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Abstract—Fleet management systems are currently used to 
coordinate mobility and delivery services in a wide range of 
areas. However, their traditional control architecture becomes a 
critical bottleneck in open and dynamic environments, where 
scalability and autonomy are key factors in their success. In this 
article, we propose an intelligent distributed Fleet Management 
System architecture for an open pit mine that allows mining 
vehicles control in a real time context, according to users’ 
requirements. Enriched by an intelligence layer made possible by 
the use of high-performance artificial intelligence algorithms and 
a reliable and efficient perception mechanism based on Internet 
of Things technologies and governed by an smart and integrated 
decision system that allows the fleet management system to 
improve its agility and its response to user requirements, our 
architecture presents numerous contributions to the domain. 
These contributions enable the fleet management system to meet 
the interoperability and autonomy requirements of the most 
widely used standards in the field, such as ISA 95. 

Keywords—Fleet management system; open pit mine; 
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I. INTRODUCTION 
Monitoring the company's activity in real time has many 

assets and advantages not to be ignored. This instant 
management allows us to visualize and know the real situation 
of the company as well as to monitor its objectives, key figures 
and performance indicators; it facilitates decision-making, 
manages its daily life more effectively and improves its 
reactivity and competitiveness. 

Regardless the structure size, any good manager must be 
equipped with the appropriate resources to manage his activity 
effectively. This means that the positioning of carried out 
actions and committed budgets should be monitored, for both, 
quantitative and qualitative objectives. 

The Fleet Management System (FMS) [1] is a modern 
technological solution to manage the fleet's vehicles in terms of 
automation and business process optimization and to link all 
business sectors such as dispatching, purchasing, 
communications, navigation, accounting and finance in a single 
system. FMS is easy to control and optimize, its foundations 
date back to the 1980s, when the computer was integrated in 
the vehicle and connected to different wireless networks by 
satellite and terrestrial [2]. 

In the mining sector, the main objective of the fleet 
management system is to optimize mine production and 
efficiency based on real-time data. More specifically, the FMS 
aims to maximize mine production, minimize stock handling, 
feed the pro-cessing plant at the planned rate and meet quality 
mixing constraints [3]. 

In this article, we will present first, fleet management 
systems’ state of the art as well the use of artificial intelligence 
in it; we will also initiate a fleet management system evaluation 
model based on ISA 95. We will discuss after that, open pit 
mine FMS problems before proposing a general intelligent 
FMS architecture. We will end this article with conclusion and 
perspectives. 

II. STATE OF THE ART 

A. Fleet Management Systems 
Generally, Fleet management system (FMS) is a term used 

to refer to a wide range of solutions for different fleet 
applications in the fields of transport, distribution and logistics 
[4] [5]. It includes targeted planning, supervision and control of 
fleet operation ac-cording to available transport resources and 
application constraints. The FMS aims to reduce risks, increase 
service quality and improve a fleet's operational efficiency 
while minimizing costs [6]. 

327 | P a g e  
www.ijacsa.thesai.org 



(IJACSA) International Journal of Advanced Computer Science and Applications, 
Vol. 11, No. 5, 2020 

The implementation of operational research techniques as 
the main means of ad-dressing the high cost of transporting 
equipment to open-pit mines, has attracted re-searchers and 
laid the foundation for fleet management systems (FMS) used 
in open-pit mines. 

They considered the FMS as a real time decision-making 
system [7] [8] for materials handling in an open pit mine. FMS 
obtains the required information about mining operations from 
the database and makes decisions accordingly. These decisions 
are then implemented in the operation and the FMS is recalled 
whenever a new decision is required. 

Fig. 1 shows the communication between open-pit mining 
and the FMS. 

The modular mining system revealed models [10] [11]and 
algorithms, namely: 

• Shortest path: It aims at optimizing travel time using 
the Dijkstra method [12] [3], its advantages are that the 
algorithm does not need to study all contours and it has 
an order of n2 so that it is sufficiently efficient to use 
for relatively large applications. But the model takes a 
long time, it has failures in case of negative edges. 

• Allocation planning[13]: Minimizes the total number 
of trucks required using the simplex method, the model 
is in real time, the flow rate of each road is based on 
the volume of material rather than the number of 
trucks. However, it is only appropriate when some 
variables are involved and it is non-negative 
constraints for all variables. 

• Real-time Dispatching[14]: Minimizes button waste 
by applying the dynamic programming method, it 
propose a progressive time horizon when the 
assignment order is required, Undercarriage and over 
trucking conditions are taken into account, but the 
definition of a progressive time horizon for an 
assignment order is indispensable, taking into account 
sub-campionage and over-trucking conditions. 

There are many limits of the current algorithms, namely 

• The link between the strategic plan and operations: the 
proposed fleet management systems do not allow both 
short-term and long-term objectives to be achieved, 

• Most models are deterministic: they assume a constant 
average grade for each size front and do not cover the 
entire life of the mine, 

• The current systems do not take into account the loss of 
tones associated with the movement of excavators from 
one level to another, they present one of the main 
factors of deviation from the production rate, 

We can identify two aspects of the fleet management 
system as shown in Fig. 2: 

• A real-time control system using the appropriate 
dashboards. 

• Truck loader assignment system based on algorithms & 
methods. 

 
Fig. 1. Schematic of the Surface mining Operation and how it 

Communicates with the FMS [9]. 

 
Fig. 2. Fleet Management System. 

In this article, we will focus on real-time control system, 
with decision making Dashboards. 

B. Fleet Management System Evaluation 
Based on the ISA-95 standard [15], which is an 

international standard for control systems integration, we 
identify the criteria to evaluate fleet management systems as 
shown in Fig. 3. 

ISA 95 consists of 11 production control functions[16] 
[17]: 

• The control and resource allocation function; 

• The dispatching function of production; 

• The data collection and acquisition function; 

• The quality management function; 

• The management function of the manufacturing 
process; 

• The planning and monitoring function; 

• The performance analysis function; 

• The operation management and fine-tuning scheduling 
function; 

• The documentation management function; 

• The workforce management function; 

• The maintenance management function. 

Nowadays, there are many companies around the world 
providing mining fleet management systems. Some of the most 
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popular are: Modular Mining Systems, Jig-saw Software and 
Wenco, Dynamine TATA services Consulting [3]. However, 
Mi-cromine Pitram system, Viste and CAT® MineStar ™ 
FLEET are the most common. 

In our article entitled Fleet management system in real time 
“Stat of Art”, we evaluate these industrial solutions according 
to ISA 95 evaluation criteria and we conclude that the majority 
of them do not afford: 

• Management of skills and authorizations 

• Dynamic resource management 

• Information transmission to the different work stations 
Management of non-production control operations 

• Observation statistical quality control and statistical 
process control 

• Steering by automatic correction of the drifts 

• Comparison with objectives 

• Compliance check of files and forms 

• Information Transfer between resources 

C. Artificial Intelligence for Fleet Management Systems 
Artificial intelligence (AI) is omnipresent nowadays in 

many technological applications (apps, websites, gaming 
predictions, services, etc.). It’s a way to give accurate user 
recommendations and change its experience in many fields 
[18]. 

 
Fig. 3. The Criteria for Evaluating the Fleet Management System. 

Fleet management has revolutionized AI. The priority 
given to commercial results and driver safety preserving cost 
and efficiency introduce intelligent fleet management systems. 

The use of smartphones and devices recommending the 
best way to take is for the average driver synonym of AI 
presence. Drivers’ lives are easier thanks to complex traffic 
apps that combine GPS and artificial intelligence [19]. There 
are many benefits of AI-based applications for fleet 
management such as route recommendations, road risk data 
analysis and driver coaching. In fact, earlier technology failed 
to provide the accuracy, efficiency, convenience as AI apps do. 
As a result, it is becoming the optimal and safer solution to 
transport goods and services in general and in mining field as 
well. 

We can define AI fleet management as the use of artificial 
intelligence to manage fleet operations, it rationalizes fleet 
manager tasks by eliminating human error in transportation 
processes [20]. 

With AI recommendations in FMS, drivers, managers, and 
mechanics can make correct and optimal decisions to improve 
the fleet long-term performance. It also al-lows drivers’ 
autonomy during each transport cycle. Table I presents some 
key aspects of fleet management that AI can optimize: 

TABLE I. IA FOR FMS OPTIMIZATION 

IA ASPECT USES RESULTS 

Real-Time Fleet 
Analytics 

Collect data for predictive 
analytics: 
• traffic  
• road conditions, 
• environmental hazards, 
• real-time weather, 
• mechanical faults 

• Prioritization 
opportunities and risks 

• Make better routes 
• Schedules, 

maintenance delivery 
• Dispatch fleet 

outcomes and 
activities arrangements 

• Stay prepared for any 
unexpected events. 

Better Repair & 
Maintenance 
Decisions 

Predictive maintenance  
Fleets state at all times 

• Accurate self-
diagnostics 

• Saving a routine 
maintenance cost 

Fleet Integration 
• Planning, maintenance 

and monitoring 
operations 

• Integrating every 
department on a single 
platform 

• Save time and costs 
• Cohesive fleet 

Simpler 
Recruitment 
Process 

• Knowledge Management 
• The most qualified 

drivers’ recommendation 

• Simplify the on 
boarding process 

III. PROBLEMATIC 
The proposed models must be as close as possible to 

reality, taking into ac-count the heterogeneity of trucks and the 
complete modeling of an open-pit mining operation. FMS 
should also determine the shortest dynamic routes taking into 
ac-count the current location of the truck, its next destination 
and the time required to reach the objective in any current 
traffic congestion. 
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Otherwise, to identify FMS users’ needs and to define its 
main attributes in real time, a process was initiated by 
Zeimpekis and Vasileios [21]. The results revealed that the 
mining fleet management systems must meet logistics and 
distribution requirements such as: 

• Real-time tracking of vehicle location 

• Generation of vehicle and distribution system 
performance reports. 

• Generation of proof of delivery at the end of loading 
and shipment. 

On the other hand, we carried out within the framework of 
this project, a needs study within the OCP mining company 
(Benguerir mine), and we identified the following 
specifications: 

• Integrated management of the production chain 

• Optimization of equipment performance and 
elimination of losses 

• Improved maintenance efficiency 

• Ensure equipment security 

According to the previous specifications and the evaluation 
of the FMS conducted in Section 2.3 and given the benefits of 
AI in this context, we propose a generic architecture of an 
Intelligent Fleet Management System for an open pit mine. 

IV. PROPOSED ARCHITECTURE 
The real-time aspect in the FMS is necessary to deal with 

unforeseen events. It makes it possible to detect deviations 
from the initial allocation plan and adjust the schedule [6] by 
offering immediate and efficient re-routing. 

In this section, we present our fleet management proposal 
with a description of an FMS intelligent architecture (see Fig. 
4). 

The intelligent FMS architecture includes three basic 
layers. 

IoT layer contains intelligent sensors for both autonomous 
and manual vehicles in the open pit mine. Every sensor is 
connected to an intelligent agent as software and these agents 
are linked to control device agent to manage them and to 
announce the real time status of the mine fleet for different 
stakeholders. 

In fact, control device agent is responsible for detecting 
new device (new vehicle IoT sensor), update its status in FMS 
mapping, suspend a device and detect maintenance needs, 
dangers and special behaviours.). 

Indeed, on each vehicle, IoT sensor is implemented and 
connected to open pit mine network. These sensors allow the 
acquisition and transmission of vehicles’’ information’s such 
as the position of the machines, their speed and their 
conditions. They are also aware of each other’s existence .One 
more important thing some vehicles in the mine need more 
intelligent sensors for specific mission or critical situations and 
each vehicle in the fleet is aware and reacts to the entire fleet’s 

needs .A disruption engine determines if a fleet vehicle will be 
critically late for a scheduled trip and allocate alternative 
vehicles, as required. 

 
Fig. 4. Fleet Management System Architecture. 

Processing layer represents the fleet coordination entities. 
In fact, in this level, we have: 

Fleet control entity that monitors the operating states and 
positions of the vehicles through the communication with the 
device control agent. It informs stakeholders and the other 
agents as well of any changes in the fleet that would require an 
adjustment of the assignment of tasks. It has fleet reference 
states to be able to draw up a real-time, vigilant and continuous 
comparison. 

Dispatcher Agent: once executed, this entity recalculates 
the overall allocation of tasks for mining vehicles. It has two 
dispatching algorithms based on a set of assignment criteria: 
Short-term allocation algorithm and a long-term allocation 
algorithm. The dispatcher is one of the most intelligent entities 
in our FMS. It is up to it to de-fine the mining missions by 
taking into consideration the strategic decisions and the real 
state of the fleet. Dispatcher agent also executes optimized 
dispatching in collaboration with performance and 
maintenance systems to research fleet vehicle that should go 
next and in which itinerary. 

Maintenance system manages vehicles under maintenance. 
It allows updating their status and gives information about 
what is wrong with them. It also helps drivers and open pit 
mine responsible (s) to have real time informations about 
vehicles maintenance status. It is the necessary data to make 
dispatching allocation strategies (long term and short term). 

Performance system: It is the intelligent system that ensures 
FMS performance management, through machine learning 
models. The datasets are made from real and successful open 
pit mine missions in OCP. This system y is connected to the 
knowledge base just like all the entities of the processing layer. 

Decision layer it is the layer which mainly interfaces the 
FMS with its potential users (directors and executive 
managers) via: 

• Collecting the strategic objectives of the open pit mine 
from top management and sending them in 
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synchronous or asynchronous mode to the dispatcher to 
develop the mining missions. 

• Display of performance indicators and real-time and 
instantaneous graphs representing the state of the mine 
(production and fleet). 

Decision layer is also able to generate stats and 
administrative documents in order to facilitate mining 
regulations respect. 

V. IMPLEMENTATION 
As for expected tools for the proposed intelligent fleet 

management system, we use mainly Internet of Things (IoT) 
technology. 

IoT refers to a network of actuators and sensors 
continuously collecting data from IoT is a network of sensors 
continuously collecting environmental data. In the open pit 
fleet management system, the IoT collects data for analysis. It 
ensures the transparent sharing of information between all 
stakeholders in the supply chain, such as drivers, production 
managers and dispatchers. 

For our intelligent fleet management system, we use the 
three main technologies of IoT: 

• Wireless communication (4G, Bluetooth, WiFi) to 
transmit the relevant information between the different 
vehicles of the mine. 

• Global positioning system (GPS) for precise location 
tracking in real time. 

• Integrated diagnostic analyzers (such as OBDII and 
J1939) for self-diagnosis and reporting 

The smart FMS also has cameras to ensure that video data 
can be captured, analyzed and accessible at all times, allowing 
better study of driver behaviour, road conditions or hazards. 
All the more, machine learning technology allows fleets to 
learn data collected over time and make managed adjustments 
based on that data in the performance management entity. 

The proposed intelligent FMS with all the components and 
technologies used is able to perform the following tasks: 

• Collection of precise mining transport data and its 
transmission to other devices. 

• Transmission of information at all levels of the supply 
chain from top management to implementers. 

• Analyze data in real time and advice drivers on the best 
course of action. 

• Performing self-diagnostics of mining vehicles and 
recommending solutions via predictive maintenance. 

This is important because it creates a new era of mining 
fleet management system in which human errors are reduced 
and open pit mine production is optimized in different aspects 
of the transport cycle. This led to better results and cost 
optimization. Fig. 5 presents the first version of open pit mine 
platform dashboards. The platform covers ISA95 main 
domains. 

 
Fig. 5. The First Version of Open Pit Mine Platform Dashboards. 

Primary results were positively validated and appreciated 
by experiment mine actors. 

VI. CONCLUSION AND PERSPECTIVES 
In this article, we proposed an intelligent fleet management 

system focusing on re-al-time management of mining 
equipment by applying a multi-agent system. First, we 
presented a state of the art of fleet management systems as well 
as some definitions of the multi-agent system. In addition, we 
identified the criteria for evaluating a fleet management system 
based on the ISA95 standard and finally we proposed 
architecture for an intelligent fleet management system 
composed of three layers: the vehicle layer, the processing 
layer and the decision layer. We implemented the first version 
of this architecture and test it in Benguerir experimental mine 
in order to improve it and extend its application scope. 

In perspective, we will evaluate the proposed system using 
the criteria of the ISA95 standard and improve dispatching 
algorithms; we will also detail and implement every part of the 
smart fleet management system architecture. 
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