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ABSTRACT

This study has developed adaptive synergetic control (ASC) algorithm to control the angular position of
moving plate in the electronic throttle valve (ETV) system. This control approach is inspired by syn-
ergetic control theory. The adaptive controller has addressed the problem of variation in systems pa-
rameters. The control design includes two elements: the control law and adaptive law. The adaptive law
is developed based on Lyupunov stability analysis of the controlled system, and it is responsible for
estimating the potential uncertainties in the system. The effectiveness of the proposed adaptive syn-
ergetic control has been verified by numerical simulation using MATLAB/Simulink. The results showed
that the ASC algorithm could give good tracking performance in the presence of uncertainty pertur-
bations. In addition, a comparison study has been made to compare the tracking performance of ASC
and that based on conventional synergetic control (CSC) for the ETV system. The simulated results
showed that the performance of ASC outperforms that based on CSC. Moreover, the results showed that
the estimation errors between the actual and estimated uncertainties are bounded and there is no drift
in the developed adaptive law of ASC.
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1. INTRODUCTION

The electronic throttle valve device is a modern technology in recent industrial and
automotive applications. It serves to manage the air flow in gasoline-powered engines to
achieve optimal air-fuel mixtures, to minimize emissions and to maximize fuel economy
[1]. Due to complex nonlinearities, it is difficult to find exact and reliable physical models.
Therefore, the control of throttle valve system is a challenging problem and a robust
controller is required to cope with built-in uncertainties. The valve of ETV must be
regulated rapidly without overshoot to ensure bounded position errors. The electronic
throttle valve consists of servo motor, motor pinion gear, valve plates, dynamic spring, and
position sensor (see Fig. 1).

Synergetic controls take advantage of the potential of open systems to self-organize. The
theory implies a holistic philosophy of regulated dynamic interactions between energy,
matter, and information, which is executed by means of both positive and negative feedback.
The philosophy of synergetic control design is founded on the notion of dynamic expansion
and contraction of the controlled system’s state space. The extension of the state space
enriches the system dynamics by supplying more information that is essential for enhancing
the efficiency of the closed-loop system. In contrast to expansion, constriction of the
state space accomplished by the control action eliminates undesirable system dynamics
or reduces excessive degrees of freedom. At the stage of control design, these undesirable
dynamics are eliminated by inserting dynamic constraints represented as invariant manifolds
in the system’s state space. In what follows, a brief review of previous works that are
most recent and relevant will be presented. Yuan et al. [2] proposed a support vector
machine (SVM)-based approximate model control for the electronic throttle. Based on an
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Fig. 1. Schematic of the electronic throttle valve control system

input-output approximation method, the Taylor expansion
is used to develop the nonlinear control law such as to
avoid complexity in control design, reduction in computa-
tion effort, and to perform online adjustment and learning.
With a new input-output approximation introduced for
the general NARMA model, the approximate control law is
defined straightly, and its design by using the SVM is direct
without additional training. Honek et al. [3] address a
problem with electronic throttle control. The suggested
approach method is a discrete PI controller with a feedfor-
ward controller and parameters scheduling working
together. Dulau and Oltean [4] describe the mathematical
modeling of the throttle valve of internal combustion en-
gines. The model is used to create reliable controllers using
H2 and H(inf) synthesis All of the simulation scenarios
focus attention on the closed-loop system’s rightness sta-
bility characteristics, even when the plant model is influ-
enced by disturbances. Horn et al. [5] presented controllers
for electronic throttle valves, using concepts of sliding-mode
control to be applied. Standard integrating sliding-mode
controllers are in opposition to super-twisting algorithms,
which are higher order concepts. Zeng & Wan [6] designed a
nonlinear PID controller for the position control of the
throttle valve. With the changing system error, it continu-
ously modifies the controller’s proportional gain P, integral
gain I, and differential gain D. Son Tran & Ngoc Anh Dang
[7] suggested a control strategy using a Model Reference
Adaptive System-based Learning Feed-Forward Controller
technique to combine a PD controller with a traditional PID
controller to replace it. Combining these techniques will
allow the PD controller to manage the valve plate’s position
while tracking the reference signal by overcoming the non-
linearities in the system. Mercorelli [8] demonstrated how
an approximated proportional derivative (PD) regulator
may be self-tuned in real time to compensate for tracking
error induced by inexact feedback linearization. It is worth
noting that the structure of the estimated PD regulator is
identical to that of the velocity estimator. The suggested loop
control achieves robustness. Thanok et al. [9] developed
adaptive cruise control and created an AIT intelligent car.

Drive-by-wire technology replaces the mechanical throttle
valve control. The position of the throttle valve is controlled
by a dc servo motor in the drive-by-wire system. The throttle
valve is controlled by a proportional and derivative control
algorithm. Loh et al. [10] used the input-output feedback
linearization technique to create nonlinear control action for
Electronic Throttle Valve system, they compared simulation
and real-time implementation output and achieved good
outcomes for this specific ETC system. Shibly Ahmed
Al-Samarraie et al. [11] developed controller (slide mode)
including an estimated perturbation term with a negative
sign (to negate it) and a stabilizing term to stabilize the
nominal system model. The perturbation term includes
unknown external input and nonlinear throttle valve model
uncertainty. Humaidi & Hameed [12] developed two adap-
tive control algorithms for the sliding mode and adaptive
backstepping based control of the angular position of the
electronic throttle valve plate. Comparison of the two ap-
proaches. the establishment of the adaptive law by the uti-
lization of a smoothly switching feature. The Lyapunov
theory is utilized to analyze the stability of closed-loop
system based on adaptive controller. The control law and
adaptive laws of adaptive controller are developed based on
Lyapunov stability analysis to guarantee asymptotic stability
of adaptive controlled-system.

In the work, design of classic and adaptive synergetic
control schemes have been developed to control the position
of throttle plate. The following points address the contri-
butions of this study:

1. Design of classic and adaptive control schemes based on
synergetic control theory to control the plate angular
position of ETV system.

2. Conducting a comparison study in performance between
adaptive synergetic control and classic synergetic control.

3. Designing the adaptive law of ASC which ensures
boundness of estimated states or to avoid the drift of
adaptive gains.

The rest of the article is organized in five sections. The
second section presents the state representation of ETV
system. The control design for both adaptive and classical
synergetic schemes are developed in the third section. The
fourth section conducts numerical simulation to validate
and assess the performance of both controllers. In the fifth
part, the discussion has been conducted. The conclusion and
future work has been highlighted in the sixth section.

2. THE DYNAMIC MODEL FOR ELECTRONIC
THROTTLE VALVE

Figure 2 shows the details of ETV system. The DC motor is
represented by electric circuits. The shaft of DC is linked by
gear box, which is used to actuate the plate of the ETV
system.

The Kirchhoff’s law is used to setup the following
equation [10]:

Unauthenticated | Downloaded 06/20/25 01:45 PM UTC



International Review of Applied Sciences and Engineering 15 (2024) 2, 211-220 213

Gear
Servo Motor Box Throttle Plate
T, i "Air Flow
. MWW—— g o
A A L A SEAMET
R . =axmli
— La 9m§ E Damper Spring
(] T = Tﬂ[
u Ea Uqy M E —H
a 7
€q L
\J \j \ ]
®
Fig. 2. Circuit diagram of ETV system
di Ty, = Kgp (0, + 6 7
Vu:Kdu:Ria+LE;+ea ) sp s (Om +01) (7)

where V,, is the voltage that is being applied, i, is the current
that is being passed through the motor winding, R repre-
sents the armature’s resistance, L is the inductance of the
armature, K; is the drive gain, and e, is the voltage that is
being produced by the back electromotive force (e.m.f),
which is represented by
de,,
= Kp—— 2
€a b dt (2)
where 0,, is the motor’s shaft angular position and K}, is the
back electromotive force (e.m.f) constant. Since the ratio of
L/R is very small, the term associated with coil inductance
can be discarded [9]. Consequently, Eq. (3) can be rewritten
as [10, 11]:
. _Ka Ky dby
=4y, b Tm 3
“TRYT R ar ®)
The torque developed by the DC motor is expressed
as [11]:

Tm == Kt-ia (4)

where K; is the constant motor torque. The developed torque
can be expressed in terms of shaft motion as [11, 12]:

40,,* do,,
+ Bm— + Bmo + TL (5)

Tm = Jm——7,,
J dt? dt

where B,, and B,,, are the motor shaft’s viscosity damping
and coefficient of static friction, respectively, J,, represents
the inertia of the motor shaft. Via the gear transfer, the
transmitted torque T; tries to counteract the throttle plate
movement, spring torque, viscous damping, and static fric-
tion of the throttle valve [12]:

do,’ de
d + Bt_[ + By + Tsp + Taf (6)

T =gz + By,

where B; and By, are the viscosity damping and static friction
coefficients of the throttle valve, T, is the airflow torque, J; is
the throttle inertia, and Ty, is the return spring torque
described by [13]:

where K, is the spring’s elastic coefficient and 6, is the
throttle angle of the throttle valve.

Equations (3)-(7) can be combined using the gear ratio
(N =0,,/0; = T;/Ty) to yield:

ae? do
d—t;:_alet_ald_tt_blu_fl_ﬁ_f.’a 8)

where 6; is angle position and 6; is angular velocity. The
airflow torque Ty has no effects on the throttle valve’s
performance and it can be neglected.

Let x; = 0,, x, = 0, and y = x), the state space variables
are given by:

X1 =X )
Xy = —a1x; —a2x2+$u+w (10)
The above equations are expressed
x=f+bu (11)
where,
a1 = Ky / (JuN* + ;) (12)

a2 = [(N*KoK; + R/ (BuN* + B)) /(R/ (JuN* + 1)) ] (13)

by = (NKKa)/ (R/ (JuN* + 1)) (14)
w=—fi-h=f5 (15)

fi = Kybo/ (JuN* + 1) (16)
fo=Ta/(uN>+ 1) (17)

fs = (NBuo + Buo) / JuN* +J) (18)

3. CONTROL DESIGN FOR ELECTRONIC
THROTTLE VALVE SYSTEM

In this part, the control design is developed based on syn-
ergetic control theory. Two versions of synergetic controllers
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are presented: the classical synergetic control (CSC) and
adaptive synergetic control (ASC). The latter is developed to
cope with the uncertainties in the system parameters
[14-21].

3.1. Synergetic controller (CSC)

Let & be the error between the actual angle position x; = 6
and the desired x;; = 0, as follows:

£ =X — X4 (19)

The first and second time derivative of error can be given by
& =X —X1g =X — X1d (20)

E=X —Xig=f+bu—xy (21)

The definition of the Marco variable ¢(e) will be
defined as

ple) =aes+¢ (22)
Taking the first time derivative of Eq. (22) to have
@ =¢+ag (23)
where « is a scalar design for synergetic control. The defi-
nition of the ¢ (&) with respect to the manifolds is defined by
Tp+¢@=0 (24)
where T has positive real constant and it represents the
converging ratio of ¢(g) to manifold with ¢ (&) = 0. Using
Eq. (22), Eq. (23) and Eq. (24), one can get
T(d8+é>+cp:0 (25)
Using Eq. (9), Eq. (21) and Eq. (22), one can get
Té + Taf + Tabu — Taxiy+ ¢ =0 (26)
Substituting Eq. (19) into Eq. (26) to have
1
u= b (—Té —Taf —@+ Tajc'ld> (27)

1

where u is the control signal that is being used. In order to
achieve the desired result to satisfy

T +¢@=0.

According to Eq (27), a control law can also be developed
in the following way:

1 . @ .
u= b —aé — T +aix; +axyx, —w— Taxy (28)
1

3.2. Adaptive synergetic control design

If G, stands for the estimated value of the actual coefficient
a,, a, is the estimated value of the actual coefficient a,, and w
stands for the estimated value of the actual coefficient w,
then one can describe the estimation errors of coefficients a;,
a, and w, respectively, as follows [22-26]:

A =a; — @ (29)
le = az — ap (30)

W=w—w (31)
One possible definition for the candidate L.F. is
V= % 9+ %71‘1512 + %}’2_1522 + %73‘%2 (32)
where, 7,, 7,, and y; are the adaptation gain respectively.
When we take the time derivative of Eq. (32), we get
V=g —yaa —p aa; -y (33)
Based on Eq. (8) and Eq. (27), one can get
V= o(de+ &) =y ad -y Nad -y e (34)
Substituting Eq. (22) in Eq. (34) to have

. 1 ..
V=¢ <a's—a1x1 —ayx, + ™ u+w-— xld)
1

(35)
1~ ~ 1~ = 1~
—Y1 441 —Yy, Gxax —Y; Ww
In case of indeterminate measure, the control law is fed
estimated values of a;, a, and w.

1 ~ ~ ~ ..
u= b <—aé - % +a1x) +adx; —w— Taxld) (36)
1

Equation (36), which depicts the control law, allows one to
derive

. 1 /1
V=g¢lae—aix; —ay,+—|— | —at —
by \ b,
+ax, — W — Taka +w— 551d)) - 71_15171\'1
— }/2_1512/&\2 — y3_lfvﬁ/
(37)
2

V= —4"7 + o((—arx1 — azxy + w) + (@i, + doxs — W)

- 71_151131 - ?’2_15’232 - 73_1;"?"
(38)
Equation (38) can also be rewritten as

V= —%2 + @(e)((—a1x1 +aix;) + (@a2xz — axx2) (w — w))
- 71_1‘31&.1 - 72_1‘3252 - 73_1‘1’@
(39)
According to Eq. (29), Egs. (30) and (31) can be rewritten as
. goz _ N N 1~ <
V= —?Jr o((a1)x1 + (a2x2) — (W) — 71~ a@ra
— }/2_1(71252 - ]/3_112/1//1\/ (40)
2 ) .
V= T + @arx) + ayxy — W —y, " @ar — v, Gy
- ;/3_151@
(41)

Equation (41) can be set up in the following way:
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2 : N
V= ‘(p? +(ox — T @)a + (ox —7,7'0) @
—1~

*(§0*}’3 W)ﬁ’

(42)

In order to guarantee that V <0, the subsequent adapta-
tion laws can be deduced:

@ =y, px, (43)
@ =y, px; (44)
w= }’3_160 (45)

By using Eq. (33), V is guaranteed negative definite, which
results in asymptotic stability of the controlled system.

The suggested synergetic and adaptive synergetic control
strategy is shown in the form of a schematic in Fig. 3.

4. COMPUTER SIMULATION

The MATLAB/Simulink is used for modelling and simula-
tion of the ETV system controlled by ASC and CSC. The
numerical simulation has been conducted to verify the
effectiveness of both controllers (ASC and CSC). The pro-
posed control techniques have been numerically simulated
and implemented within an environment of MATLAB
software [27]. The Simulink model shown in Fig. 4 simulates
the adaptive synergetic controlled ETV system using Simu-
link library. The model is made up of a total of five com-
ponents: two subsystems and three MATLAB function

Adaptive Synergetic Control of ETV System

Control Law

blocks. Table 1 lists the parameter settings for the throttle
valve system (TVS) [28].

The design parameters a and T are used in the design of
CSC or ETV system. For both CSC and ASC, the parameter
T value has been set to T =0.019 and a = 40.5. The
adaption gain y, for ASC based on bicep a; parameter has
been set to y; = 0.109. The adaption gain y, has been set to
7, = 0.585 and the adaption gain y; for uncertainty w has
been set to y; = 0.099. The T, disturbance is replicated
using a sinusoidal wave input having a height of 0.2 N and a
4rad s~ frequency.

4.1. Case I: excitation by sinusoidal waveform

The simulation of controlled system has been conducted by
exerting desired sinusoidal trajectory, which oscillates at
0.5rad s~ and swings between 0.1745 and 0.723 rad in the
angular range. Furthermore, the conditions of 0.4363 rad
start the sinusoidal desired trajectory. In Fig. 5, the open-
loop response shows that the system is unstable and cannot
reach the desired trajectory. The throttle valve response
angle for synergetic control (CSC) and adaptive synergetic
control (ASC) is shown in Fig. 6. The adaptive synergetic
controller shows better transient responsiveness and resil-
ience than the synergetic controller.

The tracking error for the ASC is demonstrated, taking
into account the uncertainty in the parameter and external
disturbance. In this case, the ASC controller yields a root
mean square error (RMSE) value of 0.1164 rad, while the CSC
gives 0.1321rad. One can conclude that the ASC exhibits
better tracking performance compared to its counterpart.

Electronic Throttle
Valve System

Intermediate Gear

Control

signal

1

u = _(_‘ae - % + dlxl + dez —-W — Taj(:'ld)

a} @ A

alT w %14 Foaen
[ LI I T

] af ¢
= TN e | (o) =aete |

Ai - _yi Hoxz Micro-Variable a2

W=V "¢ <

i Adaptive Law 1. %

Fig. 3. The proposed adaptive synergetic control scheme for the ETV system
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Table 1. The parameters’ values of the ETV system

Parameter Value Parameter Value

L 0.0017 H T 0.02 Kg. m?
R 21Q K, 0.072Nm A’
K, 0.075 N 4

Buno 0.006 N. m. s Ky 032N m™'
B, 0.03N. m. s By, 0.004N. m. s
T 0.01kg. m? B, 0.007N. m. s

Angular Postion
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o
o

o
©

Desired

Angle

0
-

15
Time (s)

20 25 30

Fig. 5. Open-loop response for ETV system

Figure 7 depicts the throttle plate’s angular speed
response, where the adaptive synergetic controller has better
transient characteristics than the synergetic controller.
Figure 8 displays the behaviors of control efforts for both
controllers. The figure shows that the height of spike in cases
of adaptive synergetic controller is lower than that based on
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Fig. 6. Tracking performance for ETV angular position based on
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Fig. 7. Angular velocity of plate based on CSC and ASC
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classical synergetic controller. In addition, the RMS of
control effort for ASC is lower than that based on CSC.

Figures 9-11 illustrate, the actual and estimated values of
parameters al, a2, and w, respectively. The boundness of
estimate errors for unknown parameters is one of the most
important aspects to consider when assessing the perfor-
mance of adaptive designs for the vast majority of adaptive
controllers. If specific limits are exceeded, the regulated
system’s stability may be compromised. According to Figs
9-11, one can conclude that the ASC could successfully
produce bounded estimated gains and it was able to prevent
these gains from growing without bound. However, if the
designed adaptive controller lacks the ability to confine these
gains within certain bound, instability problem can occur
and the controller will be infeasible in control of the elec-
tronic throttle valve.

4.2. Case ll: excitation by random desired trajectory
The desired angular positions are defined by:
Odrandom = g +0.081(sin(27F£) + sin(27Fyt)
+ sin(2zFst))

where, F; = 0.02, F, = 0.05 and F; = 0.09.

12 T T T T
===== ASC Control Action
= == SC Control Action
10} g
=
E 6
< 8f 4 - - 1
E] o O SNL2 YN
c e’ Pt
S 6 | 2 |
) 0
< 10 20 30
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Fig. 8. Control action response based on CSC and ASC
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Figure 12 depicts the angle position behavior based on
CSC and ASC. It is evident from the zoomed-in image of the
figure that the ASC performs tracking faster than that based
on CSC.

The tracking error between the synergetic and adaptive
controlled electronic throttle valve is shown in Fig. 13. In
terms of numbers, the ASC’s RMSE value is equivalent to
0.1176 rad, while the RMSE provided by CSC is equal to
0.2035 rad. This shows that the tracking performance and
error variance provided by the ASC are superior to those
provided by a trial-and-error method. The velocity behav-
iors for CSC and ASC are shown in Fig. 14. However, it is
clear that CSC’s peak velocity response is a little bit higher
than ASC’s peak velocity response. Figure 15 depicts the
CSC and ASC control actions. However, the peak of the CSC
control signal is slightly higher than that of the ASC signal.

5. DISCUSSION

This study made a comparison in performance between
classical synergetic control (CSC) and adaptive synergetic
control (ASC) in controlling the angular position of throttle
valve. The ASC controller shows superior transient
responsiveness and resilience compared to the CSC. The

Unauthenticated | Downloaded 06/20/25 01:45 PM UTC



218

International Review of Applied Sciences and Engineering 15 (2024) 2, 211-220

0.75 T T T .
0.7 ~ po
d (N b
) / N\ 0.58 )
€ o650 J A r /N 1
- ,, \‘ 0.56 ,' \
Z 06 -'l \\ /"-\ 21 215 22 22.5,' ‘\ .
o #
- 7 )
2 055 -/ \ /] v\
o 0.6 ———_g#) 0.49 \
= > \
s 0.5§0.55 (S
3 "J \
D 045} 05 ll/ 0.48 \
=< 045 et ==u=s Desired
0.4 o 0.47 == =§C angle
. 185 19 195 20 ———ASC angle
0.35 0 0'5 1 1 1 T
0 5 10 15 20 25 30
Time (s)

Fig. 12. Tracking performance for angular position the ETV system based on CSC and ASC with random desired

18

- -
> =2
———

-
N
—

©

Control Action u (Volt)
o S

3.5

3

I == =3C Control Action
== = ASC Control Action

(&
¥

\ M

X
\

0.02
£-===
-_— - |
I
-0.02} b
5 I
<
|
= -0.04 ]
o
=
w
-0.06 | g
-0.08¢ 1
== =SC Error
=== ASC Error
01 L L . .
0 5 10 15 20 25 30

Time (s)

Fig. 13. Error response of plate angular position based on CSC and
ASC (with random desired)

0.3 T T T
== =SC angular Velocity
_. 025 === ASC angular Velocity
»
? 02 |
E 0.15
g N
g 04 |
2 3,
2 \
5 0.05 \\ /’.\ |
. s
é’ 0 \ // \\ / \\ ,
S,
= 0.05 ~. 7 ~ \ -
-
-0.1 . : 1 1 .
0 5 10 15 20 25 30
Time(s)

Fig. 14. Angular speed response depending on (CSC) and (ASC)
with random desired

»
T ———

0 10 20 30 J
T e - T -~
2 ‘ . : . :
0 5 10 15 20 25 30
Time (s)

Fig. 15. Response of control action based on (CSC) and (ASC) with
random desired trajectory

tracking error for ASC is 0.1164 Rad, indicating superior
tracking performance and error variance. The angular speed
response of the throttle plate is slightly better for ASC. The
ASC requires almost the same control effort during tran-
sients, but with a lower RMSE. When tested the system with
random desired wave, the tracking error of ACS is 0.1176
rad, while the CSC’s RMSE is 0.2035 rad. The CSC’s peak
velocity response is slightly higher than the ASC’s. Table 2
show RMSE value for CSC and ASC for both desired specific

Table 2. The improvements in performance

Controller
CSC ASC
Desired Input RMSE Improvement
Sinusoidal desired input 0.1321 0.1164 13.48%
Random desired input 0.2035 0.1176 11.88%
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sinusoidal and random wave. The percentage difference in
the RMSE values of the ASC was slightly less than that of the
CSC, but when using the (ASC) it showed greater resistance
to changes in the random wave and gave a value of MSMS
less than CSC.

6. CONCLUSIONS

This paper presented a synergetic and adaptive synergetic
control (ASC) design for electronic throttle valve system to
achieve angular position tracking control. The ASC has been
developed to cope with inherited uncertainty and unknown
parameters. The stability analysis has been conducted to
derive the control laws and adaptive laws. Two scenarios
with two desired trajectories have been presented to verify
the effectiveness of the proposed controllers. According to
simulation results, it has been shown that the adaptive
controlled system (ASC) has better tracking performance
than the CSC. In case of sinusoidal waveform, the ASC
shows an improvement 13.43%, while the ASC gives 11.88%
improvement in the case of random desired input.
Furthermore, the ASC can effectively constrain the estima-
tion errors of uncertain parameters within defined bound to
avoid the drifting problem in estimation errors, which may
lead to instability of the controlled system. This study can be
extended by suggesting another control scheme in the
literature and a comparison study can be made with pro-
posed controllers for the electronic throttle valve system
[29-41].
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