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Collision Avoidance Algorithms of Multiple AGV Running on the
Fixed Runway Considering Running and Working Time

Gang Soo RyuT

ABSTRACT

An AGV(Automated Guided Vehicle) where is running on production automated system is related
efficiency of production system similarly. On previous study proposed a path collision avoidance
algorithms using shortest path of AGV. Running time about loading and unloading with shortest path
of AGV is important factor to decide the production system efficiency. In this paper, we propose a method
of shortest path and shortest time. Also propose the decision making method of collision avoidance position
for setup a shortest runway for next command. To do verify the proposed method consist a simulation
for AGV. Finally, we compare and analyse the proposed system between the existing system and show
that our system can effectively the performance.

Key words: Multiple AGV, Collision Avoidance, Fixed Runway, Working Time

LM B o)% AR Fule] Ax B T A4 2 91X ®A
& o) gatel £YBTHI]. o)l @ MY A P L
A AES Azdol AAAE Bk BEHO olf A=ye BAE e A7 94 A4, B
2 2F87] f&f 7 WE A (automated guided AANA Y] HAGAZ Ao 5 A3 5/ Ves
vehicle, AGV)9] 877} S7FstaL et 79 Wk o] HEHojof o, FAIA @R ANA WSS
Aol LA g AL Axdel BEAT A @ el ANRA Rehu e Aol W
A I AT ddol . ol @ ol ik TA AR AL 2ol ukd xhEFo] o] Fal|of 3 A
Aol 2849 *9E Ast] 1=3kd Q7= S AAol FAToZM Bt kA Yo] 7}
ol &7 = ATl etk gde] glrH4l
el Whg AFe FEA flol AEE B 7 tAle] ol wgA el 144 A2E LY
ek vAd, A 58 283t ol Fste MY BE A 189 A2 AFet A% 2 = AV
AT fEdT 2o THE J2E oIFSE 1Y v, P EAS sda] 96 24 A=E
Az gHoR TR T 5 ACEL AT A2 PAL  S¥ER TAT F A9 AS BAlstn, B3
Rl Wb ApgFol]l FhHe}, A AlA TE& FESta BAEE FYst7] Al A" A AFEE ALt
# Corresponding Author: Gang Soo Ryu , Address: Receipt date @ Oct. 11, 2018, Revision date : Nov. 6, 2018

(39123) 37 Yaeunro, Gumi, Gyeongbuk, Korea, TEL :
+82-54-440-1232, FAX : +82-54-440-1237, E-mail : gsryu
@gumi.ac.kr

Approval date: Nov. 7, 2018
! Dept. of Electronics & Computers Engineering, Gumi
University



1328 ZEIDICNES ==2A M21& HM11=(2018. 11)

I
riot
ol
fru
i
o
*
IS
— ol
fu
ot 10

Mo r
2
i
:(31_5‘
i)
ob
Kl
)
£
(@2}
e oM o
fo f o
o g fo

A

b
N,
o

ol
£

o o
o
in
2
o

L oo >
0%
o)
o

okl U %
=2

>
oy
2

o

>R

).

i o

4 =

o o 2 o
£

f
iy
Ao
=2
R
rlr
ui
ol
o
ro
=
ofy
ol
lo
o
ol
>
r_}]_‘
A

>
~
ftlo

Ry
of W = 2
&
£ K
2
ro
e
u
kl o
AC)
N
ins l"lO i
i
(oo
o
it
piu)
=
u

o x
o

o
r.o‘l
o
Y
o
fr
o
of?
Ayt
.

;Elj:r
o

2@ b oof tl X ot z2 g
_>;1_|‘

5
S I L
ﬁoﬂ,g‘? e
rfn:iif”[
rl.( I:l]g
d
o 74
Ll m
oﬁgl‘ﬂ‘)ﬁ—u
10;1&11\'”1
L llni

b 9

lo -

Q (

oo TEF

o

o

ol K
w

ol

2

X

Ir

R

AGV % Alz="oA Z598A 9 nz A4 3|
AHE F AGV U FEH 2F-E o=ty 35
3l Wk Al o] Ake] AGVZEE] o] WA & o]
g A5k s dshe weto] AT o] Wk
3 e 7150 4 Fa Ao, \A AGV
o] 3 7}ss FIHE HElo 7| Ro] & whe]
02 UFEE 39t 7129 w9 dygo=
(zone) =& I8 E(grid)& Ar&std 9 F3t

lo

w9l G Eol Aoz Aol Hof =t
!

H o}‘_l
)
RSt ok o 1R oX 2 N 1R md X

52 AHES 3 =
2 Ggate Bolh A o AFeIA Ak
ke AGVZES] A st FEo) o BAE
A7) 9 e AR T Fo A

E &8st WS Adsta Y8 o] W elA
€ dolA 2y ¢ I3 WEHE 53 39 A=
AR GaglFo R Alx"lE FASL, d5s B4
£ 3ty A94E =&3ta ok =9 Adste g3
e ZlE A 37 A2 dHo=2 R
= ofefe] 24 (1) 2 2)F T3l AelES d
g g A "ok

G,(E) = P(E) + r X sin(®+3) (1)

G,(N) = P(N) +r X cos (& + ) (2)

1 }27+1(E)7R1(E)
a=tan (RH(N)*Ri(N)) (3)
e:tan’l(cziﬂ(E)iHi(E)) (4)

G.(N)= R (N)

"

N)—R

Ao 2R3 AYATE 2D 9N
o AGV7} EEH R o

o JE 7R ARl e
A ATATIE e A 02 B4R, 07 o)A
AGVE €831 91 u) A= gho

F Qe BAZ @A, o] B

AA A et 283 2xH 2

offt
i)
ol

& rlo
Tg N
o

n
s
Z o
T
o flo
N o
2 g
L9

2.3 O0|™E 7|8t = ZX|2t sHA

= 02 d7elAE AGVe] o $A el et
T7F o] FoAHTHIL o] AFNA = B4t A2
AGV Aol X AGVY o] 57 = th3t &4 <
E73A o gig ido] Fag FAZ AH =AU
= 39 FAE HAstr] A3 AGVel 7 A s
283 A9} ol o] A E(agent) 71ES AHE-S}

e o of oy o R



OIS AGVOl OISAIZH HAAIZtS 1dist 08 J=20IM &

‘ AGV control system ‘

\

AGV
Controller

(3)

AGV
‘ Controller

Blackboard

AGV
Controller

Fig. 1. AGV control System,
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Table 1. Experimental variables

Item Descripstions
AGYV, AGV # {i:0,1,2,....,n}
w; Working point {i:0,1,2,....,n}
¢ Conveyer point {i: 0,1,2,...,n}
P! Shorted path from z to y
TP! | Estimated time of shorted path from z to y
1L, Estimated loading time of z
TUL, Estimated unloading time of x
TE! Elapsed time from z to y
s Entire elapsed time from load to unload
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intt =0
for(int i = t; i<v; i++){

Vector3 pos = Vector3.zero;

}

if (collision.transform.GetComponent<AGV> () != null)  {
if (GetComponent<Select> ().number[i] == collision.transform.GetComponent<Select> ().numberli]){

if (priority[i] == 0 && collision.transform.GetComponent<AGV> ().priority[i] == 0) {
pos = Vector3.Normalize (collision.transform.position - transform.position);
collision.transform.GetComponent<Run> ().agvRun (pos);

if (priority[i] > collision.transform.GetComponent<AGV> ().priority[il)  {
pos = Vector3.Normalize (collision.transform.position - transform.position);
collision.transform.GetComponent<Run> ().agvRun (pos);

Fig 2. Algorithms for collision avoidance,
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Table 2, Experimental variables

£ ol ¢12lE 1331

Item Value (msec) Descripstions

TE:l 30 Elapsed time between w, and w, _,
TE;: 10 Elapsed time between ¢, and w,
1L, 40 Estimated loading time of z
TUL, 40 Estimated unloading time of z

42 g5 &t
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Table 3. Result 1 of experiment

Table 4, Result 2 of experiment

Item ey A B
Runway Time (msec) 250 280
P - TE" minus 0
Collision 0 1

Avoid Point - w

Item Ay A B
Runway Time (msec) 220 280
R 0
Collision 1
Avoid Point - -
A Ay E e *J:%POlU% -

Table 37 Table 49 432} = & HAEE F
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