O R I G I N A L A R T I C L E

Comparative Simulation Study for Configuring Turning Point in Multiple-Robot Path Planning: Robust Data Envelopment Analysis

Q1 Hamed Fazlollahtabar

Department of Industrial Engineering, School of Engineering, Damghan University, Damghan, Iran Corresponding author. E-mail:hfazl@du.ac.ir; hfazl@iust.ac.ir

(Received 02 August 2019; revised 12 August 2019; accepted 12 August 2019)

Keywords: robot; turning point; simulation; path planning

Abstract This article concerns with comparing simulation studies for a new developed concept of turning point to be used in multiple-robot path planning. Different critical factors and design parameters are collected and statistical analyses are performed. After configuring different simulation scenarios, the efficient one is evaluated using a robust data envelopment analysis (RDEA). Due to uncertain aspects of various simulations, a scenario robust version of data envelopment analysis (DEA) is proposed. Here, major criteria in robot path planning are deadlock and conflict avoidance, throughput, mean flow time, and effective total distance travelled. To determine the effective experiment for the proposed simulation model, RDEA is used. A comparative study with respect to different experiments having various simulation setting is developed. The results for a real robotic manufacturing cell system show effectiveness of the proposed process. In addition, the efficient simulation software is determined by multiaspect analysis.

1. Introduction One of the important industrial segments is material transportation system (MTS). It is because customers typically demand for shorter delivery time and lower transportation charge. This put the organizations under continuous pressure to implement various operational approaches and policies to achieve both aims. Therefore, minimizing delivery time should be conducted efficiently. Robot is one of the MTS used in manufacturing shop floor to move materials between stations in an automated manufacturing system. Robot is preferred over other transportation approaches due to the flexibility and mobility attributes it could offer.

Material handling is one of the widest spread application processes utilized in manufacturing today. While many manufacturers use material handling robot systems, several are moving toward material handling workcells, which consist of one or multiple robots, doing several tasks at one station. A material handling workcell is one of the most versatile workcells available on the market today. While welding workcells are usually confined to either spot or arc welding applications, material handling workcells can perform a dozen different tasks depending on the end-of-arm-tooling available. In an effort to make manufacturing more efficient, manufacturers are turning more to workcells for material handling. These workcells can perform several tasks within one workcell. Within these workcells, material handlers can work with other robots, CNC machines, or even human workers. They can be used to transfer parts into different machines that are positioned around it at one station, or they can take parts from an assembly

© Cambridge University Press 2019. This is an Open Access article, distributed under the terms of the Creative Commons Attribution licence (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted re-use, distribution, and reproduction in any medium, provided the original work is properly cited.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51

Wearable Technologies (2019), 0: 0, 1–17 doi:10.1017/wtc.2019.116

Published by Cambridge University Press