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Abstract

Selection of an industrial robot for a specific gring application is one of the most challengingblems in real
time manufacturing environment. This has becomeenard more complicated due to increasing complexity
advanced features and facilities that are contislydoeing incorporated into the robots by differer@nufacturers.
The decision maker needs to select the most seifadustrial robot in order to achieve the desioetpbut with
minimum cost and specific application ability. Thiaper mainly focuses on solving the robot selactioblem
using VIKOR (VlIse Kriterijumska Optimizacija Komprasno Resenje) method, which has already becomsta g
popular multi-criteria decision-making (MCDM) todDne real time example is cited in order to denratstand
validate the effectiveness and applicability of VIR method.
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1. Introduction

An industrial robot is a general purpose, reprogratle machine with certain anthropometrical featunés
mechanical arm is the most important and vital mnbmetrical component. Other less but still imaottfeatures,
like its decision-making capability, capability fsponding to various sensory inputs and communigatith other
machines make it an important tool for diverse stdal applications, including material handlingssambly,
finishing, machine loading, spray painting and wedd Control resolution, accuracy, repeatabiliyad carrying
capacity, degrees of freedom, man-machine interfpability, programming flexibility, maximum tip spd,
memory capacity and supplier's service quality e most important attributes to be taken into aotavhile
selecting a robot for a particular industrial apglion. These attributes affecting the robot seaatlecision can be
classified as objective and subjective attributebeneficial and non-beneficial attributes. Objeetattributes can
be numerically defined, such as the cost and l@gdaty of a robot. On the other hand, subjecttibates are
qualitative in nature, e.g. vendor’s service gyaldrogramming flexibility etc. The beneficial abmtes are those
whose higher values are always desirable, e.g. teaging capacity, programming flexibility and nrbaneficial
attributes are those whose lower values are ptafera.g. cost, repeatability error. While selegtinrobot for an
industrial application, the decision maker needsdwsider all these attributes, where a tradedffiéen them and
the robot performance measures is necessary. Beladtthe best suited robot for a given industagblication
from a large number of available alternatives tgpacal multi-criteria decision-making (MCDM) pradoin. Several
approaches for robot selection have already beepoged by the past researchers [1-11], which ircltice
applications of MCDM methods, production systemfgrenance optimization models, computer-assisted etsod
and statistical models. In this paper, a rankinglbthe considered alternative robots is obtaitaééhg into account
different robot selection attributes and it is alved that the ranking obtained using the VIKOR rodtimatches
quite well with that as derived by the past reseenrs, which proves the applicability of this MCDMethod to
solve such type of complex industrial problems.

2. Literature Review

Bhangale et al. [1] developed a robot selectiorhodtlogy using the technique for order performamesimilarity
to ideal solution (TOPSIS) and graphical methodasl eompared the relative rankings of the altereatobots as
obtained using these two methods. A coding systeeiployed for expressing various robot selectibribates
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and a merit value is used to rank the robots inotider of their suitability for a given industriapplication. Goh et
al. [2] proposed a revised weighted sum decisiodehthat can take into account both the objective subjective
attributes while selecting the industrial robotfiokija and Booth [3] used a statistical procedur@Atnas robust
fuzzy cluster analysis that can identify the robeith the best combination of specifications basedvarious
performance parameters. Khouja [4] developed aphease decision model for solving the robot selagimblems.
In the first phase, data envelopment analysis (DEA&mployed for identifying the robots with thesbeombination
of vendor specifications based on the robot perforre parameters. In second phase, a multi-attrithetesion-
making (MADM) method is applied to select the hedtot from those as identified in the first phagleao et al.[5]
combined a multi-chromosome genetic algorithm iitst-fit bin packing algorithm for the optimal robselection
and workstation assignment problem for a computéegrated manufacturing system. Baker and TallGfi [
proposed a robot selection methodology based oss @féficiencies in data envelopment analysis (DE&hout
considering the criteria weights or the decisiorkens preferences. Goh [7] applied the analytiadrighy process
(AHP) for robot selection that can simultaneousiypsider both the objective and subjective attrisuRarkan and
Wu [8] demonstrated the applications and interi@ahip of the operational competitiveness rati®@¢CRA) and
TOPSIS methods in a robot selection problem andpeawed their performances with other approachess It
observed that both these methods are stronglyrétdéed, and their performance measurements anidialec
making processes involve the same mathematicahteza though they have their apparent structurféérginces.
Rao and Padmanabhan [9] employed the diagraph aitvikrmethods for evaluating and ranking of theralative
robots for a given industrial application, using thimilarity and dissimilarity coefficient valuelsahraman et al.
[10] developed a hierarchical fuzzy TOPSIS methmddlve the multi-attribute robot selection probder{arsak
[11] introduced a decision model for robot selattimsed on quality function deployment (QFD) arzzfulinear
regression methods while integrating the user desavith the technical characteristics of the robsithough a
number of research works have already been presbgtthe past researchers on robot selection prahlbut still
there is a need for a simple as well as systeragpcoach/mathematical tool to guide the decisiokarsgato select
and identify the best suited robot from a givendfetlternatives, because a wrong selection magnafiegatively
contribute to the productivity and flexibility ohé entire process. In this paper, an attempt iseni@adliscover the
potentiality and applicability of VIKOR (a comprosa ranking) method while selecting the most suitabbot for
a given industrial application.

3. Compromise Ranking M ethod

The VIKOR (the Serbian name is ‘Vise Kriterjums&ptimizacija Kompromisno Resenje’ which means multi
criteria optimization (MCO) and compromise soludionethod was mainly established by Zeleny [12] &tdr
advocated by Opricovic and Tzeng [13-14]. This rodtlis developed to solve the MCDM problems with
conflicting and non-commensurable (criteria wittifetient units) attributes, assuming that compronmiaa be
acceptable for conflict resolution, when the derisinaker wants a solution that is the closest ¢oidkal solution
and the alternatives can be evaluated with regpedit the established attributes. It focuses arkireg and selecting
the best alternative from a finite set of alteexdi with conflicting criteria, and on proposing tbempromise
solution (one or more). The compromise solutioa feasible solution, which is the closest to thealdsolution, and
a compromise means an agreement established byhwotcessions made between the alternatives.dlogving
multiple attribute merit for compromise ranking developed from the fmetric used in the compromise
programming method [15].

" 1/p
Lp,i :{jél(wj [(mij Imax ~Mjj ]/[(mij Imax ~ (M;; )min]p} @)
1<psw; i=1,2,..N

where M is the number of criteria and N is the nemif alternatives. The pvalues (fori=1, 2,...,N; j = 1,2,...,M)
denote the values of criteria for different alteivess. In the VIKOR methodl., ;and L, ; are used to formulate the

ranking measure.
The procedural steps for VIKOR method are highkghas below:
Step 1: Identify the major robot selection critefida a given industrial application and short-lise robots on the

basis of the identified criteria satisfying the uggments. A quantitative or qualitative value ssigned to each
identified criterion to construct the related desrismatrix.
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Step 2: a) After short-listing the robots and depetent of the decision matrix, determine the b@sf)n. and the
worst, (m)min Values for all the criteria.

b) The weights or relative importance of the coeséd criteria are estimated using analytic hienangfocess
(AHP) or any other method.

c¢) Calculate the values of &nd F.
M
Bi=lyi= ]Ele[(mij )max ~Mj ]/[(mij)max‘(mij)min] @)
Fl =L00,i =MaXm of {WJ [(mlj)max_m” J/l.(mlj)max_(mlj)mlnj} j=1,2,...,M (3)

Eqgn. (2) is only applicable to beneficial attribaif@vhose higher values are desirable). For nonflugaleattributes
(whose lower values are preferable), the term)}gm— my] in Egn. (2), is to be replaced by [m (m;)min]. Hence,
for non-beneficial attributes, Egn. (2) can be iittem as:

M
Bi=bei= 4V [(m”- )~ (mj )min]/ [(mu' Jmax (M i “

d) Calculate Pralues.
I:)i = V((Ei - E-min)/(Ei—max_ E—min)) + (1 _V)((Fi - Fl-min)/(Fi—max_ Fl-min)) (5)

where Emax and Enin are the maximum and minimum values qf réspectively, and ika.x and ki, are the
maximum and minimum values of Fespectivelyv is introduced as weight of the strategy of ‘thejority of
attributes’ (or ‘the maximum group utility’). Thealue ofv lies in the range of 0 to 1. Normally, the valdevas
taken as 0.5. The compromise can be selected vating by majority’ ¢ > 0.5), with ‘consensus’(= 0.5) or with
‘veto’ (v <0.5).

e) Arrange the alternatives in the ascending omerording to the values of. Fhe compromise ranking list for a
givenv can be obtained by ranking with thenfreasure. The best alternative is the one haviagnihimum Pvalue.

The VIKOR method is an effective MCDM tool, specéily applicable to those situations when the decisnaker
is not able, or does not know to express his/hefepence at the beginning of the decision-makiracgss. The
resulting compromise solution can be accepted bydgtision maker because it provides a maximumpgubility
of the ‘majority’ and a minimum individual regret the ‘opponent’. The compromise solutions canhmhase for
negotiations, involving the decision maker’s prefere on criteria weights. The VIKOR results dependhe ideal
solution, which stands only for the given set @éadatives. Inclusion (or exclusion) of an alteiveatcan affect the
VIKOR ranking of the new set of alternatives.

4. llustrative Example

In order to demonstrate and validate the applicatibthe above-mentioned MCDM method for solving tbot

selection problem, a real time example is citeds Bxample [1] deals with the selection of the nwstable robot
for some pick-n-place operations where it has widheertain obstacles. Performance of an industolabt is often
specified using different attributes. Repeatahilggcuracy, load capacity and velocity are obsetodoe the most
important attributes affecting the robot selectiaetision. Among these, repeatability and accuraeytlae most
confusing attributes. Repeatability is the measafréhe ability of a robot to return to the same ifpos and

orientation over and over again, while accuraghé&measure of closeness between the robot entt@feand the
target point, and can usually be defined as thiamie between the target point and the centel pbaits to which
the robot goes on repeated trials. It is easiaroiwect poor accuracy than repeatability and thegeatability is
generally assumed to be a more critical attributad capacity is the maximum load that a manipulaeém carry
without affecting its performance. Load capacityaafobot is related to its acceleration and spaed,is a function
of manipulator acceleration and wrist torque. Maximtip speed is the speed at which a robot can nrowan

inertial reference frame. Memory capacity of a toisomeasured in terms of number of points or sthpsit can
store in its memory while traversing along its @faed path. Manipulator reach is the maximum dis¢athat can
be covered by the robotic manipulator so as topgtlas objects for the given pick-n-place operatiithough it is

usually assumed that the specified robot seleditbibutes are mutually independent, in generatfopmance
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parameters provided by different robot manufactigme not simultaneously achievable. Furthermaris, quite
difficult to establish the functional relationshigetween those robot selections attributes. Henaking this
assumption introduces a risk of selecting a robat iay fail to provide the required performancethis example
[1], five different robot selection attributes acensidered as load capacity (LC), maximum tip sp@ddsS),
repeatability (R), memory capacity (MC) and mangbol reach (MR), among which load capacity, maxintipn
speed, memory capacity and manipulator reach aeb#neficial attributes, whereas, repeatabilityaision-
beneficial attribute. Thus, the robot selectionbbem consists of five criteria and seven alterreativbots, as given
in Table 1.

Table 1: Quantitative data for different robots [1]

Sl. No. Robot LC (kg) MTS (mm/s) R(mm) MC MR (mm)

1. ASEA-IRB 60/2 60 2540 0.40 500 990

2. Cincinnati Milacrone T3-726 6.35 1016 0.1% 3000 1041

3. Cybotech V15 Electric Robot 6.8 1727.2 0.10 15001676

4, Hitachi America Process Robot 10 1000 0.20 2000965

5. Unimation PUMA 500/600 2.5 560 0.10 500 915
6. United States Robots Maker 110 4.5 1016 0.08 350 508

7. Yaskawa Electric Motoman L3C 3 177 0.10 1000 92(

The problem of selecting the best suited industoélot for the given pick-n-place operation is salwsing the
VIKOR method. At first, the best and the worst \eduof all the criteria are identified. Rao [15]iemstted the
criteria weights as w = 0.036, wrs = 0.326, w = 0.192, wc = 0.326 and yg = 0.120 using analytic hierarchy
process (AHP) and these weights are used herbdovitK OR method-based analysis. Now, the values; aihd F
are calculated using Eqns. (2) or (4) and (3) retbgly, as given in Table 2. Table 2 also shovestalues of Pfor

v = 0.5 and the compromise ranking list of the considexéernative robots. The candidate robots are gewrin
ascending order, according to the values;oTRe best choice of robot for the given pick-neglaperation is robot
3 (Cybotech V15 Electric Robot). Cincinnati Milaoe T3-726 is the second choice and the last clisicagbot 7
(Yaskawa Electric Motoman L3C). Rao [15] obtainexhaking of the alternative robots as 3-2-7-1-4-6sfthg the
TOPSIS method, whereas, VIKOR method derives a comige ranking of robots as 3-2-4-1-5-6-7 (Spearman
rank correlation coefficient = 0.8333). It is obssat that in VIKOR method, the first and second hasiice of
robots remain the same.

Table 2: E F and RPvalues for alternative robots
Robot E F P Rank
1 0.5700| 0.307% 0.7473 4
0.3511| 0.2103 0.1034
0.3420| 0.1845 0
0.5118| 0.2125 0.331]
0.7069| 0.3075 0.934
0.6910{ 0.3260 0.978
0.6974| 0.3260 0.987

~N|olalalw|n
oOTN o~
~Nlo|loa|lw|[FP N

While calculating Pvalues, the value of is usually taken as 0.5 [15], but actually itsuealies between 0 and 1.
Table 3 shows the comprise rankings of the altar@aibbots for two extreme valuesw 0.1 andv = 0.9. In both
the cases, the best choice of robot (Cybotech M#&Btiic Robot)does not change, although the ranking of the
alternative robots changes slightly.
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Table 3: Rankings of robots for different values of

P (v=0.1) Robot/Rank iRv=0.9) Robot/Rank
0.8451 ASEA-IRB 60/2 (4) 0.6494 ASEA-IRB 60/2 (4)
0.1661 Cincinnati Milacrone T3-726 (2) 0.0407 Cimmati Milacrone T3-726 (2)

0 Cybotech V15 Electric Robot (1) 0 Cybotech V1Bditic Robot (1)
0.2242 Hitachi America Process Robot (B) 0.4387  athit America Process Robot (3)
0.8826 Unimation PUMA 500/600 (5) 0.9870 UnimatPdMA 500/600 (7)
0.9956 United States Robots Maker 110 |(6) 0.9608 itedrbtates Robots Maker 110 (B)
0.9974 Yaskawa Electric Motoman L3C ([7) 0.9766 Yaarek Electric Motoman L3C (5)

5. Conclusions

The cited example demonstrates the potentialityliegbility and simplicity of the compromise rangimethod in
solving robot selection decision-making problembe Tnethod can incorporate the decision maker'sepgates
regarding the relative importance of different robelection attributes. As the measures of the tifatine as well
as qualitative attributes and their relative impode are used together to rank the alternativesytKkOR method
provides a better evaluation of the alternativesah make a compromise ranking of the alternaimts from a
finite set of alternatives for a given problem. Theults derived using this MCDM method almost ratith those
as obtained by the past researchers. This compeoraitking method can also be used for any typeeofstbn-
making problems, involving any number of quantitatand qualitative attributes, and any number tefrahtives. In
order to facilitate the application of VIKOR methéat solving various MCDM problems, the relatedvildogic
presenting its implementation module may be deetop
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