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Abstract:

This paper presents the design and evaluation of a
manufacturing route planner for flexible manufacturing
systems. The aim of the planner is to find the optimal
manufacturing routes for jobs using well-designed cost
funct ons. This route planner, which is | wew 1} urw. ' °
[A*] tra* > hos ben d2si >4 to wo k una v ¢ nami
arriv | patte n °n11 on ne't. 1the prc ~~==  al orithn
consi ts. ;v 0 Lovils e ce. Tevel, v rich cont dls the
ybs lo o br wee  ce 'y, «d r1e macine leve whi
controls ne jobs flow between the machines inside the
cells selected at first level.

The solutions of the route planner are contained in a
dynamic knowledge base that passes information to the
sequencing and monitoring stage  The suggested mode!
has also the capability to det ct ard 'espcise wit:
suitable alternation for the daiiaged e em »* in th:
manufacturing system. To improv.*=2 pe. foraance +“*he
planner, the design is organized into distributed
programming media using the concurrent features of the
modula-2 programming lang ag . ' .Tinclly, ‘wo cace
studies are considered to illustr 1t( th fi nc ionc ity f'the
proposed algorithm.

Flexible  manufacturing  systems,
Modeling &  sitwatons, . Artificia’
intelligence, Heuris .c alg oi ith n.
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1. Introduction:

At the beginning of the 20tl centwy, ~*°>n mass
production appeared, low cost p_ -l ctica was ack’o za.
Mass production is well suited to large volume
production, which covers the high cost of large

factories[1]. Normally, such a fa:tory 1as col ccticns o

manually operated machines. Ea u mnachiae w5 tende |
by its own operator, acting on ins ructior,© pa,sea d ywn ¢
factory hierarchy from a supervisor. Human operators
performed the important jobs of transferring materials and
components in various stages. Today, computerized
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machines perform many operations. Much of
manufacturing industry is concerned with production of
goods not in large runs but in small, broken-up streams,
during which factory managers frequently change the type
of products to suite the demands of consumers and

astrial ¢ ... mers, where special needs vary. The new
manufact! ‘ing sy tem ~ffer- a flexihility hat co= mateh
‘3 varia on in dem ads 2-4 R .cen 'y, >w :ost, sm
and midc e product on le . ble by a fl i le
manufactt ing st ster | (F. 1S). Th ber fit of sinc F} S
are to reducc ..0cess-operawnug Cos., 0 s0lve the problem
of slow productivity growth and to enhance product
quality.
Flexible manufacturing systems represent efficiently
grouped machine tools linked together for batch
1oces ing Tae .’V .} consists of production cells, each
ce | is resycasibl: Ol producing a group of parts with
sinilar prociction pi cesses. However, FMS is a
complex system due to the following features[5];

each machine is quite versatile and capable of
petie ning, acfe nt Hp stauons,

che s stem ca1 ria fcture several part types, each
ore ma ' Lave lt:rn iv 2 routing, and

1ts constituting components are interrelated and
required to operate in real-time[6].
Thero —.2rm-L; pitential disturbances that affect the
stootl oper tion o7 the FMS. Tools wear or break must
o< chingel, maciies an fail, defective parts can be
produced, "inspoction aad test stations can give false
results. The number and variety of available jobs can
change with time as can the properties for completion of
a 'ffe rent jc os, rep i ¢ maintenance facilities may not
2l wveys be efectize 11 fixing machine failures or in
fir div o or clusizating Omputer hardware and software
faults. Therefore, it would be impossible task to capture
all features of FMS operation in a single model. In this
c.se, “he aicrarchic.l ‘ramework is suitable for FMS
mdel:ag znc con rc L.
Th's piper otlires the design and implementation of a
hierarchical manufacturing route planner using a heuristic
[A"] strategy. The text of the paper comprises five
sections. Section 2 presents the FMS environment



modeling and route planner features. The cell level and
machine level route planners design and cost function
calculations are described in section 3. Section 4 outlines
two case studies of different topologies to illustrate the
functionality of the manufacturing rout planner. Finally,
the conclusions of this work are given in section 5.

2. System Organization:

The manufacturing route planner consists of two levels, the
cell level and the machine level, as illustrated in figure 1.
The cell level route planner is used to obtain the optimal
manufacturing route between cells for the jobs wanted to
be manufactured. The machine level, which represents the
second stage in the hierarchy, is responsible to find the
optimal manufacturing route for the jobs between group of

machines inside each cell selected in the first level.
N
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Figure 1. System or; anizat o 1.

2.1. FMS Environment Assumptions:

The design is based on tle ‘aycit of the geneal
manufacturing system shown in fisur, 2 D ffer¢at ty pes of
material handling systems can b us:d t¢ 1 ='=bc=ren tae
manufacturing elements in the system. The main features
of the FMS, on which the proposed route planner will
work, are[7]:

* There may be multi inptw and mu'ti o1 tput
between the FMS and the ¢ntside -avi onret Iu
the design these ports are looked to as dummy cells.

. The FMS consists of cells, the lower bound is one
cell and the upper bound is « pen.

*  Each cell has one input buffi . =ud on’ ovw 1t 1 uffer.

*  Any type of material handli 1o systcras 7aay lik the
cells.

*  There may be intermediate storage between the
manufacturing cells

* Inside each cell there are nu =" =r « f nacaies. The
lower bound is one machin¢ and tl ¢ uypper li nit ic
open.

*  Any type of material handling systems may link the
machines. The machine itself has in-buffer for jobs

out

out
Figure 2. General layout of FMS.

before manufacturing on the machine and out-buffer
for jobs after manufacturing on the machine.

There ... = be intermediate buffring storage
betw .en the mechines = side -~ cel! Thee~ huffers
are . ssumed to e di nmy m.chir :s.

2.2. The Ro» el lan ‘er ‘e 'tu’ s:

It is obvious that the heuristic [A"] search algorithm is
complete, optimal and efficient among all optimal search
algorithms[8]. This search algorithm has been used in the
dasign of the manufacturing route planner, which has the
(llow ng " e¢ cures:
The rot t¢ plar acr i3 of predictable approach, since it
depends up~-a Leur_stic knowledge.

* A good reduction in the nodes needed to be tested to

reach the goal, that is because of the nature of the [A"]
2 gcritam vhich al vays selects the more promising
aod s Tim2 01 s:2a cu activity will be reduced as a
resy it ¢ the gbov 1 duction

. The cost function, which is the base of the heuristic

algorithm, must be well designed to work in the FMS
enviror m.nt.  F owever, the total cost function
corsist ¢ ftwc e ennts as follows :
1 n) = g(n) + h(n)
where;
g(n): represents the path cost from the start node to
th. node anc er test.
h(n): esrese it he estimated cost function for the
ceap st pa’l from node (n) to the goal.

. tne tollowing main factors, which affect the

manufacturing
silersiion:

a . Tle listai c: he:is traveled by the job through it’s
m in 1fact ir ng 1oute.

b,. “he lvad distribution of the manufacturing
operations between the cells and the machines in
the FMS.

¢). The execution time needed to manufacture the job.

processing, are taken into



3. Route Planner Design:

As mentioned before, two decision levels are suggested in
the proposed planning algorithm. The first one specifies
the manufacturing route at the cell level, and the other
specifies the manufacturing route at the machine level.

3.1. The Cell Level Route Planner:

The decision of the heuristic algorithm is based on the cost

functions related to each cell in the system The cost

function elements of the proposed manufacturing route
planner at the cell level are;

gi(n): The cost of the transportation from the start cell to
the cell (n).

2,(n): The cost of the load distribution from the start cell
to the cell (n).

h;(n): The estimated heuristic manufacturing cost in term
of the remaining operations related to the
manufacturing job from the cell(n) until reaching
the manufacturing goal.

hy(n) Tk. =tit ate  heari ..o transpc tatior ¢ st on
straigt Le 1011 e cell(n) "~ .eac ing tl:
o .nuf ctu i1 g cal.

dynamic
knowledge base

concurrent calculations

L. Ca
L ' ipora / store 1

cost function cost fu ction
calculation modulel = w o o o calculatic
for cell(n) for cell(1)

@

mar. factt ng
¢ paun s 0 cell(1),
Sy

asinl 7.

manufacturing related jobs relatec ‘obs
capabilities of celln information b m = informe ‘o1
as in Fig.(486) asin Fig.(5) asinFi¢ )

static knowledge base

Figure 3. Concurrent interz ctions at ell | ve .

In this work, the manufacturing ..ces. krowl_c - ha:
been distributed into three parts; general knowledge, job
knowledge and cell/machine knowledge[9]. Figure 3
explains the concurrent interact on with the «ncwled ze
base modules to calculate the co v wuncicn e ererts. Tae
values of these elements are storcd in a t-mporar 7 torag-
The route planner will use these elements to make it's
decision.

a). Calculation of g;(n):

It depends on the links informatic =" =2tv-ecn c:lis g ven n
array(1), figure 4.

b). Calculation of g»(n):

This cost function element balances the load between the
cells by guiding the algorithm to optimize the rout toward

L@ B /‘ Celi(n)

buffer
information|

for cell(n)
I bufolcab-1y  Array(2) Array(1)  [iinked cell

W link type
robot REC 1 REC 1 "
out buffer 9 link code
cap. relate linke capacity
robot REC 2 range of | EC 2 Mk Tength |
distance link:

REC nfomaton| REC LTk spead

N for cell(n)

Figure 4. Cell level knowledge base.

the best distribution of the manufacturing load. This
element consists of two subelements;

g(n) = a*gy(n) + b*gy(n)
The first subelement gives a picture for the manufacturing
"1 on the  -hines needed by the current job and the
previous 7 bs. T, 2 second subelement giv :s a nicture for
the manu acturing lc ©a ¢ . th m cht es ot .seu by e
current j¢ » but used Hy t' > == fior= s, hesetw p orts
are weigh *d by vo arichlesfa¢1db

Array(1)job 1]job 2 [job 3 [...... |

R1 IR |

Array(2)
REC 1

me ufacturing | I aci ‘ne type
in rmation

or ¢ eration
o "*

REC 2 OPERATIONS

OF
JOB 1

Figure 5. Joo knowledge base.

. Cloulatior o th ).

[e pioce lue ol I, n) calculation starts when the cost
c.culetior rhodu's of €ach cell enter the job knowledge
base iu figure 7, then .: receives the information in the
fields (1,2,3) of the records belonging to all the operations
of the related inb. It is the group of records in array(2)
surcunded bty tie poiters of array(l). These fields
=< or sent tl e mactire yoe, the tool type and the accuracy
ne dud Ly the orcretior ) to be manufactured. Then each
cost calculation module reads F4 and F5 from figure 6 of
the related cell to check from the knowledge base if this
ol car ot czano: r onu ‘acture the operation. In the case
ot fail ng, tle cost celcalation module puts a tag on the
rel ted opcraion e se * will go deeply in the knowledge
base through array(2) and selects only the machines with
accuracy equal to or better than the accuracy needed by the
related operation. The final step in this procedure is to



Array(1 )‘ REC 1 ‘REC 2 ‘RECS‘
TYPE | BEST RT [R2
CODE | ACCURACY

Array(2)

((((((

Array(4)

linked machine o
link type

link code’
Tink capacity
Tk Tengtf
Tk speed

Figure 6. Machine level know] dge L se

know if anv. ftl 2 11 ck ne with suita . __cura yin th
rouj di cove 'ed I ov: ias the. iitable ool ornc  This s
¢ n oy o dintc arre (3) = urray(4  Againtl T .re

in finding the suitable tool for the related operation will
cause to tag this operation indicating that the cell can not
manufacture it, otherwise, the operation is added to the
group of operations that can be manufactured by the cell.
Then, each sequence of opei..ca, vhich can Te
manufactured by the cell, is groi ned t(ge he'. As ume a
job with 8 operations to be mam factured ar . ¢oe -atio’ s
(opl, op2, op3, op7 and op8) are mauufacwured in a cornain
cell. Therefore, h;(n) is calculated according to the
unmanufactured group which includes o»erations. (~n/

opS and op6). It is clear that 7,0, is an dm ssil le
heuristic function, since the ce.l :an = m factire ¢: le st
one of the above two groups of ope¢raticn “tl.> Lptin al
solution passes through it. For example, if the first group is
manufactured, then the actual A, (n) is a function to
operations (op4,0p5,0p6,0p7,0p8’ and t1is is ; eat:r thin
the calculated /;(n) which is a ft .cuon to (of 4..p!,o0p6 .

d). Calculation of hy(n):

The value of the distance from the output buffer of each
cell to the nearest external port of the FMS can be
extracted from the knowledge bsc ir arriy(” skown in
figure 4. Again, this heuristic co **~ a''m ssiblc siace tie
direct distance is certainly less han ot :quu t) he rcal
distance between any two points. Hence, the condition 1s
also achieved here to get the optimized solution according
to the rule of the admissibility of '.c:A" seach * /pe

After finding the optimal manufi cturiny rout. or such a
job, the algorithm selects the aext job fici. tie jcb
knowledge base of figure 5 accuiuing to the lever of
priority. Figure 7 illustrates an example for four
manufacturing planning routes resulted from cell level.

Figure 7. Route planner output at cell level.

3.2. The Macdhine Level Route Pl inner:

tue outp t resulted rom the 31l lev rc ite Hlanr r 5 a
temporary know! dg : fo each ¢ «l o1 thh m nufa tu ng
route. This * = wvled_e cc. “~"us ¢ o 0. mac™ ¢s, nd
each group represents the candidate machines that are
suitable to manufacture one of the operations of the desired
job in the related cell. The set of machine groups per cell
represents the state space of the problem at the machine’
l.ver 1 woid: t'iav cel as shown in figure 8. The machine
el rlant e will { il he optimal manufacturing routes
ue‘de zac! «f th' ibov: cells. The cost function F(n) is
designed to iace the traveling problem and the
manufacturing execution problem . For this reason, the
centfirctinis propese t~ consist of multiple elements;

op1 | * &> ~

Cell(2) |op2|* = I
op3 | * * *
op4 | * {
opS [ * *
op6 * % ok x

C.ell(5) op7/* * *
op8 * *
op9 * * *>*
op10| *
op11 *oxox

celvg) (°P12/ ™ T

S ) op13| * *

op14| X * *
15 ~r - -

Figure 8. Machines state space.
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Figure 9. Concurrent interactions at machine level.

F(n)= g(n) + g(n) + gy(n) + h(n)
where;
g1(n): The transportation cost from the input buffer of the
cell to machine(n).
g(n) The "we i xec tior ce
cuilto na hir« (n .

“om the nput uf :rofti:

o(m) TH. 1o dcsciuiton e from e input uffer ¢ ¢

tizce toiich e(r
h(i) : The heuristic transportation cost on a straight line

from machine(n) to the output buffer of the cell.
Inside each cell, the machine level planner will specify a
software module for each machine in the state space.
Figure 9 illustrates the propeced concurrent  design
between these modules and the effect ¢f t'he d mam c
knowledge base on the cost functiyn calcu!atic ==
Calculation of g;(n):
The calculation of this element starts by interaction with
the machine level knowledge base in figure 6. Pointers are
used to reach the information ¢bov ¢ the set of liiks or tae
machine under test in array(5,, her this info ma ion is
passed to the cost function calcu'itica mocule. “he resu ts
of transportation cost output from the cost function
calculation module are used by the route planner to
calculate g;(n).
Calculation of g,(n):

The calculation of this cost functi n elen ¢at ¢epeacs upcn _

the information extracted for eacn related operation rrom
figure 5, which consists of the parameters (tool type;

accuracy; CAD code). The co=* finction rcalculation |

module will merge this informat on wi h fae :eoal ility of
the candidate machines, wtich &r¢ /llizted or
manufacturing the related operatic.. ot ce.l level. Tic lind:
results are stored in the temporary storage to calculate the
total gy(n).

Calculation of gs(n):

It depends on the manufacturing 1)>aa distr but:~ pr each
machine in the state space of such = =~ll. "nis cost fi =~*ic»
element will improve the solution, so that the machine with
the minimum load becomes more promising to be selected.

IN1 ouT

Cell(1) Cell2)

Figure 10. Case study (1).

At the end of each manufacturing route plan decision, each
related machine has a history of all operations to be
caccuted b 1ts elf. This history is stor¢ 1 in a dynamic
knowledg base. Ttz ov' »lan* _ for 'y alwv
es inte account { e r/ sults of the ou > p ans or he
previous  Obs st ec in iar uyn’ .auc <n¢ ¥l 1ge Tasc to
calculate t. > ner g3( ).
Calculation oy h(n):
It is extracted for each machine from the field of distance
information given in array(2) in figure 6. At the end of the
machine level route planner, the manufacturing route
inside aach ce'' from cell level will be decided as set of
r.achites. Tie n a1 facturing path, shown in figure 8,
astretes a1 exa nole Hf the machines selected by the
mahire lever p'anncr.

System Evalvation:

To test tie perforna n e of the proposed manufacturing
‘ctoop ancer, sever  onoe studies were performed and
compared with other well known algorithms.

(a). Case studv (1):

Tais ¢ .se ssame: i F VS, figure 10, with the following
fe tures;

For c:ll 'evei: wo nputs (IN1 & IN2), two cells
(C1 & C2), one output (OUT), and two types of
transportation liks (CONVEYER & AGV).

cormac’anc le el: cell(1) contains 5 machines,

c ll(2) coitiins 5 11achines, transportation links
DE W 2en ni ¢l ines a1 2 o conveyer type only.

Joo knowiedge base: this knowledge base

describes the orders demanded by the manufacturer.
Two o lors anstestd, is given in Table 1. The first
nder cons sts of . ohs. and the second consists of 4
JosS.
Tests "show at ‘the performance of the proposed
manufacturing route planner gives an optimal behavior
(under the given considerations) compared with the
uniform algorithm[10], as illustrated in Table 2.



On-line scheduling is an important task for obtaining

C1 C2 C3
3 4 7 9 1" 13
1
2 1 [=]
5 6 8 10 12 14|
C4 C5 C6

C (5
efficiency nd b’ ;h | rodu ~tivi'y 1 fle ibl m. 1uf? tu ng
systems. A n.ciarchical on-uue scheatier based v colored

Figure 11. Case study (2).

Job No. Machine Tool Accuracy CAD
Type Type Code
Op.1 5 6 0.006 1:1
Op.2 1 28 0.006 12
Jobl,  Op. 1 72 0.006 1:3
Op4 7 15 0.006 1:4
Op.5 6 43 0.006 1:5
Op.1 5 4 0.0002 2:1
Op.2 2 117 0.0002 2:2
Op3 1 87 0.0002 2:3
Job2,  Op4 7 38 0.0002 2:4
Op.5 6 205 0.0002 2:5
Op.6 5 11 0.0002 2:6
Op.7 2 80 0.0002 27
Op.1 4 13 0.02 3:1
Op.2 7 5 0.02 32
Op.3 6 132 0.02 3:3
Job3,  Op4 3 24 0.02 3:4
Op.5 2 98 0.001 3:5
Op.6 2 128 0.001 36
Op. 1 81 0.001 37
(a). For Test (1)
Job No. Machine Tool Accuracy CAD
Type Type Code
Op.1 5 3 0.0002 1:1
Op.2 1 67 0.0C « = |
Jobl, = Op3 4 13 0.0C 2 3
Op e 0.0( 2 T4
Op.SJ_ AY.IVYE W 00 5
R BYA 52 0.0 2 6
o 1 H'A 27 0.0C 2 1
oot s 2, 0.0C 2
Op.3 3 44 0.0002 2:3
Op4 2 137 0.0002 2:4
Op.1 7 18 0.00002 3:1
Op.2 6 139 0.00002 32
Job3, Op3 5 3 0.00002 3:3
Op4 2 19 0.00002 [ 34 ]
Op-§ 1 66 00602 | 3 ]
Op.1 7 37 002 | 4 ]
OP.2 3 85 0.00. 4 |
Job4,  Op3 3 89 0,002 4:
Op4 1 25 0002 | 44
Op.5 7 79 0.002 4:5
Op- 6 231 0002 | 46

(b). For T«?(-l)
Table 1. Job knowledge-ba. : fc ' ca e study (1",

(b). Case study (2):

Figure 11 shows another case stucy ui ¢ ffer ent’ opclogics,
it has the following features;

For cell level: two inputs (I V1 & IN2), six e ls
(Cl, ..., C6), two intermediate storage buffers (S1 &
S2), one output (OUT), and two transportation links.

For machine level: the ¢ "' pairs; (C'&C4),
(C2&C5) and (C3&C6) are sinilar aad may diifer
from each other in tools set; avaiasle .. he
machines.

Job knowledge base: two manufacturing orders
are tested. The first order consists of 4 jobs, and the
second order consists of 6 jobs, as giver in [abu 3.
Simulated results obtained from we s3cond < s¢ stucy
indicate that the rout planner alg  =*»m 1 nc: sei s #v= >
the pattern of data, as illustrated in Table 4.

Irl_c Level | | 0 fte el | Route Links
Test No. | Py voser | ' niform Proposed Uniform
1 Algos .cum aldgorithm Algorithm Algorithm
Jobl IN1,C1,C2,0UT IN1,C1,C2,0UT 1-3-6 1-3-6
Testl Job2 INI,C1,C2,CLLOUT [ IN1,C1,C2,C1,0UT]| 1-3-5-4 1-3-5-4
Job3 N2,C2,C1.0UT IN2,C2.C1,0UT 254 254
Joll ~ INLTIC "1OU 7| NICIC2CIOUT| 1-3-5-4 1-3-5-4
Test2 . Jo2 [INIC 07~ | NILCLOUT 14 14
E L __ :: vz CLOUT 2-5-4 2-54
N2, ..C .OU. N2,C1,C2,0UT 2536 2536
Machine Route Machines Route Links
Level
Test No. Proposed Uniform Proposed Uniform
. _  AF_auwn | /lgorithm Algorithm Algorithm
etl,Job Cl I} 255CJT 11,2,5,50UT 2-2-2 2-2-2
C2 T 240U  1I240UT 1-1-1 1-1-1
oo Job2  C1 1 245CJ1 | 112450UT | 2432 2432
C2 IN,SCLT 13,50UT 222 222
Cl| IN,140UT | INIAOUT 1-1-1 1-1-1
Testl, Job3, C2[ IN,1,2,40UT IN,1,2,4,0UT 1-1-1-1 1-1-1-1
C1[ IN,34,.,5,0UT | IN34450UT | 1-1-1-32 1-1-1-32
Coest2, 0o CIUIND2 T N 2,50UT 222 2-22
C[IN. 40U _ "1 140UT 1-1-1 1-1-1
CI[ N 4,5,0U7 IN 4,50UT 1-3-2 1-3-2
T 2,002, ] NU134/U | ™ 1,1340UT | 1-1-1-1 1-1-1-1
TTes )M 2] IN.AOL | 240UT 1-1-1 1-1-1
C1 IN.2,4,5,0U0 IN2,4,50UT 2432 2432
Test2, Job4, C2[ IN,3,0UT IN,3,0UT 2-2 2-2
Cl | IN;3,3,50UT IN,3,3,5,0UT 1-3-2 1-3-2
| ~ 2 N2 7T - | TI3,50UT 222 222

Taol:2. !lcut: :ells, machines and links
1or ¢ se study (1).

Petri nets has been designed and used in our system, this
work is presented in reference[ 1 1]. This scheduler consists



of two levels; the cell level and the machine level. One of
the tasks achieved by the scheduler is to monitor and
control the concurrency, dynamic arrival of the jobs, and
the use of limited resources in the system.

Op.4 3 3 0.001 6:5
7 7 0.001 6:6
7 7 0.001 6:7

(b). For Test (2)
Table 3. Job knowledge-base for case study (2).

Job No. Machine Tool Accuracy CAD
Type Type Code Cell Route Cells Route Links
Op.1 4 8 0.0002 11 Level
Op.2 R Test No. Proposed Uniform Proposed Uniform
Jobl, Op.3 2 12 0.0002 ! :2 Algorithm Algorithm Algorithm Algorithm
Op.4 3 10 0.0002 1:3 Jobl IN1,C1,C3,0UT1 IN1,C1,C3,0UT1 1-34-1-11-13-1 1-3-4-1-11-13-1
O 1 4 0.0002 1:4 Testl Job2 [ IN2,C4.C5,C6,0UT2 | IN2,C4,C5,C6,0UT2 P-5-6-2-8-10-2-12-14-2]2-5-6-2-8-10-2-12-14-2
P- 8 46 0.0002 1:5 Job3 IN2,C4,C2,C3,0UT1 | IN2,C4,C2,C3,0UT1 P-5-6-2-1-7-9-1-11-13-12-5-6-2-1-7-9-1-11-13-1
- Job4 INT,C1,C2,C6,0UT1 | INI,CI,C2,C6,0UT1 [-3-4-1-7-9-1-2-12-14-41-3-4-1-7-9-1-2-12-14-2]
Opl 4 67 0.0002 2:1 Jobl IN1,C1,C2,C3,0UT1 | IN1,C1,C2,C3,0UTI [1-3-4-1-7-9-1-11-13-1] 1-3-4-1-7-9-1-11-13-1
Op.2 9 5 0.0002 2:2 Test2 Job2 IN2,C6,0UT2 IN2,C6,0UT2 2-12-14-2 2-12-14-2
Op3 5 24 0.0002 2:3 Job3 IN2,C4,C5,C3,0UT1 | IN2,C4,C5,C3,0UT]1 |2-5-6-2-8-10-2-1-11-13-1 | 2-5-6-2-8-10-2-1-11-13-1
" Job4 IN2,C4,C5,C6,0UT2 | IN2,C4,C5,C6,0UT2 | 2-5-62-8-10-2-12-14-2 | 2-5-6:28-10-2-12-14-2
J0b2, Op4 6 78 0.0002 2:4 J(O)bS IN1,C2,C3,0UT1 IN1,C2,C3,0UT1 1-7-9-1-11-13-1 1-7-9-1-11-13-1
Op.5 3 17 0.0002 2:5 Job6 IN1,C1,C6,0UT2 IN1,C1,C6,0UT2 1-3-4-1-2-12-14-2 1-3-4-1-2-12-14-2
Op-6 8 22 0.0002 2:6
Op.1 4 2 0.00002 3:1 Machine Route Machines Route Links
Op.2 R Level
Op 3 19 :42 0'00002 3:2 Test No. Proposed Uniform Proposed Uniform
P 0 0 0.0000 33 Algorithm Algorithm Algorithm Algorithm
Job3,  Op4 11 5 0.00002 34 Testl Jobl, CI| IN-1-3-OUT IN-13-OUT 1-1-1 [
Op.5 3 9 0.00002 3:5 €3 [TIN-1-2-3-0UT_| IN-12-3-OUT T-1-1-1 T-1-1-1
Op.6 1 9 0.00002 36 Testl Job2, C4 | IN-4-5-OUT IN-4-5-OUT 222 222
Op.7 3 34 0.00002 37 (éi, IN-3-4-OUT IN-3-4-OUT 222 2-2-2
Op.8 7 60 0.00" — N 2-QUT IN-1-3-OUT 1-1-1 1-1-1
On > 1 60 ‘ — q — Cc4 ~4-o UT IN-4-5-OUT 2-2-2 2-2-2
p-1 _ &Y - g Testl, Job3, €2 IN--2-( T | IN-I2.0UT | 111 | 111
8}1 LA I LV 00 _ 2 €3 TINI23400 ' N-' . OUT IsE D
S 5 10 0.0 3 C [IN32-0UT_ | IN 2-0U 1o T
Job4, Op.4 T w A T(‘ 00 . 4 1est, Jobd, C IN-3-4-OUT_ :E Wa ke :'—_ Z 1 ) : :
o | ~ 6 T 80 0.0 5 | © N34 UT TR 40Ul 1 D T T
0 6|‘ S W N & 4 0.0 "3 Test2,Jobl, Cl IN-1-3-° OUT | IN 3220 T o
Op. . CAR N A : C2 | = JUT IN-W 7. 4 "HA A4
Op8 | 8 23 0.0u1 nil ©3 [TIN-1-24-0UT__|_IN-1-2-4-OUT 1-1-1-1 1-1-1-1
| 7 77 0.001 48 Tes2,Job2, €6 | IN-1.2.4-0UT_| IN-12-4-0UT 111 1141
(a). For Test (1) C4 | IN-1-32-0UT | IN-1-3-2-OUT 1-1-1-1 1-1-1-1
Test2,Job3,  C5 [IN-3-4-OUT IN-3-4-OUT 222 2-2-2
Job No. Machine Tool Accuracy C3 [MIN3-42-0UT IN-34-OUT 1T-1-1 1-1-1
Type Type C4 | IN4-3-5-O0UT | IN-4-3-5-O0UT 2222 2222
Op.1 4 55 00002 Test2, Job4, C5 [ IN-1-2.0UT | IN-1-2-OUT 1-1-1 1-1-1
Op2 2 49 0002 | |~ WN:3-4DU [ Ii2-34-0UT T-1-1-1 1111
Jobl, Op3 9 87 0002 | @ 2,Job5 €2 T 5-6-64U 1 1i5-6-6-0UT 333 333
Op.4 0 7 O'O—OU— — €3 1 -1-227 0 JT, 1 1-1-2-2-3-OUT 1-1-1-1 1-1-1-1
Y ol '/ A lest. Job6  CI | IN 43-5- -0 JT| T1-43-55-0UT| 2222 2222
Opé 131 146 0888-2 4 C6 IN-.= .-OU. | .i-14-4-0UT 1.1 T1-1
Op7 1 140 0.0002 ) )
Op 7 2 | _00002 | Table 4. Route cells, machines and links
T e e i L R (s study @)
Op.3 8 68 | ) )
Op.1 4 1 100002 TIr the casc of 1 11an fatiring problem, such as damaging
Op:2 2 24 0.00002 of a machine, which may stop all the manufacturing routes
Job3,  Op3 9 99 0.00002 : : ;
Op.4 5 200 0.00002 that pass through this machine, the proposed planner will
gp-z 6 34 000102 || ] cotaw an altornatiy » nanufacturing route (if available)
on7 3 ; g%% A % ] from tie Inowlecg: hese to overcome such a problem.
opl I T YR B tn's lterhaive will' be used until another optimal
oP.2 2 2 0002 492 manufacturing route 1s calculated under the new
fobd, 8‘;'2 190 190 8'8% — circumstance. I© more than one resource is damaged
Op.5 K E R T imu' .. eoisly; ther th: alternatives will be found in
Op.6 1 1 o a5 ] sicc:ssion. 'This' yoryach may result in conflict
Op.7 8 8 [ 00U 47 A-boiiwed bows i Kness i ted b
Op. 8 Z 2 okl TN AE—% o eriatives. dowe ver, ‘1 is weakness is accepted because
Opl 3 210 T R ) practicaly the Camaging of more than one resource at the
OP.2 6 123 0.00002 52 same time is rare. To face such multi problems, the
JobS,  Op3 g Zg ng(:gg 213 malfinction rorte plans are stopped and wait for the route
Op.4 v0C02 © |0 5t - :
og.s 1 7 00002 | 5 1 ».anne " to ir d ne v 1 an ifacturing routes.
0p.6 1 56 0.0002 5 | Findin g ar ¢ltern: tive 11ay loss the optimality, since the
2 . . . .
%‘;71 i’ 441 Ofg—gz - 2—:1 B altirna:ive is ~v*.ac ed irectly from the knowledge base.
opP.2 2 5 0.002 62 But this will be accepted, since it will be just for a period
Jobb,  Op3 9 9 0.002 6:3 of time until an optimal manufacturing route is planned in
9 9 0.002 6:4 the new environment.




Table 5 outlines examples for some problems tested for the
above case studies. It is found that the average response
time required to find the alternative solutions is quite

reasonable even if the FMS is of real time nature.

Cell level:
Damaged Element Alternative Recovery Time (sec)
Link No. 3 Link No. 7 1.94
Machine level:
Damaged Element Alternative Recovery Time (sec)

Machine 1in Cell 1

Machine 2 in Cell 1

1.1

Machine 4 in Cell 2

Machine 5 in Cell 2

1.24

(a). Case Study (1)

Cell level:
Damaged Element Alternative Recovery Time (sec)
Link No. 1 No local alternative 5.3

Machine level:

Damaged Element

Alternative

Recovery Time (sec)

Testl: Machinel/Cell 1

Machine 4 in Cell 1

1.26

Test1: Machine4/Cell 3

No local alternative

1.15

Test2: Machine5/Cell 2

Machine 3 in Cell 2

1.5

Test2: Machine4/Cell 4

Machine 1 in Cell 4

1.7

(b). Case Study (2)

Tibl . e ~verytime
RORRAN1) RALLRG ) | |

In this paper, a hierarchical manufacturing route planner is
presented. This planner is based on heuristic [A"] search
algorithm. It consists of two levels, the cell level and the
machine level. A simulated mod: L.as bee': de tigrzd ai d
implemented to test the capabili v of the prcpcse rou e
planner. The route planner assun es to v7ork w1 jener il
FMS and under dynamic arrival paucin environment. 1t has
shown optimal solution compared with a traditional
optimal method for several case strdies. The cost funrtio=
components (g & h) have beer w1l (c3igied t) sut w th
the FMS nature and requiremen s

The decision-making tasks of the rouce pia..coav > tandlzd
concurrently by executing the planner algorithm in time
sharing programming media.

The weakness of the proposed algorithm in finding the
alternative route, in case of damaging resource, is the loss
of optimal solution. However, the gain of recovery time is
an important parameter to accept this condition in real-time
systems.

In order to improve the performance of the proposed
planning algorithm, an additional fuzzy decision-planning
algorithm will be considered. This will be our future
research work.
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