
The Fleet Management Capstone Project 

 SCHOOL OF SCIENCE & ENGINEERING – AL AKHAWAYN UNIVERSITY 

 

 

    

SCHOOL OF SCIENCE AND ENGINEERING  

 

 Capstone Report  

 

The Fleet Management 

(Capacitated Vehicle Routing Problem with Fixed Fleet 

of Delivery Vehicles of Uniform capacity) 

  

  

Written by 

 

Chayma Sabiri 

  

  

  

Supervised by 

 

Dr. Ilham Kissani 

  

 Spring 2017  

 

 





The Fleet Management Capstone Project 

 

3 

 

Table of Content 
Acknowledgement ...................................................................................................................... 5 

Abstract: ..................................................................................................................................... 6 

Introduction: ............................................................................................................................... 7 

Problem Identification: ............................................................................................................... 7 

The feasibility study: .................................................................................................................. 8 

Definitions: ................................................................................................................................. 9 

Vehicle Routing Problem: ...................................................................................................... 9 

Capacitated Vehicle Routing Problems: ............................................................................... 10 

Methodology: ........................................................................................................................... 10 

The exact Approach:............................................................................................................. 10 

The three index vehicle flow formulation ........................................................................ 11 

Integer linear Programming:............................................................................................. 12 

Traveling salesman: .............................................................................................................. 15 

Nearest Neighbor Algorithm: ............................................................................................... 16 

Applicableness:................................................................................................................. 17 

Data Received by the company: ....................................................................................... 17 

Clustering: ........................................................................................................................ 20 

Solution: ........................................................................................................................... 23 

From Heuristic Solutions to real distances: .............................................................................. 28 

Steeple Analysis: ...................................................................................................................... 28 

Societal Considerations: ....................................................................................................... 28 



The Fleet Management Capstone Project 

 

4 

 

Technical Considerations: .................................................................................................... 29 

Environmental Considerations: ............................................................................................ 29 

Ethical Considerations: ......................................................................................................... 29 

Political Considerations: ....................................................................................................... 29 

Legal Considerations: ........................................................................................................... 29 

Economic Considerations: .................................................................................................... 30 

Conclusion and Future Work: .................................................................................................. 31 

References ................................................................................................................................ 32 

Appendix: ................................................................................................................................. 33 

Traveling Salesman Code: .................................................................................................... 33 

Nearest Neighbor Code: ....................................................................................................... 38 

Map Results for the first Cluster: ......................................................................................... 41 

Results for the Northern Cluster ....................................................................................... 41 

Results for the Eastern Cluster: ........................................................................................ 43 

Results for the Central Cluster: ........................................................................................ 44 

Data Used for each one of the clusters: ............................................................................ 45 

 

 

 

 

 

 



The Fleet Management Capstone Project 

 

5 

 

 

Acknowledgement 

After the realization of this capstone project, I would like to express my gratitude to many 

individuals for their help and support.  

I am highly indebted to Dr Ilham Kissani, my capstone supervisor, for her help, guidance, 

and support to make me believe in the project and to motivate me working on a challenging 

topic despite the constraints. 

As I would like to thank the professors who took the time to help whenever I needed help, 

especially, Dr. Abrach, Dr. Naeem Sheikh, and Dr. Khallaayoun. 

This would not have been realized without the continuous support of my dad, mum, husband, 

brother, the project mate, and friends to whom I would like to express my infinite thanks  

Thank you. 

 

 

 

 

 

 

 

 

 



The Fleet Management Capstone Project 

 

6 

 

Abstract: 

According to some researches done the transportation cost can account up to 50 % of 

the logistics total cost for each firm. This amount the importance of the transportation cost 

management that can be controlled more effectively shows. In my project, I will be solving 

for the vehicle routing problems as an effective way for fleet management. My work will be 

organized as follows. First, I am going to start with the definition of the CVRP and TSP as 

parts of fleet management problems. Secondly, I am going to present the branch and bound 

method as a way to solve the CVRP problems by hand. Then we will analyze the CVRP 

algorithm and try to code it on Matlab software based on the TSP program. Finally, we will 

draw a conclusion of the paper.  
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Introduction: 

 The Fleet Management is a part of the logistics-transportation that focuses on the vehicles 

management. The fleet management can be considerate as a part of the vehicle routine  

problems which can be defined as the design the best optimizations for a vehicle’s routes 

based on different restrictions that can be  the capacity, the time windows.. 

The Vehicle Routing Problems is a major kind of problems in the Operations Research that 

can be classified as NP hard combinatorial optimization problem which means that it is a 

problem that can be solved by nondeterministic algorithms in polynomial time. Basically, 

this kind of problems can be solved using different kinds of algorithms that can be 

subdivided to exact algorithms or heuristic algorithms. 

In my project, I will be solving the vehicle routing problem for a specific data of a company 

based on the restrictions they made that are the depot as a starting and finishing point of the 

circuit, the number of people to pick per station, and the capacity of the vehicle. Our 

objective function should minimize the transportation cost or the traveled distance to satisfy 

the demand by respecting all the constraints that we may have. 

As stated before, the vehicle routing problem can be based on the capacity restriction and in 

this case we can call it the Capacitated Vehicle Routing Problem (CVRP), or based on the 

time window and can be named the vehicle routing problem with time windows. 

In my project, I will be focusing more on solving the capacitated vehicle routing problem. 

Problem Identification: 

The problem that I need to fix in my capstone project is about finding a method to identify 

the number of vehicles needed to pick a number of people from different stations, as well as 
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finding the different routes that each one of the vehicles will go through to answer the 

demand per station and finally find the total distance that will be crossed by the vehicles. 

The feasibility study: 

My project is about Fleet management which is the management of vehicles in a 

specific system. My project will consist of the analysis of the fleet management of a specific 

system, taking as an example Al Akhawayn University park that can be developed later on 

and applied on other bigger systems. 

The purpose of my project is developing a program that can help the system 

minimizing the total transportation cost either by shortening the path, minimizing the number 

of the vehicles, or a looking for other solutions to find an optimal way to fulfill the demand 

of transportation at the same time. 

We refer to this kind of problems by the Vehicle Routing Problem (VRP) and it is 

related to the distribution and logistics field. To solve this kind of problems, we can use 

different types of algorithms and models based on the linear programming method which 

will be the most useful mathematical technique to allocate resources and transportation 

modeling. 

For the technical feasibility, I will be using Matlab and depending on the data that is 

going to be provided by the ground and maintenance in Al Akhawayn University to check if 

the program is running and providing the results we want. 

For the financial feasibility, my project does not require any expenses. 

For the organizational feasibility, the fleet management project has no limitations and 

respects all the ethics since it is a way to better use the transportation in an optimal way. 
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My project will be subdivided to different steps, starting with understanding of the 

different algorithms and their feasibility to fulfill our demand and at the same time the 

feasibility of the algorithm to be coded through Matlab and implemented in different system. 

Then, I will have to look for the different existing functions that can help me implement my 

program and the other functions that need to be implemented. So finally, I can code the 

program, and check if it is running and can be applied to bigger systems. 

Definitions: 

Vehicle Routing Problem: 

In the beginning of my capstone project I was introduced to a new topic within the operations 

research field which is the Vehicle Routing Problem. Before understanding the problematic 

we had first to read about the topic in general and to discover its different components. We 

find out the vehicle routing problems are subdivided to other categories. 

 

When we talk about the categories of the VRP or the vehicle routing problems we mainly 

base the subdivision on the constraints that makes each category different from the other. For 

instance, based on the chart above, the VRP can be subdivided to three different categories 
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which are the VRP dependant on the distance constraint and in this case it becomes a DVRP, 

the VRP based on the time windows constraint and in this case it becomes a VRPTW and 

finally the CVRP and it is the VRP based on the capacity constraint. 

 

Capacitated Vehicle Routing Problems: 

One of the most known Vehicle routing problems are the capacitated vehicle problems with a 

single depot. It is basically a number of vehicles with different capacities placed in the depot 

that needs to serve a number of customers in different locations. The objective of this kind of 

problems is to find the optimal network that can relate between different locations, in other 

word, the objective is to minimize the length of the network and at the same time make the 

maximum number of customers benefit from the service. 

Methodology: 

To find the solution of the problem I have, I need first to lean about the topic in general, 

since it was a new topic for me, to understand the level of the difficulty I have. Then, I need 

to go through different methods to find the right applicable one.  In the very beginning, I 

tried to work with learn about the exact method and to know how to convert the exact 

algorithms into a code in Matlab. Then, I tried the traveling salesman, to finally work with 

the nearest neighbor algorithm which was the applicable solution in our case. 

The exact Approach: 

To start looking for solutions for the vehicle routing problem, to find the circuit for the 

shortest path with respect to the constraint of the demand per station and the capacity per 

vehicle, we started in the beginning to look for a way that will provide us with the exact 

solution. And to have the exact solution we can use the exact algorithms that , for our case of 

vehicle routing problems , are classified to different categories that can be the direct search 
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methods, dynamic programming, and the integer linear programming [1: Gilbert Laporte, 

VRP: an overview of exact and approximate algorithms] 

The three index vehicle flow formulation 

This kind of algorithms are characterized by a variable that is defined by two indexes that 

refers to an arc between two stops in the circuit and at the same time an index that refers to 

the vehicle used. 

Algorithm: 

 

( 1 ): is the objective function that minimizes the cost with respect to the arc traveled from i 

to j and the vehicle k used in this arc knowing that we have m available vehicles 

( 2 ): The demand d per station i should be less or equal to the capacity D of the vehicle K 

( 3 ): the number of leaving vehicles from a station i should be either 1 or m. m vehicles can 

leave the depot, but just one vehicle can leave the other stations.  

( 4 ): The number of entering vehicles should be equal to the number of leaving vehicles per 

each station i 

( 5 ): The number of entering vehicles should be equal to the number of leaving vehicles per 

each station i 
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( 6 ): Sub tours elimination. Each vertices visited once cannot be visited again. 

Problem encountered: 

The problem I have faced during the coding of this algorithm happens to be in the three index 

variable and the possibility to write it as a 3 dimensional array. Moreover, I faced difficulties 

running the equations (3) in Matlab, since I have to write all the equations in terms of     

because in Matlab, all the equations should be written in terms of the of the unknown 

variable of the objective function. After several trials, I decided to look for a different 

algorithm that will provide me with the same result.  

Integer linear Programming: 

Algorithm: 

 

( 7 ): is the objective function that minimizes the cost with respect to the arc traveled from i 

to j and the vehicle k used in this arc knowing that we have m available vehicles 

( 8 ): the number of leaving vehicles from a station i should be equal to 1. 

( 9 ): the number of leaving vehicles from a station j should be equal to 1.  
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(10): the number of leaving vehicles from a station i to the depot 0 should be equal to k that 

means that all the vehicles should go back to the origin which is the depot.  

(11): the number of leaving vehicles from a depot 0 to a station j should be equal to k that 

means that all the vehicles leave from the origin which is the depot. 

(12): Sub tours elimination. Each vertices visited once cannot be visited again. 

Interpretation:  

 The objective function is the minimization of the sum of cost of the arc ij multiplied 

by the distance ij, which can be represented by n x n matrices. If we assumed that we 

will have 5x5 matrices, the algorithm will be represented as follow: 

 

 
The solution we should have from this algorithm should be a 5 5 matrix. 

 The equality constraint means that each station should be entered by only one vehicle, 

so the equation that we will have will be written as follow 

            
 

If we take the example of one station, for instance station 4, the graphical interpretation of 

this part of the algorithms can be represented as follow: 
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 The same formulation will apply to the leaving vehicles the only difference applies in the 

algorithm and the graphical interpretation. In this case we will have  

 

 

 

 

 The equality constraint is represented as follow: 

 

Problem encountered: 

In this algorithm, there is a missing part of the demand versus the capacity of the vehicle that 

can be added. To check the applicability of the algorithm we can assume that we have just 

one vehicle and use a Traveling Salesman which is part of the dynamic programming in the 

exact approach. 

For station 4: 

If the vehicle 1 enters the station, all the 

others cannot enter the same station. 

And the same thing is applied to the other 

stations. 

For station 4: 

If the vehicle 1 leaves the station4, all the 

others will not leave the same station. 

And the same thing is applied to the other 

stations. 
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Traveling salesman: 

Definition 

To check applicability of the algorithm using just one vehicle as an example we will use the 

Traveling salesman which is part of the dynamic programming in the exact approach. 

The traveling salesman has to start from the depot and end in a depot, to use one vehicle, and 

to visit the remaining stations randomly. The objective function is to minimize the traveling 

distance between the stations. 

This approach will provide me with the optimal route in order to minimize the cost based on 

the traveling of just one vehicle with a limited capacity. Then I will need to add a different 

algorithm to the existing one in order to determine the capacity needed as a response to the 

demand. 

TSP Code: 

This code is a way to solve the traveling salesman based on the binary integer programming 

by finding the optimized path going by different stations. In our case, we decided to work on 

5 stations including the depot with one vehicle with a capacity of 20. 

Main Function: 

Intlinprog function: 

The “Intlinprog” function is the main function of the optimization part in the linear integer 

programming of the TSP. It is the function that is characterized by the minimization part 

based on different functions and matrices. For instance, the intlinprog should be predefined 

as follow: 

x= intlinprog( f, intcon, A, b , Aeq, beq, lb, ub, options) 

For my project, the variables of the intlinprog will be defined as follow: 
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 The first function will refer to the distance function that computes the sum of distances by 

computing the square root of sum of squares, which are the distance computed between 

the x-coordinates and the y-coordinates. 

 The intcon displays all the numbers from one to lendist which is the number of elements  

in the largest dimension of the array of the distance function. 

 A and b are part of the inequality constraint that are going to be used as sparce  matrices 

for subtours eliminations. 

 Aeq and beq are part of the equality constraints in which in the first part the equality 

shows that the total number of trips should be constant and the other part fills the sparce 

matrix with ones to show the two trips attached to each station. 

 lb and ub are the variables’ boundaries. 

 

The function will be written as follow: 

 

intlinprog(dist,intcon,A,b,Aeq,beq,lb,ub,opts) 

 

Nearest Neighbor Algorithm: 

Finally, we decided to work on a metaheuristic approach as it can provide a better solution 

for the vehicle routing problems.  

The nearest neighbor algorithm work with the same concept of the traveling salesman but the 

only difference in our case is that the nearest neighbor algorithm provide with the number of 

vehicles needed to be used in case of limiting the capacity of the vehicle, which means that if 

the user chooses to use vehicles with a capacity C the code will provide the user with the 

number of vehicles k that they should use in order to fulfill the demand.  

This means for this case there is the possibility of limiting the capacity depending on the 

vehicles used and there is the possibility of using multiple vehicles at the same time. 
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Applicableness: 

The algorithm that was found will be applied to two situations. First of all, we wanted to 

apply the algorithm to Al Akhawayn University staff picking, but the problem was in the 

data that was not available in the database of the ground and maintenance department.  The 

second one is applying the code of the algorithms using the data of a company in Tanger 

called Virmousil. 

Data Received by the company: 

After contacting Virmousil Company, I received multiple data that contains multiple shifts in 

which each shift contains different stations with different capacities. With the approval of the 

supervisor I chose to work with the 06.00 am shift since it contains the maximum number of 

the trips between all the shifts. The data we received contains a total of 142 station with a 

total of 482 person be picked. 

CLUSTERS QUARTIERS Point de ramassage nombre d employers 

1 SOUANI 20 AOUT 2 

2 ACHENAD ACHENAD MERS 24 

3   ACHENAD PH 1 

4   ACHENAD PH MACHKOURI 2 

5 SIDI DRISS AHLAN 4 

6 IBYRYA AIN KTIOUET PARIS 4 

7 BOUKHALEF AL IRFAN 2 33 

8   AL IRFAN DOHA 1 

9   AL IRFAN PH FARAJ 1 

10 ASSILAH ASSILAH 1 

11 ZIATEN ASWAK ESSALAM 1 

12 BNI MAKADA AV FATIMA ZAHRA 3 

13 AOUAMA AWAMA AMALA 1 

14   AWAMA BALADIA 9 

15   AWAMA BR DOHA 4 

16   AWAMA DAKHLA DCHAR 1 

17   AWAMA DHAR KANFOUD 1 

18   AWAMA MASJID 1 

19   AWAMA PLAKA 6 

20   AWAMA SGMB 1 

21   AWAMA SOUSSI 1 

22 BEN DIBANE BEN DIBAN DAIRA 6 2 
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23   BEN DIBAN KANTRA 1 

24   BEN DIBAN SOUK 25 

25 BNI MAKADA  BENI MAKADA CINE TARIK 1 

26   BENI MAKADA EL KHESA 10 

27   BENI MAKADA ROUIDA 2 

28   BENI MAKADA SGHIRA 1 

29 BIR AHARCHOUN  BIR AHARCHOUN  7 

30 BIR CHIFA BIR CHIFA BP 9 

31   BIR CHIFA JAMA3 5 

32   BIR CHIFA SED 7 

33   BIR CHIFA SOUK 8 

34 AOUAMA BOUHSSAYEN 1 

35 BOUKHALEF BOUKHALEF TREK MATAR 5 

36   BOUKHALF ATTIJARI 11 

37   BOUKHALF CAFE MAZAR 1 

38 BRANES BRANES 2 

39   BRANES 2 1 

40   BRANES PHARMACIE 1 

41 ZIATEN CAFE BTISSAM 1 

42   CAFE ROUTANA 1 

43   CAFE SAHILI  2 

44   CAFE WALID 1 

45   CHAMALIYA 1 

46 BEN DIBANE DAIRA 6 4 

47 SAADA DAR TOUNSI 2 

48 BOUKHALEF DOHA ATTIJARI 2 

49 DRADEB DRADEB DAIRA 3 1 

50   DRADEB MOWAHIDIN 1 

51 IDRISSIA  DRISSIA BMCI 1 

52 SIDI DRISS GORZYANA 7 

53   GORZYANA PHARMACIE EL FATH 1 

54 GZENAYA GZENAYA KARAOUIYA 15 

55   GZENAYA POSTE 1 

56 HAD GHARBIA HAD GHARBIYA 2 

57 LAAZIFAT HAMAM 3LACH LA 1 

58 PLACE DE TOROS HAWMA BEN KIRAN  1 

59   HAWMA CHOUK 15 

60   HAWMA CHOUK SGMB 1 

61   HAWMA DRAWA 1 

62   HAWMA HADDAD 8 

63   HAWMA SOUSSI 4 

64   HAWMA SOUSSI ATTIJARI 1 

65   HAWMAT CHOUK 5 

66   HAWMAT HADAD 2 

67 GZENAYA I9AMAT EL MOSTAKBAL 1 

68 LUXUS IBRAHIM AL KHALIL 3 
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69 JIRARI JIRARI STOP 3 

70 GZENAYA MARJAN  1 

71 MERCHAN  MERCHAN METAFI 1 

72   MERCHAN MTAFI 1 

73 MERS MERS SOUK JDID 5 

74 MESNANA MESNANA BMCE 1 

75 MGHOGHA  MGHOGHA KBIRA 3 

76   MGHOGHA PARKING 2 

77   MGHOGHA POSTE 1 

78   MGHOGHA SGHIRA 7 

79 MOJAHIDIN MOJAHIDIN 2 

80 MOJAMAA MOJAMA3 NOUR 1 

81   MOJAMAA HASSANI 4 

82 MESNANA MSNANA 19 

83 MERS PHARMACIE MERS 1 

84 PLACE DE TOROS PLACE A TORO CHARF 1 

85 SAADA   SAADA   1 

86   SAADA JAMA3 40 1 

87 HAD GHARBIA SAHEL 14 

88 MESNANA SAT VILLAGE 3 

89   SAT VILLAGE  KOULIA  1 

90 SIDI DRISS SIDI DRISS 1 

91   SIDI DRISS BP 3 

92 SOUANI SOUANI 1 

93 SOUANI SOUANI 20 AOUT 1 

94 SOUK BARA SOUK BARA 3 

95 ESSANYA STOP ESSANYA 1 

96 BRANES TRIAL ATLAS 1 

97   ZEMOURI 1 

98   HAMMAM SALAM 1 

99 BEN DIBANE BEN DIBAN BOU3AB3ATE 4 

100 MOJAMAA MOJAMA3 HASSANI 9 

101 BEN DIBANE BEN DIBAN DCHAR 2 

102   BEN DIBAN KHAYRIYA 2 

103 BOUKHALEF BOUKHALEF KANTRA 4 

104   BOUKHALEF ROND POINT 1 

105 BIR CHIFA BIR CHIFA MABROUKA 2 

106 HOPITAL M6 DAR MOUIGNA BC 1 

107 BOUKHALEF BOUKHALEF IRFAN 1 

108 BIR CHIFA BIR CHIFA JAMA3 BEN YOUSSEF 1 

109 BOUKHALEF BOUKHALEF BP 3 

110 LALLA CHAFYA MAKHBAZAT  PARIS 3 

111 MGHOGHA  MGHOGHA NW L  1 

112 AHARRARINE HRARIEN  1 

113 IDRISSIA DRISSIA PH SEHA 1 

114 GZENAYA  GZENAYA VERSAY 7 
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115 ZEMOURI 1 ZEMOURI 2 1 

116 IDRISSIA DRISSIA BMCE 3 

117 GARE  MAHATA 1 

118 GZENAYA  TREK RABAT BMCE 1 

119 MERS MERS PH MACHKOURI 2 

120 MGHOGHA  MGHOGHA DAKHLA HMAM 4 

121 MERS MERS JAMA3 1 

122 BOUKHALEF TREK MATAR 2 

123 GZENAYA  GZENAYA AFRIQUIA 2 

124 BOUKHALEF BOUKHAELF ROND POINT 1 

125 BNI MAKADA HAWMA HADDAD GRAND TAXI 1 

126 GZENAYA  MOJAMA3 RIAD SALAM 1 

127 BOUKHALEF AL IRFAN 2 PH LFARAJ 2 

128 GZENAYA  MARJAN 2 

129 PLACE DE TOROS PLACE A TORO NZAHA 1 

130 MSSALAH  MSSALAH PH BOUGHAZ 1 

131 LKHARBA KHERBA   4 

132 Guezenaya TREK RABAT DELPHI 1 

133 AIN KTIOUET ROND POINT  AIN KTIOUET ROND POINT  2 

134 BEN DIBANE  BEN DIBAN PHARMACIE MADRID 1 

135 BIR CHIFA BIR CHIFA SOUK  1 

136 HOPITAL M6 DAR MOUIGNA ROND POINT  7 

137 BOUKHALEF BOUKHALEF ROND POINT  11 

138 DRADEB LAKDIMA  DRADEB LAKDIMA  3 

139 HOPITAL  M6 HOPITAL  MED 6 1 

140 PLACE DE TOROS PLACE A TORO STOP 3 

141 JIRARI JIRARI ROND POINT  4 

142 MABROUKA 3 HAOUMA AOUDA 1 
 

Table1: Total number station and the demand per station 

The problem about this data is that our code does not analyze more than 25 stations, so to 

have the result for our VRP; I have to divide the stations to different clusters and in this case 

the depot should stay the same which is Virmousil Company and the minimum capacity that 

a vehicle can have should not exceed the maximum demand per station.. 

Clustering: 

For the clustering part, I have divided the whole data to four clusters (Eastern, Northern, 

Central, and Gueznaya clusters), in which each cluster should have one depot that represents 

the starting and the finishing point of the vehicles, in our case it should be Virmousil 
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Compnay, and a maximum of 24 stations with different capacities that will be visited by a 

number of vehicles that will be specified by the code, the following tables represents the four 

clusters I am going to work with: 

Pick up station Employees number 

Boukhalef 27 

Ziaten 2 

Al Irfan 37 

Mesnana 23 
Table 2:  Eastern Cluster. 

Pick up station Employees number 

Lkharba 4 

Zemmouri 1 

Saada 3 

Lalla Chafia 3 

La Gare 1 

Mselah 1 

Idrissia 5 

Mershan 1 

Souk Bara 3 

Dradeb 4 

Rue Sania 1 

Iberia 4 
Table 3:  Northern Cluster. 

Pick up station Employees number 

Mghogha 8 

Mers 9 

Moujahidin 2 

Bir Chifa 13 

Moujama 10 

Branes 3 

Place De Toros 6 

Beni Makada 5 

Ben Diban 13 

Ahrarin 1 

Laazifat 1 

Sidi Driss 12 

Hopital Med6 9 

Jirari 7 

Aouama 11 

Ain Ktiouet 2 
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Achnad 24 
Table 4:Central Cluster. 

 

Pick up station Employees number 

Badriouyene 15 

Ikamat El Mostakbal 1 

Marjan  3 

Restaurant Al Achab  7 

Trek Rabat Bmce 2 

Gzenaya Afriquia 2 

Mojama3 Riad Salam 1 
Table 4:  Gueznaya Cluster. 

After defining the four clusters, I had to identify the position of each station based on first of 

all its position on Google map and after taking a screen shot of each cluster defining the x-

coordinate and the y-coordinate per each station based on the unit scale based on Matlab. 

The step after defining the stations coordinate per cluster is giving Matlab the data that is 

basically composed of the number of the stations that should not exceed 25 stations, defining 

the depot by setting its coordinates and defining the stating demand as 0, and finally defining 

the capacity of the vehicles that are going to be used. 

Before running the code, the user has to open the two Matlab windows containing the code, 

the one filled with the data per cluster, specify the capacity per the vehicles, knowing that the 

capacity specified will be the same for the whole vehicles and then Matlab will print the 

results. The code should be run per each cluster independently, because , as mentioned 

before, this code that not accept more than 25 stations including the depot, otherwise, it will 

take more than the time  needed to solve the problem. 
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Solution: 

After that the user gives the data that is composed of the stations that are mentioned on the 

map as outlets, the x-coordinates and y- coordinates for all the stations, and the demand per 

station, the user has to enter as well the capacity of the vehicles that are going to be used. 

Matlab, first, located the stations, and based on the demand given versus the capacity of the 

vehicles provides the number of routes that are going to be used. The number of routes in this 

case can be interpreted as the number of voyages done, in case we will be using just one 

vehicle or the number of vehicles needed in case the company needs to reduce time by 

performing multiple tasks at the same time. 

As an example, I will be using the Gueznaya cluster to run my program to compare the data.  

 

 

Table 5:  Gueznaya Cluster. 

First of all, I will provide Matlab with the number of stations, the x-coordinates and y-

coordinates of the stations and the demand per station organized in a table as follow: 
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[1      22.00      86.00       0.00 
 2      47.00      96.00      15.00 
 3      84.00      45.00       1.00 
 4      68.00      54.00       3.00 
 5      85.00      20.00       7.00 
 6      83.00      19.00       2.00 
 7      60.00      62.00       2.00 

      8      87.00      30.00       1.00   ]; 
 

In this table, the first column refers to the outlets number of the stations number just to 

named them in the map and find it easy to relate between the stations we have in the map and 

the ones in Excel sheet. The second column represents the x-coordinates of the stations based 

on the scale we have on Matlab. The third column represents the y-coordinates of the 

stations. And the forth column is the demand per station provided by the company. This table 

has to be changed each time the user needs to work on a different map or a different cluster 

with different stations. 

The final variable to define before running the code is the constant capacity used by the 

whole vehicles. I ran the code for different capacity to compare the results provided by the 

code and the follow screenshots shows the results that I have received. 

After running the code by using a vehicle of capacity 10 the code will provide the used with 

the following result since it the capacity of the vehicle that will be used is smaller the 

maximum demand in the stations which is as explained before 15:

  

After changing the capacity to 15 passengers, the code shows that the company should either 

provide 3 vehicles of the same capacity of 15 people with a total distance of 426.4220 pixels 

which is the scale used by Matlab. 



The Fleet Management Capstone Project 

 

25 

 

 

If we convert it to centimeters it will be equal to 11.282415417. In case the company does 

not want to use three vehicles, they can use one vehicle with different routes and that for each 

time the vehicle needs to pick the employees bring them to the depot and go back to pick 

other employees based on the routes shown in the map, knowing that the vehicles will spend 

more time to cover the same distance.  

 

Figure1: Gueznaya Cluster VRP Result for Vehicles of Capacity 15 
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By keeping the same table shown above and by running the same code for a different 

capacity the result this time will be different.  

 

The map shows that in case the company uses vehicles of capacity 20, they will need a 

maximum of two vehicles to minimize time and the minimum of one vehicle with two 

different circuits. In both case, the total distance will be equal to 323.3463 pixels based on 

Matlab scale, which equal to 8.555204188 centimeters. 

The result provided represents almost a decrease in 103 pixels between the first case and the 

second one using the same scale and an economy of a vehicle used. 



The Fleet Management Capstone Project 

 

27 

 

 

Figure2: Gueznaya Cluster VRP Result for Vehicles of Capacity 20 

The case of using vehicles with a capacity equal to 31 people per vehicle will show that the 

company will need to use just one vehicle. 

 

The new result presents a decrease by one vehicle from the previous case of 20 in the 

capacity, with a decrease of 112 pixels in the new distance. 
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Figure3: Gueznaya Cluster VRP Result for Vehicles of Capacity 31 

From Heuristic Solutions to real distances: 

To change the Euclidian distance provided by Matlab to approximate real distance, we will 

need to compute the distance between each two points based on the x-coordinate and y-

coordinates, than computing the distance provided by Google map, finding the approximate 

ratio between both distances and then using to find the real total distance. 

When computing the ratio, I found that the relationship between the distances found by 

Matlab and the real distance. The factor is found to be equal to 0.02060315. 

Steeple Analysis: 

The steeple analysis is an acronym that stands for societal, technical, environmental, ethical, 

political, legal, and economic. It is a strategic tool that helps analyzing the external factors 

that may be affected by the project launched. 

Societal Considerations: 

When talking about the societal considerations, we can talk about the impact of a good 

transportation system on the individuals. By this, I mean that a good network created 
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responding to the demand of the users, and the time windows asked for, and the nearest 

stations needed, can help improving the welfare of the users. For instance, in Ifrane in a bad 

weather conditions the farthest the station the more the user is unsatisfied of the situation.  

Technical Considerations: 

When talking about the technical considerations, we can talk about the mean and the kind of 

transportation that can be used in each specific situation. As we can talk, as well about the 

applicability of the code that going to be implemented in the different situations to find the 

better solution for the network suggested. 

Environmental Considerations: 

As it is known, transportation can sometimes cause pollution to the environment as it can 

consume the carburant resources. One of the benefits of the project is the minimization of the 

transportation used that can lead to the minimization of the damages caused to the 

environment especially to when it comes to noise and air pollution. 

Ethical Considerations: 

Ethically, the transportation network should insure the safety of the passengers. 

Political Considerations: 

For political consideration, the Vehicle Routing Problem needs to stick to the feasible routes 

designed by the government. Based on the available routes, we will create our own network 

that has to respect the rules and regulations already set by the government. For instance, we 

need to respect the traffic track, as we need to respect the road regulations. 

Legal Considerations: 

As stated before, legally talking the network created needs to stick to the road regulations for 

instance we need to avoid the prohibited road and respect the one way roads..  
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Economic Considerations: 

For economic consideration, we need to reduce the cost of the transportation, which is the 

main goal of the Vehicle routing project. Knowing that reducing transportation cost will be 

beneficial to the firm, in our example Al Akhawayn University, the firm will be able to 

provide the same service in an effective way. 
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Conclusion and Future Work: 

This project is a joint project in which each one of my six teammates will work on a 

specific variable as a part of the total project. For my part, I worked on the capacitated 

vehicle routing problem in the fleet management. The purpose of the project is to provide the 

company with the routes that needs to be traversed by the vehicles and the number of 

vehicles that needs to be used per each cluster composed of different station with specific 

demand per station and the number of vehicles that the company need to use  in order to 

fulfill the demand. 

The future part that probably needs to be developed is the part consisting of analyzing 

the better option for the company financially talking. By this, I mean that in the case of 

having the choice in buying two kinds of vehicles, a k vehicles of capacity n and same 

number k of vehicles with the capacity m, the only difference that can be to encourage the 

company to make a choice consists of the cost that it is going to be spent to buy the vehicles 

or the utility of a kind of vehicles of the other. 
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Appendix: 

Traveling Salesman Code: 
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Nearest Neighbor Code: 
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Map Results for the first Cluster: 

Results for the Northern Cluster  

 

 

Figure 5: VRP Result for Vehicles of Capacity 10 
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Figure 6: VRP Result for Vehicles of Capacity 15 

 

Figure 7: VRP Result for Vehicles of Capacity 20 

 

Figure8: VRP Result for Vehicles of Capacity 40 
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Results for the Eastern Cluster: 

Figure9: VRP Result for Vehicles of Capacity 40 

 

Figure10: VRP Result for Vehicles of Capacity 60 
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Results for the Central Cluster: 

 

Figure11: VRP Result for Vehicles of Capacity 30 

 

Figure12: VRP Result for Vehicles of Capacity 35 
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Figure13: Cluster 3 VRP Result for Vehicles of Capacity 45 

 

Figure14: VRP Result for Vehicles of Capacity 60 

Data Used for each one of the clusters: 
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Figure15: Data Used for the Northern Cluster 

 

Figure16: Data Used for the Eastern Cluster 

 

Figure17: Data Used for the Central Cluster 

 

 

 


