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goal of the project was to study the workstation using     
discrete-event modeling and simulation in order to evaluate 
various optimization scenarios. 

Figure 1. The printed panel behind the pointer of a typical gage. 

 

Literature Review 
 
Simulation modeling is an effective tool in the area of 
operations research that helps approximate real-world    
behaviors and studies the resilience of a system against a 
range of test scenarios. Additionally, creating a simulation 
produces a high-level understanding of the system for the 
modeler (Maidstone, 2012). There are mainly three        
approaches to simulation: DES, system dynamics (SD), and 
agent-based simulations (ABS). DES models a process as a 
sequence of events. The entities move between states as 
time passes. Viewed as a network of servers and queues, 
DES helps determine the addition of new servers, entities, 
or restructuring of the network (Maidstone, 2012). SD mod-
els focus on network flow rather than the entitiesô behav-
iors. The model forms a network of stocks, flows, and de-
lays and evaluates them against some criterion. System be-
haviors are studied through the types of flows. Lastly, ABS 
is based upon autonomous agents that are fed with rules and 
a goal. The model simulates how an agent would interact 
with its environment and other agents. The choice of the 
approach may depend on the type of problem being solved. 

Abstract 
 
In this paper, the authors discuss a feasibility study of 
automating a label printer workstation through discrete-
event simulation implemented in Simio. The initial study 
and discussion with the line supervisor indicated some inef-
ficiency in their printing workstation in terms of utilization. 
In particular, the study focused on determining whether or 
not robotic arms could improve printer utilization (there 
were five printers with two operators for the entire work-
station). The analysis of the results showed that, with the 
automation of the loading and unloading operations by   
robots with a single operator, the production capacity of the 
workstation could be increased slightly. This would allow 
the company to process more plates as well as a possible 
cost reduction in production, which could be a beneficial 
decision for the company. 
 

Introduction 
 
Discrete event simulation (DES) is a powerful tool that 
can be used by a companyôs management, as it provides the 
spot-on knowledge essential to the companyôs resource  
distribution analysis and assessment of its production     
process capabilities. Through DES, a variety of real-world 
production systems can be studied. Using the simulation 
modeled, the process design can be tested against different 
scenarios and arrangements in a production line without 
involving actual risks. As the simulated model can be tested 
for any possible/hypothetical scenario, informed decisions 
can be made regarding investment in a production plant, its 
expansion or reforms, balancing of production lines, etc. 
(Yesilgul & Nasser, 2013). The printing workstation studied 
was part of a production line in a mid-west manufacturing 
company. Figure 1 shows the workstation that printed labels 
for various indicators found in commercial pressure gauges. 
The line supervisor and the plant engineer at the company 
initially stated that their preliminary studies showed that the 
workstation output could be further improved through auto-
mation (i.e., using robotic arms). Yet, they were not sure if 
such automation would be useful. The focus of this current 
study was on utilization improvement of workstations. 
 

Statement of the Problem, Goals, and 
Objectives 
 
The underutilized printing workstation of the company 
needed to be optimized in terms of machine utilization. The 
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The three models can also be used alongside one another 
to model a system. DES is a bottom-up modeling approach 
that is used for systems that have queues, while SD is ideal-
ly used for systems that have natural flows (e.g., water pipes 
or when a simple view of a very large complex system is 
required). SD uses a top-down modeling approach, while 
ABS and DES are bottom-up approaches. Unlike SD and 
ABS, DES is a stochastic model and gives different results 
on different runs, while simultaneously handling random-
ness. The entities are passive in DES; in ABS, unlike DES, 
the entities are active. ABS modeling takes longer to model 
and run compared with DES and SD (Maidstone, 2012). 
 
Simulations have been extensively used by the manufac-
turing sector to evaluate the current state, investigate      
improvement areas, and estimate the impact of certain    
scenarios. For highly variable and complex systems, the use 
of simulations becomes inevitable. DES is an important tool 
for providing solutions to production sector problems, such 
as workers assignment, allocating resource, production line 
designing, and workload balancing (Salama, Abdelhalim & 
Eltawil, 2017). The main goal of using DES for production 
lines is cost and cycle time reduction, bottleneck elimina-
tion, increasing productivity, and resource utilization 
(Prajapat & Tiwari, 2017). 
 
The DES approach helps design optimized production 
processes (Zupan & Herakovic, 2015). The simulations can 
be designed for existing or non-existing production lines. 
Therefore, the approach can be used effectively for both 
small and large, real or imaginary enterprises. Due to its 
what-if conditional logic, the system behavior can be stud-
ied using hypothetical test scenarios, which can be visual-
ized by merely providing the different input parameters. 
Studying the behavior of design can help avoid unnecessary 
costs, as the system can accurately predict system behavior 
within a specific scenario. DES was used to prove how  
incorporating robots into a production line can increase its 
productivity, where modeled three types of production lines 
were modeled: an ideal production line, a production line 
with human workers, and one where human workers were 
replaced with robots (Kampa, Goğda & Paprocka, 2017). 
The ideal production line highlighted the maximum achiev-
able production rate. The model had constraints and noise 
added to it as availability control, buffers, and time     
schedule. Factors typical to the manufacturing sector were 
also added with constant and varying values, machine cycle 
time, a stochastic value for operator time for a worker, and 
constant speed for loading/unloading time for the robot. 
 
DES was also employed to optimize the layout of two 
individual production lines of an automobile company that 
produced and stored the products in the production area 
(Kurkin & Ġimon, 2011). The objective was to reduce the 
special arrangement of the two lines and optimize the layout 
with regards to planned production. The space saved by the 
merger of the two lines was to start another production line 
in the same production hall. The two production lines were 

simulated and five layout variants were modeled. The    
variant that scored the highest against evaluation criterionð
such as quality, the distance between operations, costs,   
material flows, continuity, transport, number of operators, 
noise level, etc.ðwere selected. The merged production 
lines worked in shifts. The case study showed how DES 
helped come up with a decision based on realistic data. 
Simio was used to create a DES model for an assembly line 
of die carton boxes. Two models were made, one for the 
existing assembly line and another for the new system with 
lean principles implemented. The simulation experiments 
estimated the requirement of resources and performance, 
thus quantifying the benefits of implementing lean princi-
ples (Ares, Pel§ez, Ferreira, Prieto & Chao, 2012). 
 
DES, nevertheless, holds certain strengths and weakness-
es. The strengths include its ability to allow studying and 
experimenting on complex systems, feasibility testing of a 
phenomenon, while the weaknesses could be the require-
ment of training to model, and the simulation being subject-
ed to randomness (Sharma, 2015). An important factor that 
determines the successful application of DES for a produc-
tion site is the quality of data that is collected to create the 
simulation (Bokrantz, Skoogh, Lªmkull, Hanna, & Perera, 
2018). Limited accessibility, missing details on minor    
nuisances, irrelevant data, etc. are a few aspects that may 
cause the simulation to fail, taking into account the actual 
process prevalent on a production line. 
 

The Workstation 
 
There were two operators that worked eight hours a day 
and on five printers. Out of these, four had the same specifi-
cations, while the remaining larger printer was different. 
Operator 2 handled one of the four similar printers as well 
as the unique larger printer. Operator 1 handled the remain-
ing three similar printers. Figure 2 shows the label printer 
workstation. 

Figure 2. Label printer workstation. 
 
Figure 3 shows that there were five different plates and 
each plate could be placed on seven types of jigs. The print-
er capacity and compatibility with the plates and jigs varied. 
The combination was selected according to the label that 
needed to be printed. 


