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Lean Influence on Occupational Safety and Health in 
Manufacturing Industries   

By Kassu Jilcha & Daniel Kitaw   
 Addis Ababa University, Ethiopia 

Abstract- This paper attempts to investigate the influence of lean thinking on occupational safety 
and health problems improvement in manufacturing industries and it also to show how 
occupational safety and health severely hurts manufacturing industries productivity. Nowadays, 
developing countries are focused on Technology Transfer and be engaged in developing their 
manufacturing industries so as to compete globally and for their economic growth.  While 
expanding the development of their manufacturing industries, they are also importing new 
technologies with which they are not familiar and furthermore, neglecting workplace safety and 
health hazards impact on productivity and workers well-being. Due to these reasons, much 
productive working time is lost and high costs have been incurred. To highlight the impact of lean 
on workplace safety and health, this study was conducted by reviewing recent state-of-the-art 
literature and taking into consideration secondary data records from Ethiopian Ministry of Labor 
and Social Affair (MOLSA) for simple illustrative example. Findings from the literatures showed 
that there is less attention and consideration of lean workplace safety and health in 
manufacturing industries. 

Keywords:  lean, workplace safety and health, manu- facturing industry, non-value adding activity.   
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Lean Influence on Occupational Safety and 
Health in Manufacturing Industries

Kassu Jilcha α  &  Daniel Kitaw σ

Keywords: lean, workplace safety and health, manu-
facturing industry, non-value adding activity.

I. Introduction

ou Nowadays, organizations compete between 
themselves in various categories such as faster 
delivery, price tags, state of art technology and 

higher quality dimensions [Sharma, 2012]. Ethiopian 
manufacturing industries are given priority of 
development by Ethiopian government (Web-1). Ethiopia 
is in a very fast manufacturing industrial development. In 
the process of industrial development, workplace safety 
and health problem are issues that have to be squarely 
addressed. 

may lead the manufacturing industries to entertain 
hazards unless otherwise enterprises devise protective 
methods of hazards. A large body of existing empirical 
data analysis shows that industrial accidents focused 
more on manufacturing and construction sectors (Saad 
et al, 2012). One of the methods that enable 
manufacturing industries to reduce those industrial 
hazards is lean thinking philosophy. 

Lean is the method of reducing non-value 
adding activities in the manufacturing industries (Alireza, 
2011; Kilpatrick, 2003, Spencer, 2007).  Workplace 
safety and health hazards improvement helps the 
manufacturing industries to reduce wastes like time 
when an employee gets absent, compensation cost of 
unsafe employee and waste from damaged 
manufacturing equipment & tools. Documents obtained 
from Ministry of Labor and Social Affair (MOLSA, 2012) 
report justifies that most Ethiopian manufacturing 
industries still have no concern of workplace safety and 
health matter as their company’s critical issue of 
productivity affecting factor. Hence, lean occupational 
safety and Health (OSH) is one of the techniques that 
reduce workplace hazards and risks if properly thought 
in manufacturing industries.  

The importance of work place safety and health 
hazards improvement is not a questionable issue in the 
eyes of professionals and researchers’ area but, the 
concern is on how to control its severity from its risks. As 
studies showed that many researches have not been 
conducted on lean Occupational Safety and Health 
(OSH) considering how to reduce or eliminate non-value 
adding wastes from manufacturing industrial sectors. In 
general, many studies agreed that developing countries 
have conducted few researches on OSH overall 
concerns. In order to run intensive studies and continual 
workplace safety and health improvement, management 
and society awareness creations are key elements. In 
developing countries, top managements have neglected 
workplace safety and health impacts on productivity and 
health though developing countries have cheap labor 
forces.

In 2012, as illustrated in this study, all Ethiopian 
manufacturing industry (excluding Addis Ababa, Tigray 
and Southern parts) has registered a total accident 
number of 1670 and had significant cost hazards to the 
manufacturing industries, indirectly to the economy of 
the country. The time lost during the same year was 
11,138 man-days. The accident severity rate of 
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Abstract- This paper attempts to investigate the influence of 
lean thinking on occupational safety and health problems 
improvement in manufacturing industries and it also to show 
how occupational safety and health severely hurts 
manufacturing industries productivity. Nowadays, developing 
countries are focused on Technology Transfer and be 
engaged in developing their manufacturing industries so as to 
compete globally and for their economic growth.  While 
expanding the development of their manufacturing industries, 
they are also importing new technologies with which they are 
not familiar and furthermore, neglecting workplace safety and 
health hazards impact on productivity and workers well-being. 
Due to these reasons, much productive working time is lost 
and high costs have been incurred. To highlight the impact of 
lean on workplace safety and health, this study was conducted 
by reviewing recent state-of-the-art literature and taking into 
consideration secondary data records from Ethiopian Ministry 
of Labor and Social Affair (MOLSA) for simple illustrative 
example. Findings from the literatures showed that there is 
less attention and consideration of lean workplace safety and 
health in manufacturing industries. The data analysis of 
illustrative example revealed that there are losses of productive 
working days, high compensation costs and costs associated 
with many non-value adding activities. This analysis showed 
that the Ethiopian manufacturing companies do not have the 
level of awareness how lean occupational safety and health 
cuts these costs using lean tools like 6S. Hence, this study 
forwarded how lean helps to improve workplace safety and 
health in manufacturing industries.

In manufacturing industries, there are many 
problems that occur at workplace. Industrial 
development creates more employment and requires 
more usable technologies either new or obsolete. This

Author σ α: Addis Ababa University, Addis Ababa Institute of technology 
School of Mechanical and Industrial Engineering, Addis Ababa, 
Ethiopia. e-mail: jkassu@gmail.com, danielkitaw@yahoo.com



 

 

 
manufacturing industry in Ethiopia was calculated as 
0.075. This means every individual from her/his 1000 of 
working hours wastes 0.075 man-days. However, this is 
used only to show the severity of accidents occurred in 
the only considered regions.  It

 

raises a question of 
unreliability of well-organized data report obtained from 
all inclusive manufacturing industries. Had it been 
registered appropriately, the accidents registered would 
have been increased (MOLSA, 2012).  Therefore, these 
researches provide insight how lean workplace safety 
and health improves and reduce ineffective 
manufacturing workplace safety and health 
management through 6 S techniques. It also becomes 
the only study that is attempted in Ethiopia in such a 
way that it introduces lean workplace safety and health 
problem solving culture as well as helps to other 
researchers in providing well organized information on 
lean safety. This study remaining works are structured 
as follows: section two focuses on methodology how the 
article was

 

prepared.  Section three discussions on the 
literature review of occupational safety and health and 
lean manufacturing. Section four discusses on the 
results and discussion parts and last section discuses 
on conclusion.   

 

II.

 

Methodology and Material

 

The

 

research was conducted by

 

considering 
two sources of data: (1) from literature review and (2) 
from data records of illustrative example of Ethiopian 
manufacturing industries. A literature search was 
conducted using the databases source like MEDLINE, 
Emerald, Tayler &France publications, EMBASE 
(medical literature), PsycINFO (psychological literature), 
Sociological Abstracts (sociological literature), Accident 
prevention journals, US Statistics of labor, European 
Safety and Health database,  ABI Inform, Business 
Source Premier (business/management literature), 
EconLit (economic literature), Social Service Abstracts 
(social work and social service literature),  Lean thinking 
databases. The search strategy was also focused on 
articles or reports that measure one or more of the 
dimensions within the research OSH model framework. 
This search strategy was based on a framework and 
measurement filter strategy developed by the 
Consensus-based Standards for the selection of health 
Measurement Instruments. The search strategy also 
utilized important keywords related to OSH and lean. 
Controlled vocabularies were used whenever possible.  
Data from Ministry of Labor and Social Affair (MOLSA) 
was also collected and were presented for illustration. 
Data regarding Ethiopian manufacturing industries 
accident and insurance premium cost were also taken 
into account for this study approach. 

 

III.

 

Literature Review

 

Nowadays, work place safety is considered by 
World Health Organization (WHO) a priority setting for 

health promotion in the 21st Century [Takala, 1999; 
WHO, 2010]. In order to bring an accelerated 
sustainable economic and social development, a 
country needs to have health and safety certified 
workforce to improve productivity. Workplace safety and 
health impact is one of the

 

main driving economic and 
social development pillar factor. Previously, it was given 
less consideration due to the fact that the focus was on 
the short term profit of business than safe workplace 
consideration. Thus, workplace safety and health was 
given less courtesy for a long period of time. 
International Labor Organization (ILO) and WHO reports 
indicated that in manufacturing industries many 
employees suffer from workplace injuries and property 
damage resulted in economic crisis [ILO,2010); WHO, 
2010].

 

Safe workplace and safe work is necessary for 
reducing those suffers and increasing productivity; 
hence promotion and protection of safe work and 
workplace is the complementary aspect of industrial 
development [Takala, 1999]. In Sub-Saharan African 
countries about 54,000 fatal and approximately 42 
million occupational accidents happen annually that 
results at least 3 days absence from work of every 
workers [Tetemke et al., 2014].

 

The ILO has estimated that the total costs of 
such accidents and ill health amount to approximately 
4% of the world’s Gross Domestic Products (GDPs) 
[ILO, 2006; Kharbanda and Stallworthy, 1998]. Limited 
financial resources and lack of adequate data has 
hampered the efforts to combat the problem of industrial 
and occupational accidents in developing countries 
[Kharbanda and Stallworthy, 1998]. This is not only 
hampering but also hindering knowledge transfer and 
implementation of OSH management techniques.

 

Hence, lean workplace safety and health study 
have been conducted in this research. Lean 
manufacturing is one of the most important techniques 
that reduce wastes of manufacturing industries (Alireza, 
2011). Among many factors that cause waste to 
manufacturing industries is less consideration of 
occupational safety and health hazards impact on 
manufacturing industry environment. Lean 
manufacturing concepts were first introduced by 
Womack et al. (1990) aiming to describe the working 
philosophy and practices of Toyota, the well-known 
Japanese vehicle manufacturers.  Nowadays, Lean 

Lean Influence on Occupational Safety and Health in Manufacturing Industries
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Manufacturing concepts are widespread all over the 
world in different industrial sectors (EPA, 2000; Aitken et 
al., 2002; Aberdeen Group, 2006). Lean Manufacturing 
(LM) hence, refers to a business productive operation. It 
leads to boost the morale of the concept wherein the 
goal is to minimize the amount of time workers loss, 
promoting a sense of pride in their work and resources 
used in the manufacturing processes and ownership of 
their responsibilities and increases other activities of an 
enterprise. Its emphasis is on organization’s profitability 
and competitiveness in the eliminating all forms of 



 

 

 

wastage. A key to worker safety in LM operations is the 
previously separated exposures and this has additive 
and development of informed, empowered and active 
workers

 
cumulative effects (Alireza Anvari, 2011). Lean 

identifies waste/Muda (overproduction, waiting/idle time, 
unnecessary transportation, non-value-

 
added 

processing, unnecessary stock on hand/excess 
inventory, motion and efforts, defects/producing 
defective goods, unused creativity) [Kilpatrick,2003, 
Spencer, 2007]. The evolution of lean thinking in any 
manufacturing industries is shown in Table 1.

 
 

Table 1

 

:

 

The evolution of lean thinking [Liker, 2004]

 

Period on Development of Lean Thinking

 

1980-1990

 

1990-mid 1990

 

Mid 1990-1999

 

2000+

 

Focus on 
approach

 

Production cell and 
line Highly 

prescriptive,  using 
lean tools

 

shop -floor

 

Highly prescriptive, 
imitating lean 
organization

 

Value streaming

 

Highly prescriptive, 
applying lean principle

 

Value system

 

Integrative, using 
different management 

instrument

 

Industry 
sector

 

Automotive vehicle 
assembly

 

Automotive-vehicle  
and component 

assembly

 

Manufacturing in 
general –often focused 

on repetitive 
manufacturing

 

High and low volume 
manufacturing, extension 

into service sectors

 

Typical 
activity in this 

phase

 

Application of JIT 
technique, 5S, 

kanban

 

Emulation of 
successful lean 

organizations training 
and promotion, TQM

 

Improving flow; process 
based improvements, 

collaboration in the 
supply chain

 

Improving customer 
value to improve 

organizational alignment 
, decrease variability

 

As seen in Table 1 lean evolved through 
different improvement and thinking approaches. As the 
time of development and human being creativity 
increases from time to time, lean thinking come to value 
streaming approaches. These in turn helped industries 
to focus on customer value and decreased variability.

 

Lean safety is the creation of a lean workplace 
safety and health environment in a workplace that 
requires employee motivation and good management 
(Alireza, 2011; Gnoni et al, 2013). The same study 
attempted to discuss 6S (Sort, Set in order, Sweep, 
Standardize, Sustain +Safety), is the foundation for all 
improvement programs: waste reduction, cleaner and 
safer work environment, reduction in non-value added 
time, effective work and visual workplace vision. The 
intensification of work leads both to higher plant 
productivity and to great adverse ergonomics and stress 
related health effects to workers (Brown, 2007). 

 

Hazard are categorized as health and safety 
hazards:  where health hazard causes occupational 
illness such as noise-

 

induced hearing loss and safety 
hazard cause physical harm like cuts, broken bones and 
so on (Alireza,2011). The major factors in the creation of 
hazards in companies

 

are: employee demotivation, lack 
of or unclearly defined working procedure and tasks, 
lack of control, lack of instructions or appropriate 
training, unsafe worker behavior, low management 
commitment to safety, no consensus on what a Safety 
Management System (SMS) exactly is and on the 
corresponding scope [Manitoba, 2003, Chan, 2004]; all 
these can be controlled in LM environments (Alireza, 
2011). 

 

Employee safety is a value-added proposition 
and by taking a Safety-Integrated Process Improvement 
approach, organization will be able to manufacture 

products and/or deliver services faster, better, cheaper, 
and safer.

 

Table 2

 

:

 

The value of Safety

 

 
  

 
 

 

 
 
 

  
 

 

 
  

 

 

 

 

Table 2 clearly shows the difference between 
traditional views of safety and safety integrated leans. 
Traditional safety view is all about cost and injuries while 
the integrated safety eyes all about process 
improvement and value adding process. 

 

In

 

general, accompanies’

 

those introduce and 
practice lean thinking would get benefits like decreased 

Lean Influence on Occupational Safety and Health in Manufacturing Industries
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lead times for customers - productivity improvement, 
reduced inventories for manufacturers- work-in-process, 
inventory reduced, improved knowledge 
management/increase process understanding, more 
robust processes (as measured by less errors and 
therefore less rework)- quality improvement, reduce 
Space utilizations, save finances, improve process and 
easy works (safe working environment) (Melton,2005).

Traditional view 
of safety

Transition Safety integrated 
leans

Cost-saving 
venture

Process 
improvement 
opportunity

Injury/ illness 
cost

Insurance cost
Regulatory cost

Process knowledge
Sharing information

Problem solving

Cost benefit 
analysis

Value –added vision

“what is 
important about 
safety is what it 

costs”

“what is important 
about safety is what 

we lean”



 

 

 

IV.

 

Result and Discussion

 

By integrating safety and health problem solving 
methods into continuous improvement process, 
company  will decrease costs, lessen downtime, reduce 
errors related to safety and health hazards, apply safety 
metrics to value stream mapping (VSM) for process 
improvements, identify and assess safety waste in 
processes, work collaboratively and cross-functionally to 
develop lean and safe solutions, be able to develop 
return of investment metrics utilizing results of safety-
integrated process improvements, sustain 
improvements, lead a lean and safe organization, 
improve safety within company and increase company 
morale. A comprehensive study conducted by Francie 
Lund and Anna Marriott (2011) would suggest that 
globalization is having a negative impact on OHS. 
Hazardous industries have increasingly been transferred 
to developing countries where there are fewer resources 
to protect workers (Barten et al. 1996) or where, in some 
cases such as export processing zones, employers may 
be exempt from labour legislation (Brown 2004). New 
global production methods such as Just-In-Time, Lean 
Production and Total Quality Management have also 
been associated with greater levels of musculoskeletal 
disorders and repetitive strain injuries that are caused by 
repetitive motion, static and/or awkward postures and 
manipulation of heavy weights (Brenner et al. in ILO 
2004). However, since examples of positive effects also 
found in literature, it is important to move from a simple 
cause and effect model to a more comprehensive that 
understand lean as an open and ambiguous concept 
(Peter et al., 2012). Elimination of waste can also be 
interpreted as the elimination or minimization of risk that 
adversely affects wasted human resources and lost

 

time 
from injuries.

 

Lean imperatives of faster, better, and cheaper 
must encompass the issue of running safer as well. A 
key to worker safety in LM operations is the 
development of informed, empowered and active 
workers with the knowledge, skills and opportunity to act 
in the workplace (5S) to eliminate or reduce hazards 
[Alireza,2011].

 

For instants, let us consider illustrative example 
for Ethiopian manufacturing industries accident 
registered. Figure 1 shows that the accident registered 
over 13 years (from 2000 to 2013) in industrial sectors. 
This data report is used to show the severity of 
accidents and their economic influence on Ethiopia 
manufacturing industries. The industrial sectors were 
more exposed to accident when compared to other 
sectors (MOLSA, 2012).  GTP volume II of the country 
direction is also on manufacturing industries lead 
economy. In line with the manufacturing industry 
development the employment rate also increases. When 
there is more demand of new employees who are not 
familiar with workplace environment, they commit and 

receive more accident severity in this sector (Saad, 
2012). Hence, it is easy to foresee the rate of increase of 
accidents in manufacturing sector.

 

 

Fig. 1 :

 

Workplace accidents in Ethiopia (MOLSA, 2012)

 

A data obtained from MOLSA shows us that 
workplace accident is a very serious issue in Ethiopian 
manufacturing sectors. Manufacturing  sectors 
comprises 2723 organization in Ethiopia and only 5.3% 
of them have established OSH committee in their own 
industries. 95% of the manufacturing sectors have no

 

OSH committee that carries out follow up activities of 
their workplace safety condition. The data obtained from 
MOLSA, for instance produce 0.075 accident severity for 
manufacturing industries (Eqn. 1).

 

Severity of the accident

 

= 

 

𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤

 

𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑

 

𝑙𝑙𝑤𝑤𝑑𝑑𝑙𝑙

 

𝑏𝑏𝑑𝑑

 

𝑑𝑑𝑎𝑎𝑎𝑎𝑎𝑎𝑑𝑑𝑎𝑎𝑎𝑎𝑙𝑙 ∗1000
𝑙𝑙𝑤𝑤𝑙𝑙𝑑𝑑𝑙𝑙

 

𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑎𝑎𝑎𝑎𝑤𝑤

 

ℎ𝑤𝑤𝑜𝑜𝑤𝑤𝑑𝑑 ∗𝑙𝑙𝑤𝑤𝑙𝑙𝑑𝑑𝑙𝑙

 

𝑎𝑎𝑒𝑒𝑒𝑒𝑙𝑙𝑤𝑤𝑑𝑑𝑎𝑎𝑎𝑎𝑑𝑑

 

𝑎𝑎𝑜𝑜𝑒𝑒𝑏𝑏𝑎𝑎𝑤𝑤

 

                     ------

 

(1)

 

(11,138*1000)⁄(2476*59857)= 0.075
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As the data record obtained from MOLSA 
(2012) record reported that 2476 employees exposed to 
accidents, 11,138 lost working hours with over all 
registered total workers of 59,857 (excluding Addis 
Ababa Administration, Tigray region and Southern 
region) of manufacturing industries. of the total lost 
working days, manufacturing industry has 0.075 severity 
of the accidents index.  This means in each individual 
working hour of 1000, there is a lost working day of 
0.075 due to workplace accidents. If it had included 
Addis Ababa, Tigray and Southern part of Ethiopia
where there were more manufacturing industrial zones, 
there would have been amplified industrial accidents 
and lost working hours. In manufacturing industries, 
there are 13,874 employees during 2012 of 59,857 
employees from around urban industrial sector 
information.  These data record are not representative of 
the reported regions. However, it helped us to show how 
much the severity of the accidents in manufacturing 
industries even There was poor data management
system. This poor data recording culture is true in many 
developing countries as studies have described the lack 
of data recording and management system. Data 
recording and management system in developing 
countries are being underreported (PaiviHamala ¨inena 
et al., 2006). The clear lack of reliable and large-scale 
data on OSH risks in developing countries and for 
informal workers in particular highlights the need to 
invest more resources in OSH and development 
research (Francie Lund and Anna, 2011).



 

 

 

Therefore, lean manufacturing philosophy is the 
best method that reduces this more working day’s loss 
and non-value adding activities cost to the 
manufacturing industries even though many studies put 
its negative impact on safety.

 
  

To eliminate workplace hazards and waste of 
materials and resources, workplace organization, 
cleanliness, and standardization are imperative. The 5S 
approach is highly effective at removing hazards and 
waste from workplace and creating a safer, cleaner, and 
healthier work

 

environment. Simple techniques are used 
to develop and improve effective workplace 
organization, safety, visual communication, and general 
cleanliness and housekeeping. Implementing 5S to 
workplace helps to bring the following benefits.

 

1S – Sort:  Identify the items that are needed to perform 
work in the work areas. Clear (sort-out) all other items 
from the work area. Its benefits are extra work space, 
improved safety, improved productivity, improved 
utilization of materials, supplies, and resource, more 
visible work flow, improved employee satisfaction (better 
place to work) and improved quality. 2S - Set In Order: 
All needed items have a place in the work area and each 
needed item is in the correct place. Improve ease of or 
need for retrieval. Its benefits are elimination of time, 
motion, and effort needed to search for or retrieve tools 
and supplies (tools and supplies are located at point of 
use), improved safety through an organized workplace 
and increased productivity. 3S – Shine: 
Proactive/preventive

 

housekeeping to keep work areas, 
work surfaces, and equipment clean and free from dirt, 
debris, oil, etc. its benefits are cleaner and more 
satisfying place to work, improved quality, maintenance 
issues exposed faster (planned downtime vs. unplanned 
downtime), and  improved safety (fewer accidents). 4S – 
Standardize: Do things in a consistent and standard 
way. Standardize activities, procedures, instruction, 
schedules, and the persons responsible for helping 
keep the workplace clean and organized. Standardize 
work area layouts and storage techniques wherever 
possible. 5S – Sustain: Integrate 5S principles into the 
organization's OHS in order to sustain new standards 
and continually improvement of the workplace. 6s- 
safety: it is better than 5s in considering the accidents at 
work place and saving the life and property damages. 
So, it integrates the 5s into the lean OSH organization. It 
is known also as 5S Workplace Organization + Safety. 
Why add safety to make 6S? It creates greater 
awareness, more focus and

 

another chance to review. 
Hence, using 6S helps organizations to make Zero 
accidents and/or Zero near misses.

 

V.

 

Conclusion

 

on lean safety positive and negative influence. However, 
other researches strengthen that the positive effect of 
lean safety is taking highest share. In the literature, it has 
been discussed that in many countries, occupational 
safety and health management is not the critical issue of 
manufacturing industries. But, some literatures argued 
that workplace safety and health is one of the world 
issues of health and wealth. Most literature discussed 
that to be successful in productivity improvement; one is 
lean workplace safety and health in manufacturing 
industries. 

 

These researches output provide highlight how 
lean workplace safety and health improves and reduce 
ineffective manufacturing workplace safety and health 
management through 6S techniques as discussed in 
literatures part.  It also becomes the only study that is 
attempted in Ethiopia in such a way that introduces lean 
workplace safety and health problem solving culture and 
helps other researchers in providing well organized 
information on lean safety.

 

Illustrative example of Ethiopian manufacturing 
industries accident data has showed that how 
workplace hazards incur cost and waste of time to the 
companies. The days lost and the costs paid to the 
employees as compensations were all wastes of the 
manufacturing industries in which they were non-value 
adding activities. Therefore, the companies are 
considered to exercise lean occupational safety and 
health so that they can reduce their workplace wastes 
and increase productivity of their manufacturing 
industries. The concepts of lean manufacturing

 

industries are also very important to be exercised in 
manufacturing industries in controlling and managing 
workplace hazards. Moreover, the researchers 
recommend while Ethiopian manufacturing industries 
focus on their development strategy, they should also 
give due consideration workplace safety, employee well-
being and equipment safety so that they can easily raise 
their productivity and be globally competitive.
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Comparative Analysis of Weight Loss% of 
Different Fabrics (Lycra Pique, Rib and Interlock) 

Under Different Chemical Concentration 
Muhammad Mufidul Islam α  &  Minhaz Ahmed σ

Abstract- Process loss in textile processing is a must occurring 
issue due to suitability in the subsequent process& removal of 
unwanted materials. But there should be a minimum range of 
process loss% in each process and a data is required to 
calculate accurate process loss% in each process. Our 
experiment is to calculate process loss% in a pretreatment 
process up to enzyme wash and finally treated with silicon 
wash. If the calculation in process loss% is not accurately 
calculated, there is serious effect on garment cutting and 
sewing section due to shortage in fabrics and finally short 
quantity is become essential that is an economic issue and 
most unwanted matter in a composite factory. Our finding is 
different power loss% for different structured fabric for 
chemical concentration. Here is our focusing issue is that 
process loss% is not same for different structured fabric even 
considering same concentration. 

Keywords: weight loss%, fabric structure, chemical 
concentration, enzyme wash, silicon wash. 

I. Introduction 

eight loss% can be defined as percentage 
decay in a material or parentage process loss 
of that material after the completion of a 

process. We did this experiment through a enzymatic 
process of same and different concentration for 
accordingly same and different structured knit fabrics. 
So due to same chemical action, attacking performance 
is not same due to different structured knit fabrics. Knit 
fabrics’ surface is not same due to different structure or 
looping mechanisms. 
 

Figure  :  Polo Pique           1x1 Rib                Interlock

Surface properties such as softness and 
smoothness increase with density. Double knits show 
higher total hand values than single knits [1]. The 
tightness or cover factor indicates the relative tightness 
or looseness of a plain knit structure [2]. 

We have worked with enzymes and silicon 
softener as our main chemical agents. Enzymes are very 
efficient catalysts for biochemical reactions. They speed 
up reactions by providing an alternative reaction 
pathway of lower activation energy. The enzyme is used 
to form a reaction intermediate, but when this reacts with 
another reactant the enzyme reforms weight loss% is 
increased proportionally with the amount of enzyme 
used for the same period of time and vise-versa [3]. The 
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The amount of enzyme present in a reaction is 

measured by the activity it catalyzes. The relationship 
between activity and concentration is affected by many 
factors such as temperature, pH, etc. An enzyme assay 
must be designed so that the observed activity is 
proportional to the amount of enzyme present in order 
that the enzyme concentration is the only limiting factor 
[5]. For a given enzyme concentration, the rate of 
reaction increases with increasing substrate 
concentration up to a point .Above which any further 
increase in substrate concentration produces no 
significant change in reaction rate. This is because the 
active sites of the enzyme molecules at any given 
moment are virtually saturated with substrate [5].Weight 
loss percentage can be calculated as:  
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rate of an enzyme-catalyzed reaction depends on the 
concentrations of enzyme and substrate. As the 
concentration of either is increased the rate of reaction 
increases [4].

Figure  : Figure  :



 

 

Weight Loss %=(Previous gray weight-Present weight) 
x100/ Previous gray weight 

II. Materials and Methods 

1. Firstly we considered 3 types of knit fabrics of 
different lots namely Lycra Pique, Plain Rib (1x1) & 
Interlock.  

2.
 

Then, for the first lot of Lycra Pique we found 12.5% 
weight loss% due to the action of Enzyme wash 
(1%) and then treated with silicon softener (1%). 

 

3.
 

Afterwards we found 11.03% and 7.3% loss for Plain 
Rib (1x1) & Interlock respectively for      the same 
chemical actions.

 

4. Now we decided to change the chemical 
concentration % of Enzyme solution by twice 
compared to before. 

5. Then we found the weight loss% with a significant 
value. We thought may be the result of weight loss% 
can be twice compared to previous but the result 
was not that. 

6. It was found that weight loss was 16.02% for lycra 
pique. 

7. Following the methods, we found 14.9% and 8.6% 
for Plain Rib (1x1) &Interlock respectively. 

8. We used the following formula for calculating weight 
loss % : Weight Loss %=(Previous gray weight- 
Present weight) x100/ Previous gray weight. 

III.
 

Result & Discussion
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Table: 01 Weight loss% of Fabrics with 1% Enzyme wash

Serial number Fabric type GSM(gram per 
square meter)

Chemical 
concentration

Weight 
Loss%

1. Lycra Pique
     170

Enzyme wash (1 
gram/liter) + 

Silicon softener 
(1%)

12.5%
2. Plain Rib(1x1) 11.03%
3. Interlock 7.3%

Table: 02 Weight loss% of Fabrics with 2% Enzyme wash

Serial number Fabric type GSM(gram per 
square meter)

Chemical 
concentration

Weight loss%

1. Lycra Pique
     170

Double Enzyme 
wash (2gram/liter) 
+ Silicon softener 

(1%)

16.02%
2. Plain Rib(1x1) 14.9%
3. Interlock 8.6%

Graph: 01 Graphical Representation of Weight loss% for 3 different lots of fabrics with 1% Enzyme wash
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IV. Conclusion

In our composite factories, process loss% is 
considered same even for different structured knit 
fabrics. As a result problems may be arisen during 
maintaining accurate supply chain management. Our 
experimental data is an important guideline for the 
industries to calculate process loss% for considering not 
the common knit fabric issues but structural differences 
in the fabrics which have a significant impact on process 
loss%.

Graph: 02 Graphical Representation of Weight loss% for 3 different lots of fabrics with 2% Enzyme wash
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Economic Lot Scheduling of Time Varying 
Demand with Stockout in a Jute Industry 

Subrata Talapatra α, Ghazi Abu Taher σ  & Mehedi Islam ρ

Abstract- The economic lot scheduling problem (ELSP) 
creates challenge between lot sizing and sequencing. The 
ELSP’s primary goal is to minimize the total setup and holding 
expenditures of different products on a single machine. ELSP 
is a mathematical model. It deals with a company’s planning 
what to manufacture, when to manufacture and how much to 
manufacture. This paper deals with the Economic Lot 
Scheduling (ELS) of a Jute industry for time varying demand 
with Stock out. This model will help to understand the total 
production time and allocate individual time against each 
product. This also increases the cycle time for a given 
aggregate inventory. In reality, demands and capacities are 
varying with time. An aggregate plan is expected to give time 
varying capacities since the plan is to meet fluctuating 
demand. It is therefore necessary to model the more realistic 
situation where the demand and capacity vary each day. This 
model will provide a production schedule of a set of items in a 
single machine to minimizing the long run average holding 
and set up cost under the assumptions of time varying 
demand and production rates, allowing material stock out. 
Keywords: economic lot scheduling problem (ELSP); 
inventory; time varying demand; multi-product; lot-sizing 
and scheduling; sequence-dependent setups. 

I. Introduction 
he Economic Lot Scheduling Problem (ELSP) is 
assumed that the production facility in the in-
control  state producing   items   of  high  quality.  It finds the problem of production sequence, production 

times and idle time of several products. It will minimize 
the inventory and setup cost also. In this model, the 
items are produced and consumed simultaneously for a 
portion of the cycle time. The rate of consumption of 
items is varying throughout the month. The cost of 
production per unit is same irrespective of production lot 
size. Here stockout is permitted. It is assumed that the 
stockout will be satisfied from the units produced at a 
later date with a penalty. The items are not produced 
between the period, while the inventory consumes and 
the next cycle begins. Then another item might be 
produced. There must be a setup time between the two 
items. The total cycle length is T.

 A particular product is produced at a rate of P, 
the demand of that product is D. Then, inventory will 
built up at a rate of P-D. Because the product consumes 
while production. The built up inventory will consume at 
a certain number of period, then

 
cycles begins again. 

The operation of this model is shown in Fig.1. 
 

 
 
 
 
 

  

 
In the economic lot scheduling problem, it is not 

assumed that changeover times is sequence 
dependent. So, when the changeover times are 
sequence independent, then the economic lot 

scheduling problem essentially tries to minimize the total 

cost which is the sum of the ordering cost and carrying 
cost (Srinivasan, G.,  Quantitative Models  in  Operations 
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a)

 
Nomenclature

 
𝐶𝐶0 Cost / set up 
𝐶𝐶𝑐𝑐  Carrying cost / unit / period 
𝐶𝐶𝑠𝑠 Shortage cost / unit / period 

T 

           

G
lo
ba

l 
Jo

ur
na

l 
of

R
es
ea

rc
he

s 
in
 E

ng
in
ee

ri
ng

  
   

  
(

)
V
ol
um

e 
 X

V
I 
 I
ss
ue

  
I 
 V

er
si
on

 I
  

  
  
 

  

13

Y
e
a
r

20
16

G

© 2016    Global Journals Inc.  (US)

Fig.1 : (a) Manufacturing model of inventory,(b) Total cycle time for a particular facility



 

 

II. Development of Disaggregation 
Method with Stockout 

Three products are produced such as sacking, 
Hessian, CBC (Carpet Baking Clothe). The daily 

demand and the inventory of these products remain 
constant. The demand and inventory of the products are 
summarized form the last three years data as shown in 
Table 1. 

Table 1 : Day to day demand and inventory data of Khalishpur Jute Mill 

 Sacking CBC Hessian  

Inventory (tons/day) 10 4 7  

Demand (tons/day), D1
 18 6 11 P1

 = 35 tons/day 

D2
 20 7 10 P2

 = 37 tons/day 

D3
 16 9 8 P3

 = 33 tons/day 

r =  Inventory/Demand 0.555 0.666 0.636  
 

The capacity in each of the 3 days are 35, 37, 
33 tons/day, respectively. Allocation time have to find for 
making the products.

 The value of r represents the demand that can 
be met with the existing inventory. The production of 
jproduct has to be started before rj 

hours. The products 
are sorted according to increasing value of r. The order 
is found as Sacking-

 
Hessian-

 
CBC. The products will 

be produced in the said order. The process flow also 
depends upon the value of r. The maximum value of r is 
0.666, from which the cycle time is counted considering 
the demand constant.

 It is assumed that, the reasonable upper limit
 
of 

the cycle time is
 
(𝑟𝑟 +

 
1
𝑟𝑟
) = 2.166

 
.
 

Therefore, capacity 
for 2.166 days,the equivalent daily demands are 18, 6 
and 10 tons/day for the three products respectively and 
equivalent daily capacity is 35 tons/day.

 
For Sacking,𝐷𝐷𝐷𝐷𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚  

𝑓𝑓𝑓𝑓𝑟𝑟
 
2.1

 
𝑚𝑚𝑚𝑚𝑑𝑑𝑠𝑠

2.1
= 18+20+0.1×16

2.1
= 18 

tons/day 

For CBC,𝐷𝐷𝐷𝐷𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚  
𝑓𝑓𝑓𝑓𝑟𝑟

 
2.1

 
𝑚𝑚𝑚𝑚𝑑𝑑𝑠𝑠

2.1
= 6+7+0.1×9

2.1
= 6 tons/day 

For Hessian,𝐷𝐷𝐷𝐷𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚  𝑓𝑓𝑓𝑓𝑟𝑟  2.1 𝑚𝑚𝑚𝑚𝑑𝑑𝑠𝑠
2.1

= 11+10+0.1×8
2.1

= 10 
tons/day 

Now, using the demand of each product to 
construct a manufacturing model with shortages 
(Panneerselvam, R., Production and operations 
management, 2nd edition, Chapter-9, Page-214), 
For Sacking, 
D = 18 tons/day, P = 25 tons/day, C0 = 0.25, Cc = 
0.10, Cs = 0.50 

Economic Batch Quantity (EBQ), 

𝑄𝑄 = �2𝐶𝐶0
𝐶𝐶𝑐𝑐

× 𝑃𝑃𝐷𝐷
𝑃𝑃−𝐷𝐷

× 𝐶𝐶𝑐𝑐+𝐶𝐶𝑠𝑠
𝐶𝐶𝑠𝑠

=  �2×0.25
0.10

× (25×18)
(25−18)

× (0.10+0.50)
0.50

=

19.639tons/day 

Maximum inventory, 𝑄𝑄1 = �2𝐶𝐶0
𝐶𝐶𝑐𝑐

× 𝐷𝐷(𝑃𝑃−𝐷𝐷)
𝑃𝑃

× 𝐶𝐶𝑠𝑠
𝐶𝐶𝑐𝑐+𝐶𝐶𝑠𝑠

=

 �2×0.25
0.10

× 18(25−18)
25

× 0.50
(0.10+0.50)

=  4.5825 tons/day 

Maximum stockout, 𝑄𝑄2 = � 2𝐶𝐶0𝐶𝐶𝑐𝑐
𝐶𝐶𝑠𝑠(𝐶𝐶𝑐𝑐+𝐶𝐶𝑠𝑠)

× 𝐷𝐷(𝑃𝑃−𝐷𝐷)
𝑃𝑃

= 

� 2×0.25×0.10
0.50(0.10+0.50)

× 18(25−18)
25

= 0.9165
 
tons/day

 

Cycle time,
 
𝑡𝑡 = 𝑄𝑄

𝐷𝐷
=

 
19.639

18
= 1.091

 

Production and consumption times,
 

𝑡𝑡1 = 𝑄𝑄1
𝑃𝑃−𝐷𝐷

=
 

4.5825
(25−18)

= 0.654
 
,𝑡𝑡2 = 𝑄𝑄1

𝐷𝐷
= 4.5425

18
=

0.2545,𝑡𝑡3 = 𝑄𝑄2
𝐷𝐷

=
 

0.9165
18

= 0.0509,
 
𝑡𝑡4 = 𝑄𝑄2

𝑃𝑃−𝐷𝐷
=

 
0.9165

(25−18)
=

0.1309
 

𝑡𝑡′ = 𝑡𝑡1 + 𝑡𝑡2 + 𝑡𝑡3 = 0.6546 + 0.2545 + 0.0509 = 0.96
 

𝑡𝑡 = 𝑡𝑡1 + 𝑡𝑡2 + 𝑡𝑡3 + 𝑡𝑡4

 
= 0.6546 + 0.2545 + 0.0509 +

0.1309 = 1.091
 

Similarly for CBC,
 

D = 6 tons/day, P = 10 tons/day, C0

 
= 0.25, Cc

 
= 0.10, 

Cs

 
= 0.50

 

Q =9.4868, Q1

 
= 3.1622, Q2

 
= 0.6324, t=1.5811, 

t1=0.7905, t2=0.5270, t3=0.1054, t4=0.1581, t' =1.4229
 

For Hessian,
 

D = 10 tons/day, P =
 
15 tons/day, C0

 
= 0.25, Cc

 
= 

0.10, Cs

 
= 0.50,Q =13.4164, Q1

 
=3.7267, Q2

 
= 0.7453, 

t=1.3416
 

t1= 0.745, t2=0.3726, t3=0.0745, t4=0.1490, t'=1.1924
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LP (Linear Programming) formulation is, 
Objective function:        maximize T 
The constraints are, 
Subject to 
                                                               𝑡𝑡𝑗𝑗  ≤ 𝑟𝑟𝑗𝑗  ------------------------------------------------- (1) 

(𝑡𝑡𝐻𝐻𝐷𝐷  − 𝑡𝑡𝑆𝑆𝑚𝑚 )35 +  1.091 × 35 ≥  T × 18[ production time for Sacking]  --------- (2) 
(𝑡𝑡𝐶𝐶𝐶𝐶𝐶𝐶   − 𝑡𝑡𝐻𝐻𝐷𝐷) 35 +  1.5811 × 35 ≥  T × 10[ production time for Hessian] ----- (3) 
(𝑡𝑡𝑆𝑆𝑚𝑚 + 𝑇𝑇 −   𝑡𝑡𝐶𝐶𝐶𝐶𝐶𝐶) 35 + 1.3416 × 35 ≥  T × 7[ production time for CBC] ------- (4) 
                                       𝑡𝑡𝑆𝑆𝑚𝑚 ≤  0.555[ production time limit for Sacking] ------------- (5) 
                                       𝑡𝑡𝐶𝐶𝐶𝐶𝐶𝐶 ≤  0.666[ production time limit for CBC]----------------- (6) 
                                        𝑡𝑡𝐻𝐻𝐷𝐷 ≤  0.636[ production time limit for Hessian]------------- (7) 

𝑡𝑡𝑆𝑆𝑚𝑚  , 𝑡𝑡𝐶𝐶𝐶𝐶𝐶𝐶 ,  𝑡𝑡𝐻𝐻𝐷𝐷  ,𝑇𝑇 ≥ 0 
Where, 

𝑡𝑡𝑆𝑆𝑚𝑚 = Production start time for sacking 
𝑡𝑡𝐻𝐻𝐷𝐷 =  Production start time for Hessian 
𝑡𝑡𝐶𝐶𝐶𝐶𝐶𝐶 =  Production start time for CBC 

𝑇𝑇 =  Total cycle time 
Here TORA software is used for solving the problem.The optimal solution is given by, 
𝑋𝑋1 = 𝑡𝑡𝑆𝑆𝑚𝑚 =  0 ≤  0.555, 𝑋𝑋2 = 𝑡𝑡𝐶𝐶𝐶𝐶𝐶𝐶 =  0.0143 ≤  0.666,  𝑋𝑋3 = 𝑡𝑡𝐻𝐻𝐷𝐷= 0.636 ≤ 0.636,   𝑋𝑋4 = 𝑇𝑇 = 3.3581

  

 

This becomes the first cycle and this is 
implemented for 𝑇𝑇 = 3.3581 days. The inventories of the 

three products at the end of 3.3581 days 
aresummarized in the table 2. 

Table 2 : Day to day demand and inventory data of Khalishpur Jute Mill 

 Sacking CBC Hessian 
 

Inventory (tons/day) -50 6 65 

Economic Lot Scheduling of Time Varying Demand with Stockout in a Jute Industry
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Fig. 2 : Inventory model with stockout for (a) Sacking, (b) CBC and (c) Hessian

Fig. 3 : Sequence of production according to (a) value of r, (b) stockout of product, (c) EBQ of each product

Demand (tons/day), D2 20 7 10 P2 = 37 tons/day



 

 

      D3
 

16
 

9
 

8
 

P3
 
= 33 tons/day

 D4
 

18
 

6
 

11
 

P4
 
= 35 tons/day

 r
 

-2.5
 

0.857
 

6.5
  

The maximum value of r is 6.65, from which the 
cycle time is counted, that is 1 day. Again, it is assumed 
that, the upper limit of the cycle time is(1 + 1

𝑟𝑟
) = 6.65 . 

Therefore, capacity for 6.65 days, the equivalent daily 

demands of the three products are found 7, 3 and 5 
tons/day respectively and equivalent daily capacity is 35 
tons/day. 

Again, the model gives the following values considering the stockout. 
For Sacking, 
D = 7 tons/day, P = 10 tons/day, C0 = 0.25, Cc = 0.10, Cs = 0.50 
𝑄𝑄 = 11.83, 𝑄𝑄1  = 2.95, 𝑄𝑄2  = 0.59, 𝑡𝑡 = 1.69, 𝑡𝑡1 = 0.9833, 𝑡𝑡2 = 0.4214, 𝑡𝑡3 = 0.0845, 𝑡𝑡4 = 0.1966, 𝑡𝑡′ = 1.4892 
For CBC, 
D = 3 tons/day, P = 7 tons/day, C0 = 0.25, Cc = 0.10, Cs = 0.50 
𝑄𝑄 = 5.61, 𝑄𝑄1  = 2.67, 𝑄𝑄2  = 0.53, 𝑡𝑡 = 1.81, 𝑡𝑡1 = 0.6675, 𝑡𝑡2 = 0.89, 𝑡𝑡3 = 0.1766, 𝑡𝑡4 = 0.1325, 𝑡𝑡′ = 1.7341 
For Hessian, 
D = 5 tons/day, P = 8 tons/day, C0 = 0.25, Cc = 0.10, Cs = 0.50 
𝑄𝑄 = 8.94,𝑄𝑄1  = 2.79, 𝑄𝑄2  = 0.559, 𝑡𝑡 = 1.788, 𝑡𝑡1 = 0.93, 𝑡𝑡2 = 0.558, 𝑡𝑡3 = 0.1118, 𝑡𝑡4 = 0.1863, 𝑡𝑡′ = 1.599 

    

 
LP formulation is  
Objective function:        maximize T 
Subject to 
                                                             𝑡𝑡𝑗𝑗  ≤ 𝑟𝑟𝑗𝑗  -------------------------------------------------- (1) 

(𝑡𝑡𝐶𝐶𝐶𝐶𝐶𝐶  − 𝑡𝑡𝑆𝑆𝑚𝑚)35 +  1.69 × 35 ≥  T × 7[ production time for Sacking]  ----------- (2) 

(𝑡𝑡𝐻𝐻𝐷𝐷   − 𝑡𝑡𝐶𝐶𝐶𝐶𝐶𝐶) 35 +  1.87 × 35 ≥  T × 3[ production time for CBC]  --------------- (3) 

(𝑡𝑡𝑆𝑆𝑚𝑚 + 𝑇𝑇 −   𝑡𝑡𝐻𝐻𝐷𝐷) 35 + 1.78 × 35 ≥  T × 5[ production time for Hessian]  ------- (4) 
                                           𝑡𝑡𝑆𝑆𝑚𝑚 ≤  0[ production time limit for Sacking]  ---------------- (5) 
                                            𝑡𝑡𝐶𝐶𝐶𝐶𝐶𝐶 ≤  0.857[ production time limit for CBC] -------------- (6) 
                                             𝑡𝑡𝐻𝐻𝐷𝐷 ≤  6.5[ production time limit for Hessian] ------------- (7) 

𝑡𝑡𝑆𝑆𝑚𝑚  , 𝑡𝑡𝐶𝐶𝐶𝐶𝐶𝐶 ,  𝑡𝑡𝐻𝐻𝐷𝐷  ,𝑇𝑇 ≥ 0 

TORA software is used for solving the problem. The optimal solution of our problem is given by, 

𝑋𝑋1 = 𝑡𝑡𝑆𝑆𝑚𝑚 = 0
 
≤

 
0, 𝑋𝑋2 = 𝑡𝑡𝐶𝐶𝐶𝐶𝐶𝐶 =

 
0.857

 
≤

 
0.857,𝑋𝑋3 = 𝑡𝑡𝐻𝐻𝐷𝐷= 0.0786 ≤ 6.5, 𝑋𝑋4 = 𝑇𝑇 = 12.7350
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Fig. 4 : Manufacturing model of inventory with stockout for (a) Sacking, (b) CBC and (c) Hessian



 

 

 

   

 

     

    

 

III. Result and Discussion 

This paper translates the ELS of a Jute industry 
for time varying demand with Stock out. At the beginning 
of every cycle, the existing inventories are worked out. 
The expected inventory at the end of each cycle has 
been calculated. These values are used to compute rj 
for finding the sequence of production. The order of 
production has changed in the two cycles because of 
the values of rj. Again the shortage of inventory in each 
cycle has also changed the order of production. 
Therefore, it is observed that, the order of production 
does not depend upon the values of rj, but depends on 
the values of stockout of inventories. The change of 
order satisfies all the constraints and factors. Finally the 

starting time of each product is calculated by LP. This is  
acceptable and the model provides flexibility in this 
regard. 
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Fig. 5 : Sequence of production according to (a) value of r, (b) stockout of product, (c) EBQ of each product

Fig. 6 : (a), (b) Sequential manufacturing model of Khalishpur Jute Mill Ltd

Fig. 7 : Production Schedule of Khalishpur Jute Mill Ltd
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Keywords are the key that opens a door to research work sources. Keyword searching is an art in which researcher's skills are 
bound to improve with experience and time. 

 Numerical Methods: Numerical methods used should be clear and, where appropriate, supported by references. 

Acknowledgements: Please make these as concise as possible. 

 References 

References follow the Harvard scheme of referencing. References in the text should cite the authors' names followed by the time of their 
publication, unless there are three or more authors when simply the first author's name is quoted followed by et al. unpublished work 
has to only be cited where necessary, and only in the text. Copies of references in press in other journals have to be supplied with 
submitted typescripts. It is necessary that all citations and references be carefully checked before submission, as mistakes or omissions 
will cause delays. 

References to information on the World Wide Web can be given, but only if the information is available without charge to readers on an 
official site. Wikipedia and Similar websites are not allowed where anyone can change the information. Authors will be asked to make 
available electronic copies of the cited information for inclusion on the Global Journals Inc. (US) homepage at the judgment of the 
Editorial Board. 

The Editorial Board and Global Journals Inc. (US) recommend that, citation of online-published papers and other material should be done 
via a DOI (digital object identifier). If an author cites anything, which does not have a DOI, they run the risk of the cited material not 
being noticeable. 

The Editorial Board and Global Journals Inc. (US) recommend the use of a tool such as Reference Manager for reference management 
and formatting. 

 Tables, Figures and Figure Legends 

Tables: Tables should be few in number, cautiously designed, uncrowned, and include only essential data. Each must have an Arabic 
number, e.g. Table 4, a self-explanatory caption and be on a separate sheet. Vertical lines should not be used. 

Figures: Figures are supposed to be submitted as separate files. Always take in a citation in the text for each figure using Arabic numbers, 
e.g. Fig. 4. Artwork must be submitted online in electronic form by e-mailing them. 

 Preparation of Electronic Figures for Publication 

Even though low quality images are sufficient for review purposes, print publication requires high quality images to prevent the final 
product being blurred or fuzzy. Submit (or e-mail) EPS (line art) or TIFF (halftone/photographs) files only. MS PowerPoint and Word 
Graphics are unsuitable for printed pictures. Do not use pixel-oriented software. Scans (TIFF only) should have a resolution of at least 350 
dpi (halftone) or 700 to 1100 dpi (line drawings) in relation to the imitation size. Please give the data for figures in black and white or 
submit a Color Work Agreement Form. EPS files must be saved with fonts embedded (and with a TIFF preview, if possible). 

For scanned images, the scanning resolution (at final image size) ought to be as follows to ensure good reproduction: line art: >650 dpi; 
halftones (including gel photographs) : >350 dpi; figures containing both halftone and line images: >650 dpi. 
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Figure Legends: Self-explanatory legends of all figures should be incorporated separately under the heading 'Legends to Figures'. In the 
full-text online edition of the journal, figure legends may possibly be truncated in abbreviated links to the full screen version. Therefore, 
the first 100 characters of any legend should notify the reader, about the key aspects of the figure. 

6. AFTER ACCEPTANCE

 
Upon approval of a paper for publication, the manuscript will be forwarded to the dean, who is responsible for the publication of the 
Global Journals Inc. (US). 

 

6.1 Proof Corrections

 
The corresponding author will receive an e-mail alert containing a link to a website or will be attached. A working e-mail address must 
therefore be provided for the related author. 

Acrobat Reader will be required in order to read this file. This software can be downloaded 

(Free of charge) from the following website: 

www.adobe.com/products/acrobat/readstep2.html. This will facilitate the file to be opened, read on screen, and printed out in order for 
any corrections to be added. Further instructions will be sent with the proof. 

Proofs must be returned to the dean at dean@globaljournals.org within three days of receipt. 

As changes to proofs are costly, we inquire that you only correct typesetting errors. All illustrations are retained by the publisher. Please 
note that the authors are responsible for all statements made in their work, including changes made by the copy editor. 

 

6.2 Early View of Global Journals Inc. (US) (Publication Prior to Print)

 
The Global Journals Inc. (US) are enclosed by our publishing's Early View service. Early View articles are complete full-text articles sent in 
advance of their publication. Early View articles are absolute and final. They have been completely reviewed, revised and edited for 
publication, and the authors' final corrections have been incorporated. Because they are in final form, no changes can be made after 
sending them. The nature of Early View articles means that they do not yet have volume, issue or page numbers, so Early View articles 
cannot be cited in the conventional way. 

 

6.3 Author Services

 
Online production tracking is available for your article through Author Services. Author Services enables authors to track their article - 
once it has been accepted - through the production process to publication online and in print. Authors can check the status of their 
articles online and choose to receive automated e-mails at key stages of production. The authors will receive an e-mail with a unique link 
that enables them to register and have their article automatically added to the system. Please ensure that a complete e-mail address is 
provided when submitting the manuscript. 

 

6.4 Author Material Archive Policy

 
Please note that if not specifically requested, publisher will dispose off hardcopy & electronic information submitted, after the two 
months of publication. If you require the return of any information submitted, please inform the Editorial Board or dean as soon as 
possible. 

 

6.5 Offprint and Extra Copies

 
A PDF offprint of the online-published article will be provided free of charge to the related author, and may be distributed according to 
the Publisher's terms and conditions. Additional paper offprint may be ordered by emailing us at: editor@globaljournals.org . 

You must strictly follow above Author Guidelines before submitting your paper or else we will not at all be responsible for any
corrections in future in any of the way.
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2. Evaluators are human: First thing to remember that evaluators are also human being. They are not only meant for rejecting a paper. 
They are here to evaluate your paper. So, present your Best. 

3. Think Like Evaluators: If you are in a confusion or getting demotivated that your paper will be accepted by evaluators or not, then 
think and try to evaluate your paper like an Evaluator. Try to understand that what an evaluator wants in your research paper and 
automatically you will have your answer. 

4. Make blueprints of paper: The outline is the plan or framework that will help you to arrange your thoughts. It will make your paper 
logical. But remember that all points of your outline must be related to the topic you have chosen.  

5. Ask your Guides: If you are having any difficulty in your research, then do not hesitate to share your difficulty to your guide (if you 
have any). They will surely help you out and resolve your doubts. If you can't clarify what exactly you require for your work then ask the 
supervisor to help you with the alternative. He might also provide you the list of essential readings. 

6. Use of computer is recommended: As you are doing research in the field of Computer Science, then this point is quite obvious. 

 

7. Use right software: Always use good quality software packages. If you are not capable to judge good software then you can lose 
quality of your paper unknowingly. There are various software programs available to help you, which you can get through Internet. 

 

8. Use the Internet for help: An excellent start for your paper can be by using the Google. It is an excellent search engine, where you can 
have your doubts resolved. You may also read some answers for the frequent question how to write my research paper or find model 
research paper. From the internet library you can download books. If you have all required books make important reading selecting and 
analyzing the specified information. Then put together research paper sketch out. 

9. Use and get big pictures: Always use encyclopedias, Wikipedia to get pictures so that you can go into the depth. 

 

10. Bookmarks are useful: When you read any book or magazine, you generally use bookmarks, right! It is a good habit, which helps to 
not to lose your continuity. You should always use bookmarks while searching on Internet also, which will make your search easier. 

 

 

Before start writing a good quality Computer Science Research Paper, let us first understand what is Computer Science Research Paper? 
So, Computer Science Research Paper is the paper which is written by professionals or scientists who are associated to Computer Science 
and Information Technology, or doing research study in these areas. If you are novel to this field then you can consult about

 
this field 

from your supervisor or guide.
 

TECHNIQUES FOR WRITING A GOOD QUALITY RESEARCH PAPER:
 

1. Choosing the topic:
 
In most cases, the topic is searched by the interest of author but it can be also suggested by the guides. You can 

have several topics and then you can judge that in which topic or subject you are finding yourself most comfortable. This can
 
be done by 

asking several questions to yourself, like Will I be able to carry our search in this area? Will I find all necessary recourses to accomplish 
the search? Will I be able to find all information in this field area? If the answer of these types of questions will be "Yes" then you can 
choose that topic. In most of the cases, you may have to conduct the surveys and have to visit several places because this field is related 
to Computer Science and Information Technology. Also, you may have to do a lot of work to find all rise and falls regarding the various 
data of that subject. Sometimes, detailed information plays a vital role, instead of short information.

 

 

11. Revise what you wrote: When you write anything, always read it, summarize it and then finalize it. 
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16. Use proper verb tense: Use proper verb tenses in your paper. Use past tense, to present those events that happened. Use present 
tense to indicate events that are going on. Use future tense to indicate future happening events. Use of improper and wrong tenses will 
confuse the evaluator. Avoid the sentences that are incomplete. 

17. Never use online paper: If you are getting any paper on Internet, then never use it as your research paper because it might be 
possible that evaluator has already seen it or maybe it is outdated version.  

Pick a good study spot: To do your research studies always try to pick a spot, which is quiet. Every spot is not for studies. Spot that 
suits you choose it and proceed further. 

19. Know what you know: Always try to know, what you know by making objectives. Else, you will be confused and cannot achieve your 
target. 

 

20. Use good quality grammar: Always use a good quality grammar and use words that will throw positive impact on evaluator. Use of 
good quality grammar does not mean to use tough words, that for each word the evaluator has to go through dictionary. Do not start 
sentence with a conjunction. Do not fragment sentences. Eliminate one-word sentences. Ignore passive voice. Do not ever use a big 
word when a diminutive one would suffice. Verbs have to be in agreement with their subjects. Prepositions are not expressions to finish 
sentences with. It is incorrect to ever divide an infinitive. Avoid clichés like the disease. Also, always shun irritating alliteration. Use 
language that is simple and straight forward. put together a neat summary. 

21. Arrangement of information: Each section of the main body should start with an opening sentence and there should be a 
changeover at the end of the section. Give only valid and powerful arguments to your topic. You may also maintain your arguments with 
records. 

 

22. Never start in last minute: Always start at right time and give enough time to research work. Leaving everything to the last minute 
will degrade your paper and spoil your work. 

23. Multitasking in research is not good: Doing several things at the same time proves bad habit in case of research activity. Research is 
an area, where everything has a particular time slot. Divide your research work in parts and do particular part in particular time slot. 

 

24. Never copy others' work: Never copy others' work and give it your name because if evaluator has seen it anywhere you will be in 
trouble. 

 

25. Take proper rest and food: No matter how many hours you spend for your research activity, if you are not taking care of your health 
then all your efforts will be in vain. For a quality research, study is must, and this can be done by taking proper rest and food.  

 

26. Go for seminars: Attend seminars if the topic is relevant to your research area. Utilize all your resources. 

 

12. Make all efforts: Make all efforts to mention what you are going to write in your paper. That means always have a good start. Try to 
mention everything in introduction, that what is the need of a particular research paper. Polish your work by good skill of writing and 
always give an evaluator, what he wants. 

13. Have backups: When you are going to do any important thing like making research paper, you should always have backup copies of it 
either in your computer or in paper. This will help you to not to lose any of your important. 

14. Produce good diagrams of your own: Always try to include good charts or diagrams in your paper to improve quality. Using several 
and unnecessary diagrams will degrade the quality of your paper by creating "hotchpotch." So always, try to make and include those 
diagrams, which are made by your own to improve readability and understandability of your paper. 

15. Use of direct quotes: When you do research relevant to literature, history or current affairs then use of quotes become essential but 
if study is relevant to science then use of quotes is not preferable.  

18.
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sufficient. Use words properly, regardless of how others use them. Remove quotations. Puns are for kids, not grunt readers. 
Amplification is a billion times of inferior quality than sarcasm. 

32. Never oversimplify everything: To add material in your research paper, never go for oversimplification. This will definitely irritate the 
evaluator. Be more or less specific. Also too, by no means, ever use rhythmic redundancies. Contractions aren't essential and shouldn't 
be there used. Comparisons are as terrible as clichés. Give up ampersands and abbreviations, and so on. Remove commas, that are, not 
necessary. Parenthetical words however should be together with this in commas. Understatement is all the time the complete best way 
to put onward earth-shaking thoughts. Give a detailed literary review. 

33. Report concluded results: Use concluded results. From raw data, filter the results and then conclude your studies based on 
measurements and observations taken. Significant figures and appropriate number of decimal places should be used. Parenthetical

 

remarks are prohibitive. Proofread carefully at final stage. In the end give outline to your arguments. Spot out perspectives of further 
study of this subject. Justify your conclusion by at the bottom of them with sufficient justifications and examples. 

 

34. After conclusion: Once you have concluded your research, the next most important step is to present your findings. Presentation is 
extremely important as it is the definite medium though which your research is going to be in print to the rest of the crowd. Care should 
be taken to categorize your thoughts well and present them in a logical and neat manner. A good quality research paper format is 
essential because it serves to highlight your research paper and bring to light all necessary aspects in your research.

 

Key points to remember:  

Submit all work in its final form. 
Write your paper in the form, which is presented in the guidelines using the template. 
Please note the criterion for grading the final paper by peer-reviewers. 

Final Points:  

A purpose of organizing a research paper is to let people to interpret your effort selectively. The journal requires the following sections, 
submitted in the order listed, each section to start on a new page.  

The introduction will be compiled from reference matter and will reflect the design processes or outline of basis that direct you to make 
study. As you will carry out the process of study, the method and process section will be constructed as like that. The result segment will 
show related statistics in nearly sequential order and will direct the reviewers next to the similar intellectual paths throughout the data 
that you took to carry out your study. The discussion section will provide understanding of the data and projections as to the implication 
of the results. The use of good quality references all through the paper will give the effort trustworthiness by representing an alertness 
of prior workings. 

 

27. Refresh your mind after intervals: Try to give rest to your mind by listening to soft music or by sleeping in intervals. This will also 
improve your memory. 

28. Make colleagues: Always try to make colleagues. No matter how sharper or intelligent you are, if you make colleagues you can have 
several ideas, which will be helpful for your research. 

Think technically: Always think technically. If anything happens, then search its reasons, its benefits, and demerits. 

30. Think and then print: When you will go to print your paper, notice that tables are not be split, headings are not detached from their 
descriptions, and page sequence is maintained.  

31. Adding unnecessary information: Do not add unnecessary information, like, I have used MS Excel to draw graph. Do not add 
irrelevant and inappropriate material. These all will create superfluous. Foreign terminology and phrases are not apropos. One should 
NEVER take a broad view. Analogy in script is like feathers on a snake. Not at all use a large word when a very small one would be                    

29.
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Separating a table/chart or figure - impound each figure/table to a single page 
Submitting a manuscript with pages out of sequence 

In every sections of your document 

· Use standard writing style including articles ("a", "the," etc.) 

· Keep on paying attention on the research topic of the paper 

 

· Use paragraphs to split each significant point (excluding for the abstract) 

 

· Align the primary line of each section 

 

· Present your points in sound order 

 

· Use present tense to report well accepted  

 

· Use past tense to describe specific results  

 

· Shun familiar wording, don't address the reviewer directly, and don't use slang, slang language, or superlatives  

 

· Shun use of extra pictures - include only those figures essential to presenting results 

 

Title Page: 

 

Choose a revealing title. It should be short. It should not have non-standard acronyms or abbreviations. It should not exceed two printed 
lines. It should include the name(s) and address (es) of all authors. 

 
 

 

 

 

Writing a research paper is not an easy job no matter how trouble-free the actual research or concept. Practice, excellent preparation, 
and controlled record keeping are the only means to make straightforward the progression.  

General style: 

Specific editorial column necessities for compliance of a manuscript will always take over from directions in these general guidelines. 

To make a paper clear 

· Adhere to recommended page limits 

Mistakes to evade 

Insertion a title at the foot of a page with the subsequent text on the next page 
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shortening the outcome. Sum up the study, with the subsequent elements in any summary. Try to maintain the initial two items to no 
more than one ruling each.  

Reason of the study - theory, overall issue, purpose 
Fundamental goal 
To the point depiction of the research 
Consequences, including definite statistics - if the consequences are quantitative in nature, account quantitative data; results 
of any numerical analysis should be reported 
Significant conclusions or questions that track from the research(es) 

Approach: 

Single section, and succinct 
As a outline of job done, it is always written in past tense 
A conceptual should situate on its own, and not submit to any other part of the paper such as a form or table 
Center on shortening results - bound background information to a verdict or two, if completely necessary 
What you account in an conceptual must be regular with what you reported in the manuscript 
Exact spelling, clearness of sentences and phrases, and appropriate reporting of quantities (proper units, important statistics) 
are just as significant in an abstract as they are anywhere else 

Introduction:  

 

The Introduction should "introduce" the manuscript. The reviewer should be presented with sufficient background information to be 
capable to comprehend and calculate the purpose of your study without having to submit to other works. The basis for the study should 
be offered. Give most important references but shun difficult to make a comprehensive appraisal of the topic. In the introduction, 
describe the problem visibly. If the problem is not acknowledged in a logical, reasonable way, the reviewer will have no attention in your 
result. Speak in common terms about techniques used to explain the problem, if needed, but do not present any particulars about the 
protocols here. Following approach can create a valuable beginning: 

Explain the value (significance) of the study  
Shield the model - why did you employ this particular system or method? What is its compensation? You strength remark on its 
appropriateness from a abstract point of vision as well as point out sensible reasons for using it. 
Present a justification. Status your particular theory (es) or aim(s), and describe the logic that led you to choose them. 
Very for a short time explain the tentative propose and how it skilled the declared objectives. 

Approach: 

Use past tense except for when referring to recognized facts. After all, the manuscript will be submitted after the entire job is 
done.  
Sort out your thoughts; manufacture one key point with every section. If you make the four points listed above, you will need a

 

least of four paragraphs. 

 

 

Abstract: 

The summary should be two hundred words or less. It should briefly and clearly explain the key findings reported in the manuscript--
must have precise statistics. It should not have abnormal acronyms or abbreviations. It should be logical in itself. Shun citing references 
at this point. 

An abstract is a brief distinct paragraph summary of finished work or work in development. In a minute or less a reviewer can be taught 
the foundation behind the study, common approach to the problem, relevant results, and significant conclusions or new questions.  

Write your summary when your paper is completed because how can you write the summary of anything which is not yet written? 
Wealth of terminology is very essential in abstract. Yet, use comprehensive sentences and do not let go readability for briefness. You can 
maintain it succinct by phrasing sentences so that they provide more than lone rationale. The author can at this moment go straight to 
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principle while stating the situation. The purpose is to text all particular resources and broad procedures, so that another person may 
use some or all of the methods in one more study or referee the scientific value of your work. It is not to be a step by step report of the 
whole thing you did, nor is a methods section a set of orders. 

 

Materials: 

Explain materials individually only if the study is so complex that it saves liberty this way. 
Embrace particular materials, and any tools or provisions that are not frequently found in laboratories.  
Do not take in frequently found. 
If use of a definite type of tools. 
Materials may be reported in a part section or else they may be recognized along with your measures. 

Methods:  

Report the method (not particulars of each process that engaged the same methodology) 
Describe the method entirely 
To be succinct, present methods under headings dedicated to specific dealings or groups of measures 
Simplify - details how procedures were completed not how they were exclusively performed on a particular day.  
If well known procedures were used, account the procedure by name, possibly with reference, and that's all.  

Approach:  

It is embarrassed or not possible to use vigorous voice when documenting methods with no using first person, which would 
focus the reviewer's interest on the researcher rather than the job. As a result when script up the methods most authors use 
third person passive voice. 
Use standard style in this and in every other part of the paper - avoid familiar lists, and use full sentences. 

What to keep away from 

Resources and methods are not a set of information. 
Skip all descriptive information and surroundings - save it for the argument. 
Leave out information that is immaterial to a third party. 

Results: 

 
 

The principle of a results segment is to present and demonstrate your conclusion. Create this part a entirely objective details of the 
outcome, and save all understanding for the discussion. 

 

The page length of this segment is set by the sum and types of data to be reported. Carry on to be to the point, by means of statistics and 
tables, if suitable, to present consequences most efficiently.You must obviously differentiate material that would usually be incorporated 
in a study editorial from any unprocessed data or additional appendix matter that would not be available. In fact, such matter should not 
be submitted at all except requested by the instructor. 

 

Present surroundings information only as desirable in order hold up a situation. The reviewer does not desire to read the 
whole thing you know about a topic. 
Shape the theory/purpose specifically - do not take a broad view. 
As always, give awareness to spelling, simplicity and correctness of sentences and phrases. 

Procedures (Methods and Materials): 

This part is supposed to be the easiest to carve if you have good skills. A sound written Procedures segment allows a capable scientist to 
replacement your results. Present precise information about your supplies. The suppliers and clarity of reagents can be helpful bits of 
information. Present methods in sequential order but linked methodologies can be grouped as a segment. Be concise when relating the 
protocols. Attempt for the least amount of information that would permit another capable scientist to spare your outcome but be
cautious that vital information is integrated. The use of subheadings is suggested and ought to be synchronized with the results section. 
When a technique is used that has been well described in another object, mention the specific item describing a way but draw the basic 
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Do not present the similar data more than once. 
Manuscript should complement any figures or tables, not duplicate the identical information. 
Never confuse figures with tables - there is a difference. 

Approach 
As forever, use past tense when you submit to your results, and put the whole thing in a reasonable order.
Put figures and tables, appropriately numbered, in order at the end of the report  
If you desire, you may place your figures and tables properly within the text of your results part. 

Figures and tables 
If you put figures and tables at the end of the details, make certain that they are visibly distinguished from any attach appendix 
materials, such as raw facts 
Despite of position, each figure must be numbered one after the other and complete with subtitle  
In spite of position, each table must be titled, numbered one after the other and complete with heading 
All figure and table must be adequately complete that it could situate on its own, divide from text 

Discussion: 

 

The Discussion is expected the trickiest segment to write and describe. A lot of papers submitted for journal are discarded based on
problems with the Discussion. There is no head of state for how long a argument should be. Position your understanding of the outcome
visibly to lead the reviewer through your conclusions, and then finish the paper with a summing up of the implication of the study. The
purpose here is to offer an understanding of your results and hold up for all of your conclusions, using facts from your research and
generally accepted information, if suitable. The implication of result should be visibly described. 
Infer your data in the conversation in suitable depth. This means that when you clarify an observable fact you must explain mechanisms
that may account for the observation. If your results vary from your prospect, make clear why that may have happened. If your results
agree, then explain the theory that the proof supported. It is never suitable to just state that the data approved with prospect, and let it
drop at that. 

Make a decision if each premise is supported, discarded, or if you cannot make a conclusion with assurance. Do not just dismiss
a study or part of a study as "uncertain." 
Research papers are not acknowledged if the work is imperfect. Draw what conclusions you can based upon the results that
you have, and take care of the study as a finished work  
You may propose future guidelines, such as how the experiment might be personalized to accomplish a new idea. 
Give details all of your remarks as much as possible, focus on mechanisms. 
Make a decision if the tentative design sufficiently addressed the theory, and whether or not it was correctly restricted. 
Try to present substitute explanations if sensible alternatives be present. 
One research will not counter an overall question, so maintain the large picture in mind, where do you go next? The best
studies unlock new avenues of study. What questions remain? 
Recommendations for detailed papers will offer supplementary suggestions.

Approach:  

When you refer to information, differentiate data generated by your own studies from available information 
Submit to work done by specific persons (including you) in past tense.  
Submit to generally acknowledged facts and main beliefs in present tense.  

Content 

Sum up your conclusion in text and demonstrate them, if suitable, with figures and tables.  
In manuscript, explain each of your consequences, point the reader to remarks that are most appropriate. 
Present a background, such as by describing the question that was addressed by creation an exacting study. 
Explain results of control experiments and comprise remarks that are not accessible in a prescribed figure or table, if 
appropriate. 
Examine your data, then prepare the analyzed (transformed) data in the form of a figure (graph), table, or in manuscript form. 

What to stay away from 
Do not discuss or infer your outcome, report surroundings information, or try to explain anything. 
Not at all, take in raw data or intermediate calculations in a research manuscript.                    
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Do not give permission to anyone else to "PROOFREAD" your manuscript. 

Methods to avoid Plagiarism is applied by us on every paper, if found guilty, you will be blacklisted by all of our collaborated
research groups, your institution will be informed for this and strict legal actions will be taken immediately.) 
To guard yourself and others from possible illegal use please do not permit anyone right to use to your paper and files. 

The major constraint is that you must independently make all content, tables, graphs, and facts that are offered in the paper.
You must write each part of the paper wholly on your own. The Peer-reviewers need to identify your own perceptive of the
concepts in your own terms. NEVER extract straight from any foundation, and never rephrase someone else's analysis. 

Please carefully note down following rules and regulation before submitting your Research Paper to Global Journals Inc. (US):  

Segment Draft and Final Research Paper: You have to strictly follow the template of research paper. If it is not done your paper may get
rejected.  
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CRITERION FOR GRADING A RESEARCH PAPER (COMPILATION)
BY GLOBAL JOURNALS INC. (US)

Please note that following table is only a Grading of "Paper Compilation" and not on "Performed/Stated Research" whose grading 

solely depends on Individual Assigned Peer Reviewer and Editorial Board Member. These can be available only on request and after 

decision of Paper. This report will be the property of Global Journals Inc. (US).

Topics Grades

A-B C-D E-F

Abstract

Clear and concise with 

appropriate content, Correct 

format. 200 words or below 

Unclear summary and no 

specific data, Incorrect form

Above 200 words 

No specific data with ambiguous 

information

Above 250 words

Introduction

Containing all background 

details with clear goal and 

appropriate details, flow 

specification, no grammar 

and spelling mistake, well 

organized sentence and 

paragraph, reference cited

Unclear and confusing data, 

appropriate format, grammar 

and spelling errors with 

unorganized matter

Out of place depth and content, 

hazy format

Methods and 

Procedures

Clear and to the point with 

well arranged paragraph, 

precision and accuracy of 

facts and figures, well 

organized subheads

Difficult to comprehend with 

embarrassed text, too much 

explanation but completed 

Incorrect and unorganized 

structure with hazy meaning

Result

Well organized, Clear and 

specific, Correct units with 

precision, correct data, well 

structuring of paragraph, no 

grammar and spelling 

mistake

Complete and embarrassed 

text, difficult to comprehend

Irregular format with wrong facts 

and figures

Discussion

Well organized, meaningful 

specification, sound 

conclusion, logical and 

concise explanation, highly 

structured paragraph 
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