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Abstract 
 

Nowadays, as digitalization and new technologies are proliferating, a new encompassing 

trend is emerging: The “Smart City” (SC) is emerging in an economic, environmental and 

social context.  A SC is a city that uses new technologies to optimize its organization in order 

to improve the quality of life of its inhabitants while integrating an environmental dimension. 

SC aspects touch several areas such as Environment, Infrastructure, Governance, Economy, 

Services, People, Way of Living and Transportation [2]. The latter is considered as one of the 

most challenging aspects in SC as it directly, and daily, impacts the citizen. In this project, we 

are leveraging on Parking Systems as an essential component to address transportation in SC. 

In Morocco, one of the first cities that started developing quality of urban services by relying 

on new technologies is Casablanca. At a time when the economic capital is facing major 

challenges in terms of urban and demographic management, creating and developing a SC 

ecosystem to transform the city using digital technologies and other technological resources 

has become a major solution. This constant demographic pressure on Casablanca, as the 

economical heart of the country, poses further challenges for city authorities especially from a 

SC Transportation perspective. The recent setting of Metro networks in Casablanca is a proof 

of the problem and is a well-praised initiative. Yet, much has to be done in terms of 

leveraging transportation from a SC perspective.  

In this project, we shed further light on Car Parking as being a black spot in managing 

transportation in big cities and that it needs to be addressed under the SC umbrella, i.e., using 

ICT (Information and Communication Technology). 
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Introduction 
 

The first evidence regarding SC as a concept was in 1997 whereby the term “web/virtual city” 

were introduced, then “digital city” afterwards in 1998. The term SC was then emphasized in 

1999 through the first SC practice in Dubai [2]. 

In the world, more than one in two of us live in cities where they occupy barely 3% of the 

world's land. Faced with very high urban population growth, cities are faced with many 

challenges: transport, water or waste treatment, housing, etc. [8]. The smart city is about 

improving the quality of life of city dwellers by making the city more adaptive and efficient, 

using new technologies that are based on an ecosystem of objects and services. The new city 

management system's range of application includes: public infrastructure (buildings, street 

furniture, home automation, etc.), networks (water, electricity, gas, and telecommunications); 

transport (public transport, roads and intelligent cars, car-sharing, so-called soft mobility - by 

bicycle, on foot, etc.); e-services and e-administrations. 

Developed over the past thirty years, intelligent mobility is spreading all over the world. The 

technologies used vary and allow managing equipment (dynamic displays, radars), wireless 

communication, product or passenger location (GPS, RFID) or data recording (sensors, 

cameras). Driven by innovation, these products and services are undergoing increasing 

development. In various forms, they benefit individual drivers, public transport users, public 

transport commercial vehicle operators, but also to public authorities and infrastructure 

managers and services.  

The digital revolution has made it possible to collect data, process it and transform it into 

information. At the same time, the advent of communication has changed our daily lives. As a 

result of these advances, Intelligent Transport Systems and services have emerged and have 

revolutionized how to move around. With these mobility solutions it is now possible to know 
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in real-time our environment and interact with it. The "intelligence" of digital technology 

makes mobility itself "intelligent": it becomes more efficient, safer, more economical and 

more environmentally friendly. In this context, one of the main objectives is to optimize 

public spaces reserved for parking.  

Parking lots in big cities are becoming a scarce product. Most of us faced cases where we 

spent tens of minutes looking for a parking spot. The main cause behind the problem is the 

lack of real-time data processing about lots availability and the conveying of the information 

to citizens. In this project, we are presenting a smart city-friendly solution for managing Cars 

Parking and thus contributing into alleviating and optimizing the city traffic. We named it 

“Intelligent Parking system”.  

Innovation consists in integrating all needs into a single "Smart mobility" solution based on 

connected systems. Our solution leverages on Real-time data-acquisition using Wireless 

Sensors, real-time Data processing (e.g., Dynamic Pricing), and wireless actuators. We 

emphasized on openness and extensibility in order to have it easily-deployed by interested 

entities (e.g., companies, smart cities…).  
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STEEPLE ANALYSIS 
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Economical 

Dynamic prices will be implemented depending on the level of occupancy of 

the parking. Reasonable prices for drivers, more efficient system for cities to 

control the financial flows of the parking which means more money for the 

cities 

Environmental 

This intelligent parking system will save drivers stress, less time to find 

parking lots and therefore less pollution 

 

Technological 

With the development of smart cities and smart mobility, smart parking 

became obligatory for the cities to keep developing at the same rate 

Socio-cultural 

This project will surely benefit the society and reduce pollution. It will save 

people time and make the Moroccan parking system more efficient. It will be 

cost efficient and generate gains for the cities 

  

  
Political 

This idea is really motivated and encouraged since it contributes to the 

development of the cities 
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L 
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Legal 

No law problem 

Ethical 

If well implemented, it will make cities more organized and reduce the 

congestion within hot spots of the cities 
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Engineering approach/steps 
 

As an engineering project, we opted for the well-known engineering steps [13] in order to 

tailor an optimal solution to our problem.  

 

 

 

   

Step 1 
Requirements and problematic: General statement that 

defines what should be done to solve our problem 

Step 2 
Product concept: Gather all the important data and 

information that will help achieving the desired goal 

Step 3 
Solution concept: After an analysis of the different data 

gathered, we must decide on which concept and process 

use for the next step. 

Step 4 Embodiment design: It is where the product we are 

designing takes shape 

Step 5 Detailed design: Test our solution and make 

sure of its potential manufacturability 
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We had to go through those 5 steps, as we can see in the figure above [13]. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1: Engineering design process  
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I- Requirements and problematic 
 

In this project, we will concentrate on solving the Parking problem in big cities from a SC 

perspective, using ICT and aligning with the SC concepts [2] by presenting a SC-friendly 

solution for managing Cars Parking and contributing into alleviating and optimizing the city 

traffic. 

II- Product concept 

a. Smart city 

Building a city that is adjusted to the necessities of the present however preserves assets and 

resources for the future, has given this idea of smart city. Its objective can be summarized in 3 

points: to improve the comfort of the inhabitants while having more efficient transport and 

respecting the environment. The concept of the smart city has been promoted by leading 

digital companies wishing to provide technological solutions to urban densification problems. 

The cities that have adopted these solutions have thus been pioneers in terms of smart cities, 

but have suffered some setbacks, such as the inadequacy of some services offered in relation 

to the real needs of the territories, or a loss of sovereignty linked to an excessive technological 

dependence on service providers [11]. This first movement consisted in irrigating the city 

with artificial intelligence, in the sense of an increasing automation of management processes, 

often approached in a sectorial manner (water, electricity, transport, etc.).We can therefore 

talk about "digital cities" or a "connected cities". 

Planners and mayors are increasingly using technologies such as sensors, data management 

systems and analytical tools to monitor and analyses traffic flows, energy consumption and 

public transport use. Thus, they can better synchronize traffic lights to make traffic flow more 

smoothly, or deploy a public transit network more efficiently to meet demand. The adoption 

of the smart city concept is partly based on the emergence of computer technologies and 
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trends, such as the deployment of Internet of Things architectures, capable of collecting data 

from remote equipment and mobile devices connected to Wi-Fi networks and the proliferation 

of GPS devices that continuously capture and transmit location data [10]. 

 

Figure 2: Components of a smart city 

 

b. Smart mobility within smart cities 

Intelligent or smart mobility is a major challenge for territories, in terms of economic 

attractiveness as well as environmental quality. It has to do with developing sustainable and 

interconnected transports to reduce their environmental footprint and facilitate traffic flow. 

The field of intelligent mobility brings together many different actors, both public and private:  

 State and local authorities but also transport operators and logistics companies who 

order, finance and implement intelligent mobility solutions. 

 Suppliers who design develop and deliver intelligent mobility solutions. These are the 

following companies providing and operating services: component manufacturers, car 

manufacturers, telecom operators, transport and logistics operators logistics, car-

sharing, or carpooling etc.… 
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 Regulators (international institutions, State and police authorities), public domain 

managers (such as Cities, Departments and Regions): they define the regulatory 

context in which intelligent mobility are deployed. 

 Innovators involved in the innovation process, in research units and development, this 

includes laboratories and institutes as well as public and private education. 

 Users, individuals and professionals. With mobile internet, open data and big data, the 

user becomes an actor of intelligent mobility, he/she produces data, and it influences 

both demand and supply of mobility.  

Intelligent mobility is therefore present in our daily lives and the question is whether Morocco 

will be able to seize this opportunity with determination and ambition. 

c. Smart parking 

In the context of advanced technological conditions, the parties concerned seek to improve the 

living conditions of citizens. The research is to provide comfort and ease of movement and 

speed in the expenditure of needs such as going to work, shopping, extra activities etc.…                        

So the different means of transport are essential at the moment, but with the constant increase 

of these resources, traffic jams and traffic problems increase as well, in addition to the 

absence of parking spaces. So here, we offer one possible solution to reduce parking problems 

and reduce time looking for a free space and in the same time reduce pollution [7]. 
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Figure 3: Main components of a smart car parking 

Most modern cities offer drivers guidance systems to free parking spaces, presented in the 

form of variable message signs, signage systems, parking status displays, etc. However, 

despite this, the traffic system and motorists face extreme difficulties, especially during peak 

hours, or at special events such as festivals [6]. Ultimately, in many urban or metropolitan 

areas, finding an available parking space is tedious and, when it is done, it is difficult to know 

if it meets the expectations of drivers and parking managers. Intelligent parking is a way to 

help motorists effectively find satisfactory parking spaces using information and 

communication technologies, particularly for on-street parking. The initial idea of intelligent 

parking was proposed at least ten years ago, but its development has begun to flourish over 

the past five years. Thanks to the smartphone, many users can connect to the Internet and 

search for information on traffic, transport, travel, restaurants and accommodation at anytime 

and anywhere. In addition, cities are deploying an intelligent parking service based on 

economic considerations. First, drivers can reduce parking time, reduce environmental 

pollution, consume less fuel and reduce traffic congestion with the information provided by 

the intelligent parking application [1]. If drivers know that there is no parking around their 
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destinations, they can also choose public transport. This increases the rate of use of urban 

infrastructure and improves the city's income and revenues. Secondly, if drivers can quickly 

find a parking space, the rotation of parking spaces on the street is improved and parking 

revenues increase. Similarly, the availability of parking spaces for electric vehicles and for the 

disabled can also be highlighted. Third, once traffic is fluid, it increases urban mobility and 

increases the city's capacity. It also brings more people, activities and business opportunities. 

An intelligent parking service includes two types of flows: Information flow and traffic flow. 

Traffic flow occurs on road networks to find a parking space. Motorists receive information 

on the availability of parking; proceed to the desired parking spaces and then park. Based on 

the city's infrastructure and communication technology, drivers may receive only partial or 

obsolete information and should repeat the parking search until they obtain a parking space 

[1]. When many drivers are looking for a parking space, a competition occurs and leads to 

parking conflicts. Parking behavior therefore varies, depending on the information available 

to drivers and the time spent searching the street. Once a vehicle arrives or leaves a parking 

space, information on the availability of parking changes and must be transmitted to drivers 

looking for parking spaces. The purpose of the information flow is to know the occupancy 

status of parking spaces. Fixed or mobile sensors are installed in the street parking lot to 

detect vehicle-related events. The sensors then form a network and send the latest information 

to the data storage devices.  

Since the early 1970s, intelligent parking management systems have been implemented 

mainly in Europe, the United Kingdom and Japan to reduce congestion, vehicle travel, fuel 

consumption and encourage public transit travel [6]. Around 1970, the first Parking Guidance 

Information (PGI) system was built in Aachen (Germany). By the mid-1990s, more than 100 

intelligent parking management systems had been installed in the most concentrated cities 

around the world in Europe, the United Kingdom and Japan. In the United States, downtown 
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PGI systems have been introduced in St. Paul, Minnesota and Pittsburgh, Pennsylvania. Later, 

PGI systems made it possible to provide the exact location of a space in a large parking lot 

[6]. One of the main objectives of these systems is to minimize traffic and travel related to the 

search for parking spaces in city centers and large car parks. Available sensor technologies 

(detailed in the next chapter) include inductive loops, machine vision, ultrasound, infrared, 

microwave and lasers. The data collected by the sensors are sent to a central server for 

processing, and information on parking availability will be communicated to drivers via static 

or variable traffic signs, telephones (SMS), internet or on-board navigation systems. These 

messages may include available parking spaces and routes to the parking lot. Messages on 

available parking spaces may vary, depending on the technologies used, from "free" or 

"occupied" spaces to the total number of available spaces or the exact location of the available 

spaces on or off the road.  

In summary, PGI systems are designed to achieve a number of benefits: 

 Save travel time. 

 Reduce car travel. 

 Less congestion and driver frustration. 

 Reduce fuel and energy consumption. 

 Reduce air pollution. 

 Improve parking revenues.  

 Improve the enforcement of parking restrictions. 

d. Current trends 
 

The statistical analysis of published patent applications relating to smart parking in the 

ORBIT database generated a number of results in the order of 28474 patented inventions. 
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Figure 4: Evolution of patent filings over the last 20 years 

The figure above illustrates the evolution of patent filings over the last 20 years and makes it 

possible to assess the dynamics of inventiveness in the smart parking sector. As shown in the 

figure, the global trend in the smart parking sector is upward and shows an exponential 

growth in patent filings, particularly between 2012 and 2017. This confirms that the sector is 

a booming sector that is really emerging today, in which technology producers are entering a 

patent race. 

The graph below provides information on the priority deposit strategies of the players in the 

sector under study. In general, the location of priority filings is a good indicator to locate the 

main R&D locations because most actors file their priority patent applications locally. 
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Figure 5: Countries producing smart parking technologies 

The geographical distribution of patent applications puts China and Japan at the top of the list 

of countries producing smart parking technology. 

The following graph presents the top filers in volume on the analyzed theme. This type of 

representation gives us information on the companies with the largest portfolios in the smart 

parking sector. 

 

Figure 6: The TOP 20 patent applicants in the field of smart car parks 
 

The figure above highlights the top 20 active and innovative structures that hold patents in 

this field. Unsurprisingly, the Japanese Amano Group, which has specialised in innovative 

technological solutions in the parking markets for more than 40 years, is at the top of the 
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ranking. Amano has several subsidiaries in the USA, Canada, Mexico, Malaysia, Singapore, 

Philippines, Indonesia, Thailand, China, Hong Kong, Korea, Spain, France, Belgium, 

Germany, Romania and Morocco. It has succeeded in becoming the world's largest 

manufacturer of parking solutions and has brought to market patented smart parking 

solutions, such as parking entry and exit devices, parking management software, mobile 

applications (e-ticket, e-reservation, shop&stay, scan&pay). 

III- Solution concept 

In this part, we will concentrate on the solution chosen to answer the problematic. Information 

collection plays a major role for our solution; it represents the brain of the intelligent parking 

solution.  

We will introduce the notion of wireless sensor network, and then discuss more specifically 

the usage of wireless sensors before conducting a study on the most useful and adapted sensor 

for our solution. 

A. Information collection 

a. What is a Wireless sensor network? 

i. Definition of wireless sensor networks: 

A sensor network is regularly composed of an expansive number of nodes that are either set at 

a particular area (deterministic arrangement) or haphazardly dispersed (frequently sent by 

using planes or helicopters). In order to resist deployments, these sensors must be 

exceptionally robust and, in addition, they must be able to survive within the most extreme 

conditions (fire or water for example). In addition to natural imperatives, another constraint is 

battery saving. Once in a while deployed, we assume that the sensors are static [5]. Indeed, a 

sensor network cannot survive if the loss of nSuds is too high because this causes 

communication losses due to too long a distance between the sensors [5]. So it is very 
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important that the batteries last as long as possible since in most applications they are placed 

randomly (impossible to change the batteries again). This use linked to the autonomy of the 

sensors (maximum 1 year for current technologies) involves a significant parameter which is 

the price. No application would be profitable if the hours of use/price ratio were too high. It 

was therefore necessary to combine technology and low-cost [5]. When the environment is 

accessible or known, it is possible to place the nodes precisely on the area. In the project we 

are studying, that is of an intelligent car park with sensors placed on each parking space, we 

then speak of deterministic deployment. 

Thanks to its various advantages, this technology has established itself as a key player in 

today's network architectures. Over the past decade, a new architecture has emerged: wireless 

sensor networks. This type of network is the result of a fusion of two parts of modern 

computing: embedded systems and wireless communications. A Wireless Sensor Network 

(WSN) is a set of embedded processing units, called "motes” (censor nodes), that 

communicate via wireless links. The overall purpose of a WSN is to collect a set of 

environmental parameters surrounding the motes [8], such as temperature or atmospheric 

pressure, in order to route them to processing points. 

Recent advances in wireless and electronic technologies have enabled the low-cost 

development of tiny, low-energy sensors (low-cost and low-power solutions). These sensors 

have 3 functions: 

 Capture data (sound, vibration, light…) 

 Calculate information using these collected values 

 Communicate them through a network of sensors 
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Figure 7: Fonctions of WSN 

 

ii. Topologies of wireless sensor network: 

 

A sensor network is composed of two types of nodes: the sensors and the well. The sensors 

are responsible for collecting and routing the information collected on the area covered to the 

collection point, also known as a well. The well recovers the information collected by the 

various sensors and transmits it to the processing center. The randomly arranged sensors form 

the coverage area. 

 

Figure 8: Information collection 
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b. Wireless sensor 
 

i. Definition of a wireless sensor: 

 

A sensor is a device that generally transforms a physical message into an electrical message. 

Depending on the measured quantity; position, temperature, speed, force, pressure etc., we 

speak of logic sensors (digital), analog or digital sensors. 

How does a position sensor work? 

 A varied signal is detected according to the position of the object. 

 It emits an impulse when it detects a movement. 

ii. Architecture and anatomy of a wireless sensor: 

 

A sensor node has four basic units that include other components: the sensor unit, the 

processing unit, transmission unit, and energy control unit.  

 

 

 

 

 

 

 

 

Figure 9: Wireless sensor architecture 

The figure shows the different components that make up a sensor. To be more precise, each 

group of components has its own role [5, 11]: 
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 Processing unit 

Mote, processor, RAM and Flash: Mote is generally referred to as the physical card using the 

operating system to operate. This one has as its heart the block made up of the processor, 

RAM and Flash memories. This set is the basis for the binary calculation and the storage, 

temporary for data and definitive for the operating system. This unit is responsible for 

executing the communications protocols that enable the node with the other nodes of the 

network. It can also analyze the data collected to lighten the task of the well node. 

 Transmission unit 

Radio and antenna: the equipment studied is therefore generally equipped with a radio and an 

antenna. This unit is responsible for all issues and data reception on a wireless medium. It can 

be of an optical type (as in the Smart Dust nodes), or radio frequency type. Optical 

communications are robust against electrical interference. Nevertheless, they have the 

disadvantage of to require a permanent line of sight between the communicating entities. As a 

result, they cannot establish connections through obstacles. 

 Collection units 

LED, interface, sensor: There are therefore equipment of different types of detector and other 

input. The sensor is generally composed of two subunits: the receiver (recognizing the 

analyst) and the transducer (converting the receiver signal in electrical signal).  

 Energy control units 

Battery: A sensor is equipped with an energy resource (usually an AAA battery) to power all 

its components. This unit can also manage recharging systems of energy from the observed 

environment such as solar cells, in order to extend the total lifetime of the network. 
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iii. Domains of application: 
 

Sensor networks can be programmed for a wide range of purposes domains and many fields; 

here are some application examples of sensors 

 Military applications 

As with many technologies, the military has been an original driver for the development of 

sensors. The rapid deployment, low cost, self-organization and fault tolerance of sensor 

networks are characteristics that make them a valuable tool in this field. 

 Security applications 

Aircraft, ship, automobile, subway and other structures could be monitored in real time by 

sensor, as well as traffic or energy distribution networks. A network of motion sensors can 

form a distributed alarm system that will be used to detect intrusions over a large area. The 

monitoring of roads or railways to prevent accidents with animals (roadkill) or humans or 

between several vehicles is one of the applications envisaged for sensors. 

 Environmental applications 

Thermo-sensors can be dispersed from aircraft, balloons, ships and report possible 

environmental problems in the well field (fire, pollution, epidemics, weather hazards...) to 

improve knowledge of the environment and the effectiveness of control measures. On 

industrial sites, nuclear power plants or in oil tankers, sensors can be deployed in a network to 

detect leaks of toxic products (gas, chemicals, radioactive elements, oil, etc.) and alert users 

and rescue more quickly, to enable an effective response.  

 Medical and veterinary applications 

In the future, the monitoring of the vital functions of a living organism could be facilitated by 

micro-sensors swallowed or implanted under the skin. A recent study presents sensors 
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operating in the human body that could treat certain diseases. One project is to create an 

artificial retina composed of 100 micro-sensors to correct vision.  

 Commercial applications 

Sensor nodes could improve the storage and delivery process (especially to guarantee the cold 

chain). The network thus created can be used to find out the position, status and direction of a 

package or cargo. A customer waiting for a package can then have a real-time delivery 

notification and know the position of the package. Manufacturing companies, via sensor 

networks, could monitor the production process from raw materials to the final product 

delivered. End-of-life products could be better dismantled and recycled or reused if the micro 

sensors guarantee their good condition. In buildings, home automation systems for heating 

and air conditioning, lighting or water distribution could optimize their efficiency thanks to 

micro-sensors in tiles, walls, frames and furniture. The economic world could thus reduce its 

environmental impacts on the climate.  

 

The objective of this project is to improve the traffic conditions and alleviate pollution 

problems in dense areas during peak hours through a dynamic pricing policy, thus it fits the 

third application which deals with environment protection. 

 

c. Study on type of wireless sensor to use and implement 
 

i. Choice of sensor to use based on comparison of some sensors: 

 

I conducted a study in order to choose the most adapted sensor to detect the car in the small 

parking model. I had several types of choices at disposition, with many characteristics related 

to the detection of the car: 

 Acoustic sensor: Influenced a lot by the environmental noise/ difficult algorithm 

concerning the detection. 

 Visual light sensor: Too sensitive during day time and cannot be used at night. 
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 Infrared sensor: Too sensitive, laser always turned on (energy consuming) and cannot 

distinguish between cars animals or other objects. 

 Magnetic sensor: Dependent to location and difficult detection algorithm. 

 Ultrasonic sensor: Detection of objects easy and reliable.  

I gathered the maximum basic information about the types of sensor I had at disposition 

before conducting a detailed study including many parameters: 

 Sensors Types 

Acoustic 
sensor 

Ultrasonic 
sensor 

Magnetic 
sensor 

Infrared 
sensor 

Visual light 
sensor 

Se
n

so
rs

 C
h

ar
ac

te
ri

st
ic

s 

Intrusive     

Impact on 

environment 
    

Adapted size 

(small size 

wanted) 

    

Installation     

Detection 

algorithm 

difficulty 

    

Accuracy     

Cost     

Multiple 

detection 
    

Flexibility     

Table 1: Different types detection sensors adapted to cars and parking 

 

Taking into account characteristics such as the accuracy, the cost, the adaptability, the 

installation and the algorithm difficulty, it is very clear that the best sensor adapted to my 
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project is the ultrasonic one; more precisely the ultrasonic sensor HC-SR04, available in the 

market. 

 

Figure 10: Ultrasonic sensor HC-SR04 
 

ii. Ultrasonic sensor: 
 

Ultrasonic sensors can do it all and are suitable for any environmental detection project. 

Virtually any material that reflects sound can be detected, regardless of color or matter state. 

Even transparent materials or thin sheets are no problem for an ultrasonic sensor. They 

reliably detect almost any type of object [5]. 

 Most ultrasonic detectors are based on the principle of measuring the path of sound between 

transmission and reception. The transmitter and receiver are located in the same box. The 

sensor emits short and high-frequency sound pulses (wave) at regular intervals. These 

impulses travel through the air at the speed of sound. When the impulse encounters an object, 

it reflects on it and returns as an echo to the sensor. The latter then calculates the distance 

from the target on the basis of the time elapsed between the emission of the signal and the 

reception of the echo [5].  
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Figure 11: Ultrasonic sensors principle 
                           

The coming part concerns the mathematical model we will follow in order to implement our 

solution. Our intelligent parking will follow some mathematical rules and processes that will 

in the same time introduce our dynamic pricing. 

B. Mathematical modeling 

a. Introduction to Markov processes 
 

A Markov chain is a system that can take different states from a set of states. A Markov 

process assumes that the probability to switch from one state to another depends only on the 

state running. There's no memory of the past. There are two types of Markov chains, 

continuous and discrete in time [3]. In the case of discrete time, we observe states over 

instantaneous and immutable moments. In the case of continuous time, the observations are 

made continuously without temporal interruption. 

 Discrete-time chains: transitions can only occur at specific moments. 

 Continuous time chain: transitions can occur at any moment. However, because of the 

no-memory property required, the time spent in a state is distributed exponentially. 

We will focus on a continuous Markov chain which is a mathematical model with a value in a 

countable set, the time spent in each of the states is a positive real random variable, according 

to an exponential law. 
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i. Process of birth and death:  

 

The processes of birth and death are special cases of Markov processes in continuous time 

where state transitions are of only two types [3]: "births" where the state goes from n to n+1 

and “deaths” where the state goes from n to n-1. The process is specified by : 

 λk = birth rate when the population is k. 

 μk = death rate when the population is k. 

 

 

Figure 12: Births and Deaths process 

 

These processes have many applications in population dynamics and in queue theory. 

ii. Queuing theory: 

 

One area of application of continuous time Markov processes is queue theory [12].  

 

A queue consists of : 

 An arrival flow which represents the moments when "customers" arrive (generic term 

representing manufacturing parts, vehicles, calls to the memory of a computer, 

requests from the central body of a teleinformatics network, ...). 

 A service organ which is characterized by : 

 The time of service: a customer who starts to be served will be immobilized for 

a random period of time, the law of which is assumed to be known [12].. 

 The number of wickets. 



                                                            Al Akhawayn University | Solution concept 32 

 

 A service rule or discipline that indicates how the system works: 

 The capacity of the system, (the number of clients that can be served 

simultaneously is limited or not). In the first case, it is assumed that clients 

who arrive when the system is already saturated leave the system immediately 

without getting the desired service. They say these clients are lost. In the case 

of a system with unlimited capacity, of course, no customers are lost. (The 

length of the queues can grow indefinitely) [12]. 

 The order in which customers are served : 

 Customers form one or more queues, possibly characterised by different 

priorities (e.g. in a workshop, urgent orders or not). Within each queue, the 

next customer to be served is selected on the basis of a predetermined rule, 

called the service discipline. The most common service disciplines are: First In 

First Out (FIRST COME FIRST SERVED) (mainly used in services, for 

reasons of fairness) [12]. 

 When the customers arrive, if the queue is too long, they leave the system with 

a certain probability depending on the length of the tail. 

b. Dynamic pricing and optimal occupancy rate 

 

Dynamic pricing policies allow parking rates to be strategically varied while providing 

appropriate incentives to use parking resources more efficiently [4]. We can now define time-

of-arrival (hourly) pricing or adaptive pricing (progressive or regressive). But most 

importantly, we want to control the occupancy rate through an efficient dynamic pricing 

policy. 
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i. Dynamic pricing policies: 

 

Hourly pricing: 

Here, the parking fees to be paid vary according to the driver's arrival time. The main 

objective of this policy is to control parking by encouraging drivers to come earlier or later to 

avoid peak periods [9]. This type of pricing policy could be effectively implemented using 

sensor history. 

Pricing based on usage: 

We will now present another pricing method that depends on the length of time the driver 

uses the parking space: 

 Graduated pricing: Here, the parking fee increases as the duration of parking 

increases. 

 Regressive pricing: According to this policy, the price of parking decreases according 

to the time already spent in the parking lot. 

ii. Optimal occupancy rate: 

 

In this section, we want to control the occupancy rate through an efficient dynamic pricing 

policy. 

We want to calculate the variable β so we can have a link between the actual and optimal 

occupancy rate: 

                   

If   , that’s the rate we are looking for, we do not change anything. 

If   , we should reduce the price in order to attract more clients 
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If   , we should increase the price in order to encourage the rotation of the parking 

spots. 

Then, according to the   parameter and the previous conditions, we can use this equation to 

find the new price to implement: 

                     

For example: 

Let’s say that our optimal occupancy rate is 75% of the spots available in a parking of 100 

spots. But the actual occupancy rate is 50%. The price for each spot is 7 dirhams. How can we 

make the management of the parking much more efficient but attracting more clients? 

        

Which means that   equals: 

  
 

 
 

Then we implement it in the second equation: 

         
 

 
   = 4.6 

So we’ll need to reduce the price in order to attract more clients and make our parking more 

efficient.  

This is the idea of dynamic pricing that I want to implement in the proposed solution. So the 

prices will change in real time according to the occupancy rate of our parking.  
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IV- Embodiment design 
 

A- Technology enablers and actuators 
 

a. Technology enablers 

 

 

 

 

  

b. Actuators 

 

  

 

 

INKSCAPE: it is a vector drawing software, i.e. a program 

specially designed for editing or creating vector graphics. It is 

a free software, so every user has the possibility to use it if he 

or she has the skills to do so. It is mainly intended for 

computer-aided drawing. It has all the necessary tools for this 

and the main important thing; it can be linked to the laser 

cutter "Speedy 300 Trotec". 

"Speedy 300 Trotec": It is the fastest laser engraving machine 

on the market, cutting tasks are up to eight times faster than 

with comparable laser machines on the market. 

Arduino card (Uno): An Arduino board is an electronic board 

of dimensions (5.33 x 6.85 cm) equipped with a 

microcontroller. The microcontroller allows, based on events 

detected by sensors, to program and control actuators; the 

Arduino board is therefore a programmable interface. 
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. 

 

 

 

 

 

B- Miniature model 

 

As mentioned in the previous sections, our solution is based on an intelligent car park that 

combines the use of ultrasonic sensors, LCD screen (actuators), Arduino card to control the 

whole system and electric wires to link all the components with breadboard. 

Even if this work could not be completed and tested as I had hoped because of the current 

situation of the Covid-19, I was able to achieve more than 80% of the expected model. Indeed 

a few weekends before the spring break holidays and during that spring break week, I had the 

opportunity to interact with someone who runs a Fablab and thus borrow some of the material 

and machines.  

LCD screen: A liquid crystal display (LCD) uses a digital 

display mode on a flat screen 

Ultrasonic sensor: Already presented in detail in the 

previous part. 

Breadboard:  It is a block of plastic with holes evenly 

distributed on a grid. Each hole accepts a male connector 

and allows the placement of an integrated circuit without 

risk of short circuit. 
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First of all, before starting anything, I drew a freehand sketch to get a clear idea of what the 

parking would look like in order to make the necessary measurements to implement it in 

Inkscape. Then I modeled my miniature model on the "Inkscape" software, which allowed me 

to have more visibility, as you can see on the picture below. It took me a bit of time to adapt 

to this new software but it was well worth it.  

 

Figure 13: Inkscape model 

 

 "Inkscape" helps you see the big picture of your model, it includes a lot of functionalities and 

it is directly linked to the "Speedy 300 Trotec" laser cutting which allowed me to engrave and 

launch the first step of the smart parking. For the support, we chose wooden boards that we 

got for free from a factory near the FabLab. I carried out the measurements and cutting the 
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necessary to make the board suitable for the laser cutting. As you can see on the pictures 

below, the laser cutting engraves exactly what was done on the Inkscape software.  

 

Figure 14:"Speedy 300 Trotec" laser cutting machine 

 

 

Figure 15: First draft of Inkscape 
 



                                                            Al Akhawayn University | Embodiment design 39 

 

After this first draft, I had clearer ideas about the model and the changes to be implemented. I 

took the decision to transform the wood plate into a box so it will be more stable and with a 

better design and we will be able to isolate the other components on the back of the wooden 

plate which will not be closed. 

 

Figure 16: Transformation of the wood plate into a box 
 

With the help of my friend Khalid, I was able to engrave a second time with more precision 

on the back of the first plate. During this second draft, I was able to engrave the seat numbers, 

perforate the wooden board to place the ultrasonic sensors and finally add a bit of design with 

this silver sheet that was glued and placed permanently thanks to the heat of the laser cut as 

shown below.  
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As we can see in the following picture, we only perforated two spots (8&9) for ultrasonic 

sensors, for the rest of the spots we only used buttons that will have the same role as 

ultrasonic sensors. I bought only two ultrasonic sensors for the testing first and make sure it 

will work before buying eight more. The buttons were already available in the FabLab and we 

decided to work with them first. If it worked with the buttons, buying eight other buttons was 

an easy step. 

 

Figure 17: Second draft engraving 

 

After completing these steps, we moved on to the implementation of the actuators. We started 

by linking the ultrasonic sensors, the LCD screen and the Arduino board to the breadboard by 

soldering these components using tin soldering and the glue gun as we can see here. 
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Figure 18: Implementation of the actuators 

 

The Arduino board is connected to the buttons and sensors by the electric wires and the 

breadboard. A message or an electrical signal (5V) is sent by the Arduino to the sensor and 

this message then returns to the Arduino board. This message indicates the information sent 

by the sensor; was there an obstacle or not, more precisely was there a car or not on this place. 

 

 

 

The LCD screen is directly linked to the Arduino board. But the LCD screen has a link called 

I2C that links the Arduino and the LCD screen; it takes information from the microprocessor 

and displays it on the matrix (4lines, 24 colons).  

Arduino card   Sensor/button 

+5V signal 

Input of 5V 
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Concerning the breadboard, it is composed of two lines; red for the (+) and blue for the (-). 

They are used for ground transmission, the electrical signal emitted at the first point is the 

same as the one emitted at the last point. The transmission is done in the form of lines. But for 

the points in the middle of the plate, which are five on each side, transmit the electrical signal 

in the form of columns.  

In order to transmit a 5V current to the sensors, an electric circuit is mounted where the 

sensors are placed on the same line or column so that the same signal is transmitted to all of 

them. This test plate allows the best transmission of the signal and electric current while 

limiting more welding and electric wires between the components.  

V- Detailed design 

  

The electrical circuit has been checked and tested several times. Indeed, the sensors 

communicate the information to the Arduino board which communicates to the LCD screen 

the number of available places.  

 

Figure 19: Electrical circuit testing 
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Figure 20: Electrical circuit testing 

Everything has been done except for the implementation of the dynamic pricing code program 

on the Arduino card. Because of the current situation related to the Covid-19, I could not 

finish the programming part of the Arduino board; the FabLab is closed and could not meet 

there with my friend Khalid in order to get some help for the translation of my mathematical 

formulas into a programing code. This is not my area of expertise and unfortunately I could 

not do the desired tests and thus optimize my model at 100%. 

What's very interesting with this intelligent parking project is that it's extensible in the long 

term. Several new functionalities can be added, especially at the programming level. I 

strongly believe that this project can easily be taken over by a future Capstoner majoring in 

CS and for example creating an application that gives in real time the nearest parking 

according to your location, with the number of available spots and the price to pay per hour 

well before arriving at the parking.  

This will require other technologies and another engineering process, but it can be a very 

interesting project and I will surely let some of my friends and students majoring in CS know 

about this project. 
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Conclusion 
 

It has been an enormous pleasure for me to work on this intelligent parking project that allows 

smoother roads, time saving for motorists and reduction of pollution in the cities. This project 

allowed me to learn a lot about myself, my skills and opened my eyes to today's challenges in 

terms of technology and innovation. 

A project that obviously directly concerns the future of our country and will certainly shape 

the future of Morocco .We can see and feel very well the technological shift the world is 

taking, today’s leaders are the countries invested in research and technology and Morocco 

must not miss this very important turn that will determine its future. I am really optimistic 

concerning research   and technology development in view of the considerable efforts made in 

recent years and the investments made by our king Mohamed VI and the government. I’m 

also very optimistic for my generation that is emerging.  
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