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ABSTRACT

Recently, material handling of manufacturing factories trend to adopt AGV robots.
However, AGV robots mostly handle one-by-one material from a start station to a final
station, repeatedly. This research introduces a multi-robots material handling system that
can handle multiple robots and stations at the same time. The control program is based
on ROS (Robot Operating System). The objective of this research is to improve
effectiveness of material handling system by adding more flexibility and reducing the robot
work time. The management system uses the market-based approach combined with
Dijkstra’s algorithm for material handling in a manufacture factory. The simulation results
found that the system is able to control various types of AGV robots. This means that the
system has ability to order and execute the best robot among all working robots in the
system for an incoming task at the current situation. This reduces the total working time
by a half comparing with FIFO method. In the case study of the 65-m? working area, the
optimum number of the robots is 3 to execute 100 tasks. The research results shown that
the system can arrange materials handling by choosing the suitable robots for overall
fastest cycle time. This system increases flexibility in handling materials in various working
spaces. The knowledge of this research can be applied on many factories, which use

multiple robots for various tasks to hand materials from start stations to final stations.

Keywords: Multi-robots system, Market-based approach, Dijkstra’s algorithm, Material

handling.
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AGV | | | e | AGV2

(c)

The head-on collision (a) and (b) the head-on collision
happens on a path, (c) the head-on collision happens on a node.
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[AWRIN: Z. Zhang, Q. Guo, J. Chen and P. Yuan, "Collision-Free Route Planning
for Multiple AGVs in an Automated Warehouse Based on Collision Classification,"
in IEEE Access, vol. 6, pp. 26022-26035, 2018.]
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The shortest routes between node 11 and 22 (a) the first route,
(b) the second route, (c) the third route, (d) the fourth route.
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[AWRIN: Z. Zhang, Q. Guo, J. Chen and P. Yuan, "Collision-Free Route Planning
for Multiple AGVs in an Automated Warehouse Based on Collision Classification,"

in IEEE Access, vol. 6, pp. 26022-26035, 2018.]
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NAFRDUNNTWIAN cost &MIU biding 2835 Market based approach lagiiaa8t1391U 5
TUAZLBLAUAAIAIIFLN 18 Arad9adF Ui 5 annfkiiudw (0,6) aanddanans (1,11)

ﬁw"usu@?’mam 2 @2Aa robot1 WAL robot2

[INFO] [1534246503.562772]: id: 5
[INFO] [1534246503.562934]: start 0,6

[INFO] [1534246503.563098]: goal 1,11
['robotl', 'robot2']

gﬂﬁ 18 G1BLNFFINUN 5

Cur node : 90,6

Start node : 8,6

Goals node : 1,11

Dijkstra's shortest path

Dijkstra's shortest path

name: robot2

final_move: ['F', 'F', "F', , 'F']

cost: T7.570796

path: ['e,s', '®,7', '6,8', '8,9', '8,18"', '6,11', '1,11']

Eﬂﬁ 19 @28819N1IRNEN cost N 1AANNITZULUNITIANT

mﬂgﬂﬁ' 19 wudununfsariifnaisudu do (0.6) sondidaens (1,11) ﬁumu@i’ﬁ'gﬂ
\§an fia uuud robot2 de cost LYy 7.570796 %dﬁnﬂmsmaauwuhﬁuwﬁ robot2
ﬁﬁﬁ'@ﬁﬁ]ﬁ;ﬂuﬁ (0,6) ¥uuud robot2 ANMIUTAIFUYINAL 1 m/s ANMATUTIYaLTII 1
raﬂsI@ﬂumuﬁﬁizgzﬁwos:ﬁdﬁagmLﬁﬂﬁﬂ 1n1ﬁﬁgurniLﬂﬁauﬁmaoﬁuﬂuélgoaaﬂﬁ

2
=1

T { ' v s
%38 > rad PINFUNTIN 1 FIWITWAIANVDI cost LAAITh

T
=61+ (3)

Ty, = 7.570796
wmhﬁwauﬁ"L@TLmﬁ'uﬁszuumsﬁ'@mimmmﬁwmm"l,éfaamgﬂﬁaa LRZRIATE LN
V2 UL robot1 ﬁﬁﬂﬁ'@ﬁﬁ]ﬁ;ﬁuagﬁ (5,13) FMIF I BT UADINUALY UEUA robot2
WUINLAA1 cost a%i‘ﬁ' 27.424778 1ijalé@n cost maaﬁuﬂu@i‘ﬁaaamﬁammmL%mﬂu

, & A v X
Lsﬁ@]ﬁuﬂu@]@]’mawﬂﬁi‘ﬂ 2 VL@I@I\‘]%

Js = {R1:27.42477796076938}
Js = {R,:7.570796326794897}
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ﬁ’]@i’]ﬁvl,ﬁmﬁﬁmmﬂ%wLﬁﬂmﬁaLﬁaﬂyjuﬂu SARUNENALIBA 5 aIuaasluaunTn
3 9z le N
Tasks = min (27.42477796076938, 7.570796326794897)
Tasks = 7.570796326794897
Task5 =R,
HANINNHAINANIUNAULIUG 1 mwmummmmmmﬂmsmawmmumnm’umm
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alicebenz@alicebenz: ~ x alicebenz@alicebenz: ~

cost: 21.283185
{'robot4': 21.283185307179586, 'robot2': 18.141592653589793, 'robot3': 25.42477796076938, 'robotl': 25.283185307179586}
[INFO] [1562429942.498534]: ##u###u## Pending ###HH##?

A Calculate Shortest Path #fHHHRIEE

Cur node : 5,3

Start node : 3,3

|Goals node : 4,10

cost: 20.283185

{'robot4': 20.283185307179586, 'robot2': 20.283185307179586, 'robot3': 21.283185307179586, 'robotl': 21.141592653589793}
[INFO] [1562429942.600168]: ##u###u## Pending ###HHI##?

HitEHEHAHE Calculate Shortest Path #HH#HHIHE

Cur node : 5,3

Start node : 3,8

Goals node : 0,13

cost: 26.424778

{'robot4': 26.42477796076938, 'robot2': 30.42477796076938, 'robot3': 13.141592653589793, 'robotl': 16.141592653589793}
[INFO] [1562429942.703717]: ##u###u## Pending ###HHI##?

H#itEHEHAHE Calculate Shortest Path #fHHHRHAE
Cur node : 5,3

Sstart node : 5,13

Goals node : 0,6

cost: 36.995574
{'robot4': 36.995574287564274, 'robot2': 37.853981633974485, 'robot3': 26.853981633974485, 'robotl': 21.853981633974485}
[INFO] [1562429942.805396]: ######## Pending #ra#u#

H#itEHEHAHE Calculate Shortest Path #HHHHAHEE
Cur node : 5,3

Start node : 1,11

Goals node : 0,0

cost: 38.995574

{'robot4': 38.995574287564274, 'robot2': 28.712388980384688, 'robot3': 28.853981633974485, 'robotl': 20.712388980384688}
[INFO] [1562429942.906029]: Min job @ : robotl
[INFO] [1562429942.906 H job 1 : robota
[INFO] [1562429942.906494]: Min job 2 : robot2
[INFO] [1562429942. in job 3 : robot3
[INFO] [1562429942.90684 in job 4 : robot2
[INFO] [1562429942. 4 in job 5 : robot2
[INFO] [1562429942. 4]: Min job 6 : robot4
[INFO] [1562429942. : Min job 7 : robot3
[INFO] [1562429942. : Min job 8 : robot1
[INFO] [1562429942.907695]: Min job 9 : robot1
(RRRRAARRRRRARAARARARARARARARS

[{'robot1': 0}, {}, {}, {}]

[INFO] [1562429942.907876]: Robot : robotil doing Job ®
min robot working name : robotl

min Job :

VO~V B W N

Cur node
Start node :
Goals node :
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]O ES {Rl: 3.570796}
Js = {R,:19.283185}
Jo = {R,:18.712389}
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Abstract

Recently, material handling of manufacturing factories tends to widely adopt AGV robots. However,
AGV robots mostly handle one-by-one material from a start station to a final station, repeatedly. This
research introduces a multi-robots material handling system that can handle multiple robots and
stations at the same time. The control program is based on ROS (Robot Operating System). The objective
of this research is to improve the effectiveness of material handling system by adding more flexibility and
reducing the robot work time. The management system uses the market-based approach combined with
Dijkstra’s algorithm for material handling in a manufacture factory. The simulation results found that the
system is able to control various types of AGV robots. This means that the system has ability to order
and execute the best robot among all working robots in the system for an incoming task at the current
situation. This reduces the total working time by a half comparing with FIFO method. In the case study
of the 65-m’ working area, the optimum number of the robots is 3 to execute 100 tasks. The research
results shown that the system can arrange materials handling by choosing the suitable robots for overall
fastest cycle time. This system increases flexibility in handling materials in various working spaces. The
knowledge of this research can be applied on many factories, which use multiple robots for various tasks

to hand materials from start stations to final stations.

Keywords: Multi-robots System, Market-based Approach, Dijkstra’s Algorithm, Material Handling

Please cite this article in press as: P. Chanchaichujit and P. Smithmaitrie, “Management of a multi-robots system for
industrial material handling,” The Journal of KMUTNB, vol. 29, no. 3, pp. XX, Jul—Sep. 2019 (in Thai).
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