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Abstract  

 
The pace of new product development is rapidly increasing in order to satisfy the customer needs, which translates 
into a rapid change in the market requirements. Thus, manufacturing companies need to adapt to this rhythm to be 
successful in the market. This case study takes place in a Portuguese SME in the electronics industry, which needs to 
introduce a new production line on the shop floor, for a recently developed product. Usually, in industry, line balancing 
and layout problems are often solved and addressed by the production managers, that rearrange the workstations and 
allocate tasks to operators following a method based on practical knowledge. The development of a new production 
line for a new product is a situation where it makes perfect sense to use the existing theoretical methodologies to 
implement an efficient production line. The new line must be not only balanced but also, its layout should be optimized 
to ensure its production efficiency. In this case study, the layouts solutions were achieved using three different 
methods. The first two were obtained by solving the Facility Layout Problem (FLP) with the application of two 
methodologies - Empirical Model (EM) and Systematic Layout Planning (SLP) - and the third layout was obtained by 
the application of a Production Line Balancing (PLB) approach, in which an assembly line balancing problem is solved 
using a linear programming model. The most suitable solution between the three layouts is chosen by performing a 
comparative analysis on the KPIs defined by the company. 
 
Keywords  
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1. Introduction    
Today's companies are experiencing significant pressures from increased levels of competition. They face rapidly 
changing in market requirements, higher rates of technical obsolescence, shorter product life cycles, and the 
heightened importance of meeting the needs of increasingly sophisticated customers (Liepe and Sakalas, 2008). Added 
to this are, visibly decreasing product development lead times, more frequent development of new technologies, and 
increasing product development costs and complexity (Shepherd and Ahmed, 2000). Therefore, innovation and 
products development are widely regarded as the pinnacle success factors in highly competitive and global economy 
(Rajapathirana and Hui, 2018). In this scenario, to mark its position, manufacturing companies must adapt to this 
rhythm, and for that, production lines must be well planned and constantly improved, when implemented in the shop 
floor. Additionally, to meet the customers’ requirements, it is needed to produce new and quality products with 
reduced prices. To achieve this, lead times must be reduced, and production lines must become increasingly efficient. 
When aiming to produce a new product, this must be taken into consideration as early as during the planning and 
development of its production line, by considering the line balancing and layout design problems. 
 
This work presents a case study that takes place in a Portuguese Small and Medium-sized Enterprise (SME) in the 
electronics industry. A new and different product must be produced and for that a new production line on the shop 
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floor must be designed. When planning a new production line, all the challenges previously mentioned must be 
carefully taken into consideration. To achieve that, two of the most pressing issues are the layout design and its 
balancing. Considering the product design, the company resources, and the available floor area, a new layout for this 
last production line was studied. 
The main objective was to minimize the total travel distance between the workstations in order to increase the 
production flow rate. Two distinct layout methods - Empirical and Systematic Layout Planning (SLP) - were applied. 
SLP is a procedure layout design approach (Yang et al., 2000) developed in 1973 by Richard Muther  (Muther, 1973), 
and successfully implemented in SMEs, existing several studies of its application (Naqvi et al., 2016; Fahad et al., 
2017; Takand Yadav, 2012; Wiyaratn et al., 2013). It is a step-by-step planning procedure that allows the users to 
identify, visualize, and rate the various activities, relationships, and alternatives involved in a layout project (Tak and 
Yadav, 2012). After some preliminary data collection, a relationship chart is developed, in which it is highlighted the 
importance of proximity between pairs of resources belonging to the various workstations. Through the analysis of 
this chart, a relationship diagram is developed. This last one shows the resources connected through lines, and their 
characteristics - thickness and color - depend on the need for proximity of the resource pairs. Finally, the layout is 
created considering the developed relationship diagram and the available physical space. 
In this case study, to reduce the product lead time, it was not only considering the product flow (with the layout design 
approaches) but also the tasks assignment to each workstation (with the balancing line approach). The line balancing 
consists of distributing evenly the workload needed to produce each unit among the workstations. This assignment of 
tasks must be efficient since it will determine the productivity of the entire production system. To improve the 
efficiency, the design of the shop floor layout and the line balancing can be combined. The assembly line balancing 
problem consists in assigning tasks to an ordered sequence of workstations such that the precedence relations among 
the tasks are satisfied and some performance measure is optimized (Erel and Sarin, 1998). Each workstation is 
expected to have the same cycle time, though with different capacities, so that no idle time and bottlenecks occur 
(Syahputri et al., 2018). In this context, the Assembly Line Balancing Problem (ALBP) arises. ALBPs are categorized 
in two main groups, namely simple assembly line balancing problems (SALBPs) and generalized assembly line 
balancing problems (GALBPs) (Fathi et al., 2018). Scholl and Becker (2006) classified the SALBP in four versions 
depending on the problem objectives: SALBP-1, SALBP-2, SALBP-E, SALBP-F (Table 1). This case study will be 
focused on SALBP-1. 
 

Table 1. Classification of SALBP (Source: (Scholl and Becker, 2006)). 

 
 
  
 
 
  
There are some authors that solve the SALBP using exact approaches and linear and nonlinear mathematical models 
(Fathi et al., 2018; Azizoglu and Imat, 2018), however this is a NP-hard problem, implying that big problems cannot 
be solved in an acceptable computational time. So, heuristic procedures appear to be more promising than the 
optimum-seeking algorithms (Erel and Sarin, 1998). A recent study (Fathiet al., 2018) did a comparative evaluation 
of 20 constructive heuristics applied in assembly lines. This study allowed for the conclusion that for SALBP-1, i.e., 
minimizing number of workstations (NWs), the heuristics Ranked Positional Weight (RPW) undoubtedly produces 
better results for the straight-line configuration (Fathi et al., 2018). The RPW method was developed by Helgeson and 
Birnie in 1961 (Helge-son and Birnie, 1961). The assignment of tasks to workstations is carried out in decreasing 
order of each task position weight, which is defined as the sum of the processing times for that task and all the others 
that follow it in the precedence diagram. This method has been successfully implemented recently in several studies 
(Helgeson and Birnie, 1961; Deshpandeand Joshi, 2016; Siregar, 2020). 
According to the company requirements, in this work, some KPIs were defined and used to compare the approaches 
performance. The different results obtained by both layout and balancing approaches were compared and the best 
layout was chosen to be implemented. 
This paper is divided into four sections. This one (section 1), is a brief introduction to the problem and a review of 
approaches and studies available in the literature. In the section 2 the case study is presented, which contains a 
description of the problem and the production process. The layout design approaches are explained, and the results 
obtained with each approach are compared based on the defined KPIs, in section 3. Finally, in section 4, the 
conclusions are drawn.  

  Cycle Time 
  Given Minimize 

No. of workstations 
Given SALBP-F SALBP-2 

Minimize SALBP-1 SALBP-E 
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2. Case Study - Problem description and characterization 
The practical case under study takes place in a SME belonging to a group in the electronic industry. This group develop 
and produce efficient, sustainable, and suitable solutions for the Smart Cities/Utilities, Smart Buildings/Installations, 
and Smart Homes/Appliances. The company is dedicated to the production of Induction Cooking Plates, LED Lights 
and, more recently, a new product, that for the sake of disclosure, will be referenced throughout this paper as MWMs. 
The MWM is composed by two main components that will be referred as C1 and C2. A new production line for this 
product production must be settled on the company first floor, according to the available space of the shop floor 
(Figure 1). 

 
In order to characterize the MWM production process, being a new product, there was a need to collect some relevant 
information, besides the one provided in the product design. Some of the resources needed to carry out each task and 
related processing times were also measured during the final product tests, and the precedence diagram from Figure 2 
was elaborated. 

 
Considering the costumers’ demand, the company aims to produce 920 units/week, which implies a cycle time of 
158,2 seconds/unit. This means that each workstation will have a cycle time of 720 seconds in which all the tasks 
assigned to it must be carried out. 
 

3. MWM Layout Design  
The layout solutions were achieved using three different methods. The first two were obtained by solving the facility 
layout problem (FLP) with the application of two methodologies: Empirical Model (EM) and Systematic Layout 
Planning (SLP). The third one was obtained by solving an assembly line balancing problem, using a linear 
programming model, that from now on will be referred as Production Line Balancing (PLB) approach. 
Minimizing the material handling cost by reducing material (or workers) movement is the main objective since it 
decreases the work-in-process levels and throughput time, reduces product damage, simplifies the material control, 
and reduces the overall congestion. Moreover, when minimizing material handling cost, other objectives are achieved 
simultaneously. 

Figure 1. Available space in the shop floor. 

Figure 2.  MWM precedence diagram. 
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So, the first two layouts were compared considering some key performance indicators (KPI) recommended by the 
company that are related to production time - workers' movement time, workers' movement distance, and production 
lead time.  
The objective of the third developed layout, like in any ALBP, is the minimization of the number of workstations. 
Although different criteria, like: Longest/shortest processing time, Maximum ranked positional weight, Minimum 
slack, etc., can be used to obtained different solutions. So, different variants of the PLB approach were implemented 
and tested. To evaluate its performance, the following KPIs were also used: 

• Number of workstations; 
• Line efficiency: is the ratio of workstations time to the cycle time multiplied by the number of 

workstations; 
 

𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 (%) =  
∑ 𝑡𝑡𝑖𝑖𝑁𝑁
𝑖𝑖=1

𝐶𝐶 × 𝑊𝑊
× 100 (1) 

where ti is the processing time of task i in seconds (i ∈{1,…,N}),  N is the number of tasks and W is 
the number of workstations. 

• Balance delay: is the ratio between the idle time in the production line balancing and the time available;  
 

 
𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 (%) =  

𝐶𝐶 × 𝑊𝑊 −  ∑ 𝑡𝑡𝑖𝑖𝑁𝑁
𝑖𝑖=1

𝐶𝐶 × 𝑊𝑊
× 100 = (1 − 𝐿𝐿𝐿𝐿) (2) 

 
• Smoothness index: is an index that becomes the relative refining index of a production line balance. 

 
 

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆ℎ𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 =  ���𝑇𝑇𝑚𝑚𝑚𝑚𝑚𝑚 − 𝑇𝑇𝑗𝑗�
2

𝑊𝑊

𝑗𝑗=1

 (3) 

where Tmax is the greatest workstation time, and Tj is the time of the jth workstations. 
 
After obtaining the different layouts, the following comparison methodology was adopted to choose the best solution 
(Figure 3). 

The FLP layouts were compared as well as the PLB layouts, each of them according to the related KPIs. To choose 
the final layout, the best ones of each approach was compared using all the KPIs established for the two problems. 

 
3.1 Layout Design Approaches 
Empirical Model: 
 
The EM approach was applied considering the information collected during the observation of the product final tests. 
The main factors considered were: 

• Workflow;  
• Production processes;  
• Visual management;  

Figure 3.  Layout development methodology. 
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• Know-how (of similar products); 
• Workers’ opinions: semi-structured interviews were conducted in order to understand which layout was 

considered most suitable by workers with more experience. 
 
Systematic Layout Planning (SLP): 
 
The SLP methodology can be divided into three major phases: collection and analysis of production processes 
information, layouts design and selection of the most suitable layout. 
 
Information related to the needed resources was collected, and with it, a relationship chart was created. This chart 
highlights the desirability levels of adjacency between pairs of resources, classifying them with the code A (absolutely 
necessary), E (especially important), I (important), O (ordinary), U (unimportant), and X (undesirable). Besides that, 
a code that depicts the reason for the respective degree of proximity was created (Table 2). 

Table 2. Degree of proximity. 

 
 
 
 
 

 
Through the relationship chart analysis, a relationship diagram was drawn. This diagram shows the resources 
connected through lines, in which the desirability levels of adjacency between the resources dictates the lines 
characteristics – thickness and color. Considering the developed relationship diagram, the layouts options were 
created, taking into account the available space and the desirability levels of adjacency between the resources to be 
allocated. Finally, in the third phase, the developed layouts were analyzed, and the most suitable one, according to the 
settled KPIs, was chosen to be tested. 
Figure 4 shows the relationship chart and the respective relationship diagram obtained for the MWM production line. 
The layout (Section 3.3) was then drawn from the information provided by relationship diagram. 
 

3.2 Production Line Balancing (PLB) Approach 
The integer linear programming formulation presented is based on the general SALBP, where the performance 
measure is either minimizing the number of workstations or the cycle time. As mentioned, this case study deals with 
a SALBP-1 problem that is related to the allocation of tasks to workstations in the predefined cycle time, while 
minimizing the number of workstations. 
It was considered that the production line produces only one single model in a deterministic environment, with the 
following assumptions: 

Numerical Code Reason 
1 Workflow within the same workstation 
2 Workflow between workstations 
3 Resources from the same workstation 

Figure 4. Relationship chart (a) and relationship diagram (b) (only with the relevant connections) of the MWM 
production line. Color Code Legend: Red Line - A; Orange Line - E; Yellow Line - I. 

(a) (b) 
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• A predefined number of tasks, each one with known durations and precedent relations; 
• A known and fixed cycle time that is common to all workstations;  
• All the tasks have a duration that is smaller than the cycle time; 
• All the tasks can be performed in all workstations, and the time to perform each one does not depend on 

the assigned workstation; 
• A task cannot be divided among workstations, but it can be performed in any of them; 
• Workstations are always available. 

 
Some parameters and decision variables were also specified: 

 Parameters: 
N: set of tasks, i ∈{1,…,n}; 
W: set of workstations, j ∈ {1,…,w}; 
ti: processing time of task i, in seconds; 
P: set of all immediate predecessors; 
(prej, postj): tuple of precedence relations among tasks, where task pre should immediately precede 
task post; 
C: cycle time, in seconds; 

 
Decision variables: 

𝑥𝑥𝑖𝑖𝑖𝑖 =  � 1, if the task i is assigned to workstation j        i ∈ N, j ∈W 
0, otherwise           

𝑦𝑦𝑗𝑗 =  � 1, if the workstation j is used       j ∈W 
0, otherwise           

Considering all the general model components, the problem aims to assign all the tasks to workstations, 
ensuring all the constraints, while minimizing the number of needed workstations. The mathematical model, that from 
now on will be referenced as Base Model (BM), can be written as: 

 
𝑀𝑀𝑀𝑀𝑀𝑀 �𝑦𝑦𝑗𝑗

𝑤𝑤

𝑗𝑗=1

 
(4) 

Subject to:    

 
�𝑥𝑥𝑖𝑖𝑖𝑖 = 1 ; ∀𝑖𝑖∈ 𝑁𝑁
𝑤𝑤

𝑗𝑗=1

 
(5) 

 
�𝑡𝑡𝑖𝑖 × 𝑥𝑥𝑖𝑖𝑖𝑖 ≤ 𝐶𝐶 × 𝑦𝑦𝑗𝑗  ;  ∀𝑗𝑗∈ 𝑊𝑊
𝑛𝑛

𝑖𝑖=1

 
(6) 

 
�𝑗𝑗 × 𝑥𝑥𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 ≤ �𝑗𝑗 × 𝑥𝑥𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝  ;  ∀𝑝𝑝𝑝𝑝𝑝𝑝,𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝∈ 𝑃𝑃

𝑤𝑤

𝑗𝑗=1

𝑤𝑤

𝑗𝑗=1

 
(7) 

 𝑥𝑥𝑖𝑖𝑖𝑖 ∈ {0,1} (8) 

 𝑦𝑦𝑗𝑗 ∈ {0,1} (9) 

The objective, minimization of the number of workstations (Eq. (4)), is subject to the following constraints: Eq. (5) 
ensures that each task is assigned only to one workstation; Eq. (6) ensures that the sum of the processing times of the 
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tasks associated to each workstation, does not exceed the cycle time; regarding the precedence relations, Eq. (7) 
guarantee that a task can only be assigned to a workstation if all its predecessors tasks are already assigned; and the 
last two are domain constraints, Eq. (8) and Eq. (9), defining the decision variables domain. 

The objective function of this model is the general objective function of the SALBP-1. However, and according to the 
well-known heuristic algorithms used to solve these problems, three different objective functions were also 
considered. Each of them related to different preference criteria to assign tasks to workstations: Longest processing 
time; Shortest processing time; and Maximum ranked positional weight; resulting in three variants (BM1, BM2 and 
BM3, respectively) of the BM. 

However, each objective function of each variant still considers the basic objective - the minimization of the number 
of workstations. Therefore, the new objective functions are composed of two components. To homogenize the two 
components two new parameters were used, corresponding to different costs: 

cw: cost of using a workstation (it is assumed that all workstations have the same cost); 
c: task execution cost per second; 

Those two costs are assigned to each of the components of the objective function. So, three different variants (from 
BM1 to BM3) of the BM were created. The idea is to minimize the total costs involved in the development of the 
balanced line. All the 3 variants have the same constraints as the BM: from Eq. (5) to Eq. (9). 

• BM1: minimizes the number of workstations while prioritizing tasks with longer processing times. 

 
𝑀𝑀𝑀𝑀𝑀𝑀 �𝑐𝑐𝑐𝑐 ×  𝑦𝑦𝑗𝑗

𝑤𝑤

𝑗𝑗=1

−  ��𝑐𝑐 × 𝑡𝑡𝑖𝑖 × 𝑥𝑥𝑖𝑖𝑖𝑖

𝑛𝑛

𝑖𝑖=1

𝑤𝑤

𝑗𝑗=1

 (10) 

• BM2: minimizes the number of workstations while prioritizing tasks with smaller processing times. 

 
𝑀𝑀𝑀𝑀𝑀𝑀 �𝑐𝑐𝑐𝑐 × 𝑦𝑦𝑗𝑗

𝑤𝑤

𝑗𝑗=1

+  ��  𝑐𝑐 × 𝑡𝑡𝑖𝑖 × 𝑥𝑥𝑖𝑖𝑖𝑖

𝑛𝑛

𝑖𝑖=1

𝑤𝑤

𝑗𝑗=1

 (11) 

• BM3: minimizes the number of workstations while prioritizing tasks with longer RPW (Greatest 
ranked positional weight: 𝑡𝑡𝑖𝑖 + ∑ 𝑡𝑡𝑠𝑠𝑆𝑆

𝑠𝑠=1 , where S is the set of all successors of tasks i). 

 
𝑀𝑀𝑀𝑀𝑀𝑀 �𝑐𝑐𝑐𝑐 × 𝑦𝑦𝑗𝑗

𝑤𝑤

𝑗𝑗=1

−  ��  𝑐𝑐 × 𝑅𝑅𝑅𝑅𝑅𝑅𝑖𝑖 × 𝑥𝑥𝑖𝑖𝑖𝑖

𝑛𝑛

𝑖𝑖=1

𝑤𝑤

𝑗𝑗=1

 (12) 

The solutions of those four models were compared according to the predefined KPIs (Figure 3) and the best solution 
chosen. The solutions of each model consist of a set of tasks, in which each set corresponds to a workstation. Each 
workstation is defined by the resources needed to execute the tasks and the corresponding occupied space. 

The layout for the production balanced approach was designed (Section 3.3), considering the upper floor available 
space, the workstation occupation areas, and the production workflow. In this layout design, the distance between 
resources used in consecutive tasks was reduced as much as possible. Since all the objective functions have in common 
the number of workstations minimization, it was expected that the results, regarding the number of stations, would be 
similar, and consequently regarding the KPI’s of balance delay and line efficiency. However, those different 
approaches were applied, since depending on the criteria used, the tasks allocated to each workstation are guaranteed 
to be different. This difference was evaluated by a decision maker, who have chosen the most suitable in terms of 
layout design. Furthermore, and for this same reason it was also expected that in terms of smoothness index, the results 
would be different. 
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3.3 Results and comparative evaluation of the approaches 
EM Approach: 
The layout obtained with the empirical approach is presented in Figure 5. The workstations are marked with a dashed 
line. In this approach, the assignment of tasks to workstations was carried out considering the type of tasks and the 
workers that perform them. In addition, shelves and spaces for the storage of raw materials were safeguarded, since 
the general store is located on the lower floor. 

SLP Approach: 
As mentioned before, through the relationship diagram analysis, the layout solution obtained with SLP approach is 
present in Figure 6. Similar to the empirical approach, the task attribution to workstations was also made considering 
the type of tasks and the workers that perform them. 

Table 3 presents the results of the two previous approaches. Through a quick analysis, it was perceptible that the layout 
solution obtained by the SLP method achieves better results. Compared with the empirical approach, has an 
improvement of 30% when considering the workers' moving distances/time, and 17% when considering the lead time. 
 
 
 

Figure 5. Layout and workflows resulting from the empirical model. The filled 
blue line represents the workflows between workstations and the dashed red line 

represents the workflow within the same workstations. 

Figure 6. Layout and workflows resulting from the SLP method. The filled blue 
line represents the workflows between workstations and the dashed red line 

represents the workflow within the same workstations. 
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Table 3.  Results from the EM and SLP approaches. 

 
 

 
 
 
 

The KPIs presented in section 3 - number of workstations, line efficiency, balance delay, and smoothness index - were 
computed to these two solutions (Table 4). In terms of line balancing performance indicators, these first two 
approaches obtained the same results, since the method applied to associate tasks to workstations was the same. Based 
on the KPIs results, the solution compared with the one obtained by the PLB approach was the SLP solution. 

 

Table 4.  Production line balancing KPIs obtained by SLP and Empirical approaches. 

 
PLB Approach: 
The BM and its variants presented in section 3.2 were implemented using the CPLEX Studio IDE 20.1.0, and the 
experiments were run on an Intel(R) CORE(TM) i7-10750H CPU 2,60GHz with 16Gb of memory. 
The four models were tested with different problems instances. All the models (for all the instances) reached the 
optimal solution in less than 1 second. The values of cw and c were set to 1 and 0,01 euros. Those values are not real 
cost values. The reason for these values was to standardize the magnitudes of each objective function component. In 
fact, the idea is not to compare the performance of the models through the effective value of the objective functions, 
but to make a comparison through the KPIs previously described. The results of the base model and its variants are 
presented in Table 5. 
 

Table 5. Model's variants quantitative results 

 
 
All the models achieved the optimal solution of 3 workstations, which, as expected, leads to the same efficiency and 
balance delay. Since a smaller balance delay means that the production line has a shorter idle time, it could be stated 
that in all the approaches, the tasks are fairly divided by the workstations and, that for a real case study, the line 
efficiency is relatively good.  
A smaller smoothness index means that the production line is closer to a perfect balance. Therefore, through the results 
analysis, it was possible to conclude that the best solution is achieved when considering only the mono-criteria model, 
i.e. considering only the minimization of the number of workstations (BM). 
According to the set of tasks obtained by the BM (Table 8 from Appendix) some resources must be duplicated (marked 
in bold). That is, there were tasks that need the same resources, but they were allocated to different workstations. To 
solve this problem, a duplication of resources (CT14, CT15, CT16) was carried out without incurring any costs in the 
layout implementation. 
Considering all these factors, the workstation occupation area and the production workflow, the layout using the BM 
approach was chosen (Figure 7) and compared to the SLP layout. For that, the KPIs related to the production time 
were also computed to the PLB layout (Table 6). 
 
 
 
 

KPI \ Approaches EM SLP 
Workers’ moving distance (m) 354,5 246,8 

Workers’ moving time (s) 456,9 327,3 
Production lead time (s) 797,7 668,1 

Approaches \ KPI No. of 
workstations Line efficiency (%) Balance delay (%) Smoothness index 

SLP \ EM Approaches 4 53,8 46,2 103,5 

Approach  No. of workstations Line efficiency (%) Balance delay (%) Smoothness index 
BM 3 71,8 28,2 41,6 
BM1 3 71,8 28,2 51,3 
BM2 3 71,8 28,2 122,2 
BM3 3 71,8 28,2 95,0 
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Table 6.  Layout solution for PLB Approach using the BM 
 

 
 
 
 
 
 
Final Layout: 
 
The KPIs for the two layouts with the best performance are summarized in Table 7. 

 
Table 7.  Layout’s performance comparison. 

 
 
 
 
 
 
 
 
 
 
 
 

In terms of PLB KPIs, the PLB-BM approach has better results than the SPL approach: 25,1% in relation to the line 
efficiency, 39% in relation to the balance delay and 59,8% in relation to the smoothness index. 
The reduction of the number of workstations shows that the production line with 3 workstations is more efficient and 
the balance delay becomes smaller. This could lead to a decreasing in the possibility of bottlenecks occurrences. 
The reduction of smoothness index shows that the quality of the line balancing is increasing.  
Although the smoothness index is higher in the SLP solution than the PLB-BM solution, it is found to be better than 
the solution obtained by the PLB-BM2. 
The layout achieved with the PLB-BM is also better in terms of workers moving distances and time. Besides that, it 
also outperforms the SLP approach when comparing the lead time, having a reduction of, approximately, 7,3%. 
 
4. Conclusions and Future Work  
This article presents a study of a new layout for a new product production line. The main idea was to develop an 
optimized layout that would allow an efficient production. Two layout design approaches were used, an empirical 

KPI \ Approaches PLB-BM 
Workers’ moving distance (m) 206,2 

Workers’ moving time (s) 279.4 
Production lead time (s) 619,4 

KPI \ Approach SLP PLB - BM 
Workers’ moving distance (m) 246,8 206,2 

Workers’ moving time (s) 327,3 279,4 
Production lead time (s) 668,1 619,4 

No. of workstations 4 3 
Line efficiency (%) 53,8 71,8 
Balance delay (%) 46,2 28,2 
Smoothness Index 103,5 41,6 

Figure 7. Layout and workflows resulting from the production line balancing 
approach. The filled blue line represents the workflows between workstations 
and the dashed red line represents the workflow within the same workstations 
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method (EM) and the systematic layout planning (SLP) method. Those solutions were compared based on KPIs 
defined by the company: the workers' moving distance and time, and the lead time. Comparing the two layout 
solutions, it was perceptible that the SLP layout outperformed the EM layout in all KPIs. 
Then, a production line balancing (PLB) approach was also applied and used to design a new layout, emphasizing the 
balancing of tasks at workstations. The line balancing problem was solved using a mixed-integer linear programming 
model. Moreover, three variants of the model, that not only minimizes the number of workstations but also, have the 
RPW and the processing times in consideration, were also implemented and tested. The results reveals that the mixed-
integer linear program solves the instances with up to 25 tasks in a very reduced computational time – around 0,05 
seconds.  
The solutions obtained with the balancing line approaches were compared using the number of workstations, the line 
efficiency, the balance delay, and the workload smoothness as KPIs. 
The layout chosen for comparison with SLP was the one obtained by BM, since it not only has the best smoothness 
index but also has a good task clustering. The layout recommended to the company for implementation, was the one 
obtained by the PLB-BM approach (Figure 7), since it achieved better performance both in terms of production time 
and line balance. 
As it is an implementation of a new production line, it is possible that in the beginning of production, the manufacturing 
processes may suffer some changes, and consequently, there may be variations in the tasks processing time or addition 
of tasks to the productive process. In that case, this study must be carried out again considering the existing changes. 
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Appendices 
 

Table 8.  Set of workstations resulting from the BM and the respective resources required. 
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Workstation Task No. Task Processing 
Time (s) 

Workstation 
Processing Time (s) Resources required 

1 

6 6,2 

132,8 
 

CT8 
7 2,3 CT12 
8 15,4 CT12 
9 10,1 CT11 

10 7,9 CT11 
11 51,3 CT1 
17 5,4 CT9 
18 6,4 CT9 
19 14,3 CT9 
20 13,5 LE 

2 

1 36 

109,7 
 

CT9 (CT15) 
2 13,5 CT12 (CT16) 

12 15,2 CT3 
13 6,7 CT4 
21 10,2 CT6 
22 18,5 CT6 
23 9,6 CT7 

3 

3 10,8 

98,2 
 

CT12 (CT14) 
4 14,5 CT12 (CT14) 
5 18,7 CT2 

14 22 CT5 
15 7,5 CT5 
16 6,7 CT10 
24 1,3 CT13 
25 16,7 CT10 
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