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Abstract: Adaptive neural networks based lateral controller is presented to guarantee path following performance for

vehicle lane keeping in the presence of parameter time-varying characteristics of the vehicle lateral dynamics due to

the road surface condition, load distribution, tire pressure and so on. The proposed adaptive controller could

compensate vehicle lateral dynamics deviated from nominal dynamics resulting from parameter variations by

incorporating it with neural networks that have the ability to approximate any given nonlinear function by adjusting

weighting matrices. The controller is derived by using Lyapunov-based approach, which provides adaptive update

rules for weighting matrices of neural networks. To show the superiority of the presented adaptive neural networks

controller, the simulation results are given while comparing with backstepping controller chosen as the baseline

controller. According to the simulation results, it is shown that the proposed controller can effectively keep the

vehicle tracking the pre-given trajectory in high velocity and curvature with much accuracy under parameter

variations.
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Table 1 Vehicle parameter variations

Symbol Nominal value Perturbed value
¢, 113,280 [N/rad] 113,280*%0.5 [N/rad]
c, 140,000 [N/rad] 140,000 *0.5[N/rad]
I, 2,400 [kg m’] 2,700 [kg m’]

m 2,200 [kg] 3,000 [kg]
L, 1.087 [m] 1.287 [m]
L, 1.753 [m] 1.553 [m]

18 Journal of Drive and Control 2020. 3

NAZET 7 BRFEFA 7
(a)d
1 T
‘E 0.5
g
]
o 0 o
£
]
©-05F
=
0 10 20 30 40 50 60 70 80
time(sec)
_ (b) 4,
P 4 T
2
7]
@ 2
E %
gop
@
)
7] -%
<
o]
£ . . . . . .
0 10 20 30 40 50 60 70 80

time(sec)

Fig. 5 Time history of (a)tracking error and

(b)control input in case of backstepping
control
@)d,
0.3 T
E
§O,2f‘.
o |
o1l
£017
£
O C 1 — - L I ——
0 10 20 30 40 50 60 70 80
time(sec)
~ (b) 5,
o4 :
s
[}
o 2r
£
) S S
g
@2
B
Z4 : : ‘ : : ‘
0 10 20 30 40 50 60 70 80
time(sec)
Fig. 6 Time  history of  (ajtracking  error
and(b)control input in case of adaptive

neural networks control

AEEIAE S8 A = 1%1 23A] W=
° Aza 249 500/ HAE stRon e
40% F7F SEHE

= 9F 15% 37 18al FA
ﬂ% Fom F3 =
28k 260mol] thal A4 100 KPHE F3H(Y 2]
2E o 8 &5 80 KPH)SH Aele] wj$- 713
gk 214 AlEH OIS AT
2% 59 (a) W2HP Aor)E o] &3

A SIA= oF 20%

Jk lOEo{}iJ&é

B2
T Aol71e BEFFA g Algdeld A
£ Ho Foh A A 7EEE viee g AAd
AA7I1ZH 2= Fuksk S=ulA Al uelu])E gho|
WSl whEh wo] 2]l Alof7]Ql WizEF A7)
o] 7121 Al o AT E BES



Al
FLATE AR A7 7Eel| A <)
o 7sem7HA A & &
gole & 21
ol wet Etojoj o d o] A yepdol
et AR FUF A A7 AAA FHe AdE
Btk ol Wkl & AgolA Alke 283 4174
B 2gE o83 Aoi71e] B A6l BqA]
= Hieh o] FAUR F3 Ak ARFZATL
% eemelH2 XS & 5 A o= H5¥
743 2rfo] Aty Wt o SFEAA
TAskE s AARICR ARG EA
7] B HA3] WA FAA7IIAA
FLATE A Al HEE Ao WIS DTk
I 6b= =TT dAH#}e] AHHE B
o 2FAEe] A 28 e Aok

&
P
T

a7}
2

. °]
hy] 50% 7

1=
Zho

=

N
i

=1,
X
S

g4
EL

=

= o >

= 4
S Tl
=2 =

S

==
= il

B ATolA
TAHN7E

Loy
ftl
e
o\ o
2
9
>

b
ot

o it
4y

X

St -
)
£y

> fo
ol
ol
N
0 —

o, o~
>

of
=
£
Wi
2=
k)
=
i)

4
ol

iy
A
)
Ao
off
o
o2l

oX,
o tlo

2
En)

o
o
AL

jgoijﬁ_(a

v

ke Aof71e) FEAS HolY 71& Holxz}
1 Ae)71d W2Eg Alo)7]ok Hlaste] AtgE 2

9%

<8 2AIEG HA2FFA7)7F JFENE 260m
ol ZFAHEE 1&2 A& 100km=E F3Y A= A=
FA 227} 6cm oJUY-S 1St HT)
=

o] =i 20169% =7 St WA
A FAATE AL 20183 F=T|EwSigw
DEATHZH] A Yo oFte] AFEHUS

References

1) A. Broggi et al., “The ARGO Autonomous Vehicle’s

=
o

<

2)

3)

4

5)

6)

7)

8)

9)

10)

11)

Vision and Control Systems”, International Journal
of Intelligent Control and Systems, Vol.3, No.4, pp.
409-441, 1999.

P. Zhao et al., “Dynamic motion planning for
autonomous vehicle in unknown environments,”

Proceedings of 2011 IEEE Intelligent Vehicles

Symposium (IV), 2011.

R. Marino, S. Scalzi and M. Netto, ‘“Nested PID
steering control for lane keeping in autonomous
vehicles,” Control Engineering Practice, Vol.19,
No.12, pp.1459-1467, 2011.

S. Hima et al., “Trajectory Tracking for Highly
Automated Passenger Vehicles,” IFAC Proceedings
Volumes, Vol.44, No.l, pp.12958-12963, 2011.
M. S. Netto, S. Chaib and S. Mammar, “Lateral
adaptive control for vehicle lane keeping”,
Proceedings of the 2004 American Control
Conference, pp.2693-2698, 2004.

H. Fang et al, “Robust anti-sliding control of
Vehicles of
disturbances”, Control Engineering Practice, Vol.

19, No.5, pp.468-478, 2011.

Autonomous in  presence lateral

H. Zhang, X. Zhang and J. Wang, ‘“Robust
gain-scheduling energy-to-peak control of vehicle
lateral dynamics stabilisation”, Vehicle System

Dynamics, Vol.52, No.3, pp.309-340, 2014.

D. Kim, J. Kang and K. Yi, “Control strategy for
high-speed autonomous driving in structured road”,
of 2011 14th International IEEE
Conference on Intelligent Transportation Systems
(ITSC), 2011.

J. Kang et al., “Design and Testing of a Controller

Proceedings

for Autonomous Vehicle Path Tracking Using
GPS/INS  Sensors”, IFAC Proceedings Volumes,
Vol.41, No.2, pp.2093-2098, 2008.

S. Chaib, M. S. Netto,
[infinity], adaptive, PID and fuzzy control :
comparison of controllers for vehicle lane keeping”,
Proceedings of 2004 IEEE Intelligent Vehicles
Symposium, pp.139-144, 2004.

“H

a

and S. Mammar,

J. Levinson et al., “Towards fully autonomous
driving: Systems and algorithms”, Proceedings of in
2011 IEEE Intelligent Vehicles Symposium (IV),
2011.

19

Eglojle - HEE 2020. 3



A shebule Wl AU Aed AT W FREFA ]

12) T. Keviczky et al., “Predictive control approach to
autonomous vehicle steering”, Proceedings of 2006
American Control Conference, 2006.

13) R. Lenain et al,, “High accuracy path tracking for
vehicles in presence of sliding: Application to farm
vehicle automatic guidance for agricultural tasks”,
Autonomous Robots, Vol.21, pp.79-97, 2006.

14) H. K. Khalil, Nonlinear Systems, 2nd ed., Prentice
Hall, New Jersey, pp.588-601, 1996.

15) R. Rajamani, Vehicle Dynamics
Springer, New York, 2006.

16) J. Ackermann et al., “Linear and nonlinear controller

and Control,

design for robust automatic steering”, Proceedings of
IEEE Transactions on Control Systems Technology,
Vol.3, No.1, pp.132-143, 1995.

17) D. H. Shin and B. Y. Joo, “Design of a Vision-
Based Autonomous Path-Tracking Control System

and Experimental Validation”, Proceedings of the

20 Journal of Drive and Control 2020. 3

Institution of Mechanical Engineers, Part D: Journal

of  Automobile Vol.224, No.7,
pp-849-864, 2010.

18) S. S. Ge, C. C. Hang, and T. Zhang, “A direct

approach to adaptive controller design and its

Engineering,

application to inverted pendulum tracking”,

1998  American Control
Conference, pp.1043-1047, 1998.

19) K. S. Oh, J. H. Seo and G. H. Lee, “Phase Portrait

Analysis-Based Safety Control for Excavator Using

Proceedings of the

Adaptive Sliding Mode Control Algorithm”, Journal

of Drive and Control, Vol.15, No.3, pp.8-13, 2018.
20) T. J. Song, H. W. Lee, and K. S. Oh, “A Model
Control ~ Algorithm  of
Truck Based on Object State
Estimation Using Extended Kalman Filter”, Journal
of Drive and Control, Vol.16, No.2, pp.22-29,
2019.

Predictive  Tracking

Autonomous



