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Control of electronic throttle based on backstepping approach
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Abstract: For the better tracking performance of automotive electronic throttles, this paper presents a control-oriented
nonlinear electronic throttle model. The input-shaping technique is applied to filtering input signals and the backstepping
technique is used to derive the nonlinear controller. Modeling errors are considered as additive disturbances and the con-
troller is designed such that the error dynamics is input-to-state stable(ISS). Based on this, a guideline for selecting the
controller parameters is given. Finally, simulation results are provided to demonstrate the effectiveness of the proposed

controller.
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Fig. 1 The structure of electronic throttle

MRYEHE IR IGE AL, T UL A L% s e
Syl

Riy + Ly - dia + W = E,, (la)
dt

Vi = kO, (1b)

j— (1c)

"=

e e g WAL S LS 3 H B, Vi D H ML S L B 3,
LA g B, RO HIHLHE, . 00 AHLHEIR, B
HLBLA N L s, 0, 4 HUBLTE 2 A1, T O FE LG,
ke A HLHR AR EL. SEAb)yRA K (1)

dz .
L, — = —Ryi, — kpb + E.. 2
T { bOm + 2)

18 Lo JF AR, W AL DB
AL, - dit — 0,42

E., k.
a— 55 70111' 3
W= R TR 3)

AR LR ST 1 B, F LB 1 0, A5 T e 1 6
sl )2 iR
Jmém = _kmém - TL + Trru (43-)
Jgé = _Tsp - T'tf - Td + Tgv (4b)

b T BT 3 il A FU LRI 0 TR AR e Sl R e )
PR, ko A LR JE R 2. BB - 7 R,
T FT o, 5 5l A = =T ) R T R A =0T SR A7 i
T, N A
Tie = ktfsgné + kfé, (5a)
T = kep (0 — 00), (5b)

Hovbe kT8 s BEE ) R B, ke WS BEE TR
B, ooyl SRS BRAE R AL, Ok T T BRA T,
Ty 72 S B A, 25 18 0 R AR B, T34t

TRIT, 45 531 SR HLA R i 2 LS, % 1
S O 2L 1 B A ) H K By — %m _ ;i ol i
L

RO @D), HEE(S), I HEH
1

6= T 7 [—kp (0 — 6p) — Kepsgn 6 +
E, n?kyk, . -
nko ot = (nkgn + ke + R: 4] —
Ty
—_. 8
N2y + Jg ®

IR 2 T — LU IR ER, L an A SR AR LR 1,
AR AR A S R I S HCR A PRIk, 7]
FRy 8 ) e 50y A A R T ABE B A RIR AT 55
AN E PER GO T, AEAS L 715 0T T RE RS SO S
iffy FLAEE ) AT B /N (R BRI H PR BUZE. A ST 7Y
T EARER BEFR bR A BT ()N T100 ms; 145
IS H] /T 140 ms; JROn] RESAT B SR 22/ T2e.

R IR S T R G, W AR BB AR
ST AN R OF, SR B T-0d(6, 6, Ty),
e hd. & XRGRE: . = [0 0" R A\u = E,,
W R GE (RS 23 8] TR -

, [0 1 0
[?] = | ky ] il + | nke | u+
L Al B S B VN
0 0
d 9
b(ws)| T |1 [ 19 ©)
Yy = I. (10)
Horr:
—k k.0
b(;z;Q) — tfsgn«? + P 07 J — nQJm + Jg’
2
n2km + kf + r kbkt
a = J

3 HTFWRIEHIZE R T (Controller design)
FRAE F 3 42 2K, SR T i B2 o #5007 2%,
56 R A ST B AR (5 5 (R 0 47
IV FEO)HEAT UEIE, LAWY IR BR R AT 5 SEAL 1R 5% 1,
SR J5 oK backstepping 77 ¥ ¢ F AR £ 1 R B 2 1) 4%
ld
L

04 Y,

| A BT 58 ATe— RITaAREG

B2 HL A D e

Fig. 2 Electronic throttle control strategy
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3.1 H B (Input shaping design)
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Fig. 3 Input shaping basic working principle
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Table 1 The plant parameter values
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Fig. 4 Simulation result for model with nominal parameters

70

/
60 / ey
s / ...... 04
40

30 /
20

0,04/ (")

0.0 0.1 0.2 0.3
t/s

70

60 /\ /\ —0
50 i \
; / Vo)

N ]
ob\ ]
AV \J

0.0 0.5 1.0 1.5 2.0
t/s

0,04/ (%)

K5 Ty =0.01N-m 7R 5
Fig. 5 Simulation result for Ty = 0.01N - m



496 BoWH s N A

08 35

KM T ZHSHAE ke, Kop, ke E£20% N
A A I B, AR LR, Hoh &k
IN20%, Kep, ks3I K20%, B

ki = 0.0128, Ky, = 0.0576, ki = 0.02964
I, 07 L2525 — R, nlElefirr. mT LU H,
AR ZE L N0.9°, F G T I R K, KA
140 ms, SR B3 A2 55 TR 2K

70

60 / —
50 / ...... gd
40

30 /
20

0,04/(%)

0.0 0.1 0.2 0.3

70

iZ_.}? -
1 A W A
o\

v

0,04/()

0.0 0.5 1.0 1.5 2.0
t/s

K6 ZHARILI 745 R

Fig. 6 Simulation result for parameters change

6 %518 (Conclusion)

AL DL LA T AN &, S T T
) 2 ) 28 VO B AR S PERE T B A TR 1 2
e, K Hibackstepping 77 i £ W 1E T HL 115 1148
il . A ISR FHISS 7 v UE B T i A5 P B 1) PR 5%
7 R BATENE, FRA T A T RE FE bR ) 45
il 48 Z B vk, 7 B 45 R 3K Wbackstepping$%
A A T AT T I B RE A SR SO i b R 2 H
P55 L&A, R AR M ST T
— WA O &5 R3S al L, fEARZe sl B e
HEZL R 4 HTPIDS VL I A 1t A 1k, I3 b gy
HPIDZ U W4 TR AR, R b4 4 <0
SIS R T R SO I L AR T R R
K.

£ Z ik (References):

[1] CHANG Y. Model-based analysis and tuning of electronic throt-
tle controllers[C] /2004 Society of Automotive Engineers World
Congress. Detroit, Michigan: SAE International, 2004.

[2] HASHIMOTO E, TETSUYA I, YASUI Y, et al. High reliability elec-
tronic throttle system design[C] /2003 Society of Automotive Engi-
neers World Congress. Detroit, Michigan: SAE International, 2003.

[3] YUAN X F, WANG Y N. A novel electronic-throttle-valve controller
based on approximate model method[J]. IEEE Transactions on In-
dustrial Electronics, 2009, 56(3): 883 — 890.

[4] VASAK M, BAOTIC M, MORARI M. Constrained optimal control
of an electronic throttle[J]. International Journal of Control, 2006,
79(5): 465 —478.

[5] TANY L, CHANG J, TAN H L. Adaptive backstepping control and
friction compensation for AC servo with inertia and load uncertain-
ties[J]. IEEE Transactions on Industrial Electronics(S0278-0046),
2003, 50(5): 944 — 952.

[6] BOLRK W, SASIADEK J. Singularity of backstepping control for
nonlinear systems[C] //Proceedings of the American Control Confer-
ence. New York: IEEE, 2002: 2689 — 2694.

[7] CAI C H, ANDREW R. Input-output-to-state stability for discrete-
time systems[J]. Automatica, 2008, 44(2): 326 — 336.

[8] SONTAG E D. Input to State Stability: Basic Concepts and Resu-
It[M] //Lecture Notes in Mathematics. Berlin: Springer-Verlag, 2005.

[9] 2K Jik. HUF AR IR R G I RWFARD]. K& MR ER
2222, 2005.

(ZHU Erxin. Design of the electronic throttle control system[D].
Changchun: College of Automotive Engineering, Jilin University,
2005.)

[10] MAGEE D P, BOOK W J. The application of input shaping to a
system with varying parameters[C] /Its Manipulation Strategies for
Massive Space Payloads. Atlanta: Georgia Institute of Technology,
1992: 519 — 525.

[11] SINGER N C, SEERING W P. Preshaping command inputs to reduce
system vibration[J]. ASME Journal of Dynamic Systems, Measure-
ment and Control. 1990, 23(3): 76 — 82.

[12] OGATA K. Modern Control Engineering[M]. 4th ed. New Jersey:
Prentice Hall, 2001.

[13] HASSAN K K. Nonlinear System[M]. 3rd ed. New York: Macmillan
Publishing Company, 1992.

[14] AILsiHE, Py, EARM. MG S R 5 R s e M. KA B2
H A, 2003.

(WU Zhuoqun, YIN Jinxue, WANG Chunpeng. Introduction to El-
liptic and Parabolic Equations|[M]. Changchun: China Science Press,

2003.)

B} 3% (Appendix)

1) Lyapunovia e E.

SIER 1 Yo = 0T = f(a)— T4,

D C R™"Z2E & . WV: D — RIZEL: [ TH R
A, R
V(0)=0, V(z) >0, fED — {0},
V(z) <0, {EDW,
W, I e = 02FLE ). deAh, i
V(z) <0, fED — {0} W,
WA, e = 0Lk e 1.
(T4 %503R)



