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Personnel scheduling in the technical inspection field belongs to the class of 
NP-hard problems. This paper addresses a multi-skilled inspectors scheduling 
problem using the Cuckoo Optimization Algorithm (COA), a population-based 
metaheuristic that has demonstrated strong performance on similar 
scheduling problems. The essential objective is to provide an efficient solution 
approach and to benchmark the results of COA against those obtained with the 
Greedy randomized adaptive search procedure (GRASP) on a real case study 
from a technical inspection company in Tunisia. The computational results 
show that COA yields better schedules and improved solution quality 
compared to GRASP, in terms of both effectiveness and performance. 

1.INTRODUCTION  

The term logistics first appeared in the eighteenth century in connection with the emerging problem 
of supplying armies. It then gradually spread to industry, where it designated handling and 
transportation operations for goods. Until the 1970s, however, logistics was mainly limited to 
execution tasks in warehouses and on shipping docks, and it had relatively little importance in most 
firms, where it was considered a secondary function. Subsequently, logistics came to be understood 
as an operational link between the different activities of the company, ensuring the reliability and 
consistency of material flows with the objective of optimizing resources, reducing costs, and 
improving the quality of service delivered to customers. In the mid-1990s, logistics evolved into a 
global function managing physical flows between customers and suppliers, and it became a new 
discipline in the management of industrial, retail, and transport companies. 

Today, delivery times, product quality, inventory management, and related aspects are considered 
key requirements in logistics and quality management. For customers, delivery time is a major factor 
in the choice of a product and is therefore directly related to the company’s quality performance. As 
a result, logistics managers can no longer neglect product quality in order to guarantee on-time 
delivery Chaker et al. (2019). Beyond handling and inventory management, logistics now 
encompasses the management of all physical and informational flows throughout the supply chain, 
including procurement, production, and distribution. In other words, it involves transversal 
management that removes traditional boundaries between suppliers and customers, enabling 
greater transparency and visibility along the chain and ultimately enhancing overall supply chain 
performance. 

Quality control is a technical activity that verifies whether a product conforms to specific limits 
known by the controller (also called inspector), who performs the inspection and makes the 
appropriate decision. Depending on the results, the product may be considered compliant, non-
compliant and discarded, non-compliant but repairable, or exceptionally accepted despite non-
conformities. Quality control is therefore one component of quality management and can be carried 
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out at reception, during production, or at the end of the process, but it does not represent the entire 
quality system. On the contrary, the need for control is sometimes questioned, since a robust quality 
system is supposed to prevent anomalies and non-conformities. 

In this context, product inspection within the supply chain is part of the overall quality management 
system of each company. It must be conducted under appropriate conditions, with trained and 
qualified personnel, in order to generate useful information for corrective or preventive actions and 
to continuously improve production quality. Inspection is therefore considered an important and 
essential element of company management. Consequently, the person responsible for carrying out 
control and inspection tasks must be certified according to specific standards, and must be capable 
of organizing, preparing, executing, and successfully completing the inspection mission. This person 
must also possess adequate skills and sound knowledge of inspection techniques and procedures. As 
a result, inspection missions, particularly in technical fields, are becoming increasingly complex and 
diverse, and they require well-qualified and well-trained inspectors to perform the various 
inspections requested by customers Chaker et al. (2019). 

The main challenge that arises is the selection and assignment of the most suitable inspector to 
perform a given task for a client, while considering multiple criteria such as competence, 
certification, and availability. This constitutes a real problem for inspection companies when 
planning and assigning inspectors to the different requested missions, especially when the goal is to 
improve service quality and, consequently, customer satisfaction. Effective planning and allocation 
of inspection personnel to control tasks can enhance service quality and lead to higher customer 
satisfaction. However, due to the complexity and multiplicity of factors to be considered when 
planning and allocating inspection personnel, companies often face customer complaints, which 
force managers to revise and adjust their allocation plans Chaker et al. (2024). 

In our work, we interested on the staff scheduling problem in an industrial context, and more 
specifically on the assignment of inspectors to inspection missions while accounting for several 
constraints and stakeholders’ objectives. The aim is to increase worker performance, service quality, 
and productivity, while reducing costs related to overstaffing and improving both profitability and 
service quality. To achieve this, a decision support system is proposed to solve the scheduling 
problem encountered in inspection and technical control activities and to provide operationally 
relevant solutions. 

The remainder of this paper is organized as follows. Section 2 presents the personnel scheduling 
problem in industry together with a brief literature review. Section 3 describes the Cuckoo 
Optimization Algorithm. Section 4 reports the experimental setup and computational results. Finally, 
concluding remarks and perspectives are provided in Section 5. 

2.Industrial Staff Scheduling problem 

The aim of this section is to provide a brief overview of the state of the art on personnel scheduling 
problems. In this work, the focus is placed on three main sectors: the retail industry, transportation, 
and the industrial and manufacturing sector. The different research contributions are presented in 
chronological order within each sector. 

In the retail industry, several studies have addressed workforce scheduling problems. Mac Vicar et 
al. (2017) develop a mathematical model to handle workforce scheduling under contingency 
situations. The same type of approach is used by Burgy et al. (2019) to deal with employee 
scheduling under varying demand. Porto et al. (2019) propose a mixed-integer linear programming 
model to design a hybrid and flexible work plan using real data from a retail company. Henao et al. 
(2019) study a multi-skilling workforce scheduling problem in a retail store under demand 
uncertainty, with the objective of reducing total costs in the case of staff shortages; they solve the 
problem using a mathematical model combined with a sequential heuristic approach. In a similar 
context, Hassani et al. (2020) develop a heuristic method that allows for rapid rescheduling 
personnel, and which demonstrate its high effectiveness through computational experiments on 
large instances. 

In the transportation sector, several works have also been presented. Rama et al. (2017) present a 
linear programming model that deals with driver scheduling in a large metropolis, while providing 
optimal solutions and revenue savings. Janacek et al. (2017) present a mathematical model that 
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allows for the periodic planning of train crew scheduling, adapted to practical applications among 
European railway operators. Bowden and Ragsdale (2018) address the problem of truck driver 
scheduling while ensuring travel time optimization and taking into account driver fatigue; their 
problem is formulated as a mathematical model. Ciancio et al. (2018) use a simulated annealing 
technique for the problem of vehicle scheduling and crew planning for large-scale real-world data. 
Shiau et al. (2020) address the scheduling problem in the aviation field by using a mathematical 
model for airline staff planning, while considering minimum labor requirements as well as costs. 

Finally, for the third sector, the Industry and Manufacturing, Denkena et al. (2017) present a 
mathematical model based on production data to evaluate the effect of employees on setup and 
processing time. Wongwien and Nanthavanij (2017) also present a mixed-integer linear 
programming model for scheduling workers performing hazardous industrial activities, in order to 
limit the time, they perform these activities to legal limits. Hochdorffer et al. (2018) are interested 
in short-term personnel planning on the production lines of an automobile manufacturer, using a 
heuristic approach based on integer linear programming. For Al. Rawi and Mukherjee (2019), they 
present an Excel Solver-based approach in a construction company for planning and scheduling 
workers. Chen et al. (2020) propose a solution for project portfolio scheduling and personnel multi-
skilling using a multi-objective optimization model. However, among the most recent works, we can 
notice that Chaker et al. (2024) is the only work that has addressed the technical control and 
inspection field and that deals in the technical control field the personnel scheduling problem. The 
essential aim of this work is to develop a decision support system to create schedules that can be 
used directly, taking into account costs, client preferences, fairness, and many other constraints and 
stakeholders’ objectives. This mathematical model is after applied to a real case study for a technical 
control company in Tunisia, and a heuristic approach is used to provide a comparison between an 
exact method and an approximate method. 

Since the problem addressed in the work of Chaker et al. (2024) is new and has not been treated in 
the literature, this research focuses on the same problem, but using the Cuckoo Optimization 
Algorithm, which has shown its performance in scheduling for several similar problems. For 
example, Koubaa et al. (2022) demonstrate the effectiveness of the Cuckoo Optimization Algorithm 
compared to the method used in the work of Chaker et al. (2019), and they also show that its 
performance is improved even compared to more advanced methods such as the Artificial Bee 
Colony algorithm, as in the work of Koubaa M et al. (2016). For these reasons, the COA method is 
tested to evaluate its effectiveness in the inspection and technical control field for the personnel 
primarily scheduling problem. 

3.MATERIALS AND METHODS 

The aims of this section are to presents the mathematical model proposed by Chaker et al. (2024), 
which provides a mathematical formulation for a real-world Multi-Skilled Staff Scheduling Problem 
in a Technical Control Company. The model was initially proposed and tested using CPLEX; however, 
real-world instances cannot be solved with this formulation due to its NP-hard nature and problem 
size.  

To address real data, the authors employed a Greedy Randomized Adaptive Search Procedure 
(GRASP) metaheuristic to obtain acceptable solutions. The novelty of this research lies in providing 
a feasible alternative solution approach. Accordingly, their mathematical formulation is adopted 
here and implemented in MATLAB 2018 to resolve this principal Staff Scheduling Problem (SSP) 
using a population-based metaheuristic known as the Cuckoo Optimization Algorithm. Thus, the 
main contribution is the application of COA as an alternative method that overcomes the limitations 
encountered with the NP-hard formulation. 

In this section, the first part of provides a detailed presentation of the mathematical formulation. The 
second part focuses on the metaheuristic used to optimize the problem, namely the COA. 

3.1 Mathematical formulation 

This subsection presents the multi-objective mathematical formulation proposed by Chaker et al. 
(2024) for the multi-skilled inspectors scheduling problem. 
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3.1.1 Objectives 

The objectives defined by Chaker et al. (2024) are as follows: 

 Minimize the variation in inspectors' premiums compared to the average total premiums. 
 Minimize the variation in working hours compared to the average number of missions 

performed. 
 Minimize the distances traveled by inspectors for control missions compared to the average 

distances traveled. 
 Maximize client satisfaction with the assigned inspectors and the quality of service provided. 
 Reduce the radiation dose received by all inspectors throughout X-ray inspection missions. 

Furthermore, in the problem addressed, the defined objectives are contradictory, have different 
levels of importance, and use different units of measure. The Measuring Attractiveness by a 
Categorical Based Evaluation Technique (MACBETH) method is applied to define the weight of each 
objective. Table 1 summarizes the defined weights. 

Table 1. Summary on objectives weights defined 

N° Objectives Weight 
01 Client preference 0,378 
02 Financial equity 0,297 
03 Working hours fairness 0,189 
04 Distance traveled fairness 0,108 
05 Radiographic dose distribution 0,027 

3.1.2 Mathematical model 

To develop a mathematical model for inspector scheduling in the technical control field, Chaker et 
al. (2024) define the next constraints: 

 All control mission requires a certified inspector qualified for the specific method. 
 The inspector assigned to each control mission is selected according to the nature of the 

mission. 
 The experience need for a control mission must be greater than or equal to a minimum 

threshold defined by the human expert. 
 A client may request a specific inspector to perform the required inspection tasks. 
 The radiation dose limit allocated to each inspector must be respected. 
 Compliance with labor code and applicable regulations must be ensured. The aim of this 

study is to solve the multi-skilled inspectors scheduling problem over a variable planning 
horizon while satisfying all stakeholder-defined constraints. The goal of the objective 
function is to minimize the weighted sum of all deviations from ideal targets across the five 
conflicting criteria: 

 Respect of client recommendations and requests for specific inspectors. 
 Fair distribution of working hours among inspectors. 
 Equity in premiums earned by each inspector. 
 Balanced number of destinations traveled for technical control missions. 
 Equitable distribution of radiation doses absorbed by each inspector. 

3.2 Cuckoo Optimization Algorithm 

The Cuckoo Optimization Algorithm is a population-based metaheuristic designed to solve NP-hard 
optimization problems. It has demonstrated strong performance, particularly in scheduling 
applications, and is recognized as one of the most robust and recent algorithms in this category Yang 
and Deb (2009). 

This method, proposed by Yang and Deb in 2009, based for the inspiration from the brood parasitism 
behavior of cuckoos. These birds always lay their eggs in the nests of other species and remove the 
host eggs to maximize their offspring's survival Koubaa et al. (2022), Payne et al. (2005). In COA, the 
eggs represent problem solutions, and a cuckoo egg symbolizes a newly generated solution Brown 
et al. (2007), Pavlyukevich (2007). If the host bird discovers the cuckoo egg, it is removed and 
replaced by a new solution Yang and Deb (2009). Even after hatching, the cuckoo chick ejects the 
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host eggs from the nest. The cuckoo chick typically survives by consuming most of the food, leading 
to the starvation of host chicks Joshi et al. (2017). 

In COA, problem variables are represented as an array called a "habitat," which corresponds to the 
cuckoo's living location Koubaa et al. (2022). This habitat is defined as [x₁, x₂, x₃, ..., xₙₓₐᵣ], where (x₁, 
x₂, ..., xₙₓₐᵣ) are floating-point variable values. The objective function, termed the "profit function," is 
maximized and equals the habitat's profit. For minimization problems, the profit is defined as the 
negative of the habitat cost. 

The optimization process begins by creating an initial population matrix of size Nₚₒₚ × Nᵥₐᵣ. Each 
cuckoo habitat is then assigned a random number of eggs between 5 and 20, reflecting natural 
cuckoo behaviour. All cuckoos lay their eggs within the Egg Laying Radius (ELR), calculated as 
follows: 

ERL= 𝛼 × ( 𝑣𝑎𝑟 𝐻𝑖 − 𝑣𝑎𝑟 𝐿𝑜𝑤) ×
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑒𝑔𝑔𝑠 𝑐𝑢𝑟𝑟𝑒𝑛𝑡  𝑜𝑓 𝑐𝑢𝑐𝑘𝑜𝑜

𝑆𝑢𝑚 𝑜𝑓 𝑒𝑔𝑔𝑠 
 

where 𝛼 is an integer representing the maximum ELR value. 

After the cuckoos’ chicks get bigger, they fly and found to an appropriate area where they can find 
eggs in nests similar to their own. Once the most suitable environment has been chosen, they will 
immigrate all the other cuckoos, and to reach this chosen target location, the migratory cuckoo 
travels a distance (λ %) then deviates (ф radians) from the goal arrival point. Koubaa et al. (2022), 
two parameters are considered for each Cuckoo such as: 

λ ~ U (0, 1) where the number is randomly chosen between 0 and 1. 

Φ ~ U (-ω, ω) this parameter limits the target location (habitat) deviation (chosen as π/6 rad) 

After one all the cuckoos have immigrated and chosen their target location, and we will now calculate 
an ELR for each Cuckoo, taking into account the number of eggs allocated to each bird. Then we will 
initiate a new laying process Joshi et al. (2017). The COA flowchart is presented as follows: 

 

Figure 1 : The COA organization chart 

4.Case study  

To evaluate the most efficiency of this COA for the considered multi-skilled inspectors scheduling 
problem and to compare it with existing approaches, a series of computational experiments was 
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carried out on the same benchmark test instances proposed by Chaker et al. (2019). These instances 
are based on real operational data collected from a technical control company and reflect realistic 
planning conditions in terms of number of inspectors, missions, destinations, and regulatory 
constraints. 

The test set includes instances with different planning horizons and problem sizes, ranging from 
small cases solvable exactly by CPLEX to larger and more complex instances where exact methods 
become impractical. This configuration allows a fair comparison between exact and metaheuristic 
approaches in both low- and high-complexity scenarios. The input files used in this study (missions, 
inspectors’ skills and certifications, client preferences, travel distances, premiums, and radiation 
dose parameters) are available online, as referenced in Chaker et al. (2024), ensuring full 
reproducibility of the experiments and enabling future comparisons with alternative algorithms. 

4.1Programming environment 

The proposed COA-based solution approach was implemented in MATLAB R2018a and executed on 
a standard laptop with the following specifications: 

 Processor: Intel® Core™ i7-1075H CPU @ 2.60 GHz 
 RAM: 8 GB 
 Graphics card: NVIDIA GeForce GTX (4 GB) 
 Hard disk: 500 GB 

This computing environment is representative of commonly available hardware, which means that 
the reported computation times can realistically be achieved in typical industrial or academic 
settings. All methods compared in this study (CPLEX, GRASP, and COA) were run on the same 
machine to ensure a fair comparison of their computational performance. 

4.2 RESULTS 

To provide a comprehensive assessment of the proposed approach, the following table presents a 
comparative analysis of the results obtained for the Multi-Skills Inspectors Scheduling Problem 
using three different methods: CPLEX, GRASP, and COA. For each test instance, the table reports the 
coverage rate, the resolution time and the objective function value, which allows the evaluation of 
both computational efficiency and also the solution quality. 

The comparison highlights the ability of COA to maintain a 100% coverage rate while producing 
competitive or improved objective values, particularly on medium- and large-size instances where 
exact optimization with CPLEX reaches its time limit. In addition, the results illustrate the robustness 
of COA relative to GRASP, both in terms of stability and convergence behaviour of the solutions 
obtained across the different test cases. 

To further assess the effectiveness of COA in solving the NP-hard Technical Inspectors Scheduling 
Problem, a series of experiments was conducted using the same benchmark instances proposed by 
Chaker et al. (2024). In this case study, the COA based scheduling approach yields better and best 
results than the GRASP method: COA converges to optimal solutions (as validated by CPLEX) for 
small instances and demonstrates superior performance for larger instances. 

Two additional contributions emerge from the comparison between the assignments generated by 
COA and GRASP. First, COA outperforms GRASP by providing more satisfactory results in terms of 
maximum coverage. Second, the total number of assigned positions is higher with COA, while the 
fitness (objective) values obtained are lower than those produced by GRASP, confirming the 
effectiveness of COA for this class of scheduling problems. 
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Table 2: A comparative analysis of the results obtained for the Multi-Skills Inspectors Scheduling Problem using three different methods 

Test 
N° 

Number of CPLEX GRASP COA 
D

ay
 

In
sp

e
ct

o
r 

D
e

st
in

a
ti

o
n

 

M
is

si
o

n
 

T
h

e
 c

o
v

e
ra

g
e

 
ra

te
 i

n
 %

 

T
h

e
 o

b
je

ct
iv

e
 

fu
n

ct
io

n
 

O
p

ti
m

a
li

ty
 

T
h

e
 t

im
e

 
re

so
lu

ti
o

n
 i

n
 

(s
) 

T
h

e
 c

o
v

e
ra

g
e

 
ra

te
 i

n
 %

 

T
h

e
 o

b
je

ct
iv

e
 

fu
n

ct
io

n
 

T
h

e
 t

im
e

 
re

so
lu

ti
o

n
 i

n
 

(s
) 

T
h

e
 c

o
v

e
ra

g
e

 
ra

te
 i

n
 %

 

T
h

e
 o

b
je

ct
iv

e
 

fu
n

ct
io

n
 

T
h

e
 t

im
e

 
re

so
lu

ti
o

n
 i

n
 

(s
) 

1 5 4 1 5 100% 26,09 Confirmed 32,714 100% 26,09 0,202 100% 26,09 0,157 

2 5 5 1 7 100% 26,48 Confirmed 33,218 100% 26,48 0,705 100% 26,48 0,633 

3 5 5 1 7 100% 25,31 Confirmed 42,861 100% 25,31 1,002 100% 25,31 0,745 

4 6 6 1 9 100% 27,22 Confirmed 65,083 100% 27,22 2,822 100% 27,22 2,075 

5 6 5 1 8 100% 23,15 Confirmed 27,228 100% 23,15 0,302 100% 23,15 0,098 

6 6 6 3 9 100% 37,22 Confirmed 111,309 100% 37,22 2,822 100% 37,22 1,978 

7 6 13 3 21 100% 59,60 Confirmed 202,981 100% 59,60 4,016 100% 59,60 2,876 

8 14 12 3 22 100% 59,78 Confirmed 282,314 100% 59,78 4,228 100% 59,78 3,017 

9 14 15 2 37 100% 64,22 No Time Limit 100% 64,22 6,471 100% 62.11 63.140 

10 6 35 3 79 100% 143,67 No Time Limit 100% 143,67 18,061 100% 143.67 16.460 

11 7 55 2 88 - - No - 100% 161,77 32,664 100% 161.77 30.675 

12 7 62 3 102 - - No - 100% 189,01 77,349 100% 187.67 73.423 

13 21 100 3 122 - - No - 98% 200,76 102,664 100% 215.38 114.759 

14 21 124 2 182 - - No - 82% 257,59 192,781 100% 278.28 260.483 

15 21 150 3 222 - - No - 77% 318,22 211,030 91.44% 407.35 317.974 
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CONCLUSION AND PERSPECTIVES 

This work addressed a multi-skilled inspectors scheduling problem arising in the technical 
inspection sector. Given the NP-hard nature of this problem, exact methods quickly become 
impractical for real-world applications, which motivates the use of advanced metaheuristic 
approaches. In this context, the Cuckoo Optimization Algorithm was proposed as an effective 
solution method and was evaluated on a real case study from a Tunisian technical inspection 
company. 

The numerical experiments show that COA is capable of generating high-quality schedules within 
reasonable computation times. When compared with the GRASP algorithm, COA consistently 
delivers better solutions and overall performance, achieving higher coverage and more efficient 
utilization of multi-skilled inspectors. These results confirm both the robustness and the practical 
relevance of COA for solving complex personnel scheduling problems. 

From an academic perspective, this study contributes to the literature on metaheuristic approaches 
for workforce planning by highlighting the potential of the Cuckoo Optimization Algorithm in the 
context of technical inspection activities. From a managerial perspective, the proposed approach 
provides a useful decision-support tool that can help technical inspection companies improve 
planning efficiency, service quality, and operational performance. 

Future research directions include extending the model to incorporate additional real-world 
constraints, such as inspectors’ preferences, regulatory changes, and uncertainty in inspection 
demand. Another promising avenue is the investigation of hybrid or hyper-heuristic strategies that 
combine COA with other metaheuristics to further enhance solution quality and computational 
robustness. 
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