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ABSTRACT

This study describes the application of the devetomodel to the scheduling of the Robotic Flexible
Assembly Cells (RFACs). The present study is ainaation of the paper titled “Development of a Ruzz
Simulation Model of Scheduling Robotic Flexible Astbly Cells”. This new model for multi-objective
scheduling problems in RFACs was based on combiaifugzy-based mathematical model with simulation
software tools. In this study, a hypothetical catedy of RFACs is presented to demonstrate the
effectiveness of the developed model and then coenplae results that are obtained by the new
methodology with the common scheduling rules. Tineukation results show that the performance of the
proposed methodology outperforms the most popuglaeduling rules from previous research.
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1.INTRODUCTION advantage of increased productivity in a shorterley

. ) . ] ~ time with lower production costs (Xidias al., 2010).
Due to increasing competition in the developing Nevertheless, two robots (or more) operating
global economy, today's companies are facing greate simyjtaneously in the same work environment require
challenge than ever to employ FI¢X|bIe.Manufactyr|n a complex scheduling policy to prevent collisions

Systems (FMS) capable of dealing with unexpectedpeyeen robots and other equipment in the cell @af

events and meeting customers’ requirements. Thexefo cpan 5003). To overcome the difficulties, effidien
FMSs have attracted significant attention by both scheduling of RFACs is required.

researchers and industrial practitioners in regeset's. As mentioned in the previous work presented in pape
One class of such systems is calleql Robotllc Flexibl titled “Development of a New Model of Scheduling
Assembl_y Cells (RFACs). RFACs IS an mtggrated Robotic Flexible Assembly Cells”, The objective was
system, includes at least two of robotic assemtayo®s ;0450 a new intelligent model of scheduling RFACS
linked by an automated material handling systerh, al a multi-product assembly environment, using fuzmyjid
controlled by a central computer (Mohametcl., 2001; and simulation software. ’

Nof and Chen, 2003). _ The stated objective was achieved via two main
The design of RFACs with more than one robot steps. First, the relevant literature for the ubéuazy
offers many advantages._For example, efficiency duelogic approaches for scheduling problems in both
to a reduced work environment (Mohamed al.,  conventional and flexible manufacturing systemsawver
2001), increases robustness enabling the asserhbly 0 reviewed and then extracted the key points that be
variety of products using the same resources andconsidered when developed a conceptual methodology
flexibility due to superior ease of modificationdan for scheduling RFACs. Second, developed a new
reconfiguring (Marianet al., 2003). Accordingly, methodology for multi-objective scheduling problems
employing multi-robots in the RFACs offers the in RFACs. This methodology was based on combining
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a fuzzy-based mathematical model with simulation In order to simulate RFACs, three customer orders
software. This study is on how to validate the are assumed and labelled as order #1, #2 and #3, as
developed model via an extensive example applinatio shown inTable 3. Orders #1 and #3 consist of six types
and then comparison of the results those are oddain of cell phone and order #2 is composed of only five

by the developed methodology with the common types of products. Batch size and due date for each
scheduling rules. The remainder of this study is product type are given ifiable 3.

organised as follows: The next section presentasa c

study of hypothetical RFACs to authenticate the 3. A FUZZY LOGIC MODEL EOR
developed methodology. In section 3, a fuzzy-based '
mathematical model is implemented to combine all SCHEDULING RFACS

input fuzzy variables in a new scheduling rule. In
section 4, the new rule is applied using the MATLAB

fuzzy logic toolbox. The simulation results for hot X ) . s
most popular scheduling rules and new schedulingT_he input fuzzy variables include processing titmetch

rule are provided in section 5. The conclusions andSiz€; due date and number of required stationsyukggut

A fuzzy-based mathematical model is developed to
combine all input fuzzy variables in one schedulinlg.

future research direction are given in section 6. fuzzy variable represents job priority. In this reqd
three major steps are considered. The next sulesect
2. EXAMPLE APPLICATION OF will explain in detail how these steps are perfaime
SCHEDULING RFACS 3.1. Defining the Linguistic Variables

The RFACs studied in this study consist of three ~ The first step is to define the linguistic inputstfout
main components (Abcet al., 2012a; 2012b): (1) Vvariables. Each linguistic variable is divided imtset of
Robots (R and R) fetch the required parts and place linguistic terms. For instance, if processing tirise
them at assembly stations,(S5, and 3) where the interpreted as a linguistic variable, to qualifyeth
parts are assembled. (2) Part Feeder (PF) supplieprocessing time, terms such as short, medium amgl lo
parts to the cell. (3) Input and Output Conveydfs ( processing time are used in a real industry context
and OC) supply the base parts and carry out thed fin this model, let us suppose that processing time,ddie
products, depicted iRig. 1. and batch size have three linguistic variables, emof

To provide a reliable solution to practical cases, required stations has two linguistic variables, la/tthe
six assumptions are considered in the simulationoutput variable, product priority, has seven lirstjoi
model. First, the optimum assembly sequence of eaclyariables, as shown iRable 4.

product is given in advance. Second, each product . . .
uses some or all of the cell resources. Third, each3-2- Constructing Membership Functions

robot can perform only one task at a time. Fourth,  Ag mentioned earlier, triangular and trapezoidal
gach ropot has multi-purpose end effectors. Fifitn, _shapes are the most well-known of membership
interruption, such as resources breakdown, ocaurs "'functions. In this model, the input/output variablare

the sys_tgm: S'Xth’. the processing time of each task constructed from triangular and/or trapezoidal sisap
deterministic and is known in advance. £ g . :
. . or example, processing time is constructed as a
In this system, four contro_l points {CC_}Z,...,CL}}_ triangular shape, as shownfiig. 2.
are set to S|mpl|_fy path planning and avoid codifs The values of this membership function are between
between robots in the shared argable 1 shows the ¢ anq 1. The processing time value is evaluatedcbas
robot pg’ghs apd their required time to move betweenime of all required tasks needed to complete dhe j
two positions in the cell. The product priority, which represents the fuzzy
The RFACs described above are assumed toputput of the suggested model, takes both triamgula
assemble n product types,(P,,...,P,). Each productis and trapezoidal shapes. The product priority is
considered as an independent job. In this mode&l, si assessed and measured based on the priority sthtus
products are taken as an examglable 2 shows the  products to be sequenced, from the highest product
details of required stations along with the assgmbl priority to the lowest order priority. The categesiin
operations time for each product type. This tablé® a the assessed value of product priority are very, low
includes parts pick up and release times for th®mi®  low, below average, average, above average, high an
assembling the products. very high, as depicted iRig. 3.
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Path description Position Travel time
Robot move from resource to control point L BFSC, G, S, S5, PF - G, Gy 0.5
Robot move from control point to resource 1, CG-S, PF, G C— S, S5, PF 1.0
Robot move between control point and conveyor 1 &G - 1C,C, G~ 0OC 1.5
Robot move between two control points MBCCy G 5Cy 0.5
Table 2. Assembly operations requirements
Time of assembly operations (sec)
Description Assembly station ;P P, Ps Py Ps Ps
Insert lens on front cover 1S 4 3 3 4 3 4
Insert keypad on front cover 1S 5 4 5 6 4 6
Assemble PC board with front cover 2 S 6 8 10 9 8 9
Insert antenna on back cover 3 S 9 0 0 9 0 0
Assemble back cover with front cover 2 S 7 11 10 11 7 10
Robot gripper pickup and release time (sec) 6 4 4 6 4 4
Table 3. Membership functions for input data and prioriglues
Order #1 Order #2 Order #3
Product type Batch size Due date Batch size Due date  Batch size Due date
Py 3 450 2 1200 4 1500
P, 6 650 6 1300 5 1900
Ps 5 800 5 1400 3 1650
P, 3 600 3 1000 3 1700
Ps 5 400 4 1100 3 1850
Ps 6 500 - - 4 2000
Production volume 28 20 22
Table4. Input and output variables with their fuzzy values
System variable Linguistic variable Linguistic valu Term set
Input Processing time Short S
Medium M
Long L
Batch size Small S
Medium M
Large L
Short S
Due date Medium M
Long L
Number of required stations Low L
High H
Output Job priority Very low VL
Low L
Below average BA
Average A
Above average AA
High H
Very high HV
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Fig. 1. A robotic flexible assembly cell
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3.3. Constructing Fuzzy Rules

Fuzzy rules are structured to control the output
variable. These rules can be provided by experts or
may be extracted from numerical data. Since the
variables of processing time, batch size and due da
have three states each and the number of required

stations has two states, the total number of furtgs

is fifty four (3x3x3x2 = 54). The generic form of a
fuzzy rule can be stated in the following form: IF
(Processing Time is) and (Due Date is) and (Batch
Size is=) and (Number of Required Stations =%
THEN (Priority is=). The black boxes represent the
linguistic variables for each of the fuzzy variadhle

4. IMPLEMENTATION OF FUZZY
APPROACH

In this section, the scheduling proposed rule (FSR
implemented using the MATLAB fuzzy logic toolbox.
The fuzzy logic toolbox consists of five Graphitdder
Interface tools (GUIs) for building, editing andsalving
any fuzzy inference system (Sivanandatral., 2006;
Mathworks, 2009). These tools are: the Fuzzy Imfege
System (FIS) editor, the membership function editos
rule editor, the rule viewer and the surface vievas
shown inFig. 4. The GUIs are dynamically connected
and the altering of any GUI can affect the othed&U

In this research, since the number of input vaesld

time has a slightly higher influence than the datedn
the product priority.

5. SIMULATION RESULTSAND
DISCUSSION

In this section, the results of the simulation stud
are presented and discussed. The discussion wilisfo

on analysing the results and comparing the RFACs
performance based on the proposed rule (FSR) and
existing scheduling rules. Five common performance
measures, namely makespan, percentage of idle time,
total tardiness, maximum tardiness and percentdge o
tardy jobs, are used to determine the performarice o
the RFACs. The simulation results of the overall
performance measures of the three different orders
and the average results are presentelign 6-8. The
paragraphs following discuss and analyse each
performance measure individually.

One of the important measures of manufacturing
system performance is makespan. Makespan
represents the maximum completion time for the
entire set of jobs. Shorter makespan results in due
dates of customer orders being met, as well as a
decrease in the direct production cosig. 6 shows
the makespan results of scheduling rules for daffier
customer orders. From this figure it can be seext th
the developed Rule (FSR) obtains the best resahts f
minimising the makespan, compared with the other

four, the number of generated 3D graphs is six. Forscheduling rules. SPT and LPT rank second and third

instanceFig. 5 illustrates the priority resulting from the
interaction of processing time and due date. Frbis t
figure it can be seen that the short processing &md

respectively. CR and EDD are the worst in
minimising the makespan objective, for the reason
that CR and EDD concentrate only on due dates of

small due date values give a high score of productjobs and ignore the other variables such as prauogss

priority. Moreover, it can be seen that the process
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Fig. 7. Percentage of robots idle time for all orders

Robots idle time is an another important time basedprocessing time. Total tardiness is another perémoe
measure for scheduling evaluation. Since robotsaare measure typically used in scheduling evaluationisTh
costly investment, it is vital to use them effidignby criterion represents the summation of jobs thalt tiai
reducing the idle time. This criterion enables aacl = meet the due date. A higher total tardiness mayltras
evaluation as to whether the robots are used in aross of customers and competitiveness, as penaity f
efficient way.Fig. 7 shows the percentage of idle time the late completion. The overall total tardinessthod
of scheduling rules on the three orders. In thigure, scheduling rules on the three different orders is
FSR emerges as the best rule among all severepicted inFig. 8. In this figure, EDD appears to be the
scheduling rules, followed by SPT and LPT. SPT andbest rule among all seven scheduling rules. Thergkc
LPT give good results for this measure. EDD apptars rank goes to the FSR. The difference between the
be the worst rule for minimising the robots’ idiené. results of EDD and FSR is insignificant. SPT, LA a
The reason for the poor performance of this rulthé RAND are the worst in minimising the total tardises
the EDD rule concentrates only on the due datdtfer criteria. This is because the due date variabigniered
complete set of jobs and ignores the variable ofby these rules.
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From the above results and discussion, it can be
concluded that FSR is generally better than alleoth
common scheduling rules. This is because the deedlo  Apd, K., K. Abhary and R. Marian, 2012a. Intelligen
rule is constructed by combining all input variabgich modeling of scheduling robotic flexible assembly
as processing time, due date, batch size. cells using fuzzy logic. Proceedings of the 12th
WSEAS International Conference on Robotics,
Control and Manufacturing Technology, (CMT’ 12),
World Scientific and Engineering Academy and
Society (WSEAS) Stevens Point, Wisconsin, USA.,
pp: 202-207.

Abd, K., K. Abhary and R. Marian, 2012b. Efficient
scheduling rule for robotic flexible assembly cells
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