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Abstract—The simple methods used to plan and measure non
patterned production system are developed from the basic definition
of working efficiency. Processing time is assigned as the variable
and used to write the equation of production efficiency.
Consequently, such equation is extensively used to develop the
planning method for production of interest using one-dimensional
stock cutting problem. The application of the developed method
shows that production efficiency and production planning can be
determined effectively.

Keywords—Production Planning, Parallel Machine, Production
Measurement, Cutting and Packing.

1. INTRODUCTION

UTTING and packing problems appear under various

name, such as cutting stock problem, bin packing
problem, pallet container loading problem, knapsack problem,
etc. [1]. It can be classified using four characteristics; 1)
Dimension start with the simplest, one-dimensional model [2],
[3] to the complicated multiple-dimensional model, 2)
Assignment of large objects and selection of small items or a
selection of large objects and small items, 3) Assortment of
large objects having one large object, many identical large
objects, few group of identical large object and different large
object, and 4) Assortment of small objects having few item of
different dimensions, many items of many different
dimensions, many item of relatively few dimensions and many
identical items [4], [5].

This is an applied research focusing on non patterned
production system especially in garment industrials, the small
and medium enterprises (SME’s) in Thailand. Their products
are made to order, which have arbitrary styles and are changed
with the customer satisfaction, the fashion and the season.
They also have to face with two important problems of (1)
lacking of man power during rice growing season and (2)
changing of due date as customer request. These raise the
problem in their production planning resulting in the problem
of delayed production and late delivery to the customer,

S. Homrossukon is with the Industrial Engineering Department,
Thammasat University, Bangkok Thailand (e-mail: tsamerji@engr.tu.ac.th).

D. Aromstian is graduate student with the Industrial Engineering
Department, Thammasat  University, Bangkok Thailand (e-mail:
blossom_tul7@hotmail.com).

consequently. With the nature of such industrial, it is an
identical parallel machine system [6], [7]. One worker
operates one machine. The work could be planned via the
assignment of process to each machine. Such manner could
imply the conditions that (1) the whole processes are cut off
and assigned to each machine, according to cutting problem
[8]-[14] and (2) the processes are packed in the machine,
according to bin packing problem [1]. The latter problem is
mostly used to determine the minimum number or the
maximum capacity of bin. Therefore, this work will apply the
stock cutting model to develop the planning method which
provides the maximum efficiency for each machine. Such
plan should be simple and flexible in order to overcome the
limitation of garment industrial such as investment, man
power and their potential, customer dependent order, etc. The
dimension of the problem of interest will be determined using
the definition of working efficiency. Consequently, the simple
planning model can be developed from such definition and
solved by the stock cutting problem.

II. MODEL DEVELOPMENT

A. Determination of Dimension

If the stock is determined from the whole processes, the
complexity will be the difference in stock length since the
number of process and order number are different. If the stock
is determined from daily maximum working time of machine,
this case can be viewed as how to cut the daily maximum or
available working time of each machine by assigning the
processing time for it. Therefore, processing time will be used
as the variable for cutting off or selecting the work for each
machine. In this case, theory of one-dimensional [2], [3],
[15], [16] cutting [1], [4] and packing [17] problems are
applied in planning model.

B. Data Preparation

As the style of product of interest is always changed, the
processing time might not be suitable variable. With the
nature of industrial of interest, there will be a number of
processes used to complete one product but the method of all
processes are the same, sewing method. Therefore, by
applying the comparative working time determination
technique which is the same the working detail, the same the
time consumed will be [18], such difficulty is solved. In this
case, working data are needed to suitably prepare in the form

22



International Journal of Mechanical, Industrial and Aerospace Sciences
ISSN: 2517-9950
Vol:3, No:1, 2009

of processing time data structure (the standard process and its
processing time). The whole processes used for all products
are clearly declared at first, then, the processing time of each
process is collected and prepared as the data file. This file
will be used as an input of processes required for each product
during production planning calculation.

C. Model Development

As discuss previously, maximum or available time of
machine can be determined as stock length. Such time is one
working day interval which is constant and equal for each
machine. In this case, the selection of processing time is
suitable since the planning model can be formulated in a
simple form.

The maximum the efficiency, the maximum the available
time have to be cut off or replaced by assigned processing
time. On the other hand, this means that the processing time
have to occupy the available machine time (TT) as much as
possible. From the definition of working efficiency [18],
therefore; production efficiency (Ef) can be determined as in

0

K
Ef = Kztk - NJMOO%/Tﬂ (1)
k

where ty is processing time of process k and N is total number
of product or order number.

Equation (1), then, will be extensively used to develop the
planning model as following procedures;

Stepl. Total number of machines determination

The maximum or available machine time (TT) in (1) implies
the working hour for each machine and it is identical for all
machines. In this case, the number of machine (I) according to
number of stock unit required to complete the job can be
determined from (2).

SET

Step2. Planning model
From (1), in order to get the maximum efficiency of the

K
production, the term of [Ztk - N ] should be maximized. The
K

latter will be achieved when the total completion time is
maximized. Therefore, the objective of this model can be
written as in (3). The constraints for the model are determined
from the nature of industrial. Constraint in (4) is that each
machine can not work longer than working hours. Equation
(5) represent that every process must be finished but not
necessary found within one machine. Equation (6) is the
number of production in process k which must equal to an
order number (N). Most of processes assigned to the machine
have no standardized sequence. In this case, (7) is effective if
there is a constraint of sequential process. All productions are
an integer as specified in (8).
The parameters of production model are listed below:

WH = working hours (8 hrs/day or 28800 sec/day)
I = total number of machines used

t¢ = processing time of process k

N = total number of product or order number.
K = total number of processes

px = total number of production in process k

To determine the maximum total completion time, one more
decision variable, X, is defined. It is the number of production
in process k assigned to machine i.

Then, production model can be formulated and solved using
linear programming approach [2],[3].

K
Maximize ZZ X -t 3)
ik

(maximize total completion times)

K
ST. ) X -t SWH, foralli 4)
k
(all machines can not work longer than working hours)
I
D X =R. forallk )
i
(every process must be finished)
P.=N, forallk (6)
(number of production must equal an order number)
Xy = X,  foralli @)
(sequential constraints)
Xy = 0, integer (®)

III. COMPUTATION RESULTS

Firstly, the processes used to complete the required product
are manually determined and will be used as one input for the
calculation. Consequently, the working time, t, of each
process are selected from the time data file as assigned
functional program. Accompanying with an order number,
the production plan is computed. For example, the case which
K and N are 24 and 125, respectively, the total number of
machines required (I) can be calculated from (2) which is 10
machines. Equations (3) to (8), then, are applied and solved
by LINGO [19] with processing time less than 1 second. The
results are found as in Table I (for non sequencing, skip (7))
and Table II (for sequential constraint of process at which
process 4 have to be performed before process 5).

Both cases provide the average of machines efficiency,
calculated from (1) are 99%, approximately, as shown in Fig.
1 and Fig. 2. From this result, the due date of the specific
order or the daily number of machine required (I) can be
determined. From an example, if the processing times need to
be finished within 3 day, the factory needs to assign at least 4
machines for this customer order.
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IV. MODEL VALIDATION AND APPLICATION

A. Validation and Application

The computed plan in Table I was assigned to the
production of interest. The number of work in process from
each process was counted for the end of working day. It was
found that such plan was effective as the production efficiency
was achieved at 99%, approximately. The results are shown
in Table III. From the table, since the product style* is always
changed, therefore; the comparison have to be performed
between the most similar style and the closed order number.
It is found that the production following the plan constructed
by model does not only improve the production efficiency, but
the number of machine required is also smaller even though
an order number is larger. This could provide more benefit as
production resources are more utilized.

In reality, the enterprise will have more than one order and
more than one customer at a time. From the model, the
number of machine required completing each model and the
production plan with the best efficiency is determined
individually for each one. Applying the total number of
machine that the enterprise have and the order due date, the
production plan of all order can also be simply determined. In
case of the problem of man power changed, the plan is still
effective. The enterprise knows the maximum machined used
for a specific day and a due date, in this case they can relocate
the operator to finish each order whereas all orders can be
finished in time as required by customer. The flexible plan
can solve the problem of lacking of man power.

B. Production Measurement

Furthermore, the nature of this production is that there will
be no finished good at the early stage of production. On the
other hand, work in process (WIP) is only presented. In this
case, it will be difficult to measure daily working condition
comparing to the standardized production system. From this
model, it is also possible to measure the work thru the
percentage of the completion of work in process which can be
calculated from (9). Such equation is adapted from (1) and
(3), instead of measurement that from the number of finished
goods.

I K
Daily completion time = Z Z Xy - )
ik

Total required time (TOT) for an order can be calculated
from an order number and the cycle time of product.

K
TOT = ) t,.N (10)
k

Then, production condition can be measured thru the work
completion using (11).

%completion =

$55 40/ ($10) o
i k k

The daily number of WIP is counted for each process.
Accompanying with the processing time data and (11), the
production following the plan in Table I can be measured as in
Table IV. This raises the potential of work monitoring or
measuring and the capability of making decision for enterprise
when customers demand to receive their product sooner.

V. CONCLUSION

The simple method used to plan and to measure the
production of small and medium garment enterprise are
developed and used effectively. The application of this work
dissolves the problem of late production. Even though it is a
singular computed plan but this planning model can provide
the most advantage used for SME’s having non patterned
production system. It is very easy to implement and to
understand, flexibly used and cheap to invest. The larger the
size of enterprise, the larger the order number and the more
the product style will be. The complexity of planning will be
increased definitely. The variable might be the same as in this
research but the difference among each condition, the
difference the constraint will be. This could challenge the
future research.
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13 16 102 7 0 0 0 0 0 0 0 Number of Machine
14 0 0 0 0 0 9% 29 0 0 0
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Fig. 2 (b) Production Efficiency for Sequential Constraint
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TABLE III

COMPARISON OF PRODUCTION FOLLOWING

CURRENT PLAN AND MODEL PLAN

Condition Product* Average No. of
efficiency machines used
current 1 order = 120 65.5% 14
plan 2 order = 720 60.7% 80
3 order =305 80.3 29
Model 1 order =125 99.94% 10
plan 2 order =734 99.94% 59
3 order =305 99.98% 22
TABLE IV
DAILY PRODUCTION EFFICIENCY MONITORING
PROCESS ACCUMULATIVE NUMBER OF WIP
Tk DAY1 DAY2 DAY3
1 125 125 125
2 0 125 125
3 0 0 125
4 65 65 125
5 3 78 125
6 120 120 125
7 125 125 125
8 32 121 125
9 125 125 125
10 33 33 125
11 0 125 125
12 0 0 125
13 125 125 125
14 0 90 125
15 0 125 125
16 0 0 125
17 125 125 125
18 85 85 125
19 125 125 125
20 0 125 125
21 125 125 125
22 0 125 125
23 125 125 125
24 0 125 125
Y%COMPLETION 37.19 77.19 100
APPENDIX

The processing time (seconds) are; t, = 102.9, 63.5, 57.9,

68.34, 74.16, 67.19, 35.84, 125, 66.66, 55.41, 77.5, 150.84,
187.91, 298.34, 21.25, 12.09 52.5, 148.34, 76.25, 49.59,

42.91, 198.75, 107.09, 162.09
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