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Fig. 1. Autonomous vehicle (right) and simplified two-wheeled vehicle (left).
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Fig. 2. An autonomous vehicle following a leader and passing through obstacles.
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Fig. 3. Optimal trajectory for leader following and obstacle avoidance.
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Fig. 4. Autonomous vehicle direction relative to the direction of leader’s relative position.

ol 00 03l Zrsgl L] jo AT Canl ool solaiul o J S 0,938l 90 5l ey lade 4y axgi b
Y7 Yo sl s gl



Iy, Sl 4B 0pS 18 ceslie Sz 0 il 55095 gz ey codind Gl S (7 = A Jle Glaie @) cdl> ool yo
Nl &S glange @b Clo cpl o 098 oo oslitul 55095 Sy @ S5 Sln U5 w8l Gl 51 s Sl ST Jlss
el oo 43,5 a5 18 5 sl asle ol jo aS cul ) O ige a4 s JBlas 4
2 P : PR . . . )
(Vegi b)) 055 51,8 00l b prns Cgllas L& Caons 4 a5 w0l 505 (5550 9,095 (6505 Stz G 38150 )
2 A P P . . . . c. .
(X Yeimesbe) 005 sl (gilme Siges Jio (> S B 05l J 7S 55k 9,055 e pus (i @81 50 Y

AWGT +HWeTh 1 &le) 305 aieS (S8 (30 comiion (391 0 Y

\ N, AAD)
‘]c — ZI:(}/CZdI )+W4(X.Czj + ycz| )j|+2|:W5712,i +W GTZZ,i ]
i=1 =
9

Vet =COS ™ (Bey £0q1)
e, - I:Xd,i =X Yai—Ye O]
’ \/(Xd,i_xc)z"'(yd,i_yc)z
g oo o8laitul wle 5| A2 sy dite joe 59, LB I Yy i dlone sl a5 0l ails az

Y SVosln g5 gl
Sogo a3 0,5 oolaiwl 8,50 (pl Sl Hlsiee &5 cewlie anje Al el cenlin o) Coiad Sl 9,095 Sy Sl ol (o
el 00l 48,5 155 o 5 slaasle o1 o aS il
Sole) 008 s o..\.:bu_;»l).b o blad B f9095  CoxBae o S o B 0 0
2 2
'((Xd,i - Xc,i) +(yd,i - yc,i)
u_:)L».C) Jé)f Jﬁ‘.\} OML?‘).E Jemn CE a9 5)055 CE O )y vy u».iuw.u L55‘ g Y
. \2 . 2
-((Vd,i (1)_ Xc,i) +(Vd,i (2)_ yc,i)
.(Wgrfi +W9T22,i D)e) 38,5 aiaS (S8 W i 38 0 Y
N

Je :Z|:((Xd,i — X )2 +(yd,i —Yei )2)+W7((vd,i (1)_Xc,i )2 +(Vd,i (2)_YC,i )2):|+NZC[W8T12J +W9T22J w

P
i=1 i=1

2058 o by glwatag dlas gy S5 6B 655,5 (05T Cawd 4 (sl wulys o

T optimal = mjn J. %)
@ S

X(i+1) =F(X(i), 7)dt + X(i) (V)

|rl| ST max s

|r2| STy max

|D|<D,,,.

N QL‘)'é r"'“")SL° “1’.5‘} cI)max 9 M;lﬂ 6L‘°)9w Tz,max 9 z-l,matx OT ° as



Silwaands s -F
2 lo i Jgl (gilwads 10 (Joo frmian J5ES g (e 0SS b eolaidng e (b g, 0 ,8des b5,
G g wlowds ools )18 e Ry =Vl by Py = [—a —0] 5 5o Py = [ ) \] s By = [—\ . ] slacasdge

25 Sy 4 alis alny adsl Ll opd e a3 S W 0 4l e [V ] el cepn s [0 ] adsl cnge b n,

el o Sl
X, (0)=-25m, y. (0)=0,6(0) = -80°, v(0) =0, ®(0)=0.
JrS 5 s (b )85 oyl )bl el ool QB e Ve -V s a Doy izt (oYL g ol OIS

R PR W o.b)jT \ Jg»\.‘? 5o Jv\-ﬂ O,
53Ut 55 o 3Lkl 3,095 5 oS S slo syl ) Sy

Table 1. vehicle and controller parameters used in the simulations.
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Fig. 5. The trajectory ofthe autonomous vehicle moving among the multiple obstacles.
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Leader, Following and Multiple Obstacle Avoidance of
Autonomous Vehicle with Steering-Wheel and Driving-
Wheel Torques Using Path Planning and Model
Predictive Control
Hamed Kouhi?', Esmaeil Salahshoor®,

2 Faculty of Mechanical Engineering, University of Guilan, Rasht, Iran (Corresponding author to provide)
® Department of Mechanical Engineering, Islamic Azad University of Izeh, 1zeh, Iran,

ABSTRACT
This paper studies the autonomous vehicledeader following and collision avoidance problem. In this paper,

like as a real car, geometric dimensions, mass and moment of inertia are considered for the car; steering-wheel
and driving-wheel torques are the two control inputs. The nonlinear dynamics equation of the vehicle is
derived. At first, an algorithm is proposed for €hanging the direction of the vehicle to follow the leader, then the
suitable path for multiple obstacle avoidance and“leaderfollowing is proposed, and then a nonlinear model
predictive controller (MPC) is used to follow the reference.trajectory. The desired trajectory is designed
according to the elastic band method which is a powerful method for obstacle avoidance and leader following.
The performances of the closed-loop system are illustrated through simulations. During the simulation the
vehicle first changes its direction and then follows the leader without colliding with obstacles. Although the
vehicle is inertial and non-holonomic in behavior, the simulations showsthat the two path planning methods
with MPC scheme works well. For the future works the authors aim_to solve the problem with moving
obstacles.
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Autonomous vehicle, Multiple Obstacle Avoidance, Nonholonomic Constraint, Trajectory Planning,
Nonlinear Model Predictive Control.
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