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Abstract: This study presented a model predictive tracking control algorithm of autonomous truck based on
object state estimation using extended Kalman filter. To design the model, the 1-layer laser scanner was used
to estimate position and velocity of the object using extended Kalman filter. Based on these estimations, the
desired linear path for object tracking was computed. The lateral and yaw angle errors were computed using
the computed linear path and relative positions of the truck. The computed errors were used in the model
predictive control algorithm to compute the optimal steering angle for object tracking. The performance
evaluation was conducted on Matlab/Simulink environments using planar truck model and actual point data
obtained from laser scanner. The evaluation results showed that the tracking control algorithm developed in this

study can track the object reasonably based on the model predictive control algorithm based on the estimated

states.
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: Rotational inertia of truck (z-axis)
: Rotational inertia of driving module (z-axis)

b : Damping coefficient of front wheel (z-axis)
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Fig. 1 Model schematics for tracking control
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Fig. 3 Desired path and defined two errors: lateral
and yaw angle errors

Fig. 304 w3t A& i H &5
o, A& A& £ O)EFH 558 87 FEo|th
i FFS Hsl Ao AWF 2xfe,) 2 8 &
s [z ]

L AHey)E b o] A

alxpath - ypath + bl

6
Varei ©

ey =, = (N

€ =

B0l PP $4 AL o, H £ AED o,
2 o g o3 598e FAd

cae oz 74

& oln, 59} 6,
2 =P7Esh Quia el 4ES o)

o e PAE A 99Y mde e 2
3T

m(v, +v,0)=F,;+F,, +F, ®)

o
L)
10
to
o
2

L= F;+1,F, —I.F, ©)
9 Ao RRE =39 thate] e
obef 23t 2.
A - . 0
yl [o1r o0 0 01|y G
Yy 0A5,0A455 455 0 i m
Y| 0001 0 0Y 0
| |0A4p0Au A 0 ||Y 1., |0 (19
6, (0000 0 1|0 I,
9f 0 Ago 0 Ags Ags Agg 0] 0
o 0

224004 Aold 2 e T e, T 4 (10)

& o183t 2 593t mdlE =2 4 Qloh

01 0 0% 0 01, .
€| 0 Ay Ay Aoy | | €4 B, F, Viges
) “l0o0 0 1]le + 0 0+ 0|4, 11
e 0 A Ay Ayl | ) B, -
e=A,e+ B (12)

T4 (1003} =4 (1)olMe] 2+ Fhof dase
Appendixoll Al A ETh 52 (1DNA o)y, & Uy,
= &7 4EE 8 87 QUSRS ov|siH, A¥
8T AR IR = AT ROEA 8T 5=

8 Z7EEE 0 02 Agadnt teb o3 5
3 me 54 (129 2ol =&k
232 2 oA Ao du2E

A 342 23 o] ueiFe MpC o

A HAtk MPCE A Al Z3E] N-step7HA o
3} oﬂzg A2 HAH o EAES
Ao Moz, &4 (199 oA Y
2 A Ao} SueES TASAT AR A
k25EH o= A k1< 01] Z3t7] 9fsf olefet

E D]-_:_o =

2 olatst # 48 o] 8Tt

e(k+1)= Age(k)+ B,5(k) (13)
A, = (A,At+1), B, = B,At (14)
AtE o4 AZkelY, 12 F AEE dS3] 9

& WeEA gojad.

yp: C[el t:31 eZéQ]Tv C= diag([aa b,C,d],O) (15)

cajole-HEE 2019. 6 25



g ol T 2YE olnsta, ok B3 ol
o 4 2GYE e 225 9B BARS s of
Shoh 2ok

(16)

A7NM, v, D, r, U &
difference matrix, weighting factor, future control input
o|t}. Predictive output Y& T2 (1499 A4,, B, & ©I
&3t a3t 2ol 28 + Utk

Z¥2} predictive output,

Y= Ge+ HU+ F§(k) (17)
G, H, U, F& 22 598 7|5k 434 23 g
o2 U 22 dgros gdHT
G=[cA,cal-- cal}]”
0 0 e 0
CBd 0 e 0
H= : : o
CA) *B,CA) B, 0
U= [6(k+1), 6(k+2)-6(k+N)]"
F=[CB,CAuB,- A} 'B,]"
ERgpolA Fras AANY =F2E YIRS
283t ofgfjel o] o|xt4lo] FE|E FTHHT
1
J= S U'KU+f,U (18)
4714 Kot f,v olefel o] Aojdn
K=rD'D+H"H (19)
f,=H"(Ge+ F5(k)) (20)

BAgre] HAdE UEAYIE dAdE v
HE T o stepolAle] HA AYEE vl A
A S HA JEgoE ARgstith HA sl ALt
Az Ztxe] Astte P& 2HoE HEsty
FY4e 2 452 =231k

3. 4

Ajtsks FF Aol daelFe] FEd 459

£ 93 SICKAMlA A =3 LMS 111-10100 o]
/\7H14§ ]85} Labview/Matlab 719t &t
point datas 53, 7o EY RIS o] &
Bt AHESIATE Fig. 5+ AR

SE

AlEd ol s
golx z7iel thide] A dolE ASe
AE A9 FEe HoEH.

26

Journal of Drive and Control 2019. 6

F3y Akl

we o3 FF

= T o

Ao daElE

Specification Value
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Weight 1.1kg
Rated voltage DC24V
Detection range 0.5-20 m
Field of view 27¢0°
Angle resolution 0.25°
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Fig. 5 Experimental setup for data acquisition
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Parameter Case-1 \ Case-2
C; 6,000 N/rad
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C. 15,000 N/rad
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1 300 m’
1. 3 m’
b 5 N-s/m
Iy 0.7 m
L, 04 m
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Prediction step 20
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0001
Update time 0.1 sec
Initial position(x, y) 0, -2)
Longitudinal velocity 09m/s | Llm/s
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