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Abstract 

The printing company’s process performance depends on the possibility of providing requested products 

and managing the existing constraints of fixed machine layouts and high setup times between different 

products. Process inefficiencies caused by these factors reflect on throughput, production times, and 

resource utilization. The changes that improve one part of the production system usually affect other 

parts, needing additional optimization, and it is very useful to test the feasibility of proposed solutions 

with simulation before implementation. This paper presents a new algorithm for continuous 

improvement of enterprises performance, combining the lean approach with cellular manufacturing, and 

simulation. The performance is observed in a way that a certain setup influences the system in its 

entirety, rather than on a specific part of that system. The results are presented through models developed 

within the production optimization phase, representing various ways in which the continuous 

improvement algorithm can unfold. Each of them comes with its advantages and disadvantages, all 

intending to create more efficient production processes that generate less production waste. 
(Received in August 2023, accepted in February 2024. This paper was with the authors 1 month for 1 revision.) 
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1. INTRODUCTION 

The production process in the printing industry includes the preparation of files for printing, 

product printing, finishing (which may contain several stages depending on the product), the 

final stage (taking out the excess cardboard around the box and gluing), and packaging. The 

complexity of production planning in the printing industry primarily stems from the fact that 

companies produce for a well-known customer, according to given specifications and within 

short deadlines. This categorises the printing processes almost as a service [1]. 

      Each product has specifications and limitations. The specifications refer to the number of 

colours of the product, the type of varnish and the place of varnishing, the dimensions of the 

product, the format of the material, special finishes (blind printing and gold printing), and the 

method of gluing the product. Limitations are mainly related to the number of colours or the 

format of the material. All this affects the setup time of the machines. The setup time parameter 

is the main factor that affects the realization of the production operations, because it takes a lot 

of time to replace the tools and prepare the machines for production. Precisely for this reason, 

the possibility of producing semi-finished products does not exist (it is not profitable to stop the 

production of one product and start the production of another). 

      Also, the printing machines are large and cannot change their position within the factory. 

Some products can be made in several passes on the machine, i.e. large boxes from two parts 

in order to overcome the limitations, and this requires a significantly longer production time. It 

is necessary to take into account all the specifications and limitations so that the utilization of 

the equipment and the productivity of the entire system are at a sustainable level. 
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1.1  Lean tools and printing production processes 

By grouping products, determining the optimal flow of materials and the production schedule, 

and with the implementation of lean tools, it is possible to maximally reduce the setup times. 

Simplified production flows in printing company contribute to better production process 

performances [2]. As a way of achieving better and more efficient material flows, group 

technology and cellular manufacturing can be combined with lean implementation practices 

and tools, but as noted in [3], the lean manufacturing system implementation must be planned 

and comprehensive. As in any other production, from the manufacturing of ultrasonic sensors 

[4] to influencing wastes in the banking industry [5], the lean philosophy can also be applied in 

the production systems of the printing industry [6, 7], because the arrangement of workplaces, 

the introduction of continuous improvements, and the prevention of errors and the elimination 

of losses are not affected by the type of production system. The application of lean techniques 

and tools often requires getting into details of all elements that represent the production process 

and identifying wastes. As reported in [1], a printing company implemented lean tools and for 

two years tackled all waste types, with a reported reduction of setup time, employee absence, 

and paper scrap. Many lean tools were implemented such as 5S, value-stream mapping (VSM), 

single-minute exchange of die (SMED), Poka-Yoke, etc. The authors reported that lean tools 

are applicable to the printing industry, but more important than the selection of the tools is the 

long-term approach to change in the right direction. In [8] the usage of SMED tools is reported, 

for a flexographic printing process where non-value-added time significantly influenced the 

printing press availability. The implementation of SMED reduced the downtime of the printing 

press during changeovers between different products and positively affected the overall 

equipment efficiency (OEE) performance indicator. Another research for the same type of 

printing process was shown in [9], where waste was idle machine time, consuming energy and 

not producing anything. The authors report that the application of tools such as why-why, 

Kaizen and root-cause analysis reduced the idle time of printing machines by 30 %. 

1.2  Continuous improvement and group technology 

Continuous improvement has become a highly sought-after concept for the functioning of 

organizations in the twenty-first century to ensure not only a competitive advantage but also 

the survival of the company in the market. The business environment in recent decades has 

faced numerous challenges, such as globalization, a more informed and demanding customer, 

dramatic technological advancements, increased awareness of the importance of the 

environment and ethics at work, and quality as a key concept in business, among others. 

Furthermore, lean management is a philosophy that has led to the accelerated development and 

progress of continuous improvement as it is one of the fundamental pillars of the Japanese 

philosophy [10]. Continuous improvement, as part of the Lean philosophy, finds its application 

in all industries, including the printing industry [11]. 

      The effective implementation of a flexible manufacturing system requires the categorization 

of parts based on similarities in design and manufacturing attributes. This categorization enhances 

the adaptability of production planning and manufacturing processes. By grouping parts with 

similar processing requirements, dissimilar machines are organized into cell concepts, aligning 

with Lean principles. The formation of cells is inherently dependent on the specific characteristics 

of the processes, varying across different organizations [3]. 

1.3  Introducing simulation into the lean transformation of printing processes 

Since waste reduction through lean tools implementation will change how the process is 

organized, executed, and managed, it is useful to model the process or multiple processes and 

simulate the effects of designed changes introduced by lean technology [12]. This enables 
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experimentation with different process scenarios [13-16], and a combination of lean mapping 

tools and simulation for reviewing the as-is and to-be states (mostly a combination of VSM and 

simulation software) [17-20], to avoid inefficiencies and give support to better decisions [21]. 

      Looking at the printing industry specifically the simulation was used for the needs of 

process optimization. In [22], simulation is used to evaluate lean implementation in packaging 

production processes which in one phase includes printing. The application of four lean tools 

was estimated against work in process, cycle time, and workers utilization. In [23] the lean and 

simulation were combined to reduce the product return rate for a garment printing company. 

Proposed improvement measures like 5S and visual control were validated through the use of 

simulation software, thus enabling the company to optimize the production process. 

      Although lean technology and tools are present in the printing industry, the implementation 

process of a lean tool could be costly [1]. Successful implementation of lean tools needs to be 

oriented towards reducing lead time, sustainable resource utilization [24], and enhancing 

manufacturing excellence with a lean management principles and Industry 4.0 [25]. As can be 

seen from previous research, simulation was used as support of lean transformation, not only 

to see the advantages of planned introduced changes but also to evaluate whether the benefits 

of the certain lean tool implementation are justified. To contribute to existing research, this 

paper introduces a new algorithm that is developed for the needs of better integration of the 

lean approach and simulation when used in the specific field of printing process optimization. 

The algorithm phases and its steps were developed to simplify the lean tools implementation 

and to compare the process performances in the light of implementation decisions, in the 

continuous improvement cycle which the lean approach carries with itself. 

      The next section describes the algorithm. After that the case study setup for simulation 

experimentation is explained, followed by the discussion of experimental results and 

concluding observations. 

2. MATERIALS AND METHODS 

Year after year, the number of requests for the production of various products that companies 

receive is steadily increasing. This leads to an increase in the time companies spend on 

preparation, while simultaneously being required to manufacture products in a shorter 

timeframe. In addition to reducing the preparation time for production at individual 

workstations, it is crucial to release products into production in an appropriate sequence, 

ensuring that machines are utilized more efficiently, adding value to the product. 

      The algorithm emerged due to the author's practical experience in manufacturing facilities, 

intending to develop a high-quality procedure focused on optimizing and improving production 

systems. As the algorithm's name suggests, the authors have integrated their practical 

knowledge in group technology, lean management, process optimization, and continuous 

improvement, aimed at addressing the growing challenges that companies face. The algorithm 

for continuous improvement through the application of lean philosophy and group technology 

consists of eight phases, explained below (Fig. 1). 

      In the first phase, requirements and information are collected. This includes the collection 

of requirements for the production of certain products from the market, but also the collection 

of information from the market after delivery, to improve existing products and/or develop new 

ones based on customer satisfaction. 

      In the second phase requirements are analysed, because some requirements are related to 

products that have already been made before and it is not a problem to make the product again, 

but also there are new requirements for the production of products that have not been made 

before and it must be considered whether it is feasible to produce them. There are products that 

the company cannot produce for a number of reasons, namely if it is financially unprofitable if 
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there is currently no available production capacity, or if the company does not have the ability 

to produce the requested product. 

 

Figure 1: The phases of the algorithm for continuous improvement. 

      The third phase refers to the distribution of knowledge to workplaces. Knowledge from all 

sectors of the company is archived (knowledge about ways to solve problems, simulations 

results of the production schedule, innovations that are introduced in the company, kaizen maps 

about every implemented improvement of the work process, etc.). It is a knowledge base that 

is shared with all workplaces where it is needed to carry out continuous improvements in the 

company, and at the same time, it is easier to find a solution for the order of releasing products 

into production. This phase of the algorithm is connected to all other phases for continuous 

knowledge sharing, taking inputs from some phases and providing output information for 

others. 
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      In the fourth phase the material flow analysis is performed. A routing is created for each 

new received request that is accepted for production. Procedures for previously performed 

production jobs are also checked, if there have been certain changes in technology. When the 

routings for the production of all products from the requirements are collected, the analysis of 

material flows follows, so that the products can be grouped according to the similarity of 

production route. 

      The fifth phase is optimization, which needs to be performed before the production phase, 

with the use of simulation, and consists of several steps. The first step is to determine the 

optimization goals to be achieved. The goals can be expressed in the form of production time, 

costs, as well as the percentage of utilization of available production resources (workers and 

machines). Then follows the grouping of products according to the material flow analysis, 

meaning that the products from the product group are released together for production through 

one manufacturing cell (group of machines). Manufacturing cells are predetermined, because 

of printing machines' dimensions and weight. Once the assignment of product groups to 

manufacturing cells is made, the production needs to be scheduled within the group. The 

schedule is determined according to the criterion of similarity of the production machine setup 

procedure (number and type of colours, type and position of varnish, product dimensions, etc.). 

Once a week, product groups are formed and assigned to manufacturing cells, which makes it 

possible for one product group to be produced within one cell. The next step is to simulate the 

production. Based on the simulation results, i.e. the percent of utilization of workers and 

machines, and the time required for the production of products, it is decided whether the set 

goals have been achieved. If the goals have been achieved, no additional improvement of the 

production plan is necessary. 

      If the goals aren't achieved, the improvement of the production plan must be examined 

whether it is possible to do it or not (if the improvement is not possible, the production will 

execute according to the current production plan). If the improvement is possible, appropriate 

optimization options could be investigated. The first of them is the change of product groups, 

in such a way that products that are similar with more product groups can change the group and 

thus obtain a better simulation result. If the optimization goals have now been achieved, 

production can start. If goals are not met, the schedule within one operation group is changed, 

after which the simulation is performed again. If the result is satisfactory, production can start. 

However, if all the changes did not lead to the desired optimization goals, then it is examined 

whether it is worthwhile to apply the SMED procedure. The SMED procedure realization can 

significantly improve the production process, but the procedure itself requires a lot of time to 

be implemented properly. When the requests for the products appear again in future periods, 

the designed SMED procedure will help to achieve a high degree of utilization of workers and 

production equipment, as well as a shorter production process time. If it is estimated that similar 

production requirements will not be repeated soon or maybe ever, then it does not make sense 

to go for SMED implementation, except in the case when a given SMED solution also improves 

the production of the standard products portfolio. If the SMED implementation pays off, the 

next step is the analysis of the setup times for the defined product groups. Next, the SMED 

procedure is designed at all workplaces where tool replacements and workplace preparations 

take more than 10 minutes, after which the last production simulation is carried out. Based on 

the obtained results, the knowledge base is updated on new production times and the degree of 

utilization of workers. A more detailed representation of activities within the fifth phase is 

provided in Fig. 2. 
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Figure 2: The fifth phase of the algorithm, optimization, is presented in detail. 

      In the sixth phase, the production starts, and it is based on the results from the fifth phase. 

Then follows the seventh phase which focuses on preventing the occurrence of errors, i.e. the 

implementation of the Poka-Yoke solution (it is checked whether there were problems or 

stoppages in production and if there were, an adequate Poka-yoke solution is applied so that the 

problem would never happen again, and then kaizen maps are created and archived in the 

knowledge base). 

      This is followed by the eighth phase, which refers to the introduction of innovations - 

kaizen. Based on received requests and collected information from the market, potential 

innovations are analysed and introduced in the company. If they provide a result, this 

information (knowledge) is also archived in the knowledge base, and if this is not the case, the 

analysis of failed changes and their modifications is continued until they provide the desired 

result. Updating the knowledge base with information from phases seven and eight makes the 

improvement process continuous which is useful when creating and implementing future 

production plans. 

      Also, the examples of good practices from individual workplaces are taken over by all other 

workplaces that have the opportunity for improvement, applying the same solution to a certain 

problem. 

3. CASE STUDY OF PRINTING PROCESS 

3.1  System description and simulation model setup 

In the printing industry, where the final product is packaging, the printing company produces 

according to the specifications of the customer's requirements. Product specifications differ, but 

there are similarities (type of material, number of colours, type of operation, etc.) based on 

which company makes savings with proper organization. 
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      Input parameters for the quantity of each product were based on common demand for these 

products. Each product has a path (specific set of machines and specific order of production 

operations) that needs to be followed to be produced. Each machine has a capacity based on the 

real-world measured data. The time horizon is seven working days in two shifts, the standard 

delivery period for the observed factory. Experiments were conducted 20 times in all scenarios, 

on the example of the printed packaging process required the production organization to be 

based on product groups and the creation of physical and/or virtual manufacturing cells. 

Simulation experiments were done in Simio software. Simio stands as a simulation modelling 

framework that revolves around the concept of intelligent objects. Modellers craft these objects, 

and they can be employed across various modelling endeavours. Simio seamlessly facilitates 

the incorporation of diverse modelling paradigms, encompassing event-driven, process-

oriented, object-oriented, and agent-based modelling. The products produced in the system are 

grouped into three groups (real products representative of these three groups are illustrated in 

Fig. 3): 

• printed packaging without gluing - marked with the letter A, 

• printed packaging without gluing enhanced with gold foil - marked with the letter B and, 

• glued printed box - marked with the letter C. 

     To carry out the production process successfully, the following machines are needed: 

• printing machines with the varnishing unit – marked with R1 and R2, 

• foil stamping machine – marked with a S2, 

• die cutting machines – marked with S1 and S3, 

• box gluing machine – marked with a letter L and, 

• packing workplace – marked with a letter P. 

 

Figure 3: Product groups. 

      The flow of products through production is defined based on the product group to which it 

belongs (Fig. 4), enabling the formation of three manufacturing cells: 

• for products belonging to product group A: routing R1 – S1 – P – warehouse (cell A), 

• for products belonging to product group B: routing R1 – S2 – P – warehouse (cell B), 

• for products belonging to product group C: routing R2 – S3 – L – warehouse (cell C). 

      The packaging, which is normally produced in manufacturing cell A, alternatively can also 

be produced through manufacturing cell B, but the foil stamping machine is then set to the die 

cutting operation. This is a situation in which production can be organized with a smaller 

number of operators but with increased setup times and losses. 

      The foil stamping machine needs to be heated to the appropriate temperature for carrying 

out the production phase, and also it needs additional time to cool after the phase is finished (so 

that it can execute the subsequent phases). 
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Figure 4: Manufacturing cells. 

      Machine setup times vary from machine to machine. Table I gives the setup time for each 

machine as well as the work speed per hour. 

Table I: Production machines setup time and working speed. 

Label Machine name Setup time (min) Optimal speed 

R1 Printing machine with varnishing unit 60 8000 sheets/h 

R2 Printing machine with varnishing unit 60 8000 sheets/h 

S1 Die cutting machine 30 4000 sheets/h 

S2 Foil stamping machine 120 3000 sheets/h 

S3 Die cutting machine 30 4000 sheets/h 

L Box gluing machine 60 10000-20000 pieces/h 

      When it comes to printed packaging products, there is mostly a demand for high-quality 

printing, and the total duration of the process cycle time has a significant portion of setup times. 

Savings are achieved by reducing the setup time (i.e. when switching from one job to another). To 

reduce losses, i.e. to make the entire business profitable on the market, it is necessary to plan 

production and define the production jobs at least seven days in advance. This is the period for 

which the market requirements were observed and the period for which the inputs for the 

experiment were defined. One product group organized in this way usually contains five to fifteen 

products and the total quantity of products for the product group is from 5000 to 200000 pieces. To 

be able to say that the business is successful and sustainable, the goal was set that fifteen product 

groups must be produced in a week, while also monitoring the utilization of the equipment and the 

average retention time of the product groups in the production system. Product groups should not 

remain in the production system for more than six days, but it is not the main goal if enough product 

groups are produced in the expected time. The system was tested through four simulation models, 

with each model introducing new changes to obtain the desired production results. The goal of 

fifteen product groups was to be analysed as the result of the modelled production system as a 

whole, and not by each manufacturing cell performance (this enables not to focus on the 
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optimization of work for a single cell if the other cells will experience decrease in performance, and 

thus getting the whole production system to have a bad result). 

3.2  Simulation experiments and results’ discussion 

The initial simulation model (Model 1) was created to simulate production with only two 

manufacturing cells, one for printed packaging without gluing (manufacturing cell B) enhanced 

with gold foil and the other one for glued printed box (manufacturing cell C). This model aimed 

to simulate a production scenario in which employees in production planning, based on their 

previous experience with similar tasks, determine the sequence of product manufacturing and 

the work units to be utilized for it. It engages the minimum number of work units for which 

employees know it can produce the products, releasing them in manufacturing according to a 

sequence that is experientially assumed to be the best. 

      The results, shown in Table II, were not satisfactory, as it was not possible to produce fifteen 

product groups (the throughput was 15.33 % smaller than the weekly goal quantity). 

Table II: Production throughput [product groups]. 

Model type 
Throughput 

cell A 

Throughput 

cell B 

Throughput 

cell C 

Total 

throughput 

Model 1 0 7.2 5.5 12.7 

Model 2 5.15 4.2 5 14.35 

Model 3 7.4 5.7 6.35 19.45 

Model 4 7.85 6.7 8.3 22.85 

      Three manufacturing cells were needed for further simulations. The initial experiment is also 

important because it provides information on how much it is possible to produce with this system 

setup, and it indicates that with two work units, the planned quantity of product groups set for the 

week cannot be produced. The next simulation model (Model 2) introduced the additional third 

manufacturing cell for products that do not have gold foil but go through all the same other stages 

of the production process (manufacturing cell A). Results were better, but still, this system setting, 

although being close, didn’t fulfil the throughput goal (the throughput was 4.33 % smaller than the 

weekly goal quantity). Model 2 is reached through a path where the first and second questions in 

phase five of the algorithm are answered with "YES" – that it is possible to enhance production and 

that it is necessary to modify operational groups and engage additional work units (Fig. 2). The 

product specifications mentioned earlier are key for production process performance, having an 

impact on setup time. Model 3 is reached through a path where the first and third questions in phase 

five of the algorithm are answered with "YES" – that it is possible to enhance production and that 

a new production sequence is formed. However, the second question is answered with "NO," 

indicating that there is no need to change operational groups (Fig. 2). Optimizing the production 

schedule according to product specifications (Model 3) decreased the setup times. The results in 

Table II show that this setting achieved the throughput goal (the throughput was 29.66 % over the 

weekly goal quantity). Model 4 is reached through a path where the second and third questions in 

phase five of the algorithm are answered with "NO" – indicating that there is no need to change 

operational groups and that a new production sequence is not formed. However, the first question 

is answered with "YES," as in each of the models, indicating that it is possible to enhance production 

(Fig. 2). Model 4 gives additional optimization through SMED procedure design and simulation for 

all workplaces. The introduction of SMED generates additional costs, which are not always 

justified. Because it is necessary to measure the tool changeover times at all workstations, and then, 

on those where these times are the longest, apply the golden rules of the SMED lean tool. This often 

requires physical changes and improvements to the tools, making it a sometimes expensive activity 

that is abandoned. In this example, simulation results show a further increase in the throughput 
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(52.33 % over the weekly goal quantity), which implies that SMED should be considered if the 

product requirements grow and implementation becomes a profitable alternative. 

      Table III shows the machine idle time (during seven-day period) for machines (packaging 

place P is not observed). Results are useful for analysing machine utilization. Model 1 has a 

better result than Model 2 and Model 3, but two manufacturing cells couldn't meet the demand, 

and the machines were busy all the time. The introduction of the third manufacturing cell in 

Model 2 improved the utilization of the R1 machine, but the following machines, S1 and S2, 

experienced a utilization decrease (because they clogged up). 

Table III: Average idle time per machine (or time starved) [days]. 

Model type R1 R2 S1 S2 S3 L 
Average total 

time starved 

Model 1 1.54 0.55 / 2.36 1.96 2.06 1.694 

Model 2 0.24 0.24 3.57 3.09 2 2.49 1.938 

Model 3 1.27 1.04 2.69 1.77 2.08 1.91 1.793 

Model 4 0.73 0.93 2.6 1.38 2.03 1.26 1.488 

      Rescheduling in Model 3 improved the utilization of machines S1, S2, and L, but decreased 

the utilization of the R1 and R2 machines, and slightly of the S3 machine. The machine 

utilization can improve if SMED is applied, as shown in Model 4 simulation results. 

      The research experiments also explore how much time would production system need for 

the production of fifteen product groups (the average production time by each of the four system 

settings is given in Table IV). 

Table IV: Average production time for product groups [days]. 

Model type Cell A Cell B Cell C 
Average product 

time in system 

Model 1 0 6.03 11.9 8.97 

Model 2 8.78 7.74 10.28 8.93 

Model 3 4.61 4.22 7.76 5.53 

Model 4 4.15 3.87 5.96 4.66 

      Data analysis shows that Model 3 and Model 4 have acceptable results, i.e. that the average 

time spent by product groups in the production process is less than seven days. In Model 3, the 

product groups created in manufacturing cell C spent in the system 7.76 days. These results are 

acceptable because the goal would be achieved in a sufficient number of completed work orders 

(product groups). 

      The results of Model 4 emphasize the implementation of SMED at the manufacturing cell 

C. The production cycle of the products was reduced to less than six days, enabling maximum 

produced quantity, as can be seen by comparing with results presented in Table II. 

      The purpose of the proposed algorithm is not only to establish a continuous improvement 

system within the company but also to provide the opportunity to identify the most economical 

sequence for introducing products into production through the application of production process 

simulations. This process yields information on the necessary activities to optimize production. 

4. CONCLUSION 

This paper has shown how important simulation is for printing companies where there is a large 

number of product variants, in market conditions where the customers are ordering products in 

an increased number of batches with smaller quantities. A larger number of batches means that 

the production system spends more time in the state of setup for production, which is a loss for 
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any production system, and therefore it is necessary to reduce setup times. If we look at the 

waste types in the printing industry tools replacement times and products schedule make a 

significant impact on the system’s performance. 

      Savings are achieved by releasing products into production according to an appropriate 

sequence that takes into account product routing similarity. Regardless of whether the 

management structure of the company has a lot of practical experience, a large number of 

product variants require the use of simulation software so that production is always released in 

the optimal arrangement. In this case, that has been achieved through the algorithm that 

integrates simulations, group technology, continuous improvement, and lean philosophy. 

Through the presented example in this paper, a solution that meets the set criteria (Model 3) 

was achieved without having to invest in SMED (Model 4) to reach a satisfactory solution at 

the given moment, and that is one of the benefits of the presented algorithm. 

      A good production schedule gives the greatest time savings with minimum investments. 

One of the prerequisites for manufacturing cells formation is that the machines’ capacities and 

types of operations that can be performed in these cells are known exactly. This way planners 

can exploit all the capabilities of every machine in the cell. The experimental results obviously 

show improvements in system performance, but these improvements are limited by the nature 

of the printing process production machine's layout. The static structure of the shop floor 

prevents the investigation of additional layouts, constraining the optimization focus. 

      The implementation of SMED tools can be very expensive for the company if it is about 

preparing a manufacturing cell where products’ future demands are uncertain (also when is not 

known if the customer will ever order them again). But in situations when we know that certain 

products will be made for some time, then investing in SMED tools certainly makes sense. 

Future work will include expanding the presented algorithm in certain segments, through the 

introduction of additional lean tools (VSM and Kanban system for example), to affect the other 

losses that exist in the process and thus continue the direction toward continuous improvement 

of the process. 
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