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Abstract— This paper describes a methodology regarding an intelligent cruise control of transport robots
which is effective for solving congestion. For this purpose, we focus on an external interaction force between
the robots. This force is generated with the use of a virtual damper. In this methodology, two control
scenarios are presented: a damping force acts on a moving robot as the external interaction force, (I) only
when its preceding robot(s) is/are stopping or being congested and (II) when a robot exists in front of the
moving robot before a destination, in order not to become involved in the congestion. A circuit and a flexible
manufacturing system (FMS) are objectives in the simulation experiments. From the experimental results,
it is shown that the proposed control method successfully solves the congestion, and finally, improves the
performance. In addition, the superiority concerning the two control scenarios, (I) and (II), is discussed.
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Fig.1 Forward Control Area of the Robot


hosino
テキストボックス
3312


ooR4000000000O0DOO3O0O0OOODO
gboooboobooooboooooaoo
gboboooooooboooobooboboboo
gboooooooboooboobobobobooooon
gbobooooooobooboboboooooobogn
gbobobobobobbobobooooooon
0dooopooouoo3—2— 1000000000
gbooooooooboobobobooboooooon
gbooobOooboooobooooboooooog

3. Uouoooooao
31 00
00000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000300000000000000000000
0ooooo
00000000000000000000000
00000000000000000000 4o0o
0000000000000000000000000
000000000000 [5[f000000000
000000000000000000000000
000000000000000000000000
00000000000000000000
000000000003000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
00000000000000000000000

32 UO0b0OObOOObOOObOaOoong

00000000000000000000000
00000000 0000000000000000
000000000d) 0000000000000
000000000000000000000000
00000200000000 ()0 (I)000000
Fig.200OO0000 ()00000000000
0000000000000000000000000
0¢t00R20R1000000000000000
000000000000000000000000
0000000Fig2(a)00000000000 AtO
OR1000 v (t+At) 000000000000
Dug(H)At0000000Fig.2(b)000000DO
00000000000ws()0R1000¢t000
0ooooooo
Fig.30000000000000000000 (I1)
000000000000000000000000
00000000000000¢00R20R100
000000000000000000000000
000000000000000000000000
0Fig.3()00000000000 At0D0R1000
00 D(vgi(t) — vge(t))At 0000000 Fig.3(b)00

.._Inter-robot distance

I 1
0 R1's

o

Ej p— N
R 1 Virtual damper R 2 destination
vR, (#) vRa(f) = 0.0 GESHNANO

(a) Virtual damper inserted between moving
and stopping robots at a given time ¢

ST P

L R1 s
’ R } At R2 destination
VRt + Ab) vps(t + At) = 0.0

Damping force: —Duwpg, (t)

(b) Damping force acting on the following
robot during a derivative time At

Fig.2 Proposed Control Scenario (I)

_Inter-robot distance
I

> =
[ O
R 1 Virtual damper R 2
Uy (£) VRa(t)

R1 s
destination

(a) Virtual damper inserted between two mov-
ing robots at a given time t

e R1's

L:,}
R1 R 2 g
vt 4 At) destination

vp,(t + At)

Damping force: ~D(vg, (t) — vg,(t))

(b) Damping force acting on the robot moving
in the rear during a derivative time At

Fig.3 Proposed Control Scenario (II)

O00O0OR20000R1000000000000
0000000R10000003000000
000000 @0 ()0000000000000
00000000000000 At00000000
00000 (1)00 (2)0000e00000 ROODO
O0RO00D0000D000000000000000
00000000000000000000000

vr(t + At) = vg(t) + aAt — Dug(t)At (1)

’UR(t + At) = UR(t) + alt — D('L)R(t) - ’UR/(t))At
(2)

0 ()00 (2000000 000oooooooooo
00oooooooo Ac00oDoOooooooooon
000000000000 00000wg(t+ At) >0
000U00ooDobO00O0O00 3)00 (4)oooUoO
oooooooooon

1 a

D < —
SNART0!

(3)



vr(t) a
P @ —owmat o o Y
0 @3)00000000000 At =1.00vg(t) >
cAt0000000D000DOO0OO0 DL10000O00O
00000000 4)00o0ooo0o0oooooooo
000000000 va(t) —vp(t) = ve(t) 0000
000ooooop<l1o00b000000OO0O0OO0O0
g200000000000b0bObObO00oogag
goooobooooooddddogouooogao
000D000000000000000n ()0 (1)
0000000 pO0ODO0DOOO0ODOOODDOOOOO
O000o000o0oo0ooooooooo dnooo

d0o0o0ooOo  poOOoOooOoooooag

4. OD0OOO0O0OoOoood
41 0000
41.1 00000

oooboooooooboooooooooooooon
oboooooooooobooobooobbooooobooo
ooooOoOOo0000oboOoDOOO0000OFig4aO
obooooooooooobooboobobooooon
obobooboooooboobobobobooooon
obobooooooobooboboboboooooon
Ol~1200000000000000000000
obooooooboooooooobooo

41.2 000000000

goobooooooooobooooboooooobon
gbobooboboooooooooooooogoon
gboooboo2o00b000obooooboobooonog
oboboooooooooboobooboboooon
obooooocoooooooooboboooon
obooooobodbol~12000000000000
obobooooooobooboobooboboooon
0000000oooooooo [fjoooooooo

Sta. 5 <> Sta. 6 Sta. 7 Sta. 8
{0 -0
L N2
30 [m]
Sta. 4 - Sta. 9
E
1
O -
Sta. 3[0] @sm 10
/ Passing lane (one-way)
Main lane / Circuit (one-wa
| — ( Y)

Sta. 2

[

]/ Intermediate lane (two-way)

Robot

°

e : Bi-directional lane
e : Uni-directional lane

Sta. 12
Sta. 1 ‘ 15 [m] a

©® cooe—u0o—..

Initial sta. Discharging sta.

Fig.4 Circuit and FMS with a Cyclic Layout Structure

gboooooboobooobobooboooooobooo
120000000000000000000 0300
gboooobooocob 200000

41.3 0000

00000000000000000000000
()0 ()000000000000000000000
000000000000000000000000
0000 D =1.0/{0000000}0000000
000000 ()0000000000000000
000000000000000000 D=1.0000
0000000000000000000000000

42 0O00O0O0OO0O0O0O0O00O

2. 00000 300000000000 O00oooOoad
ooooo(Mo (IHo20000000000000
ooo0ooooooooooo

Figs500000000000000DOOODOOOO
000od0ooooooOoooD 1200000000000
0o0d0oo0ooU0ooooooooDooDooooon
00d00o00oo0oo0oooooooDOooDooooon
00d00o0ooU0oooooooOooooooooon
ododoooooooooooooooooooog
0o0d0ooooU0oooUooooooooooooon
ooooooooo (ho (Innoooooooooo
00000oo0O0oUoooOoOooooooooo o
O00000000D0D0ODO0OOPhase transitiond O O
0od0oo0ooUoUoooooDOooooooooon
gooooooooooooooo

FigoeOOODODOODOOOODOODDODOODOOOdOd
JoodooopoooooOoooo 400000000
0000o0o0oooooooooo o (Inoood
J0d000D0o0Oo0oU0oU0oOoDOoDOoOoooon
(hooooOoooOooOoooOoooOooooooooo
J0d000D000o0oU0oooDOoDOoDOooooon
ooooooooo (Hho(Inoooooooooo
ooo0ooooooooooo

oodo000DO0200000000000000
00d0o0ooU0oooooooooDooooooon
000o0oo0oooooooD (Hhooooooooo
opooooood

w
(6]

——: Previous control
— : Proposed control scenario (I)
: Proposed control scenario (II)

//
L///

X

1234567 891011121314151617181920
Number of Robots

N N W
o u o
T T

Circulating time [h]
=
o [6,]

(9

Phase transition

o

Fig.5 Simulation Result in the Circuit
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