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ABSTRACT 
Following advent of new scopes of science and technology and their applications in industry, drastic progresses have occurred 
in this field; automation is an instance of such phenomena. Application of industrial automation plays a crucial part in making 
the producing companies agile. In fact, agility concept serves as an organizational guideline and model, and industrial 
automation is regarded as an approach for implementing this target. For this purpose in the current research, agility degrees of 
post-automation and pre-automation production are determined based on the proposed practical model through demonstrating 
statistical data observed before and after implementation of the automation process and partitioning these data on the diagram. 
In addition, impact of industrial automation is analyzed on agility indices of production. Then, the resulting Agilization value 
is measured.   
Keywords: Agility Degree, Agilization, Industrial Automation. 

1. INTRODUCTION 
Drastic transformations have occurred in the scope of global industry, production, and commerce in the current 
industrial era and specifically during the last two decades. And, production and industrial units, due to their important 
role in this respect which influences growth and development of developing countries, shall welcome such 
transformations through benefiting from the newest science and technology findings to keep pace with the global trend 
and apply methods for improvement and promotion of their production and economic activities in quantitative and 
qualitative aspects. They can accordingly have competition ability in the present competitive environment where the 
commodity production cycles are shortening, clients' needs are getting diversified and delivery durations are 
decreasing. The traditional (conventional) production methods no longer meet the market requirements and items such 
as fast delivery, quality, flexibility, optimal design, reliability, and ultimately, productivity development and 
elimination of losses are new competitive weapons. 

For the same purpose and in order to achieve these goals, a new concept referred to as "automation" emerges, which 
signifies automatic control and is extensively applied in different industries nowadays. Application of automation in 
large, medium and small companies include utilization of robots and automated industrial machines which contributes 
to promotion of qualitative and quantitative level of products in developing countries through facilitation of production 
processes, but also leads to elimination (dismissal) of workforce in these countries. This transformation remarkably 
affects productivity promotion via enhancing quality, quantity, flexibility and reducing the costs. Industrial automation 
is an example of evolutionary and forward movement of human societies toward progress.  

Some research works have been conducted in this regard. For instance, Javarshian & Zenouzi (2003) in a paper 
entitled "Assessing Role of Automation in Promoting Productivity Level of Production Units" studied role of 
automation in promoting organizations' productivities through listing types of automation and identifying the key 
elements of this promotion.  Also, in another part of their research, they investigated the obstacles and resistances 
against implementation of automation. At the end, a statistical comparison was presented concerning implementation 
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of automation based on data from different countries of the world [1]. 
In an article entitled "Efficiency of Industrial Automation of Complex-Structure Systems", Yaroshenko (2002) 

analyzed role and position of automation in complex-structure organizations in real and continuous times (without 
working hiatuses). They mentioned this case as a significant example in implementation of industrial automation and 
controllable systems [2]. 

Through a research concerning impact of high-speed machines in computerized and control and automation, Hon 
(2006) studied role and application of high-speed machines and numerical control in advancing the production process 
and operations. He analyzed the plans and requirements for progress of these techniques via exploring their demands in 
implementation of industrial automation [3]. 

Itskovich (2010) provides a verifiable and documented assessment of efficiency and agility in a paper entitled 
"Approach of Assessing Efficiency of Automation Systems" taking into accounts the initial data acquired through 
analyzing efficiency and performance of automation systems in their different lifecycles [4]. 

In a research article about computerized control for agile system, Brennan (2011) designed a modular system based 
on computerized control intended to coordinate the speed and change for establishing a flexible and also to realize 
productivity, which is an objective of all production systems, he also implied to intense global competitive pressures 
leading to transformations in the production system and movement toward automated production [5].  

Zühlke and Ollinger (2012) also have viewed the system agility from the attitude of automation network and 
concepts of physical cyber systems as well as service-based architecture in a research’s work concerning agile 
automation systems based on physical cyber systems and service-based architecture [6]. 

The formerly conducted research works in this area have mainly either studied implementation of industrial 
automation in different production systems as well as the role of industrial automation in industries during their 
different life cycles or have analyzed relationship of this technology with numerical control and high-speed machines. 

Additionally, alternative studies have also considered the role of automation in improving productivity of the 
organization and its upcoming challenges. Nonetheless, in spite of all the research works conducted as of today in this 
scope, it seems that no research has ever been carried out to propose a model for measuring organizational agility using 
industrial automation. Industrial automation represents an approach for implementing agility (agilization) in the 
organization and is among the items affecting industrial indices. Hence, the current research deals with this subject. 
In the present research, after a brief literature review, the next section initially depicts automation and agility concepts 
in order to offer a general preface of the subject. Then, the problem is stated and the proposed model for measuring 
organizational agility is discussed. In the subsequent section, the research carried out in this field by the authors' 
research team in AMOL School Facilities Company, is analyzed as a case study and typical example of industrial 
automation implementation in developing countries. Finally, the necessary analyses are presented in the results and 
discussion’s sections concerning the obtained findings and the advantages. 

 2. AUTOMATION 
Automation is derived from the Greek word "Automatos". Generally Overview, automation signifies application of 
machines in performing works that are risky, tiring and complicated or time-consuming for individuals. It is essentially 
based on methods, systems and skills. Automation is in fact a technology that connects with applications such as 
mechatronics and computer for production of commodities and provision of services. Automation represents operation 
processing using a variety of machineries and electronic and pneumatic instruments. Industrial automation is a system 
that oversees all industrial activities including the stages of design, selection, execution, installation, production and 
sales; it handles and controls the tasks intelligently. Official automation is also classified in this scope that could be 
effective for accelerating and unification process of organizational affairs along with company's solidarity. However, 
the present research focuses on industrial automation only.  

 3. AGILITY  
Agility or speed of action of an organization means maximal flexibility such that not only it responds to the changes in 
product, market and customer's requirements, but also provides opportunities to be recognized as the superior 
organization among the opponents. Agile production signifies enabling the organization to respond to the continuous 
and unpredictable changes of the competitive environments [7]. Actually, agility originates from flexible production 
systems. It was primarily presumed that flexibility could be only achieved through implementing automation in 
construction and production aimed at better responding to variations in the volume or quantity of the products. But, this 
idea was then extended to a wider concept and concept of agility was devised as an organizational guideline and index. 
Agility is an extensive capability of the business which incorporates organizational structures, information systems, 
transportation processes and also people's attitudes [8]. Agility means taking use of the knowledge of market and 
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virtual companies for benefiting from profitable opportunities in instable markets [9].   

 4. STATEMENT OF PROBLEM 
Agility essentially means ability of a company to survive in a competitive environment with predicted and continuous 
changes, and in other words, quick responsiveness to continuous market changes based on customers' variable tastes 
and values for new products and services. In the first look, agility seems to be the same as flexibility while the latter 
refers to production capability of different products in a joint production line, but the former signifies capability of 
changing from one production line to another among the different production lines. Change is an acceptable and 
routine fact for an agile manager. The main concerns of such manager are reduction of the final cost, improvement of 
product quality, reduction of delivery duration, change in production volume, and further satisfaction of customers' 
requirements. These items altogether constitute the agility dimensions. These dimensions were proposed according to 
the reference model of agile production by MERIDITE and FRANCIS and include: agile strategy, agile processes, agile 
relations, and agile personnel (staff or manpower). 

 5. METHODOLOGY 

5.1. Proposing a Theoretical Model 
Automation and Agilization of the organization in the current competitive era and acquisition of its abundant 
advantages for overtaking the opponents and gaining further profit and credit have encouraged the organizations to 
take steps in this respect by means of employing researchers and novel technologies. Actually, agility of any 
organization, particularly production organizations, is reliant on rapid responsiveness, flexibility, unified process and 
elimination of losses. Automation can also be among the highly useful tools for organizational agility. 

Application of automation might be attributed to the absence of skilled and accessible manpower and/or high costs of 
the workforce that orientates the organizations to implement this plan to overcome the aforementioned problems. Yet, 
the numerous advantages of technology shall not be neglected. 

The following items can be listed among the advantages of implementing this plan in the respective company: 
Reduction of the production process duration: Implementation of industrial automation enables faster response to the 

consumers' needs in addition to fluent and easy implementation of production operations that in turn leads to rapid 
execution of the process and prevention from waste of time. Thereby, customer's consent as the priority of all 
organizations will be also attracted. 

Reduction of costs: Besides reduction of costs associated with payments to the human workforce that has been 
working prior to automation, this transformation considerably lowers rate of waste production due to proper execution 
of the process and prevention from human errors, and consequently, the price of raw materials is reduced as well.  
Furthermore, instantaneous manufacturing and implementation of just-in-time production will become possible. 
Elimination and reduction of wastes results in reduction of costs, and ultimately, increase of profitability. Overall, it 
can be stated that remarkable reduction of costs was observed in the present study. 

Facilitation of procedures:  Through automation of the process, the operational procedures are remarkably facilitated 
and just one operator will be present in the production line. 

Quality improvement: By implementing the automation process, different operations are executed more accurately 
and rapidly and quality of products, which is of great significance for the sales, reaches a highly favorable level. Thus, 
further sales of the products and more profits are gained for the company besides the customers' satisfaction.  

Increase in production capacity: Production capacity or quantity is also increased with automation of the production 
line, enabling the company to achieve its suitable production level for meeting the current market requirements and 
also converting the potential markets into real achievements and maintaining its competitive position in the market 
followed by gaining further profits.  

Reduction of the needed space: Automation provides the possibility for the process to be carried out in a smaller 
space, and of course, at a higher quality and larger quantity through industrializing the cities and restricting the 
innovation space, or in other words, shrinkage of the company's operational and working area.  

Other advantages achieved via this plan include enhancement of control level through further supervision and 
planning, identicalness of product quality thanks to elimination of human errors, improved flexibility due to 
programmability of the plan, mitigation of environmental pollution, which is one of the major concerns of human in 
the present century. 
By proposing a practical version of the respective model in the current research, impact of industrial automation on the 
agility of production line is analyzed and agility degree is measured based on the research model. 
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Figure 1 The practical model proposed in this research 

 
A) Agile strategy: This component of model is focused on agility dimensions. Sub-scale of discipline determines 

organization’s policies. Sub-scale of strategic commitment reflects strategic commitment and sub-scale of control and 
supervision is also used for controlling organization’s policies in alignment with the major strategy of the organization.  

B) Agile processes: This component of model focuses on processes of the organization that act as backup for the 
organizational agility. Sub-scale of fast solution to the problem for coping with the probable variations and rich and 
ample information systems are utilized for participatory decision-making in the system; a flexible system is in turn 
composed of systems and software. 

C) Agile relations: This component of model emphasizes the external relations of the organization. Sub-scale of 
operational partnerships is for benefitting from resources and capabilities of two or several organizations. Sub-scale of 
committed providers is among significant agility elements that improves organization’s competence. Sub-scale of 
customer’s profound appreciation results in loyalty of the current and also potential customers of the organization. 

D) Agile personnel: This component of model concentrates on managing the organization’s manpower. Sub-scale of 
fast and capable decision-making leads to increase in the speed of reaction to changes. Sub-scale of multi-purpose and 
flexible personnel also contributes to doubling of organization’s capability in production process. Sub-scale of 
continuous learning -as one of the most important agility factors - is also prerequisite of a learner company and a 
consistent source of agility.  

5.2. Measuring Agility Degree using the Proposed Model 
Now, to assess the research result, sum of company’s performance in terms of major components represents the degree 
and category of the company’s agility. Hence, Figure 1 illustrates how to measure the agility degree taking into account 
the major and minor components in the recommended model through the following formulas.  
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(2)  
AD: Purity degree 
Ai: Performance of the i-th major component 
Ns: Performance of the s-th minor component 
Then, to measure the agility degree, in the first step, performance levels of sub-scales of each component are calculated 
from the major components. To do so, a continuum from 1 to 100 is illustrated and all minor components are assessed 
in the range of this spectrum. Based on this strategy, first the permissible upper and lower limits of agility for all minor 
components are determined. 
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Each percentile of this continuum is the basis for scores of minor agility components. It means that performance of 
industrial units for each sub-scale is a value between the respective standards which equals company’s score caused by 
applying the sub-scale. 
Nevertheless, with regard to some components such as volume of the inputs that are negatively correlated to increase in 
the company’s agility degree, it must be noted that the continuum direction is inversed for alignment of the negative 
data. And in the inverse state, scores of components is computed so as to nullify the negative impact of correlation of 
these components on production agility. 
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 After calculation of all sub-scales, sum of scores of all calculated minor components and performance scores of each 
major component are obtained according to Formula (1). Following calculation of performance for all major 
components, it comes to evaluate the company’s agility degree. In this step, sum of agility scores of agile components -
obtained from the former step- are calculated through formula (2) and the company’s total score is accordingly 
determined. The final value is positive, which is designated “agility degree” in the present research. 

 

 6. CASE STUDY ANALYSIS 
Production companies, including Amol School Facilities Company in which the current plant was implemented, are 
seeking an Agilization of their production and sales process to achieve goals like cost reduction, flexibility, qualitative 
and quantitative improvement. The respective company follows commodity-production style (product-based), and 
accordingly, unification of production process will play an important role in operation speed, increase of production 
capacity, reduction of production duration and productivity improvement.  
Amol School Facilities Company manufactures products such as student desk and seat, university student seat, 
dormitory metal wardrobe, computer chair, and a variety of other seats. The whole production includes school and 
university school seat and desks. Previously, production cycle was as shown below: 
 

 
Figure 2 Executive procedures of production process before automation 

 
But, our research team's plan implemented in this company consists of two general parts: layout design and 

industrial automation. Having collected the needed data such as: precise identification of product, manufacturing 
mechanism of each section, number of equipment, function of each equipment, number of operators in each section and 
equipment, material transportation paths including delivery of the initial material and loading of the final product, and 
other diverse information, the team all along got full knowledge of the process and then commenced the design stage 
for implementation by processing the raw data and the resulting acquired information. 
Parallel to the layout design team that deals with information processing and design of the factory's layout, the 
automation team started designing equipment for automating the following sections: de-lubrication, phosphate 
treatment, rinsing, and drying and coloring (painting or drying) system. 
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Figure 3 Executive procedures of production process after automation 

 
After completion of research team's job and preparation of the layout design and industrial automation equipment, 

the operational work was performed in site for reforming the layout of the former equipment and installation of the 
newly designed industrial automation equipment. As such, the new process resumed working in a novel context and 
with more agility. 

 

6.1. Statistical Observations   
Before the implementation of layout design and industrial automation, 28 operators were averagely working in the 
entire operational sectors of the company; implementation of the respective plan reduced the operators to 17 and this 
reduction of operators signifies reduction in manpower expenses, and as a result, an increase of profit for the company. 
The following table demonstrates the working sectors. 
 

Table 1 Four sectors of the company 
Sub Set  Set  

Cutting – Press – Welding   Section A  

De fat – Phosphate – Rinse – Dryer – Spray paint – Dryer   Section B  

Press – Cutting – Sandy Handling  Section C  
Nylon Wrapping – Assembly   Section D  

 
Different sections in each sector, and in the higher level, the four sectors represent the constituents of the company and 
each commensurately plays its own crucial role in the production process. Accordingly, appropriate and efficient 
linkages between them and absence of bottlenecks in these relations coupled with sufficient number of personnel is 
greatly significant in this regard. Comparative diagram of the number of personnel (operators) before and after 
implementing automation is illustrated in Figure 4, perfectly indicating how manpower has reduced in number. 
 

 
Figure 4 Diagram of number of personnel before and after implementation of automation 
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As previously discussed, automation process increases the production capacity via elimination of losses and hence 
enhances the company's output, i.e., the final product. Having carried out industrial automation in the respective 
company, average production capacity is approximately 3500 with the current 17 operators while the former production 
capacity was nearly half of this value with the number of operators working before the automation. 
 

 
Figure 5 comparative diagrams of production capacity (a) and manpower (b)  

 
Regarding the coloring quality, it must be also stated that quality of the product's color or paint was remarkably 

enhanced such that it cannot be compared to the pre-automation status. Prior to implementing the automation, the 
product failed to have the desirable quality, but uniform color spraying and homogeneous dye surface after automation 
contributes to favorable quality of the final product, attracting further customers' satisfaction that results in more profit 
for the company and continuation of the production.  

 

6.2. Measuring the Agility Degree 
Extent of Agilization through automation process can be assessed by calculating the agility degrees before and after 
implementing automation. A suitable range of this value that might be related to company's objectives could attract the 
satisfaction of the company and customers. 

In this step, the desired value can be achieved by using hierarchical system of scales and sub-scales in the current 
research model and via benefiting from the viewpoints of industrial and academic elites. This parameter is evaluated 
twice (before and after automation) using the following formulas.   

 
Value of agility degree before automation process in the production line: 
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Value of agility degree after automation process in the production line: 
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As observed, value of agility degree, as the result of measuring this parameter based on four major indices (scales) and 
12 sub-scales, equals 300 before implementing automation, which indicates an unfavorable status according to Table 2.  
In contrast, this value equals 820 following implementation of automation, which is suggestive of a tolerable status. 
 

Table 2 Degree, status, and percentage of agility 
O Agility 1-240 240-480 480-720 720-960 960-1200 

Status of Agility Highly  
Undesirable Undesirable Average Tolerable Favorable 
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Agility percent - - Basic Agility Agility Relative Excellent Agility 
 
 
Given the agility degree values before and after automation process, the value of Agility degree acquired through 
formula 6 can be evaluated now. The obtained value designated as "Agilization value" is a positive value. 
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This value, i.e. 520 is the Agilization degree resulting from automation process which is an acceptable and excellent 
value for the respective company. 

 

 7. DISCUSSION AND CONCLUSION 
With industrial growth of developing countries and need to application of novel technologies in this scope for reducing 
costs and increasing profitability, particularly during the recent decade that economic growths of many countries have 
encountered problems and even declined, it further seems necessary to provide the contexts of just-in-time and agile 
production by taking a comprehensive and quality and quantity-based approach through implementation of plans like 
industrial and even official automation. Accordingly, the basic requirements for modernization of industry in these 
countries will be guaranteed. As an endorsement for this approach, implementation of automation in Amol School 
Facilities Company through avoiding traditional and manual production led to reduction in costs of time loss, raw 
materials and human force as well as mitigation of human errors and its impact on the product quality. The clients' 
dissatisfaction was consequently alleviated to a great extent and also the production capacity increased contributing to 
more financial achievements for the company. Measurement of agility degree is a means to assess the Agilization 
process of the companies and could serve as a practical and useful index for strategic and overall management of the 
organization. Further research works in different industries need to be conducted for future demands in this respect. 
Their findings shall be applied and extrapolated to other similar companies aimed at advancing the industrialization 
trend of countries and their progressive economic growth. 
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