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[Abstract]

In this paper, an approach based on deep learming and parameter dependent control is proposed for
electronic throttle body(ETB) control which has variable parameters and nonlinear torques. Firstly we
present parameter estimation method for ETB system using deep neural network. To estimate parameters
of ETB, we design deep neural networks and train by use time response characteristic such as rise
time, overshoot and settling time. Parameters of ETB are estimated through trained neural networks by
using time response data. Secondly we design parameter dependent PID controller which is adjusted
automatically with the estimated system parameter of ETB. To design optimal parameter dependent gain
of PID controller, we use ITAE(Integral of time multiplied by absolute error) criteria. In addition, we
design feed-forward controller to reject nonlinear torque. Finally we present simulation results of ETB

syatem with parameter variation and nonlinear torque to verify controller design method.

» Key words: Electronic throttle body, Time invariant parameter variation, Nonlinear torque,
Deep learning based control, Parameter dependent PID Controller
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I. Introduction
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II. Preliminaries

1. ETB System model

ARE Y A|ARLE DC BE|, ZjojetA, ARE HH,
2Y Ang] 502 LYEuR, »4] ) WEQL A
25 8y A Fot A|AR0] REE S oo YEYE &
oIt} AZE uir] Ha} AAEIS] BT 4y WAL of
2 A o] Yehd & gl

Wy

TP P dt (1>

A7 w, 2 AR5 vio] ZH&E J = ARE Hi

o] Id RHE, B, = AZE "o AA UP‘G e ENxsY

T, = 225 viof] Q7tee E30]0, T,& 98 Ba}

EO]E}. DC Elﬂoﬂ E‘Ho]- E__Hl-ﬂ}\] Eﬂ 7(1% u 78&]‘
creat 2,

rlo

dw 1
TIIL - JnL dt + BannL +— N Tp (2>
dl,
Va = Ra.'Ia.+La—+ Kb'wm (3)

dt

A7\ w,, & WEO| Ziaw g = RE] WA wd
E, B, RE| A4 01, T, = 2E ortgs
E30lch I, REQ) olulxo] AF, R, REQ ot}
ol MY, L= BEY AE”A, K& RE Y 7|
AZolct. BE] QlElE BIAL T, = K1, o]
w, = Nw, ol K= 28 E3 /g5oltt. 7]oj]

N=12 T3 A7|x}e] XA L,/R,& FAS 4 9o
2 4 (2) 2 (32 T8 2o| e,

dw,  R/B KK, K
+

_p__
Gr TR ot

7 - ) V,+— Tf (4)

JR, J

o1 J=J,+J, o]y B=B, +B, |t}

m

2. Nonlinear Torque model
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3. ETB model with Time-invariant Parameter
Variation and Nonlinear Torque
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Table 1. Parameters of ETB System
Parameter Value Parameter Value
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III. The Proposed Scheme

1. Control Scheme of ETB System
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Fig. 1. Controller Scheme of ETB System.
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2. Parameter Estimation Using Neural Network
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2.2 Deep Neural Network Training
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Table 2. Parameter estimation of neural network.

Parameter Parameter Estimated parameter

variation value(T) value(;‘)
087 0.12728 0.18461692
097 0.14319 0.19573302
1017 0.1591 0.21301885
117 0.17501 0.22733987
121 0.19092 0.23995132
137 0.20683 0.25173991
1.4-1 0.22274 0.2624269
157 0.23865 0.27251829
1.6 0.25456 0.28244517
171 0.27047 0.29097969
1871 0.28638 0.2997479
191 0.30229 0.30726031
207 0.31820 0.3141586

3. Parameter Dependent Controller Design
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4. Feedforward Controller Design Using
Torque Estimation
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1. Simulation Result for Parameter Variation

1.1 Simulation Results of Fixed PID Controller
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(b) Parameter Variation Increased by 50%
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