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ABSTRACT-The Rank Order for further advancements in

Clustering (ROC) algorithm, developed
by J.R. King, has undergone significant
advancements over the last five decades
and is widely utilized in diverse fields,
including  manufacturing, for the
grouping of machines and parts. This
study investigates the utilization of the
ROC algorithm in cellular manufacturing
systems (CMS) to optimize the creation of
machine cells and part families, with the
objective of enhancing production
efficiency. The research presents a
comprehensive analysis employing a
binary part-machine matrix and utilizes
Microsoft Excel for data manipulation.
By iteratively rearranging rows and
columns based on binary values, the
ROC algorithm effectively clusters
machines and parts into intersecting
machine cells and non-intersecting part
families. A case study involving a 16x10
binary part-machine matrix demonstrates
the practical implementation of the ROC
algorithm. The findings indicate that
while the ROC algorithm provides a
structured approach to cell formation, its
effectiveness may vary. This research
highlights the potential of the ROC
algorithm in improving manufacturing
layout  optimization and  process
management, thereby it paving the way
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manufacturing systems.

Keywords— Cellular Manufacturing System
(CMS), Clustering  Algorithm, Group
Technology (GT), Rank-Order Clustering
(ROC), Parts - Machines, Matrix.

(ROC) il catiys premi Bualyled caas- pakle
5 @lshatd (LR King) zuS 5l 4> laysb &I
O Lalazmiwl @iy Apalll uckll ssaall gue e
il s (§ Loy degie w¥lxe G awly Slai e
plasial 3 bl sl tums oli2¥ly Y apend
Oreai) (CMS) Bsladl auiiatdll dalasl § ROC & 3)lss
BelaS upai Lduge eli¥ cMiles WY WD cLad)
4L Adgdne adieiug Mol Seloms Eue ) 2ty 7 WY1
aliled! dxdlal Microsoft Excel gmoliys adseiusg ¢35
Pl 5)Sae Sy Bubec¥ly Bgdiall cusys Bale] P> (0
Y ezt ROC &ulyles psas Aslall quall e
szl cliley Aablate Al WS § Jlad JSdn sl52%09
gimn osats Gl Ul dwlys misys dablane e
ROC 4aylsst eall deaiall 10%16 asbadl 0¥ ¢ 5
2355 ROC &ua3ylgs O o el e 4l J) bl ads
walies 08 Ledlas of ¥ (D) (Sl e Geg
& ROC &ajylss bilse) e e guall cmdl lia lalun
s Wy caldeall 3ylsly adiadll ladasd Cpucxs

aebadl Aalail § puazll e a3l (3sylall


mailto:Jamal.bensasi@eng.misuratau.edu.ly
mailto:Najib.train@yahoo.com
HP
Rectangle

HP
Rectangle

HP
Typewriter
1

HP
Typewriter
3

HP
Typewriter
ISSN: 3005-639X

HP
Rectangle

User
Typewriter
ARTICLE INFO

User
Line

User
Typewriter
Article history:

Received 1 May, 2024

Accepted 16 Jun , 2024

Published 3 Jul  2024 

User
Line


I. INTRODUCTION

Over fifty years the ROC technique has
matured with its implementation in many
domains. J.R. King, first introduced the notion of
ROC in the domain of manufacturing for
clustering machines into machine cells
simultaneous formation of part families that need
to be assigned to one of the machine clusters.
Ideally each part and its part family have a
unique assignment when it comes to assigning to
one and only one cell while getting completely
processed inside the assigned machine cell. A
machine cell is constituted of all those machines
that are part of the machine cell. However, this
historic ROC algorithmic method has since been
applied in various domains—image processing.[1]

This research work is an extension of the
well-known rank order clustering algorithm for
group technology problems. The present method
uses the ROC algorithm for obtaining a set of
intersecting machine cells and non-intersecting
part families.

Generally, the cell formation problems are
represented in a matrix namely "machine-part
incident matrix". Its elements are either O or 1.
Parts are arranged in rows and machines are in
columns in the incidence matrix.[2]

Clustering is terminated when all the
surviving cells are non-intersecting or when a
single group is formed. In the latter case, the
number of cells is determined on the basis of a
suitable decision criterion is identified at the
appropriate hierarchical level in the clustering
process. The manufacturing industries are
looking to enhance the operation presents in the
production lines for obtaining the optimal
management of  production rates. The
performance of the production directly depends
on the installed machine in the line of
production. If the machine is presented in the
production lines not entirely predictable and
reliable, it will arise in the analysis of the
maintainability and reliability to deliver optimal
strategies.[2]

GT, is a processing philosophy based on the
principle that similar products should be
processed similarly.[2]

The basic idea of GT, is to decompose a
manufacturing system into subsystems. It
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reduces production lead time, work-in process,
labor, tooling, rework,scrap material, set-up
time, delivery time, and paperwork. The idea
behind GT, is to improve efficiency by
exploiting similarities. The application of GT
influences time, power of operation, work in
processing (WIP), inventory, material handling,
job satisfaction, fixture, set up time, required
space, quality, finished product and labor cost.
This concept has been successfully employed in
cellular manufacturing in which parts with
similar processing requirements are identified
and grouped into part families, and then
machines with different processing capacities are
placed within a cell.[2]

The main objective of the research is to offer
optimal creation, of how to obtain a set of
intersecting machine cells and non-intersecting
part families in Product flow for cellular
manufacturing by using ROC algorithm.

1. AN OVERVIEW ABOUT RANK
ORDER CLUSTERING
ALGORITHM

At present, the world is hugely competitive;
therefore, manufacturing firms face pressure to
satisfy ever-changing customer necessities
rapidly. In the current, the survival of the
company in the business environment is difficult
due to highly competitive.[3]

ROC algorithm is also called as production
flow algorithm is used to create cells to
accommaodate part numbers to specific machines.
Although in manufacturing, machines are
capable of running different part numbers, it is
important to route them to create a specific flow
of part numbers through assigned machines. This
also improves productivity and eliminates cross
line flow. ROC algorithm functions as follows:

a. The clustering algorithm: [1]

Step 1: Create an n*m matrix bij (binary number
for part and machine). Where, m is machines,
and n is parts.

Step 2: For each row of i compute, XL, bij*2n-j
Step 3: Rearrange the rows in descending order
based on the computed numbers.

Step 4. For each column of ]
compute, ;2 bij*2m-j
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Step 5: Rearrange the columns in descending
order based on the computed numbers.

Step 6: Repeat step 1 until there is no change
observed in step 3 and 5.

Step 7: Stop.

This algorithm works well in an ideal
manufacturing environment where all the
products have the same value and all machines
run exactly the same. In the real world it is
highly unlikely where the entire product has the
same weight or all machines behave exactly in a
similar manner. [4]

In a ROC algorithm, rather than specifying a
constant value for the number of clusters, a
distance threshold is considered, which
determines the number of clusters in a certain
dataset. Selecting the threshold C for
determining the number of clusters in a dataset is
one of the most difficult issues in data clustering.
In practice, it cannot be assumed that the actual
number of clusters is predetermined, so this
algorithm is evaluated in several effective values
of C and the best result is reported. [5]

GT, is an important technique in the planning
of manufacture that allows the advantages of
flow production organization to be obtained in
what otherwise would be jobbing or batch
manufacture. The approach is to arrange separate
machine groups with appropriate internal group
layout to suit the production of specific
component families, formed in accordance with
the similarity of operations that are to be
performed on them.

The most important reason for manufacturing
cells to be established is to reduce throughput
time.

The MLT of a part is defined as follows: [6]

MLT = Set-up Time +Processing Time +
Material Handling Time+ Waiting Time.

Total MLT, is the total manufacturing lead
time needed to finish all of the operations on all
of the parts. The MLT can be reduced by
reducing these individual times, as explained
below. The set-up time reduction is realized by
automatic tool changing devices and/or by
bringing similar parts together that are processed
by the same machine, exploiting their similarities
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in design and manufacture. The processing time
reduction is realized by improving machine
speeds and/or routing parts to machines having
shorter processing times for those parts if
alternative machining is possible. The material
handling time reduction is realized by improving
material handling devices and/or bringing
machines together that process the same parts.
The first aspects of all of the aforementioned
reductions are under the responsibilities of
mechanical and/or electrical engineers, while
industrial (production) engineers are responsible
for the second aspects. Waiting time is a variable
dependent on set-up, processing, and material
handling times, and therefore cannot be set
independently. Consequently, the waiting time
reduction can only be realized by altering
production/process planning decisions, e.g. using
different scheduling rules, and it is the
responsibility ~ of  industrial  (production)
engineers. The importance of the waiting time
reduction is not only that it can reduce the MLT
but also that it reduces WIP.

I11. LITERATURE REVIEW

There are many studies that have dealt within
this subject area, and the following is a summary
of some of these studies:

Amruthnath and Gupta (2016) introduced a
methodology  that incorporates  real-time
manufacturing data into the creation of product
flow for cellular manufacturing based on weight.
Their modified rank order clustering (MROC)
method improved upon the traditional ROC
algorithm by creating load-balanced cells and
minimizing bottlenecks, demonstrating
robustness and efficiency in cell formation..[1]

King (1980) compared three methods—single
linkage cluster analysis, bond energy, and
ROC—in the context of machine-component
matrix regrouping for production flow analysis.
King's study highlighted the distinct advantages
of the ROC method, particularly its ease in
handling exceptional elements and bottleneck
machines, which are common challenges in
practical manufacturing scenarios..[7]

Padmakar (2012) investigated the impact of
cellular manufacturing techniques on an existing
plant layout with a focus on reducing material
handling costs. By adopting an improved layout
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through cellular manufacturing, Padmakar
achieved a 22.81% reduction in material
handling costs. This optimization not only saved
resources but also enhanced the number of
movements per day and other process activities,
ultimately reducing cycle time and increasing
overall productivity..[8]

Kumara and Singhb (2020) conducted a study
that applied the ROC algorithm in conjunction
with imperialist competitive optimization for
cost and reliability, availability, and
maintainability (RAM) analysis across different
industrial sectors. Their findings indicated that
the combined approach vyielded significant
improvements in the formation of manufacturing
cells, addressing cost and RAM considerations
effectively. [3]

Selim and Al-Ahmari (2010) explored the
integration of genetic algorithms with ROC to
enhance cell formation in CMS. Their hybrid
approach provided a more flexible and efficient
means of addressing the complexities involved
in  machine-part grouping, demonstrating
superior  performance in comparison to
traditional methods. [6]

Raj and Singh (2021) proposed a novel approach
combining ROC with machine learning
techniques for predictive maintenance in CMS.
By leveraging historical data and predictive
algorithms, their method aimed to anticipate
machine failures and optimize cell formation
dynamically, thus enhancing the reliability and
efficiency of manufacturing processes.

These studies collectively underscore the
versatility and effectiveness of the ROC
algorithm and its variations in addressing the
challenges of cell formation in cellular
manufacturing systems. The ongoing
advancements and hybrid approaches continue
to push the boundaries of optimization in
manufacturing  layouts,  contributing  to
significant improvements in productivity, cost
efficiency, and overall operational performance.
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IV. METHODOLOGY

The methodology used in this paper is an
analysis of data related to the research topic.
Hereby, Microsoft Excel Program was applied to
the data given. Clustering Algorithm is adopted
in this research work as the solution
methodology, which is theoretically and
mathematically simple practiced.

GT, is used in CMS. Groups of parts and
machines are organized into different cells where
manufacturing and production takes place.
Among the various methods of cell formation,
ROC algorithm is chosen in this research work,
which illustrated limited and Satisfactory results.

V. CASE STUDY

A matrix with the size (16x10), which is a
binary part- machine matrix with (zero- one)
entries. Where the entry one refers to the specific
part required to do an operation on a specific
machine while zero otherwise. It is composed of
16 types of parts and 10 types of machines with
different process plans. For this matrix, the
number of cells occupied by the number (1)
equals 38 cells. The incidence matrix between
machines and parts is presented in Table 1.

In our case, there are 16 parts (labeled 01 to
16) & 10 machines (labeled 1 to 10). so, the part-
machine incidence matrix is as shown in Table 1.

TABLE 1. INITIAL PART-MACHINE INCIDENCE MATRIX

Step 0 {origin Matrix)
M M2 M3 [ M5 M6 M7 M8 M9 | o
P1 1 1 1

P3 1 1 1
P4 1 1
P5 1 1 1
P6 1 1
P7 1 1

P9 1 1
P10 1 1 1
P11 1 1
P12 1 1
P13 1 1

P14 1 1
P15 1 1 1

P16 1 1 1

The rank order clustering method assumed
that the algorithm would normally begin with the
original machine-component matrix but it does
not matter, the procedure is iterative and it is
possible to start with any rearranged form of the
matrix.
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The ROC algorithm rearranges rows and
columns in an iterative manner.

will, ultimately, and in a finite number of
steps, produce a matrix in which both columns
and rows are arranged in order of decreasing
value when read as binary words.

The approach is perhaps best illustrated with
reference to the example problem once again.
Table 2. shows the initial matrix but now with
the binary weights associated with the column
entries in each row. As shown on Table 2., the
first row as a binary word is 111, which has the
decimal equivalent of 1 x 1+ 1 x 128 + 1 x 256=
385.

The other rows are evaluated in a similar
manner and then rearranged in increasing rank
order to produce the results.

TABLE 2. SECOND ITERATION OF INITIAL MATRIX

Step1 | 52 | 2% | 18 | ® R 16 8 4 2 1 Binary
Mt | M2 [ w3 | w4 | w5 | We [ M7 | M8 | M9 | W0 [DecEqu] Rank
P1 1 1 1 w | 6
P2 1 1 % | 1
Pl 1 1 1 m | 5
P4 1 1 s | 4
P5 1 1 1 “ | 8
P 1 1 m | 1
F1 1 1 w | 9
P8 1 1 § 16
Py 1 1 56 | 2
P10 1 1 1 “ | 12
PH_| 1 1 56 | 3
P12 1 1 0 |
P13 1 1 1| 1
P14 1 1 0 [ 15
P15 1 1 1 10 | 10
6| 1 1 1 608 1

By repeated operation of this pairwise word
comparison processes any set of binary words,
and may thus be ranked in order of decreasing
binary value.

TABLE 3.THIRD ITERATION OF INITIAL MATRIX

Step2| 512 256 128 64 32 16 g 4 2 1__| Binary
[ w1 M2 M3 M4 M5 M6 M7 Mg M3 | M10 |DecEqu.
P16 1 1 1 608
P9 1 1 576
P11 1 1 576
P4 1 1 544
P3 1 1 1 400
P4 1 1 1 385
P& 1 1 m
P5 1 1 1 145
P7 1 1 144

P15 1 1 1 100
P2 1 1 9%
1 1 14
1 12
1 10
1 10
P8 1 1 []

=

For applying ROC, the row weights (binary
equivalent) have been calculated and then the
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rows or machines are ranked according to the
decreasing order of weights
(Table 3). And then, columns are weighted and
re-arranged.

TABLE 4. FOURTH ITERATION OF INITIAL MATRIX

Step 3
MU [ M4 | M5 | M2 [ M3 | M6 | M0 | M8 | M7 | M9 | Binary|

P16 1 1 1 32,768
P9 1 1 16,384
P11 1 1 8,192
P4 1 1 4096
P3 1 1 1 2048
P1 1 1 1 104
P6 1 1 512
P5 1 1 1 25
PT 1 1 128
P15 1 1 1 ]
P2 1 1 )
P10 1 1 1 16
P13 1 1 8
P12 1 1 4
PH4 [ 1 1 2
P8 1 1 1

Dec.Equ.| 61440 | 57440 | 36960 | 3584 | 3456 | 2044 | 1280 3 3

A block diagonal matrix is one where boxes
on the main diagonal contain ‘0’s and ‘1’s, while
the off diagonal boxes contain all ‘0’s.

In this procedure, the rows and columns are
considered as binary strings, left to right for
rows, and top to bottom for columns. ROC
carried out in steps given below:

In each row of matrix read the series of 1’s &
0’s from left to right as a binary number, Rank
the row in order of decreasing value.

TABLE 5. FIFTH ITERATION OF INITIAL MATRIX

Stepd| 512 | 26 | 128 | &4 2 16 8 4 2 1| Binary
Mi | M4 | M5 | M2 | M3 | M6 | MW | M8 | MW7 | M9 [DecEqul

P6 | 1 1 1 8%
Py 1 1 768
| 1 1 768
P4 1 1 840
P15 1 1 1 38
P2 1 1 ki)
P3 1 1 1 112
Pi 1 1 1 104
P 1 1 8
P5 1 1 1 5
P1 1 1 48
P10 1 1 1 7

P13 1 1 6

P8 1 1 5

P12 1 1 3

P14 1 1 3

1. In case of tie, rank the rows in the same
order as they appear in the current matrix.

2. Numbering from top to bottom is the current
order of rows the same as the rank order
determined in the previous step. If yes, go to
step 7, if no, go to the following step.
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3. Reorder the rows in part-machine incidence
matrix by listing them in decreasing rank
order starting from the top.

The process is repeated on the matrix of Table
2. but this time on the columns. The binary
weights for each row entry in each column are

shown in Table 4., thus, the first column entry
1111 has the decimal equivalent value of 1 x 32,768 + 1 x
16,384 + 1 x 8,192 +1 x 4,096= 61,440

TABLE 6. SIXTH ITERATION OF INITIAL MATRIX

Step 5
W1 M4 M5 M8 M2 M3 M6 W10 M7 M9 | Binary

P16 1 1 1 32,768
P§ 1 1 16,384
P11 1 1 8,192
P4 1 1 4,096
P15 1 1 1 2,048
P2 1 1 1,024
P3 1 1 1 512
[l 1 1 1 256
P6 1 1 128
P5 1 1 1 [}
il 1 i 2
P10 1 1 1 16
P13 1 1 [}
i 1 1 4
P12 1 1 2
P14 1 1 1

[DecEqu. 61440 | 60416 | 39936 | 2076 | 896 | 864 | T | W | X 4]

The other column values are similarly
determined. The columns are now rearranged in
increasing rank order to give the matrix shown in
Table 5. The process is repeated once more, this
time on the rows of the matrix of Table 6., Table
7., and Table 8., it will be seen that the rows, as
well as the columns, are both in rank order. This
indicates that this is the last iteration and hence
Table 9., shows the resulting machine - part
groupings.

TABLE 7. SEVENTH ITERATION OF INITIAL MATRIX

Step6| 512 | 2% | 1 | @ | 2 | 6 | 8 4 2 1 | Binary

W) W | WS | MB | M2 | M | ME | M0 | M | MO |DecEqu.
P6 | 1 1 1 (]
P 1 T
PHO| 1 1 [ (]
P 1 1 540
P15 1 1 1 1]
Pl 1 1 ]
P 1 1 1 7
P13 1 i 66
Pg 1 1 65
R 1 1 1 5
P 1 1 1 ]
P6 1 1 40
P 1 1 1 i}
F7 1 1 ]
P12 1 1 3
Pl 1 1 3
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The above illustrates the essential concept of
the approach. In operation however, the ranking
process is performed without actually
determining the value of the binary word
representing the cell entries.

TABLE 8. EIGHTH ITERATION OF INITIAL MATRIX

Step7| mi M4 | M5 | M8 | M7 | M9 | M2 | M3 | M6 | M0 | Binary
P16 1 1 1 3768
P9 1 1 16384
P11 1 1 8,192
P4 1 1 4096 |
P15 1 1 1 2048
P2 1 1 104 |
P10 1 1 1 512
P13 1 1 6

Pg 1 1 128
P3 1 1 1 64
P1 1 1 1 2
Pg 1 1 16
P5 1 1 1 8

P 1 1 4
P12 1 1 2
P14 1 1 1
DecEqu| 61440 | 60416 | 30936 | 2044 | 171 643 "2 108 9 0

In each column of the matrix read the series
of 1’s & 0’s from the top to bottom as a binary
number. Rank the column in order of decreasing
value. In case of tie, rank the rows in the same
order as they appear in the current matrix.

4. Numbering from left to right is current order
of column the same as the rank order.

TABLE 9. NINTH ITERATION OF INITIAL MATRIX

Step8| 512 | 2w | 18 | &t 2 16 8 4 2 1| Binary
M| w4 | ms [ me [ mr | wme | m2 | M3 | M6 [ M0 |DecEqul
Pl | 1 1 1 8%
Py 1 1 768
P 1 1 | |68
P4 1 1 640
P15 1 1 1 us
P2 1 1 334
P10 1 1 1 112
P13 1 1 %
P8 1 1 8
P12 1 1 8
P14 1 1 18
P3 1 1 1 14
Pi 1 1 1 13
P& 1 1 10
P5 1 1 1 7
P 1 1 §

5. determined in the previous step if yes, go to
step 7, if no, go to the following step.

6. Re-order the columns in the part-machine
incidence matrix by listing them in
decreasing rank order starting from the left
column, go to step 1.

7. Stop.

Based on the data as shown in table 10., the
part families and machine groups are as
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follows: (1) P16, P9, P11, P4, P15, P2, and
M1, M4, M5. (2) P10, P13, P8, P12, P14,
and M8, M7, M9. (3) P3, P1, P6, P5, P7, and
M2, M3, M6, M10. Note: Part P15 in-group
1 requires processing in machine group 2.

TABLE 10. BLOCK DIAGONAL MATRIX

Step9| w1 i1 15 M8 M7 M M2 M3 M6 | W10 | Binary
P16 1 1 1 32,768
P9 [ 1 16,364
Pt 1 1 8,192
P4 1 1 4,0%
P15 1 1 1 2,048
[7] 1 1 1,04
P10 1 1 1 512
P13 1 1 26
P8 1 1 128
P12 1 1 2]

P14 1 1 2
P3 1 11 1
P1 1 1 1 8

P5 1
P7 1
DecEqu. 61440 | 60416 @ 39936 | 2044 | 684 736 2 27

VI. CONCLUSIONS

This research work focused on the
implementation of GT, in CMS, to optimize
production processes by efficiently organizing
parts and machines into cells. The chosen
approach involved using Microsoft Excel to
analyze data, with a specific emphasis on the
ROC algorithm. By conducting a thorough case
study using a binary part-machine matrix, the
ROC algorithm was repeatedly applied to
rearrange rows and columns based on binary
values. This iterative process resulted as shown
in table 10, titled as block diagonal matrix that
represented groupings of machines and parts.
While the outcomes varied between limited and
satisfactory, the iterative nature of ROC
highlighted its potential in effectively organizing
manufacturing layouts. Overall, this research
contributes to the understanding of how
methodologies like ROC can enhance
productivity and efficiency in manufacturing
systems. Further exploration and refinement of
ROC algorithm could lead to significant
advancements in manufacturing optimization and
process management, benefiting industries that
strive for increased efficiency.
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