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Optimal Preview Position Control for Automotive Electronic Throttle
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Abstract; Based on the theories of linear quadratic regulator ( LQR) control and linear matrix inequality
(LMI), a scheme of discrete-time optimal preview position control algorithm for automotive electronic
throttle control ( ETC) system was proposed. The presented throttle valve position tracking control
algorithm consisted of the state-feedback control, discrete integrator, and preview feed-forward control.
The closed-loop controller was realized by only utilizing a low-cost sliding potentiometer which was used to
measure the angle position of the throttle valve. To track the position of automotive electronic throttle
valve, the discrete-time state space model was firstly established for the automotive ETC system. Then,
the augmented error system which contained future position reference information was built by using the
state transformation method instead of the traditional difference method, which helped to simplify the
structure of the augmented error system. In simulations, the physical parameters uncertainty and external
disturbance torque of the real automotive electronic throttle control system were also considered, and the
simulation results were verified by bench tests for throttle through utilization of the rapid control
prototyping ( RCP) technology. Both simulation and test results demonstrated that the proposed discrete-
time optimal preview position control algorithm was able to effectively improve the transient performance
and robustness of the ETC system while guaranteeing the tracking accuracy. Hence, the application of the
presented control scheme on the ETC system can further improve the fuel economy, dynamic and exhaust
performance of gasoline engine.
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Fig. 1 Scheme of electronic throttle control system
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Fig.2 Working principle diagram of ETC
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Fig.3 Scheme of discrete optimal preview control

MR 3 Al A%, 2R 40 09 P 1l i A N

u(k) =K&(k) =kx(k) + Y k(i)r(k+i) +

k-1

ke(k) +ky( Ze(j) +v(0) ) (12)



352 i3

RNV A S 4

2017 4

P (12) LA (10) i f

{f(k+1) =A (k) +E,w(k)

(13)
2(k) =Fx(k)

H A, =A,+B,K F,=F +GK
SEHL 1YL X T A E M IE W By, LT &1
Lo
()13 EraeteEny, HRGW H, 550k
IT, | .=l Fc(:I-A) "E, || <y
(2) FEAE— DX FRHFE X >0, ffif:

X 0 AX+B,)Y E,
% 1 FX + GY 0 >0 (14)
* * X 0
* % % yzl

P EE o K=YX ",

TELANERE R AN S5 50 (14) B 43R X y HE4T it
AMEIE R, 7T RIS B — A BAT 2k i B A AR U2
(SR QIR I AT 10

SIEE L /N ERETE AR y Bl Ll ol 2R LT
DA ) AR AT

. 2
mll’l’)/
X 0 AX+B)Y E,
(15)
. * I FX + GY 0 50
* * X 0
* * * 721

4 TRIMTEERSH

BEXE T AT LA AT 0 B, O S AL 4 PID
P FEAT FOA, WL T AR AN [a] 45 7 5303 # i
IO T JEE o R R P SR R M e RO B
Q = diag(10,5,0,0) ,R =1, BRI LK p =2, Fr
T R G AP 45 N

K=110.5438 10.5438 -607.4225

-8.1856 -0.0080 O 10.5439 10.5440]

R FE 53 B e UG AL A7 o B0 A A e It
FLAR 5 i B 07 2o B - OETCS 44 L2 8
IF, AT W R T B 2 R TTRE AR T B /N TT R
3% 25 B BRI 40 P 4 s o @ iy e LLBE IR
ETCS W) B S 40, o B e 300 i) & B v, AT A 0 |
HRE RGBSR B S NSRRI, R
") b W56 O RE 2 R T JEE TR T JEE 28 /N T JEE ) i 52 B
BRURI N . QETCS Sy 44 LS K, 1 30T 40 o) 4 T
JEE 19 /)N i 8 B BR e 1, B P 6 BT R . @ETCS Sy 44 L
SR, HARE S o 90 80 iR T BE (4 /) i 2 B BR A

B H N RIIRAE 4.6 ~5.45 F16.6 ~7.4 s
ASEFRBZ R /N R 0.1 Nem {9030 T 48 77 4 if
(I 1 40 7 B 7R o ®ETCS i 24 LS HE, 3530
B A6 B SR e 7 40 8 BT o

B4 2 XA SH 5L R
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Fig.8 Simulation result for ETCS under stair-step signal
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