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Abstract 
The determination of optimum process mean has become 
one of the focused research area in order to improve 
product quality. Depending on the value of quality 
characteristic of juice filling in the bottle, an item can be 
reworked, accepted or accepted with penalty cost by the 
system which is successfully transform to the finishing 
product by using the Markovian model. By assuming the 
quality characteristic is normally distributed, the 
probability of rework, accept and accept with penalty cost 
is obtained by the Markov model and next the optimum of 
process mean is determined which maximizes the 
expected profit per item. In this paper, we present the 
analysis of selecting the process mean in the filling 
process. By varying the rework and accept with penalty 
cost, the analysis shown the sensitivity of the Markov 
approach to determine the process mean. 

Index Terms - Optimum Process Mean, Markovian 
Model, Normal Distribution 

1. Introduction  

The optimum process mean setting is used for selecting 
the manufacturing target. The selection of appropriate 
process parameters is a major interest and importance in 
satisfying such a desirable goal. By obtaining an optimum 
process mean will directly affect the process defective 
rate, production cost, rework cost, scrap cost and the cost 
of use. The aim of the study is to find optimum values of 
process parameters or machine settings that will achieve 
certain economical objectives which are usually refer as 
maximum profit. A number of models have been 
proposed in the literature for determining an optimum 
target (mean and/ or variance). According to Taguchi [1], 
if the process mean approaches the target value and the 
process standard deviation approaches zero, then the 
process is under optimum control. 

The identified problem has many fault area. The most 
common fault area is the canning or filling process where 
the quality of the process is doubtful. Currently, the 

product characteristic within the specifications is the 
conforming item. Since the probability of producing a 
good item, p, can be controlled by setting the production 
process mean, it is possible to find the value of process 
mean that will maximize the net profit per fill item [2]. 

For the filling or canning industry, the product needs to be 
produced within the specification limits. In the case of 
production process where products are produced 
continuously, specification limits are usually implemented 
based on quality evaluation system that focuses primarily 
on the cost of non-conformance. The manufacturing cost 
per unit considers the fixed with varied production costs 
and the constant inspection cost. The varied production 
cost is proportional to the value of the quality 
characteristic. The product is rejected if its performance 
either above an upper specification limit or below a lower 
specification limit. The product can be reworked if the 
performance is more than the upper specification limit or 
scrapped if it is falls less than lower limit. If the process 
target is set too low, then the proportion of non-
conforming products becomes high, but the manufacturer 
may experience high rejection costs associated with non-
conforming products. Therefore, determination of optimal 
value mean is important. As a result, the manufacturer 
will not facing loss due to penalty cost while the customer 
do not need to pay the excessive quantity of the product. 

Most of the researches assume that each quality 
characteristic is fulfilling a screening (100%) inspection. 
However in the case of SME, 100% screening is such a 
constraint due to financial difficulty. According to Ghani 
[3], that industries that has a capital less than RM250, 
000.00 and having workers within 5 to 49 is defined as a 

Small-scale industry. While Medium-scale industry can 
be defined as those with capital within RM250,000.00 to 
one million and employing 50 to 199 workers. Companies 
beyond that limits are categorized as Large-scale industry. 
SME plays an important role for generating the country’s 
economic growth and also to sustain the regional and 
global economic recovery. 
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Since SME has limited capital, they are not able to 
upgrade the inspection process properly. They also facing 
problem to determine the amount of filling in each of the 
bottle. To overcome this problem, usually they will refer 
to expert judgement in determining the filling amount. 
However, as for expert judgement has its deficiency due 
to inconsistent decision. Due to this reason, the 
calculation of the optimum expected mean also may affect 
the real maximum expected profit. 

The remainder of this paper is organized as follows. 
Section 2 will discusses the literature review in 
determining the optimal process mean. In Section 3, we 
examine the single-stage production system that proposed 
by Bowling et al. [4]. Numerical examples and also the 
sensitivity of the analysis are also given in this section. 
The conclusion and recommendation follows in the last 
section. 

2. Literature Review 

There are considerable attentions paid to the study of 
economic selection of process mean. The initial process 
targeting problem addressed is the can filling problem. 
The first real attempt to solve this problem was in 
Springer [5] who considered the problem of finding the 
optimal process mean for a canning process when both 
upper and lower control limits are specified. The author 
assuming that a quality characteristic follows normal and 
gamma distribution. A simple method is suggested in 
determining the optimum target mean that minimizes the 
total cost. According to Springer [5], the financial loss 
due to production of product above the specification limit 
is not necessarily equal to the loss when producing one 
below the lower specification limit. Bettes [6] studied the 
same problem as Springer [5] except that only the lower 
limit was specified, and used a trial and error procedure to 
tabulate a set of values for the specified lower limit. 
Furthermore, he assumes undersized and oversized items 
are reprocessed at a fixed cost. Hunter and Kartha [7] 
presented a model to determine the optimum process 
target with the assumption that the cans meeting the 
minimum content requirement are sold in regular market 
at a fixed price, while the under-filled cans are sold at a 
reduced price in a secondary market. Thus, the customer 
is compensated for poor quality but does not pay for the 
redundant quality product. 

Taguchi [1] presented the quadratic quality loss function 
for redefining the product quality. According to the 
author, product quality is the society’s loss when the 
product is sold to the customer. Lee et al. [8] considered 
performance as the variable to maximize the expected 
profit per item in obtaining the optimum process mean. 

The profit is depending on the normal characteristic value 
and each item is classified to three grades; items that sold 
to primary market, items that sold to secondary market 
and rework items. Teeravaraprug [9] adopted the 
quadratic quality loss function for evaluating the quality 
cost of a product for two different markets and obtained 
the optimum process mean based on maximizing the 
expected profit per item. The author considered the two 
grades of products. The product may be sold in the 
primary market or secondary market if the product quality 
is accepted. If the quality cannot be accepted by the 
secondary market, then the product is scrapped. 

Most of the works have addressed the 100% screening in 
the filling or canning process. However, the 100% 
inspection policy cannot be executed in some situations 
due to several constraints that also faced by SME. Hence, 
one needs to consider the use of sampling plan for 
deciding the quality of a lot. Usually, the non-conforming 
items in the sample of accepted lot are replaced by 
conforming ones. Carlson [10] considered the case of 
acceptance sampling where the rejection criterion was 
based on the sample mean. Boucher and Jafari [11] 
considered the attribute single sampling plan applied in 
the selection of process target. They assumed that items 
which belong to accepted lots can be sold at a certain 
price. While for items that belong to rejected lots can be 
sold at secondary market. Al-Sultan [12] developed an 
algorithm for finding optimum target values for two 
machines in series when sampling is used. 

A great majority of process target models in the literature 
were derived assuming a single-stage production system, 
except for Al-Sultan [13] and Bowling et al. [4]. Al-
Sultan and Pulak [13] proposed a model considering a 
manufacturing system with two stages in series to find the 
optimum target values with a lower specification limit and 
also application of 100% inspection policy. According to 
the author, the rework items are sent back to the first 
stage. Bowling et al. [4] introduced a Markovian approach 
for formulating the model in multi-stage serial production 
system by assuming that the quality characteristic is 
normally distributed with both-sided specification limits 
is known. The normal distribution is usually used in 
describing the characteristic of industrial product [14]. 
Usually the log-normal, exponential and Weibull 
distribution is used to describe the lifetime of certain 
electronic system. The distributions are important in 
studying the reliability and failure rate of the systems. The 
purpose of the research is to study production system 
where the output of a stage could be accepted, rework or 
scraped. The approach is to generate the absorption 
probabilities into scrap, rework, and accept states for each 
production stage. Selim et al. [15] extended Bowling et al. 
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[4] model by considering the cutting can into the right 
diameter, thick and length. Missing by cutting too much 
may imply scrap, while cutting too little only caused 
rework. In searching maximum profit, he showed that a 
local maximum profit function is 

also global. In this paper we will implement the 
Markovian approach as the preliminary analysis for 
determining the optimum process mean which fulfill the 
maximum expected profit that is suggested by Bowling et 
al. [4]. However, in Bowling et al. [4], he considered the 
optimal diameter of a can to be cut at each stage. In our 
case, we will consider the filling process which referring 
to the amount of water or juice to be filled in each bottle. 
Each bottle may be rework due to under-filled or accepted 
or also being accepted but with penalty cost due to over-
filled. 

 

3. ANALYSIS AND DESIGN 

A. Model formulation 

Consider a single-stage of the production system is 
defined as having a single machine. In the many and 
varied industrial filling process that exist in practice, 
overfilling frequently occurs and circumstances product 
actually overflows the containers or bottle. In drink-filling 
industry, under-filled containers and their contents may be 
discarded. The contents being emptied-out and the 
material will be reused and yet through the same stage 
again which is referring to filling stage. 

Bowling et al. [4] has introduced a transition probability 
matrix P to describe transitions among three states in the 
stage: 

i. State 1 indicates processing state at the production 
stage. 

ii. State 2 indicates that the item has been processed 
successfully and transform into finishing product. 

iii. State 3 represents that the item has been also 
processed into the finished product but with extra 
cost which is referring to penalty cost. A single-
stage production system is shown in Figure 1. 
 

 

Figure 1.  A Single-Stage Production System 

The single-step transition probability matrix can be 
expressed by using Markovian model and be described as 
below: 

 
 
Where P11 is the probability of an item being rework, p12 
is the probability of an item being accepted, and p13 is the 
probability of an item is accepted but with penalty cost. 
By assuming that the quality characteristic is normally 
distributed, these probabilities are shown in Figure 2. 

 

 

Figure 1.  Illustration of accept, rework and accept with penality cost 
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As the item at each stage may be reworked, accepted or 
accepted with penalty cost, the expected profit is 
considering the selling price, penalty cost and reworked 
cost. It is assumed that in normal distribution of quality 
characteristic, the mean is unknown and the variance is 
known. The problem is to find the optimal mean for the 
process when the expected profit is maximized. The 
maximum expected profit is the sum of the revenues from 
selling price of an item minus the cost of processing and 
reprocessing or reworked and the penalty cost per item. 
This costs are affected the net profit of the production 
plan. 

i. Selling price: The accepted bottle is than can be 
sold at price S cents per bottle. 

ii. Production cost: Each filling attempt results in k 
cents in production cost. This includes the cost of 
operating the filling machine, labor and utilities. 

iii. Penalty cost: A production of filling process which 
result in over-filled the bottle that causes overflow. 
This penalty cost occurs as it causes loss to 
manufacturer due to overflow. 

iv. Rework cost: A bottle having filled less than lower 
limit must be rework, at a cost of r cents. 

Therefore, the expected profit per item (EPR) can be 
expressed as follows: 

 
Where SP is represented as the selling price per item, PC 
is the processing cost per item while PnltyC and RC is 
penalty cost and rework cost per item, respectively. f12 
represents the long-term probability of an item has been 
processed successfully at Stage 1 and being accepted. 
While f13 represent the long-term probability of the item 
is being accepted with penalty cost as the item is over-
filled from Stage 1. The element of m11 is represented as 
the expected number of times in the long run that the 
transient State 1 is occupied before accepted or accepted 
with penalty. The m11 element is obtained by following 
fundamental matrix M: 

 
Where I is the identity matrix. The long-run probability 
matrix, F, can be expressed as follows: 

 
Substituting for f13 and m11, the expected profit equation 
(1) can be written as follows: 

 
From this equation, one would like to find the value of 
optimum mean that maximizes the expected profit. 

B. Case study for tamarind juice 

A production line survey has been conducted in a small 
medium enterprise (SME) that produce tamarind juice 
drink. According to expert, the customer wants the filling 
of water contain in each bottle to be within the range of 
280 and 310 ml. By considering this parameter, the 
conforming item is capped and moved to the dispatching 
stage on the conveyor belt for packaging. If the amount of 
filling is under the required amount or under-filled, the 
item is called as rejected item. Thus, the bottle will be 
emptied out and the bottle will be re-used to undergo the 
filling process again. However, if the bottle is filled over 
the limit or over-filled, the item is called as accepted item 
with penalty cost. The penalty cost is included here 
because the bottle has filled more than required amount. 
Therefore, this factor may lead loss to the manufacturer 
itself. 

C. Analysis  

1: Expert judgment parameter 

We assume that once the value of mean is determined, it 
is fixed for the entire production process. Once the filling 
operation starts, the process would not be stopped to reset 
the mean value. To perform the preliminary analysis, we 
use the parameter as follows: SP =120, PC=50, RC=30, 
PnltyC=85, standard deviation is set to 1 while the lower 
and upper limit is set to 305 and 310 ml, respectively. 
Note that all cost of parameters is in cents to simplify the 
calculation. The result of the calculation using equation 
(2) is shown in Figure 3. 

From the graph in Figure 3, it can be shown that the 
expected profit was in optimum value at mean value of 
307.90 ml with maximum EPR of 69.11 per bottle. 



                                                                                                                                                          Volume 2, Issue 3                      
ISSN - 2218-6638                           International Journal for Advances in Computer Science                            September 2011 

© IJACS 2010 - All rights reserved                                                                                                                5 
 

 

Figure 2.  Expected Profit versus Process Mean 

Analysis II: Observation parameter 

The observation is done by measuring the amount of each 
bottle. Surprisingly we find that the lower limit of each 
bottle is actually 275 ml (at the bottleneck) and the upper 
limit is 280 ml (full). Using the same parameter as given 
by the expert judgment, we do the analysis to find the 
exact optimal value of process mean. 

The result of the analysis is shown in Figure 4. From the 
graph, it can be shown that the expected profit was in 
optimum value at mean value 277.90 ml with maximum 
EPR of 69.11 per bottle. 

 

Figure 3.  Expected Profit versus Process Mean 

Based on the result we can see that even though the 
expected profit for both analyses is same, the optimal 
mean is different. This may cause a big loss for the 
company due to inaccurate expert judgment and in 
consequences causing waste to each filling bottle. We do 
the comparison of this analysis by measuring how many 
bottles can be filled for a mixture that contains 500 litres 
of tamarind juice and shown in Table 1 below. 

Figure 4.  TABLE I. DIFFERENCE OF EXPERT JUDGEMENT AND 
OBSERVATION OF MAXIMUM FILL PER BOTTLE 

  Maximum ml  
(per bottle)  

Bottles fill 

Expert  310 1613 
Observation 280 1786 
Difference  30 173 

From the above table, the over-filled amount that is set by 
the expert judgment can fill another 173 bottles. If we 
considering that the item is accepted in the specification 
limit and ignoring the penalty cost and rework cost, the 
manufacturer actually facing loss about RM 121.10. 

D. Sensitivity analysis 

The sensitivity analysis is performed to illustrate the 
possible impact of parameters on the optimal process 
mean and also the optimal expected profit. The rework 
and penalty cost is varied for the single-stage production 
system and their effects are shown in Fig 5 and Fig 6. 

 

Figure 5.  Effect of penality cost on optimal value mean and expected 
profit 

 

Figure 6.  Effect of rework cost on optimal value of process mean and 
expected profit 
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From the above mentioned graphs, we can see the 
behaviour of the optimum process mean and optimum 
expected profit with the variation of the penalty and 
rework cost for the single stage production system. From 
the figures it is noticed that the optimum process mean 
and optimum expected profit is sensitive to the changes of 
penalty and rework cost values. Based on Figure 5, we 
can see that when the penalty cost is increased, the 
optimum process mean is increased and the optimum 
expected profit is decreased. However, in Figure 6, it is 
shown that the expected profit is decreased when the 
rework cost is increased and the optimum process mean is 
decreased. It is observed that when the penalty cost and 
rework cost is increased in the single stage production 
system, the optimum expected profit mean is decreased. 

4. Conclusion 

In previous studies, the issues of frustration and 
withdrawal behaviour in technological adoption have 
been highlighted. This paper aims to provide insights on 
how variables such as resistance, frustration, usage and In 
this paper, we present the analysis in juice filling into the 
bottle by using the Markovian approach in order to find 
the optimum process mean. The selection of optimum 
process mean is aimed to achieve manufacturers’ goal 
which is usually referring to maximum expected profit. 
The probability of an item is accept, rework (where the 
bottle is emptied-out and the material is reused) or accept 
with penalty cost due to over-filled the bottle with juice is 
obtained by using Markov model. The consideration is 
referring to that the quality characteristic is distributed in 
normal distribution. 

In SME, they were facing capital constraint to upgrade the 
inspection process which is referring to 100% inspection. 
Due to that circumstance, the inspection process is done 
through observation by the expert workers. However, 
when we do the observation and measured the amount of 
water in the tamarind juice drink, we found that the 
maximum limit that has determined by the expert 
judgment is normally inaccurate. Perhaps the difference 
of amount juice in the bottle may contribute to the 
manufacturers’ loss as the overflow may contribute to fill 
more bottles. 

Furthermore we also analyze the variation of rework and 
accept with penalty cost to observe the behavior of the 
optimum expected profit and the optimum process mean. 
From the analysis, it is observed that either the accept 
with penalty cost or rework cost is increased, the expected 
profit will be decreased. Due to this condition, the 
manufacturer is tried to reduce the over-filled or under-
filled item to increase the expected profit per item. By 

determining the optimum process mean, the manufacturer 
also needs to produce items that are approached to the 
targeted value so that they will gain maximum profit 
without ignoring the specification limit. 

To improve the determination of process mean by using 
Markovian approach, we are also considering to hybrid 
artificial intelligence (AI) techniques in Markov model in 
order to find the optimal target value. 
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