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Abstract 
In order to improve the Supply Chain, satisfy the customer's expectations in terms of quality and deadlines, and 
improve the internal management of its resources, many manufacturing companies, works perpetually for the 
implementation of improvement and corrective actions to reduce quality defects and limit customer complaints. 
To ensure a good quality of the product, it is necessary to act on several parameters such as the diversity of the 
types of products produced on the same line and this, by elaborating an optimized planning of the production and 
by ensuring a sequencing of the references which maximizes the efficiency and minimizes quality defects. This 
paper, therefore, is concerned with the daily planning of production based on a mathematical model that minimizes 
the difference in product production times in order to maintain optimal speed of the line. As a result of this 
mathematical model, we get two decision variables: the quantity to be produced by each shift and the order of 
production per shift per reference, those results will help the planner to avoid shortage on the customer side and 
the producer to improve the KPIs related to the output quantity and the defaults percentage. 

Keywords: 
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1. Introduction
In order to survive in an increasingly globalized and competitive marketplace, companies today must build, and 
rely upon continuous improvement on Supply Chain Management. Today, and more than ever, companies 
operating in the industry find themselves obliged to improve their industrial performance. It is in this perspective 
that the automotive industry strives to improve the quality of its product, its performance and its production system 
in order to better meet delivery deadlines, to adapt to its customer's demand and to achieve the desired pace. 

It is within this context that this paper fits, with the theme of optimizing the daily production planning which aims 
to improve the quality of the product and the efficiency of the production line. 
This present paper consists of three chapters. The first chapter is a literature review, the second chapter describes 
the production process and presents the problematic of the study case and the third chapter proposes a modeling 
of the problem followed by the preparation of the data and the resolution of the model. 

1.1 Objectives 
This present paper aims to improve the daily production plan taking into account the minimization of costs and 
the improvement of quality, production and logistics KPIs. 

2. Literature Review
The operational management of most industrial processes has been thriving with the systematic improvement of 
production performance indicators to address the challenges of customer satisfaction, 
manufacturing/inventory/workforce liabilities, and delivery times. The complex dynamics of production 
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environments with uncertain demand and processing variability have been identified as a common problem in 
the development of efficient planning and scheduling tools, following the digital transformation of plants with 
advanced automation and data science applications Oesterreich and Teuteberg (2016). This paradigm is being 
continuously updated to consider the optimization of production layouts, human machine collaborations, or 
adaptive and flexible processes, among others. Despite the significant developments in optimization algorithms 
based on mathematical formulations, it is acknowledged the inherent computational limitations which hinder the 
requirement of a suitable shop-floor application for planning and scheduling. As Harjunkoski et al. (2014) 
reviewed the development of non-exact and decomposition-based approaches, advanced simulation models have 
enabled the evaluation of scenarios that mimic real operations and allow a better understanding of the 
complexity, explicitly measuring the impact of non-linear or stochastic behaviors Padhi & al. (2013); Frazzon & 
al.(2018);de Paula Ferreira, Armellini, and De Santa-Eulalia (2020).  

To cope with these challenges, hybrid combinations among simulation models and mathematical optimization 
algorithms allow the establishment of different abstraction levels in each model to decrease the optimization 
complexity Figueira and Almada-Lobo (2014). While the simulation model can include a detailed online process 
representation, the adjustment of iterative parameters in the mathematical model allows an optimized solution 
convergence. This methodology is categorized as a Recursive Optimization-Simulation Approach (ROSA), 
which iteratively evaluates performance metrics of both models until a stopping criterion is met. 

The main idea of Aggregate Production Planning (APP) is to translate forecasted sales demand and production 
capacity into future manufacturing plans for a family of products. The APP process is carried out at an 
aggregated level without the need to provide detailed material and capacity resource requirements for individual 
products and detailed schedules for facilities and personnel. Aggregation refers to the idea of focusing on overall 
capacity rather than the individual products or services. Aggregation can be done according to products, labour 
and time. APP greatly reduces the amount of data used during the planning process and therefore enables plans 
to be updated more frequently. Hence, changes occurring in factors such as demand, cost rates, capacity and 
material supply can be readily compensated for. In addition, when setting aggregate plans, it is possible to focus 
on those resources that limit production capacity that is bottlenecks.  

Although the APP problem is a multiple-objective decision-making problem, the majority of the APP models are 
single objective. This is mainly due to the difficulty of solving multiple-objective decision-making problems. To 
overcome this difficulty in the majority of single-objective models, various cost objectives are combined into a 
single objective. The most commonly used APP objectives are minimize: cost, inventory levels, changes in work 
force levels, use of overtime, use of subcontracting, changes in production rates, number of machine set-ups, 
plant/personnel idle time; and maximize: profits, customer service. It is worth saying here that the preferable 
way of solving APP problems is to consider multiple objectives of concern simultaneously. 

There are many APP techniques mentioned in the literature. Foote and Ravindran (1988) overviewed several 
APP models. Nam and Logendran (1992) gave a more recent survey of APP techniques. Several of these most 
frequently used techniques are as listed.  

 .a) Trial and error methods. b)  Graphical techniques.c)  Mathematical techniques: 

d) Linear decision rule. e) Search decision rule. f)  Management’s coefficients method.

g) Parametric production planning, h)  Production switching heuristic, i)  Linear programming.

j) Goal programming.k)  Mixed integer programming. l) Transportation method. m) Simulation models.

Mathematical programming, and especially linear programming, is one of the best developed and most used 
branches of management science. It concerns the optimum allocation of limited resources among competing 
activities, under a set of constraints imposed by the nature of the problem being studied. These constraints could 
reflect financial, technological, marketing, organizational, or many other considerations. In broad terms, 
mathematical programming can be defined as a mathematical representation aimed at programming or planning 
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the best possible allocation of scarce resources. When the mathematical representation uses linear functions 
exclusively, we have a linear-programming model. 

The 

classical linear programming models for planning production have been around for many years. A typical 
formulation of the LP planning model has the objective of minimizing the total production-related costs, such as 
variable production costs, inventory costs, and shortage costs, over the fixed planning horizon.  

 

 

 

 

 

 

 

 

Figure 1.  Line concept 

The usual constraints employed are: (1) inventory balance equations for making the inventory and/or shortages 
balanced with those from the previous period, production quantity, and the demand quantity, (2) capacity 
constraints which ensure the total workload for each resource (labor, machine, etc.) not exceed the capacity in 
each period.  

We consider the model problem min {c’ x | Ax ≤ b} (1), where c and b are given n- and m-vectors, respectively, 
and A is a given (m, n) matrix. Thus n denotes the number of problem variables, m denotes the number of 
inequality constraints, and x is an n-vector whose optimal value is to be determined. We adopt the convention 
that all vectors are column vectors and transposition is denoted by a prime (e.g., x’ and A’). Sometimes it is 
helpful to write (1) in the equivalent form:       min {c’x | a’ix ≤ bi , i = 1 , . . ., m } . 

Thus b = [b1 b2 . . . bm ]and A = [a’1 a’ 2 . . . a’m], or A’ = [ a1 , a2 , . . ., am ] , where a1 , a2 , . . ., am are n-vectors. 

The ith constraint is a’ix ≤ bi and ai is the gradient of the ith constraint 
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Let R = { x | Ax ≤ b } . Here R is called the feasible region for (1) and c’ x is called the objective 

function. A point x0 is feasible for (1) if x0 ∈ R and infeasible otherwise. Constraint i is inactive, active, or 
violated at x0 according to whether a’ ix0 < bi, a’ix0 = bi, or a’ix0 > bi, respectively. X0 is an optimal solution (or 

simply optimal) if x0 ∈ R and c’ x0 ≤ c’ x for all x ∈ R. 

3. Methods  
To satisfy customer demand, the planner is required to plan the passage of several references (Part Number: PN) 
successively on the same production line. 
Each PN requires a certain set up of the chain as the Man-hours (MHs) differ from wire harness to wire harness. 
A MH is the sum of the times of all operations undergone by a Wire Harness (WH) to get it produced and ready 
for shipment. 
Switching from one MH to another reduces the efficiency in terms of output (Quantity of produced wire harnesses) 
and affects the quality. 
The problematic that arises is therefore: How to schedule and plan the sequence of PNs so that non-quality is 
reduced and efficiency is increased (reaching the planned quantity of production) 
 
3.1 Description of assembly line 
For the production of the main line of this project, we have 34 jigs boards, which is equivalent to 34 wire harnesses 
produced for each cycle of the chain. So each wire harness (jig) can be a different reference from the others as we 
can have the same reference occupying the whole line. It all depends on the customer demand for each reference 
as well as the planner's planning. The production is Just-In-Time 
The jigs boards are with a layout (design) and holders to mount the components; each jig is used to mount a single 
wire harness per cycle of the chain. 
The jigs are identical with the same layout which takes into account all the references of the line project. The work 
stations are balanced; each operator has the same duration of the tasks whatever the reference during production. 
The chain is rotatable; its speed is fixed for one cycle. 
 
4. Data Collection  
This present project is a diversified line, several references occurring on this chain, the difference in MH between 
these PNs creates quality anomalies and losses at the output level. 

Quality defects can occur if we switch from a less loaded WH to another more loaded one without changing the 
set up (without slowing down) the speed of the line or if the chain contains both references at the same time and 
turns with the speed of the MH less loaded. The operator must therefore speed up his pace by mounting a loaded 
WH with a speed of a less loaded WH, which increases the probability of producing WH with anomalies. 

For the output produced, when we have a loaded WH followed by another less loaded while maintaining the same 
chain speed or if we have both references at the same time, there is a risk of negatively impacting the quantity 
produced of the MH less loaded. 

During our analysis of product defects, we extracted those which are due to the similarity between references. The 
table 1 summarizes our analysis, giving the types and number of defects caused by the similarity between 
references during the first 5 months of 2019. 

Table 1.  Defect types linked to similarity 

Defect type  Quantity  Defect type  Quantity  

AA39 1 AG26 1 

AA50 6 AG39 2 
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AB39 1 AJ17 1 

AD26 1 AK17 1 

AK26 7 AW40 2876 

AW26 46 AZ11 54 

TOTAL DEFECTS : 2997 

 

To analyze production data, we calculated the GAP from January 1 to the end of May 2019, i.e. the difference 
between the quantity actually produced and the quantity planned during the planning in the Master Production 
Plan. We found that there is a cumulative GAP of -258 WH, which is equivalent to a loss of 57.100 Euro due to 
the cost of overtime operators as well as the price of lost WH. The graph 2 shows the GAP MPS (Master Production 
Planning) for the first 5 months of 2019. 

 

Figure 2 .  MPS GAP 

We integrated another notion at the model level, namely similarity and we based ourselves on the BOM (Bill Of 
Material) which is a file which presents the components of each WH and the design of each WH. Thus, to 
accentuate the quality aspect of the problem, the references which are similar to a certain degree must not follow 
one another so that the operator: 

- make no mistake and place the same component on the same location for both references; 

- do not put one branch of the WH in the place of another. 

4.1 Model hypothesis  
To build the mathematical model, we must base ourselves on a set of hypothesis and convert them into constraints 
in order to materialize all the aspects that we want to deal with. 
The hypotheses of our model are: 
- Approximately same quantity per shift in terms of parts; 
- Same number of references (diversity) per shift approximately; 
- Satisfaction of customer demand; 
- scheduling of MHs; 
- Assignment of references to shifts in a sinusoidal manner; 
- Consideration of emergencies (customer fluctuation at the last minute). 
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- Consideration of the similarity of WH: if two references are similar in terms of components or design, they must 
be separated by another reference. 
 
 
4.2 Model parameters 
i, j: index of references. 

n: total number of references varies between 1 and 61 in our example. 

k: index of shift = 1, 2,3. 

K: total number of shifts. 

r: passage order of reference i. 

Sij: difference in MH between references i and j. 

EDI i: customer request for reference i. 

CAPchain: line capacity. 

dij: degree of similarity between references i and j expressed as a percentage. 

s: similarity threshold. 

m: minimum quantity to be produced from a reference. 

4.3 Decision variables 

 𝑋𝑋𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 :  { 1    𝑖𝑖𝑖𝑖 𝑡𝑡ℎ𝑒𝑒 𝑟𝑟𝑒𝑒𝑖𝑖𝑒𝑒𝑟𝑟𝑒𝑒𝑟𝑟𝑟𝑟𝑒𝑒 𝑖𝑖 𝑖𝑖𝑟𝑟 𝑟𝑟𝑟𝑟𝑟𝑟 𝑟𝑟 𝑠𝑠𝑠𝑠𝑟𝑟𝑟𝑟𝑒𝑒𝑒𝑒𝑠𝑠𝑠𝑠 𝑡𝑡ℎ𝑒𝑒 𝑟𝑟𝑒𝑒𝑖𝑖𝑒𝑒𝑟𝑟𝑒𝑒𝑟𝑟𝑟𝑟𝑒𝑒 𝑗𝑗 𝑖𝑖𝑟𝑟 𝑡𝑡ℎ𝑒𝑒 𝑝𝑝𝑟𝑟𝑟𝑟𝑠𝑠𝑠𝑠𝑟𝑟𝑡𝑡𝑖𝑖𝑟𝑟𝑟𝑟 𝑟𝑟𝑖𝑖 𝑡𝑡ℎ𝑒𝑒 𝑠𝑠ℎ𝑖𝑖𝑖𝑖𝑡𝑡 𝑘𝑘                                                                                                                                                                                                                                                                                 

𝑞𝑞𝑖𝑖𝑖𝑖 ∶ 𝑡𝑡ℎ𝑒𝑒 𝑞𝑞𝑠𝑠𝑞𝑞𝑟𝑟𝑡𝑡𝑖𝑖𝑡𝑡𝑞𝑞 𝑡𝑡𝑟𝑟 𝑏𝑏𝑒𝑒 𝑝𝑝𝑟𝑟𝑟𝑟𝑠𝑠𝑠𝑠𝑟𝑟𝑒𝑒𝑠𝑠 𝑟𝑟𝑖𝑖 𝑡𝑡ℎ𝑒𝑒 𝑟𝑟𝑒𝑒𝑖𝑖𝑒𝑒𝑟𝑟𝑒𝑒𝑟𝑟𝑟𝑟𝑒𝑒 𝑖𝑖 𝑏𝑏𝑞𝑞 𝑡𝑡ℎ𝑒𝑒 𝑠𝑠ℎ𝑖𝑖𝑖𝑖𝑡𝑡 𝑘𝑘 
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(1) Minimize the difference of MH of successive references for a shift so as to: 
- guarantee the succession of references which have a close MH; 
- optimize the setup of the chain. 
(2) Satisfaction of customer demand. 
(3) Line capacity. 
(4) Same quantity to be produced per each shift, with a tolerance of ± 3 to avoid the impact of shift production 
indicators. 
(5) Same number of references per shift, with tolerance of ± 2 to minimize diversity. 
(6) and (7) Scheduling of MHs from min to max for odd shifts and from max to min for even shifts so that the 
chain set up is in sinusoidal form. 

(8) Separation of similar WH of a degree s: if the degree dij of similarity of i and j is greater than the threshold s, 
i cannot succeed j, otherwise i and j can succeed each other. 

(9) And (10) Relation between decision variables: if the references i and j are produced (Xijkr = 1), the quantities 
to be produced of i and j must be greater than the minimum quantity to be produced of these references. 

(11) For a shift, if a row is not occupied then those following it are not also. 

4.4 Data preparation 
The present project is made up of 61 different references, each one characterized by its own MH. 
We therefore took these references and we developed a matrix S of size 61*61, such that a cell Sij represents the 
subtraction of reference j MH from that of the reference i. 
Sij = MHi - MHj. 
For the similarity matrix, we were based on: 
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1. BOM a file which contains the complete list of the components of each reference; 
2. design (diagram) of references on jig; 
3. The list of defects due to similarity. 

 
We only took into consideration the most critical components that contribute the most in similarity defects, namely: 

1. wires  
2. connectors  
3.  clips  
4.  Tube 
5. Fuses 
6. Relays. 

To build this matrix, we counted the similar components between references two by two, and then we divided by 
663 which represent the total number of components. 

4.5 Cplex software 
IBM ILOG CPLEX Optimization Studio is a collection of tools for mathematical programming and constraint 
programming. It combines: 
- an Integrated Development Environment (IDE) named Cplex Studio IDE (on Windows) or oplide (on Linux); 
- a modeling language: the OPL language (Optimization Programming Language); 
- two solvers: IBM ILOG CPLEX for mathematical programming (resolution of linear programs in fractional, 
mixed or integer numbers and quadratic programs) and IBM ILOG CP Optimizer for programming by constraints. 
By default, the CPLEX solver is activated. 
The language used in Cplex Studio IDE is OPL (Optimization Programming Language). It is a modeling language 
that allows you to easily write linear (or quadratic) programs thanks to syntax close to mathematical formulation. 
In addition, OPL offers the user the possibility of separating the model from the data, so the same model can be 
easily tested with different datasets. 
OPL works by projects: to solve a model the user must create an OPL project in Cplex Studio IDE which must 
contain at least a "model" file and a "runtime configuration" file. Indeed each project is made up of several types 
of files: 

1. model file (.mod) which contains the model to be solved; 
2. data file (optional) which contains the data for a model; 
3. parameters file (.ops) (optional) which allows you to configure the CPLEX solver; 
4. an execution configuration file (.oplproject) which tells the IDE what to do when the user requests the 

execution of the project, i.e. which model is to be solved and which are parameters and data. 

The first step is to implement the model on Cplex, introducing the constraints, the objective function and the input 
data (the values of parameters).  

The parameters to be entered are: 

1. the minimum quantity to be produced (m); 
2. the similarity threshold (s); 
3. the number of references (nbRef); 
4. the number of shifts (nbShift); 
5. customer requests (EDI); 
6. the similarity matrix (S); 
7. the matrix of the differences of the MH (D). 

We have introduced the values of m and s at the model level. 

5. Results and Discussion  
For this example, we have planned the passage of three references on two shifts. The MHs of its references are as 
follows: 
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Table 2 . MH of references 

                            Reference MH (in hours) 

Ref 1 5.29 

Ref 2 4.72 

Ref 3 4.81 

 

The degrees of similarity between these references are grouped in table 3. 

Table 3 .  Similarity between references 

 Ref 1 Ref 2 Ref 3 

Ref 1 1 0.2 0.4 

Ref 2 0.2 1 0.6 

Ref 3 0.4 0.6 1 

 

The minimum quantity to be produced for a reference is set at 2. The similarity threshold is set at 0.8. Customer 
requests for each reference are grouped in table 4. 

 

Table 4. Customer demand (EDI) 

Reference Customer demand 

Ref 1 17 

Ref 2 40 

Ref 3 60 

 

The results obtained are presented in table 5. Let's start with the distribution of quantities per shift: 

Table 5.  Quantities distribution per shift 

Reference Shift 1 Shift 2 

Ref 1 15 2 

Ref 2 38 2 

Ref 3 7 53 

 

The shifts have the same number of references to produce. The quantity assigned to the first shift is 60 cables. The 
quantity assigned to the second shift is 57 cables. 
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The constraints of the shifts are therefore well respected (a margin of 3 WH). 

The order of references for each shift is presented in table 6. 

Table 6.  references order in production per shift 

Shift 1  Ref 2 Ref 3 Ref 1 

Shift 2  Ref 2 Ref 3  Ref 1 

 

To make the manipulation easier for the planner, we are working on a JAVA application that uses Cplex as a 
solver.This application has a graphical interface for entering data and must provide the results in the form of a 
table that is readable and understandable for the user. 

6. Conclusion  
This project is part of the process control and optimization production of automotive wire harnesses, with the 
objective of reducing the quality and meet customer requirements. 
Taking into account the fluctuation and unstable demand of the customer, production scheduling and planning are 
required for both respond in time to customer requests and comply with all requirements in terms of product 
compliance and quality. Our project has thus worked to control the production planning and scheduling process. 
The generated solution provides a sequencing of reference quantities to be produced by the different shifts in order 
to avoid problems of similarity and the variability of the MH relative to each reference. 
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