN G, KL, o)) (1) 13
Vref (1) D k BEEBIETH 2, HEROB L ZEROHEHD
Bhn+1 TEHELWED, RQ3) LY —EITHELIE
ERS

AT, ANBESVICHL, HAOEERESEE
Vo WDV, FIHAME 10 V, BAAE 15V OEFIREL LT,
2 ODEHIREMOBIEZTH 2720, KE 1 ZHizL
TW3, BEZIZOVWTIFHNBEIESHEIGERE, o
T O ARRKOH N BEIRSHEIER T 20E 2 Z#AL,
FIEIBI A D HERNC B 21T - 72, RSB W TIE Fig. 1
DEFEERERAL, AEa s N—XO#E{EE— FICBET
BRGE 3 2l /e Uiz BIEFEIBICOWTIE, Table 1 O[F]
FoR T X — RIZBWTEEIRETH I TEERRRKEBLENR
4) XD 199V rEtREaN 272, HMOEEZCHIFEIE)
EREIICBE S 2 0E 4 i/ LT3, lErs, HETF
HEFAHAEETD %,

2 ODERINGE, FIHHE 10V, FAME 15V 284t 5 2 &
JEZAbIZDWT, 25 LA DK E 1 ms, $72b5 PWM
0.1 ms D 10 27 v 7 L, ZHEAHEDOXEBIIEL
FEREPED | JCEBM E TH 01D 51 OFHRTH
57223 RE Lize ZOEMITBNTR (23) 2L &,
0<t<1[ms] BB HENELEESHEE LT

3 2
t t
Uref(t) = ~2(Vend = Vstart) 3t 3(Vena = Vstart) e Vitart
17 Tf

24

185, H3BEDFTIRIC K DAEKRIN 2155 EIX Preactu-

ation, 3 X U Postactuation M7z [F & DEREEEH & E %z
FeoR, HEDMEOVIEIE, BRAEINT 2 Z0EIEA S D
=L, REERICBWTIE 1/1000 DU Ik 2R A TH
HYID 21T o7z ARFEERD Nonlinear preactuation D 77 —
AIWZBWTIE, Preactuation DREEIAY 1.4 ms, Postactuation
DOFEAY 0.2 ms TH - 7=,

(5-3) RERER  Fig. 1012, EHIcX3 74 —F
7 4V — N OEBRAERZ R, Fig. 10 (a) I3 NEE
DFEHNE, (b) 1 (a) I LA 3) 1R $ 1 BHIES & B
LizBT 5 F— FREOELIZFHEL LTO0S 3>
NEAZBEA L2 DTH S, (0)IFA VR I XERDE
HETHD, (d)1F @ L G) werd 1 AHFESE
05 Y INEAZBERALZDTH S, (e) ZHIBED
0.5 3> FVHEAT 1 FFESE L 5B EHED Z 2 T -
72bD, HIFATEIVN—RICAN LT 2a—T 4 lTH
%, 12721, Fig. 10 (e) IZBWVWT, A7 v TRDF a2 —7 4
FEEATNIC X 2 1B (—) 1X, Fig. 10 (b) i8I 3 X
7 v PIROBIEFEHE (—) £ D7, 2 F D Preactuation 12
X BHNERE (—), (—) FZHEAC X 2EFHERE(—) &
DETH %,

18474 TH % Nonlinear preactuation(—) Tl¥, Preactua-
tion DFFEH 1.4 ms TH D, HITEEDLS LA B0
sD 14 24 v F > ZRMFI» S 7 2 — 7 4 & Fig. 10 (f)
DESWCEHP LD TWS, ZOK, 4 X7 XDEMIX
ERLTWE2, HABEFZERLTOWARY, 2FD, A
VR ZDEBEIANF I LR L TVERF ¥y 2D
EEIALT =P LA L TRV TH 2, ZDRER
BIBHAEA L AN—ZDFEEIRD &5 IZHHEN 2,

AEa Y N—XIE Fig. 1 TBF 3 A4 vFRT TRL A
ON, TR2 73 OFF 3 2FRHCEREIH AL Y X7 RIZT I
F—%EHML, TR1 7 OFF, TR2 ' ON § 3R X2
Ry Xy RTEADPE/RIN, £ VX7 RXROEETAILF—
MEXYNRYEANGEIND ZLICEDAEERERT %,
NERZ D 2EERDS LR T IRICT 2 —7 1 ok Bl
WHRAEAL LR X2, TR2 ® ON K22 DT
AR ZDEBIINF—DF ¥ T ZAANDRENTE
3, Fr O ROEBEEIANF—P—HEDPT S, 2D
HIZ, AT v TIROZAMERFIEA I LT, Fig. 10 D
ATy TRT2a—T 4 ATIOTB Yy M (—) DXL, H
NERIIT VR =22 = DP4EL S, TOT VX = a—
MRS 2 72 diciE, HAERED LRICHER X v oY
RDIFINF—2FTHA VR IRZF¥y—ILTBE, H
NEEE LR T RIS TE v R RICZRILX — R niE
TEIREND D, ZDdHIZ, HIBEBELIEANCT 2 —
T4t 4 &7 ZEFRDEI L Preactuation B3R L 5,

IEEJ Trans. IA, Vol.142, No.1, 2022



FEa Y AN— X OIERREEEIEHIE (Z4FIEX,

th)

Output Voltage [V]

Inductor Current [A]

Output Voltage error [V]

16

14

12

10

Step duty change

Interpolated linear preactuation
Nonlinear preactuation

Time [ms]

(a) Raw output voltages including switching ripples.

Step duty change

Interpolated linear preactuation [|

Nonlinear preactuation
T T

1 1 T

-1 0 1 2 3 4
Time [ms]

(c) Raw inductor currents including switching ripples.

-1 0 1 2 3 4

Step duty change
—oe— Interpolated linear preactuation

—o— Nonlinear preactuation

Time [ms]

(e) Output voltage tracking errors to the reference trajectories.

-1 0 1 2 3 4

Output Voltage [V]

Inductor Current [A]

Duty cycle [-]

T T T T T
16 - -
14 - -
12 - -
—— Polynomial reference
—x— Step reference
10 veoocoee Step duty change
—o— Interpolated linear preactuation
| | | —e— Nonlinear preactuation
8 T T
-2 -1 0 1 2 3 4
Time [ms]
(b) One-period averaged output voltages of (a) and reference
voltage trajectories.
T T T T T
6 —
4 —
002 o Step duty change
facecesses —=o— Interpolated linear preactuation [|
2
| | —e— Nonlinear preactuation
T T T
-2 -1 0 1 2 3 4
Time [ms]
(d) One-period averaged inductor currents of (c).
T T T
0.8 .
0.7 .
0.6 |
Step duty change
—=o— Interpolated linear preactuation
—e— Nonlinear preactuation
0.5 | | T T T

-1 0 1 2 3 4
Time [ms]

(f) Input duty cycles.

Fig. 10. Experimental results of the proposed and conventional feedforward control methods for the step (—)
output voltage reference and polynomial (—) reference calculated by the formula (24). The result by step change of

duty cycle (

) had undershoot, overshoot, and delay in the output voltage. The interpolated linear preactuation®!)

(—) achieved no overshoot and better trackings, though undershoot remained due to the linear approximation error.
The proposed nonlinear preactuation for the polynomial voltage reference (—) realized almost perfect tracking.

Table 2. Tracking performances of each feedforward control method by the experiment.

Index

Step duty change Interpolated linear preactuation®”  Nonlinear preactuation

Undershoot [V] 0.538 0.611 0.026
Overshoot [V] 0.974 0.077 0.006

Maximum track-
5.538 0.656 0.071

ing error [V]
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15 10 553 0.39 29 29 2.8
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8 16 133 492 1.1 1.0 1.1

app. Table 2. Tracking performances of truncated preac-
tuations by the truncation time 7; by using the numerical
simulation. The time constants of small signal zero of the
formula (10) in starting and ending steady states Tzssq,r 1S
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0.3 1.45 0.42 0.80 0.22 1.18
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1.0 4.81 1.41 0.09 0.02 0.09
1.4 6.74 1.98 0.01 0.004 0.02
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app. Fig.2. Truncated input duty cycle.
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