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Autonomous Vehicle Control Using
Pursuit-Evasion game and

Reference Trajectory Tracking*

Naritaka Isoda

Abstract

This paper proposes two kinds of switching strategies for a vehicle to avoid col-
liding with another vehicle which try to provoke a collision and to track to a given
reference trajectory. From a pursuit-evasion game, we can compose the collision
avoidance procedure based on a so-called backward reachable set. To achieve the
trajectory tracking, we employ a model predictive control. The switching strate-
gies unify the collision avoidance and model predictive control methods. Here,
the switching structure may lead to chattering. We solve this problem by a strat-
egy that has a hysteresis to adjust a frequency of the chattering. In a numerical
verification, we illustrate some simulation results to show the effectiveness of the

proposed algorithms.
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[Simple Switching Algorithm based on PID: SSAPID)|
Step 1: 0000000 ¢t=kT,0000 «=(kT,) OODO.
Step 2: If z(kT;) € S(a), then
0000 (100000 wi(kT,) D O0O0Oooooooo
k=k+1000 Goto Step 1.

24



af;l 'y
backward reachable set G(7)

pursuer

03

collision set Gy

011 00 S(e)0000
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[Simple Switching Algorithm based on MPC: SSAMPC]
Step 1: 00000000 ¢t=kT,0000 =(kT,) OOO.
Step 2: If z(kT;) € S(a), then
0000 (100000 «(k7,) 0000000000
k=k+1000 Goto Step 1.
Step 3: 0000 (19)000 «;()0000000000
k=k+1000 Goto Step 1.
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[Hysteresis-based Switching Algorithm: HSA]

Step O: 0 OODOODOOOOO a=ay.

Step 1: 00000000 ¢t=kT,0000 x(kT,) OO0

Step 2: If z(kT;) € S(a), then
0000 (10)000 w(kT,) 000000, 000 a=a,00000
0.

Step 3: If z(kT;) ¢ S(a), then
0000 (13)(14) 000 v () 0000000000 a=a, 00000
0.

Step 4: k=k+ 1000 Goto Step 1.
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gboooogon

[Hysteresis-based Switching Algorithm: HSA]
Step O: 0 OODOODOOOOO a=ay.
Step 1: 00000000 ¢t=kT,0000 x(kT,) OO0
Step 2: If z(kT;) € S(a), then
0000 (10)000 w(kT,) 000000, 000 a=a,00000
0.
Step 3: If z(kT;) ¢ S(a), then
0000 (19000 «(1)000000,000e=,000000.
Step 4: k=k+ 1000 Goto Step 1.
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D00 AQ O0-0000000000w(t),w;()0000000002%(t)0

0000000000000000000000 ph)D00O00OO

T (t) = f(t, 2", ul,uy), *(to) = wo

? e’

5(0) =~ H(t,plt), 2* (6, (1), (1)

P(T) = (T, (7))

H(x™ ug, up, p, t) < H(x", ug, uy, p,t) < H(x", ue, uy, p, t)

00000000000 H=I(ta,ue, ) + pLf(t, 2, ue,uy) D0 00

0000p(t)=200000000000000000 &(T)00000000
00020 20000000000000000000 () 000000 2(T)
0000000000000 00000000000000 w(t), ws(t) 000
000000000000000000000000000000000000
00000000000000000000000000000000000
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B. Hamilton-Jacobi-Isaacs ] [1 [0 [ [

00000000 00000O000 Hamilton-Jacobi-IsaacsO OO OO O OO
0000000 o0ooo-ooo0oodooooooooooooooooog
O0o0ooooooooo

T
J(t, z, ue, up) = / U(t, z, ue, upy)dt + q(T', )

to

goodbogboboobuodbogbbooobooooobo-bo0oboboon
OOo0O0b0/=000000000000000000000O000O00O00O0»0
gboboooobood

T
v(t,x) = min max](/ l(s, 2, ue, up)ds + q(T, x))
t

Up, e [t<s<T

ODoOoO0oo0o0obooooboos#a0bOO00O0ODOO0ODbOOobO

t+ot
v(t,x) = 5221 [tgrsng%}iat](/t (s, z, ue, up)ds +

T
min  max (/ I(s, 2, ue, up)ds + q(T, x)) (20)
t

Up,Ue [t+5t§s§T]

gboobooodaob

T
v(t + 0t,x + dr) = min  max }(/ l(s, 2, Uue, up)ds + q(T, x))
t

Up,Ue [t+§t§s§T
000000000000 ((0)0D00000oooo
t+0t
v(t,r) = min max (/ [(s, 2, Ue, up)ds + v(t + 0t, x + dz)) (21)
Up,Ue [tését-f—&t] t

0000xz+6z=x(t+6)0000v(t+6t,z+0z)0 ¢, z000000000
0000000000000000000000000

) )
v(t+0t,x + dx) = v(t,z) + a—:ét + 6—2593
000 [ (s, @, ue,up)ds = U(t, 2,ue,1,)6t 0000 (21) 000000000
v(t, x) = minmax(I(t, x, u, u,)dt + v(t, x) + av&H— 8U<5x)
= X ey b = —
’ wp(t) ue(®) ot Oz
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OO00sa0000 -00000000000DO0OO00OOODOODOODO

} ov Oviz
0 = a0 ) + 3 )
ov

ov
= 3 i I(t =) a_ t7 s We,
T +5§}3%}f( (&2, e, up) + o f(8, 2, e, 0p))

(22) O Hamilton-Jacobi-Isaacs 0 000000000
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