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ABSTRACT 
Nowadays, searching for parking areashas been a headache matterfor many drivers 
worldwide as drivers spend a lot of time searching for parking areas. This is 
contributed by significant increase of number of cars in the cities.Thus, as thenumber 
of cars increases in the cities, the demand for parking areas also increases, so as with 
no information to drivers of where they can park their cars, drivers spendlong time 
finding parking areas.Therefore, to tackle this problem the studyexperimented the 
viability of IoT in optimizing the time used by drivers when searching for car 
parking slots in Dar es Salaam city specifically at Kisutu ward. 
The research adopted a case study research design where by semi-structured 
interviews and observation were used to acquire a good understanding of the parking 
problem. An experimentofrandom acquired respondents was conducted at Kisutu 
ward, whereby a parking system was deployed at JMall parking area. The system 
was developed by considering an IoT technique that was identified through 
systematic literature review. The time “before” and “after” intervention of IoT 
technique was recorded.Thirty (30) respondents (drivers) were enrolled for the 
experiment; 18 were males and 12 were females. 
The results in systematic literature review showed that, majority of studies used 
Ultrasonic sensor, Infrared sensors and radio frequency identification as 
technological technique for addressing parking problems in different part of the 
world. Furthermore, many of the reviewed literature didn’t mention what were the 
best technology for addressing parking problems especially in Dar es Salaam city, 
though IoT technologies have been successfully applied in various studies in 
identifying free parking spaces and sending that information to drivers through 
mobile devices and other communication channels. Hence, it was found that, a 
combination of the two technology (ultrasonic and infrared sensors) could have 
positive effect on addressing parking problems at Kisutu ward in Dar es Salaam. 
Majority (80%) of car drivers at Kisutu used their own experience in searching for 
car parking slots whereby about 87% of car drivers mentioned that, finding car 
parking slots is an issue at Kisutu ward. Of the two (2) conducted experiments 
(before and after), “before experiment”duration was 28.1 minutes and “after 
experiment” duration was 8.37 minutes in average searching for parking slots. “After 
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experiment” responded positively by 19.73 minutes lesser than “before experiment” 
in searching for car parking slots. 
Therefore, the study conclude that, although the technological technique used in this 
study was the combination of two sensors which seemed to suite the environment of 
Kisutu ward in Dar es Salaam, does not mean other researchers could not use more 
than two sensors. Hence, the study recommends that, future studiescouldusea 
combination of more than two sensors for addressing parking problems. 
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CHAPTER ONE 
BACKGROUND INFORMATION 

1.1Introduction 
Due to a significant increase inthe number of cars caused by urbanization in towns 
and cities(Msigwa, 2013)searching for parking slots has been frustrating issues for 
many drivers worldwide as the drivers spend much of their time trying to find a 
parking area in the cities. Urbanization been one the social economic factors for 
increasing parking demand, other factors includes literacy level, population density, 
and income level(Sadeek, Islam, & Hossain, 2017).Therefore social economic issues 
that comes with this parking demand are: much time consumptions, traffic 
congestions, air pollution, and wastage of fuel.Urbanization means the movement of 
peoplefrom rural areas to urban areas whereby it has been estimated that till 2050, 
66% of the world population will live in cities (United Nations, 2015 cited by Bibri 
& Krogstie, 2017).  

Globally, the average time used by drivers searching for parking slots is about 20 
minutes(Harding, 2011). The time spent by the drivers searching for parking slots is 
reported to vary from less than 5 minutes in Chicago (USA), Montreal (Canada), and 
Stockholm (Sweden) to 1 hour at Nairobi in Kenya (Sawer, 2017). Spending longer 
time searching for parking slots has an impact on the traffic as pointed out by Shapira 
(2015) that the search for parking slots caused 30% of traffic congestion in Israel. To 
address the problem of spending a long time searching for parking slots, some of 
Israel startups like Spark launched the mobile application so-called “Polly - Parking 
Fairy” which helps drivers to locate vacant car parking slots quickly (Shapira, 2015). 

Drivers in Tanzania face the same problem of spending a long time searching for 
parking slots as other countries like Israel and the United Kingdom particularly in the 
city centers like Dar es Salaam. Dar es Salaam attractsthe majority of people, as it is 
one of the most important commercial cities in Tanzania. Construction of offices and 
recreational areas in places like Kariakoo, Kigamboni, and Posta attracts the majority 
of people with private cars to visit these places either for leisure or employment 
services. As a result, during rush hours drivers spend much time finding a vacant car 
parking slot. 
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About 70% of all registered cars in Tanzania as per the report of Tanzania Revenue 
Authority (TRA) of 2012 reported by Msigwa (2013) are in Dar es 
Salaam.Hencecontributes to traffic congestion as driver circulate to find vacant car 
parking slots. Current drivers are searching for car parking slots based on their 
experience. Such searching behavior resultsin wastage of useful resources such as 
time, car mileage (as related to maintenance costs), and fuel, and this is usually 
during peak hours. Consequently, this situation leads to traffic congestions as drivers 
use much of their time searching for vacant car parking slots.Therefore such a 
situation alerts the need to have good management of how to find car parking slots to 
minimize the time that drivers use to locate a car parking slot. 

Tackling the aforementioned challenges associated with searching for car parking 
slots, currently,some efforts have been done to resolve the problem, particularly in 
physical terms. The efforts include the use of patrolmen to guide drivers, as well as 
increasing car parking areas. Despite all the efforts, the challenge still exists as 
drivers lack information on where exactly available car parking slots are, at a 
particular time and place to minimize the searching time. Therefore, the Internet of 
Things (IoT) technology can be of use in optimizing time used in searching for car 
parking slots. 

The IoT technologies have played an important part in triggering the initiatives for 
smart parking systems (Hashem et al., 2016). Such technologiesprovide the means 
for different objects or devices to communicate and share information in real-time, 
which is vital for car parking systems. Devices such as sensors should be able to 
detect the presence of a car in a parking slot in real-time and be able to send that 
information to drivers through a mobile phone or any other communication device 
that supports information display. IoT technologies include for example Wireless 
Sensors Network (WSN), Radio Frequency Identification (RFID), Wi-Fi, Ultra-
wideband, ZigBee, and Bluetooth. These technologies are what make smart car 
parking systems. 
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Smart parking systems are grouped into five categoriesincluding parking guidance 
and information system (PGIS), smart payment system, E-parking, transit based 
information system, and automated parking (Idris et al., 2009). Smart parking 
systems have been investigated by various studies worldwide. For example, a study 
conducted by Anderson et al.  (2017) analyzed awareness of smart car parking 
system (SCPS) in Nigeria and observed challenges like traffic congestion, time 
wastage in searching for parking slots. Furthermore, the study indicated that fuel 
consumption/Carbon dioxide emission and insecurity of cars were the challenges 
posed by traditional or manual parking system. 

In consideration of the Anderson’s findings, someof the benefits of SCPS include: 
accurately sense spot occupancy in real-time, guiding residents and visitors to 
available car parking areas, optimize parking slot usage, and traffic in the city flow 
more freely. Moreover, Aditya (2014) claimed that SCPS could result in 220,000 
gallons of fuel to be saved until 2030 and approximately 300,000 gallons of fuel to 
be saved by 2050. 

Therefore, this studyis proposing a solution for the challenges that drivers are facing 
when searching for car parking slots at the Kisutu ward in Dar es Salaam city, by 
using IoT to optimize the time used by drivers when searching for a car parking slots. 

1.2 Statement of the Problem 
Tanzania, which has been reported to have experience or face an increase in 
economic growth rate averaged 6.76% (2002-2018) and in the third quarter of 2018 
expanded to 6.80% (Trading Economics, 2019) while in the meantime poverty rate is 
declining.On July 1, 2020 the World Bank announced that Tanzania’s gross national 
income (GNI) per capita increased from $1,020 in 2018 to $1,080 in 2019, exceeding 
the threshold for lower-middle income status.Such increasing in Tanzania economic 
growth rate causes several car users who own cars as their means of transportation to 
increase as its people can afford to purchase cars at a higher rate.  
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Tanzania Revenue Authority in 2012 reported that Dar es Salaam comprised about 
70% of all registered cars in Tanzania. Such statistics show how Dar es Salaam city 
is more populated with cars than any other region in Tanzania. As thenumber of cars 
increases, the demand for parking slots also increases, as a result, drivers face the 
challenge of spending much time locating vacant car parking slots. For the smooth 
mobility of cars in the city, drivers should not spend a lot of time locating a car 
parking spot, they must be able to find parking slots for not more than 5 minutes 
(Armonk, 2011).  

Therefore, to tackle this problem the studyexperimentedthe viability of IoT in 
optimizing the time used by drivers when searching for car parking slots in Dar es 
Salaam city specifically at the Kisutu ward. As a result, there will be smoothly 
movement of cars and reduce many of the challenges associated with searching for 
parking slots. 

1.3 Objectives 
1.3.1 General Objective 
The main objective of the study is to optimize the time used by drivers to search for 
car parking slots by using the Internet of Things (IoT) at Kisutu ward in Dar es 
Salaam. 

1.3.2 Specific Objectives 
1. To explore the time spend on searching a car parking slot without IoT at 

Kisutu ward in Dar es Salaam. 
2. To identify a suitable IoT technique for optimizing the search time for a car 

parking slot at Kisutu ward in Dar es Salaam. 
3. To test the efficacy of the identified IoT technique in the optimization of 

search time for a car parking slot at Kisutu ward in Dar es Salaam. 
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1.4 Research Questions 
1. How long does a car driver take to find a parking lot at the Kisutu ward in 

Dar es Salaam? 
2. Which IoT technique is appropriate for parking search time optimization at 

Kisutu ward in Dar es Salaam? 
3. To what extent does the proposed IoT technique perform in the parking 

search time optimization at Kisutu ward in Dar es Salaam? 

1.5 Significance of the Study 
The study aims at helping drivers (residents and visitors) to do not spend much of 
their time searching for vacant car parking slots. Consequently, it will make easy car 
mobility in the city, reduce illegal parking activities like alongside the roads, and 
reduce fuel consumption.  

Alongside reducing cruising time of drivers when searching for parking slots, this 
study will contribute to the environmental conservation as a result of reduced carbon 
dioxide gas emission that comes from burned car fuel when searching for parking 
slots. This is becausea long time searching for parking slots leads to much car fuel 
consumption which resultsin much carbon dioxide gas emission. 

With this study, IoT technologies that will be identified for optimizing time spent 
searching for parking in Dar-es-Salaam city will set the baseline point for other 
researchers. Considering the baseline, the researchers could explore more on other 
IoT technologies efficacy in reducing car cruising time searching for parking in 
Tanzania cities as well. 

This study also will help the government of Tanzania in planning for the future 
parking places. They can be able to predict drivers parking patterns and make use of 
that information in the management of car parks in Tanzania cities. Knowing these 
pattern the government can impose policies that will govern drivers, for example 
setting parking limit time. That is drivers park their cars for a certain duration of time 
and after spending all such amount of time, they should let the space unoccupied. 
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CHAPTER TWO 
LITERATURE REVIEW 

2.1Introduction 
This chapter reviewed in detailliterature that havea close relationship with this study. 
The chapter deals with what has already been done about the study. This section 
discusses about: - urbanization with car parking practices and operation; socio-
economic development with car parking practices and operation; and technology 
with car parking practices and operation. Furthermore the chapter discusses 
theoretical framework for car parking practices and operation, as well as the research 
gap. 

2.2 Urbanization with Car Parking Practices and Operation 
The term urbanization means the process of population concentration whereby cities 
are termed as the point of concentration(Tisdale, 1942), or in other word it is the 
population shift from rural to urban areas.A population shift in sub Saharan Africa is 
mostly due to disregarding rural areas as well as inadequate allocation of resources 
such as infrastructure, hospitals, and schools (Bidandi & Williams, 2017). Across the 
globe, cities attract people for reasons like employment opportunities, education and 
health care.  

Continued urbanization generate pressure for the great use of urban space as well as 
rapidly increasing number of public and private owned cars (Cui & Nelson, 2019). 
As the number of cars increase in the cities, the demand for car parking places also 
increases. Consequently raping growth of car ownership contribute to issues like 
traffic congestion, hard parking, energy consumption, and air pollution which create 
unpleasant urban environment(Yin, Shao, & Wang, 2018). Therefore, with increased 
rate of urbanization, good management of the parking spaces is also important so as 
to reduce issues arise when searching for parking spaces. Issues for example traffic 
congestion, energy consumption, and air pollution. 
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From perspective of good management of car parking in the cities, Msigwa (2013) 
conducted a study to investigate the parking challenges facing urban cities in 
Tanzania with Dar es Salaam as case study. Msigwa (2013) found that, the 
challenges that Dar es Salaam city was facing were like: Rapid urbanization, 
increased number of cars, inadequate parking spaces, and traffic congestion. In 
concluding his study, Msigwa(2013) provided solutions for the challenges, he 
suggested that:- 

 Education should be given to the people by authorities and municipalities 
concerning the cost of driving within the city while at the same time 
encourage non-motorized system to road users such as working and cycling; 

 Provision of reliable information to inform people where they allowed to park 
and where they are not allowed to park;  

 Use of technology that will be friendly in charging parked cars;  
 Use of parking attendants;  
 Introduction of policies that discourage on-street parking; 
 Provision of adequate parking facilities. 

Furthermore, Ibrahim (2018) conducted a study on car parking problems in urban 
areas investigating  cause and solutions. Ibrahim (2018) found that, imbalance 
between parking supply and parking demand are reason for metropolis parking 
problems. Parking problems are for example: shortage of parking space; traffic 
congestion; and high parking tariffs. Therefore, to tackle the problem Ibrahim (2018) 
suggested that: there should be provisioning and development of transit systems (the 
use of technology in tackling parking problems); and car parking should be put into 
consideration when planning and design cities. 



 

Figure 2.1 Urbanization with parking practice and operation
Source: Own processing

Therefore, considering different literature reviews
there is a relationship between urbanization and arising parking problems. That 
means as urbanization continue to rise, parking problems also increases
the Figure 2.1. 

2.3 Socio-Economic Development 
The term “development” has different meaning
various context. For example starving people’s development need
health, improving wealthy, enhancing the quality of life)
with sufficient nutrition 
cited by Abuiyada(2018)
realization of the human personality. Its evaluation must therefore take into 
accountthree linked criteria: 
unemployment, (3) inequality”.
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Urbanization with parking practice and operation 
Own processing 

Therefore, considering different literature reviews and from research perspective
there is a relationship between urbanization and arising parking problems. That 
means as urbanization continue to rise, parking problems also increases

conomic Development with Car Parking Practices and O
The term “development” has different meanings as it can be explained by people in 

For example starving people’s development need
health, improving wealthy, enhancing the quality of life)are quite different with those 

nutrition (Matowanyka, 1991 cited by Abuiyada, 2018)
(2018)stated that “development means the conditions for 

realization of the human personality. Its evaluation must therefore take into 
accountthree linked criteria: where there has been a reduction in (1) poverty, (2) 
unemployment, (3) inequality”. 

  

 
 

and from research perspective 
there is a relationship between urbanization and arising parking problems. That 
means as urbanization continue to rise, parking problems also increases as shown on 

with Car Parking Practices and Operations 
as it can be explained by people in 

For example starving people’s development needs (like: improving 
quite different with those 

(Matowanyka, 1991 cited by Abuiyada, 2018).Seers (1972) 
means the conditions for 

realization of the human personality. Its evaluation must therefore take into 
where there has been a reduction in (1) poverty, (2) 
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From socio-economic development point of view, it is the process of social and 
economic development of the society. The development can be seen by looking on 
the indicators like gross domestic product (GDP), life expectancy, literacy and levels 
of employment(“Meaning of Socio-Economic Development,” 2020). Socio-
economic development in conjunction with parking practices and operations, it has 
impact on car ownership and use decision (Yin et al., 2018) 

Yin et al (2018) conducted a study on “built environment and parking availability: 
impact on car ownership and use”, found that intension to purchase a car and car 
ownership is significantly influenced by household income. Also, most of socio-
economic characteristics information have significant influence on commuting 
mode.For example, based on socio-economic characteristics (for example: income, 
education, employment): men, Age factor and collage completed degree holders have 
higher probability of commuting by cars than others. Hence increase the demand for 
car parking places. 

Sadeek (2017) conducted a study on “Impact of Socio-economic Factors on Parking 
Demand in Developing Cities”, found that parking demand is mostly influenced by 
socio-economic and demographic conditions, therefore, with the improvement in 
socio-economic conditions, car ownership grows day by day. Also found that, 
unauthorized on road parking contribute to traffic congestion in most of the cities. 



 

Figure 2.2 Socio-economic development with car parking practice
Source: Own processing
Therefore, in consideration to most of the studies conducted 
economic development in relation to parking practice and operations
positive relationship between the two. 
development influences car ownership, and car ownership influences parkin
demand as illustrated on the figure 2.2
should be a good parking management so as to avoid all the problems that comes 
with searching for parking.
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economic development with car parking practice
: Own processing 

Therefore, in consideration to most of the studies conducted investigating socio
economic development in relation to parking practice and operations
positive relationship between the two. The relationship shows that, socio
development influences car ownership, and car ownership influences parkin

as illustrated on the figure 2.2. Thus, with increased parking demand, there 
should be a good parking management so as to avoid all the problems that comes 
with searching for parking. 

Technology with Car Parking Practices and Operations 
parking problems (like traffic congestion) in the cities due to the 

 car ownership, a lot of productive time has been
car parking slots(Digiteum, 2019). Therefor

problem, there have been a lot of conducted studies trying to come up with solutions. 
of the solution has been the use of the sophisticated tools or technology

use of IoT (Internet of Things) in parking management. 
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2.4.1Internet of Things 
Internet of things, shortly known as IoT is composed of two words, which are 
“internet” and “things”. “Internet” means the World Wide Web, a network that 
connects billions of users worldwide. These days more than 100 countries are 
connected through the internet. While “things” on the other hand could be an object 
or a person, a living or nonliving thing. The idea behind IoT is to be able to connect 
and exchange information among different real-world devices with the help of 
technologies like Radio Frequency Identification (RFID) and Wireless Sensor 
Network (WSN) (Kamal, Khairi, Mazhar, Farooq, & Waseem, 2015). According to 
Evans (2011), it has been estimated that in the near future the number of connected 
objects will increase tremendously until the year 2020. The concept of controlling 
electrical and electronic devices started way back since the 1990s, but still, it is in its 
infant stage as there are fewer studies that have been published in this field (Suresh, 
Daniel, & Aswathy, 2014). IoT enables users to manage and control electrical and 
electronic devices with the help of the internet.  

IoT faces the challenge of connecting the physical world and the information world. 
To some extent, sensors have tried to bridge that gap by collecting raw physical data 
in real-time and transform them into readable machine format so that information 
could be shared with various things (devices) (Suresh et al., 2014). The majority of 
processes in IoT are done with the help of sensors. Most of the challenges in the 
Internet of things are in technology and not in humans. These challenges include 
standardization of protocol, implementation of IPv6, and power needed to supply the 
sensors (Miraz, Ali, Excell, & Picking, 2015). 

Up to date there is no agreed definition of IoT because different groups like 
academicians, researchers, and developers have defined the term (IoT) each one on 
their perspectives (Madakam, Ramaswamy, & Tripathi, 2015). But all of these 
groups have two things in common, which are: In the first internet version, it was 
about data created by people, and in the second internet version, it was about data 
created by things. Nevertheless, IoT has been defined as “An open and 
comprehensive network of intelligent objects that have the capacity of auto-organize, 
share information, data, and resources, reacting and acting in face of situations and 



 

changes in the environment” 
connection between humans, computers

2.4.2 IoT Architecture
There are different kinds of architectures for IoT that different people have tried to 
come up with, that is to say
each and everyone who wants to use IoT technologies 
example, International Telecommunication Union (ITU) r
architecture that is composed of five
Network layer, the Middleware layer
the other hand,the IoT forum came up with an architecture 
three sections: Application, Transportation, and the last one processor

Figure 2.3 IoT Forum Architecture
Source:Madakam et al.

As the number of interconnected device
architecture of the internet with TCP/IP protocol cannot handle 
connected devices. Therefore new open architecture is needed to ensure security as 
well as the quality of service 
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changes in the environment” (Madakam et al., 2015, p. 165)
connection between humans, computers and things” (Suresh et al., 2014, p. 2)

2 IoT Architecture 
There are different kinds of architectures for IoT that different people have tried to 
come up with, that is to say, there is no uniform IoT architecture that can be used by 
each and everyone who wants to use IoT technologies (Madakam et al., 2015)

International Telecommunication Union (ITU) recommended touse
architecture that is composed of five-layer: The sensing layer, the 

Middleware layer, and the last one is the Application layer. 
IoT forum came up with an architecture that 

three sections: Application, Transportation, and the last one processor

IoT Forum Architecture 
Madakam et al.(2015) 

number of interconnected devices expected to increase 
internet with TCP/IP protocol cannot handle 

connected devices. Therefore new open architecture is needed to ensure security as 
quality of service (Kamal et al., 2015). 
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Figure 2.4: Expected
according to Cisco

Source:Fahim et al.(2019)
2.4.3 IoT Technologies
Members of the RFID community are the first one
they saw the possibility of getting information about tagged objects through the use 
of RFID technologies 
Internet Protocol (IP), Electronic Product Code (EPC), Barcode, Wireless Fidelity 
(Wi-Fi), Bluetooth, ZigBee, Near Field Communication (NFC), and Wireless Sensor 
Networks (WSN) (Madakam et al., 2015)

These technologies have been used by many researches 
Boulkaboul, & Bagula, 2015; Orrie, Silva, & Hancke, 2015; Patil & Bhonge, 2013)
in the past few decades in addressing people’s problems such as s
parking slots. These researchers 
suit their specification
technologies. Therefore,
technologies that researchers have used
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Expected penetration of connected objects by the year 2020, 
according to Cisco 

(2019) 
3 IoT Technologies 

RFID community are the first ones to inspire the internet of things as 
they saw the possibility of getting information about tagged objects through the use 
of RFID technologies (ITU, 2005). IoT technologies include for exampleRFID, 
Internet Protocol (IP), Electronic Product Code (EPC), Barcode, Wireless Fidelity 

Fi), Bluetooth, ZigBee, Near Field Communication (NFC), and Wireless Sensor 
(Madakam et al., 2015). 

These technologies have been used by many researches (El Karbab, Djenouri, 
Boulkaboul, & Bagula, 2015; Orrie, Silva, & Hancke, 2015; Patil & Bhonge, 2013)
in the past few decades in addressing people’s problems such as s
parking slots. These researchers normally used some of the technologies that would 
suit their specifications for a specific research problem and not taking all 

Therefore, the following are detailed information o
gies that researchers have used in their researches. 
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2.4.3.1 Radio Frequency Identification (RFID) 
RFID enables the identification of objects by transmitting radio waves wirelessly. 
The first use of RFID technology was during World War Twoto identify between the 
enemy and a friend. RFID in IoT is used to solve the identification issues. RFIDs are 
of different types, which include: active, passive, and semi-passive RFID. These 
variations came based on the power supply in the RFID tags. RFID isa more reliable, 
efficient, secure, inexpensive, and accurate kind of technology (Madakam et al., 
2015). 

The RFID system is composed of RFID tags and readers. Active tags have been seen 
as more expensive than passive tags. Hence to identifying an object embedded with 
RFID tag, the RFID reader sends a signal to the RFID tag, then RFID tag respond 
with an appropriate signal containing the information of that object (Kamal et al., 
2015) 

 
Figure 2.5: RFID Scenario 
Source:Own processing 

RFID has great potential in IoT as based on the size of the tags, they can be deployed 
in any kind of environment. Transport industries recently have grown with the 
introduction of RFID technology (Suresh et al., 2014). 

2.4.3.2 Wireless Fidelity (Wi-Fi) 
Wireless fidelity is one of the wireless technologies that allow two or more devices 
to communicate wirelessly. The first wireless product brought into the market was 
WaveLAN which came with a speed of 1Mbps to 2Mbps. But currently, there is Wi-
Fi that delivers high-speed Wireless Local Area Network (WLAN) (Madakam et al., 
2015). Its low cost of installation and maintenance has made it be the perfect 
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technology for IoT as Wi-Fi nowadays can be found everywhere (Suresh et al., 
2014). 

2.4.3.3 Bluetooth 
Bluetooth is a short-range and inexpensive wireless technology that uses radio 
technology to connect different devices such as notebook PCs, handheld PCs, PDAs, 
cameras, as well as printers. Bluetooth covers the range between 10 to 100 meters, 
does not need the line of sight to connect with devices and it has a speed of less than 
1Mbps. The specification standard used in Bluetooth is that of IEEE 802.15.1 
(Madakam et al., 2015). 

Among mobile phone users, this technology is very popular. It is right to say that 
today IoT is a reality because of Bluetooth. This is because devices that are using 
Bluetooth are increasingly high than ever before. Today there are more than 2.5 
billion Bluetooth products (Suresh et al., 2014). Therefore, as this technology 
provides the means for a device to device to communicate seamlessly, it has much 
value in IoT. 

2.4.3.4ZigBee 
ZigBee is the protocol for wireless communication in which its’ main purpose is to 
augment features of Wireless Sensor Network (WSN). ZigBee was created by the 
ZigBee Alliance which was found in 2001. ZigBee is the technology which is of low 
cost, low data rate, relatively short transmission range, scalability, reliability, flexible 
protocol design (Madakam et al., 2015). The specification standard used in ZigBee is 
that of IEEE 802.15.4. ZigBee can range around 100 meters and has a bandwidth of 
250kbps. 

This can be regarded as a low power version of Wi-Fi. The low power characteristic 
of ZigBee enables it to transmit data over long distances. Its network connection is 
secure with long battery power backup. ZigBee technology is much cheaper than 
Bluetooth and Wi-Fi. Hence it is very suitable in IoT Applications (Suresh et al., 
2014). 



 

2.4.3.5 Wireless Sensor Network (WSN)
Wireless sensor network
different places used to monitor physical as well as environmental conditions like 
sound, temperature, motion, vibration, pressure
2015). Sensors communicate with each other in the network to pass information from 
one sensor to another. Sensor nodes are wirelessly connected in a multi
to collect information and then send them to processing 
2015). Wireless sensor networks are vital techn

Each sensor is a transceiver which means it can transmit and receive signals. A 
sensor node is composed of 
actuation), and interfacing circuit for sensors (for sensing unit) 

Figure 2.6: Sensing Node
Source:Kamal et al.(2015)
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Wireless Sensor Network (WSN) 
ireless sensor network is a wireless network of autonomous devices (sensors) in 

different places used to monitor physical as well as environmental conditions like 
emperature, motion, vibration, pressure, and pollution 

. Sensors communicate with each other in the network to pass information from 
one sensor to another. Sensor nodes are wirelessly connected in a multi
to collect information and then send them to processing equipment 

. Wireless sensor networks are vital technology for IoT applications.

Each sensor is a transceiver which means it can transmit and receive signals. A 
sensor node is composed of an antenna (for communication), micro

and interfacing circuit for sensors (for sensing unit) (Kamal et al., 2015)
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ology for IoT applications. 
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antenna (for communication), micro-controller (for 

(Kamal et al., 2015). 
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2.4.4 Techniques in Parking Search Time Optimization 
To minimize drivers’ cruising time in urban cities, researches (Cao & Menendez, 
2018; Maric, Gracanin, Zogovic, Ruskic, & Ivanovic, 2017) worked on different 
solutions to address the problem. Intelligent parking services and sensor-based 
systems are examples of solutions applied to solve such problems. Intelligent parking 
services include public data-based systems and smartphone-based systems that 
distribute parking information to the drivers. On the other hand, sensor-based 
systems sense parking slots in real-time whether occupied or not in order to share 
that information with the drivers.Therefore, the following are some of the IoT 
techniques that researches have used trying to address parking problems. 

2.4.4.1 IoT Based Techniques 
Djenouri et al. (2015) proposed a Car Parking Framework (CPF) by integrating two 
technologies: networked wireless sensors (Using Ultrasonic sensors) and active 
Radio Frequency Identification (RFID) in Algeria. Active RFID was used for car 
identification and sensors for sensing the presence of the car in the parking slot. The 
sensors were connected in a serial mode and controlled by a single wireless mote 
instead of each slot having its wireless mote. The result showed that using a single 
wireless mote reduces cost and energy consumption. 

Patil et al. (2013) introduced a parking guidance information system based on 
Wireless Sensor Network (WSN), Radio Frequency Identification (RFID), and 
ZigBee technologies. ZigBee wireless technology was used to provide secure data 
transfer. For prototype implementation, the hardware used were ARM7/LPC2148 
controller, ZigBee modules for communication, the reflection sensor, and LCD 
panel. 

Orrie, (2015) proposed a wireless parking system which is most suitable for usage in 
malls or office park with multiple areas to park. Smartphones and wireless sensor 
nodes were used to determine parking spots, and RFID was used for payment 
purposes when accessing the parking area. To transmit the status of the parking areas 
he used Raspberry Pi through Wi-Fi to send data to the server from the sensor node 
equipped with Arduino Uno. 
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Navamani and Rajender (2018) proposed an intelligent parking system using Internet 
of Things (IoT). The technologies used were Microcontroller, Wi-Fi module, and IR 
sensor. Microcontroller controls the system by sending data to the web page 
approximately the status of the slot to the consumers. Wi-Fi modules transmitting 
data from microcontroller to the mobile phone.IR sensor sense vacant parking slot in 
real time. 

Dharmareddy (2013) proposed a parking guidance system based on the image 
processing technique. In the design of the system; ARM9, webcam, and GSM 
modules were used. The webcam was used to find the empty slot and then been 
displayed on the touch LCD. When the slot is not occupied a green box is shown on 
the screen, and red otherwise. Whenever a driver wants to book a slot, he/she sends 
SMS containing the slot number to the system through the GSM (Global System for 
Mobile Communication). 

Yee (2014) introduced a monitoring parking system based on ZigBee wireless 
technology to alleviate the traffic problem. The system had two modules:  parking 
slot vacancy monitoring module and master module. Technologies like infrared 
sensors (IR sensors), ZigBee, and LCD were part of the parking slot vacancy 
monitoring module. While on the other hand master module contained laptop GUI 
display and ZigBee Module as well for receiving information from the ZigBee 
module which is in the parking slot vacancy monitoring module. At the entrance of 
the parking area, the LCD was placed to show the number of available parking slots. 

Chinrungrueng (2011) monitored cars that were coming in and out of the parking 
garage. This monitoring involved calculating the number of available parking spaces 
and disseminate it to the drivers. They used two magnetic sensors which were buried 
in the ground, one was terminated at the entrance and the other one to the exit. To 
disseminate the information, they used the LED Board display and social networks 
especially Facebook.  



 

Figure 2.7 Chinrungrueng parking system framework architecture
Source:Chinrungueng et al.

2.5 Theoretical Framework for Car Parking Practices and Operations
To understand the parking search practice focusing on parking search time 
optimization, this study was
originated from the Russian psychologist Vygotsky, in the 20
assumed that human activity and non
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Chinrungrueng parking system framework architecture
Chinrungueng et al.(2011) 

Theoretical Framework for Car Parking Practices and Operations
To understand the parking search practice focusing on parking search time 

ization, this study was guided by Activity Theory (AT)as a theoretical lens
originated from the Russian psychologist Vygotsky, in the 20th 
assumed that human activity and non-human are distinct entities hence mediated by 

(Vygotsky, 1978 cited by Crawford & Hasan, 2006). His work was continued 
by other researchers, such as Engestrom (2001), and Crawford 

triangular structure in representing an Activity as shown in figure 5. 
According to Crawford and Hasan (2006) Activity is the kind of subject to object 
relationship that is mediated by tools and community. The concepts that build up the 

contradiction, activity system, and mediation (Engeström, 2001)

ctivity system tries to show the relationships between elements that make up 
the activity system based on the mediation concept. The relationship between subject 
and object is mediated by tools and signs while the relationship between object and 
community is mediated by a division of labor, and the relationship between subject 
and community is mediated by rules. It can be seen that for the subject to reach the 
object there are tools (physical or non-physical), division of labor, and rules that 
guide the subject to reach the goal. If anything happens between the relationships 
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that cause a challenge to the subject to reach the object, it leads to a contradiction 
between the two elements in the activity system. Contradiction can be internally 
(within the activity system) or externally (between one activity system and another), 
the contradiction concept normally brings change and development of activity 
systems (Engeström, 2001). Therefore, in this study activity system will be used as a 
unit of analysis to understand the parking search practice and points of contradictions 
to enforce a change to the parking search activity system. 

 

 

 

 

 

 

 

 

 

 

Source: Said et al (2014) 
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Figure 2.8: Activity theory first generation 
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Figure 2.9: Activity System Structure 
Source:Said et al (2014) 

Activity Theory in Analysis and Design 
As activity theory is one of the practice-based theory, majority of 
researchers(Bardram & Doryab, 2011; Karasavvidis, 2009; Said et al., 2014; Ssozi-
Mugarura, Rivett, & Blake, 2016)have used the theory to analyzepractices in 
different domains such aseducation, health as well as in technology.Therefore, the 
following are examples of studies that have used the theory in analysis to understand 
and describe different phenomena. 
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In a combination of education and technology, Karasavvidis (2009) conducted a 
study with activity theory as his theoretical framework to understand teachers' 
approaches to information and communication technology. Theresearch took into 
consideration the activity theory concepts like; contradictions and mediation artifacts 
to understand the practices. The concepts helped him to understand how teachers 
perceive technological innovations in their daily teaching activities. 

Ssozi-Mugarura el al (2016)a researcher in Uganda appliedthe Activity theory to 
understand technology use and perception among rural users in Uganda. In their 
analysis they focused on the activity theory principle which is “artifact as tools for 
mediating activities”, this principle enables them to understand participant activities 
concerning technology. 

Bardram and Doryab (2011) researchers in Denmark used activity theory to analyze 
the physician’s work procedures so that they can be guided by it in designing the 
information system for the hospital. 

Said et al (2014) a Malaysian researcher applied activity theory as a framework to 
analyze and evaluate contextual online collaborative learning to understand goals and 
interactions between learners using an online collaborative learning intervention. 

In summary, it can be seen that the activity theory has been used by researchersin 
many ways, all to understand holistically a certain activity or phenomenon. That is 
why for the case of this study the research used the theory for analysis and 
understanding driver’s car parking search activity at the Kisutu ward. 
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2.6 Research Gap 
Literature review indicate that, majority of studies used Ultrasonic sensor, Infrared 
sensors and radio frequency identification as technological technique for addressing 
parking problems in different part of the world. Furthermore, literature review has 
indicated majority of literature did not mention what were the best technological 
technique for addressing parking problems especially in Dar es Salaam city. A lot of 
researches were focused on identifying the parking challenges facing cities in 
Tanzania. Hence, its implication is that, studies are needed toinform suitable 
technological techniques for addressing parking problems especially in Tanzania 
cities like Dar es Salaam. 
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CHAPTER THREE 
METHODOLOGY 

3.1 Introduction 
This chapter deals with the methodology that has been used to accomplish this 
research. The chapter includesthe research design, research area, target population, 
sample and sampling techniques. Furthermore, the chapter provides withdata 
collection instrument, data analysis and interpretation, and testing the efficacy of the 
identified IoT technique in optimizing search time. 

3.2 Research Design 
The aim of this study is test the viability of IoT in reducing time spent in searching 
for parking in Dar-es-Salaam at Kisutu ward. This study used a mixed 
methodological approach. Data was collected using qualitative and quantitative 
methods. The methods were used to collect numeric data like time and non-numeric 
data like attitude, feelings as well as drivers' perspectives toward parking search 
problems in Dar es Salaam city at Kisutu ward. A case study research design was 
adopted in this study. The reason for choosing a case study is because of time and 
budget constraints. 

3.3 Research Area 
Dar es Salaam city is one of the coastal regions with a population of more than 4 
million people(NBS, 2012). The region is located in the Eastern part of Tanzania 
bordered with the Pwani region and the Indian Ocean. Dar es Salaam city is 
composed of five districts which are: Kinondoni, Ilala, Temeke, Ubungo, and 
Kigamboni. Amongst the fastest-growing cities in the world, Dar es Salaam is one of 
them. 

Thus, the research area for this study was at the Kisutu ward (Ilala Municipal) in Dar 
es Salaam city. The area had been chosen based on population and activities/services 
provided, for example, Ilala has been known asan administrative district in which 
almost all government offices and ministries are found. On top of that, Dar-es-
Salaam is the most populous city in Tanzania and has the most number of cars, as 
previously stated in the introduction.Therefore, this district is more likely to face 
parking problems than any other district in Dar es Salaam(Msigwa, 2013). 



 

Figure 3.1: Kisutu Ward
Source: Google Map

3.4 Target Population
The population involved in 
district. The targeted population 
parking search problem at 

3.5 Sample and Sampling Technique
As described by Krishnaswami 
whole population when conducting research, hence from this study
the targeted population was
a sample of drivers from the population
in order to obtain the intended respondents (Driv
selected randomly to prevent any chance of bias
researched problem. 
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t. The targeted population enabled the research to collect data relating to 
parking search problem at the Kisutu ward in Dar es Salaam city. 

Sample and Sampling Technique 
As described by Krishnaswami (2002) and Kothari (2011) it is difficult to take the 
whole population when conducting research, hence from this study
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3.5.1 Sample Size  
To obtain the minimum sample size for this study thestudy used Roscoe’s (1975) 
simple rule of thumb as cited by Robin (1998). Robin (1998) stated thatan 
experimental research sample size of 30 or more is recommended. Therefore, a 
sample size of 30 respondents (drivers) was used in this study. 

3.6 Data Collection Instrument 
3.6.1 Primary Data Collection 
Primary data collection most of the time is conducted inthe field area. In this study, 
Semi-structured interviews, and observation data collection methods were used for 
data collection. Such data collection methods enabledthestudy to get more 
information from the respondents to answer the research question number one. 

3.6.2 Secondary Data Collection 
For secondary data collection,systematic literature review of document was used to 
collect such kind of data to supplement primary data. In carrying the document 
review various historical documents, presentations, previous researches, policies, and 
public historical records were reviewed. 

3.6.2.1 Systematic literature review 
A systematic literature review was done so as to find the best IoT technique for 
parking search time optimization at Kisutu ward in Dar es Salaam. The systematic 
literature review attempted to answer the research question number two. The 
document searching criteria focused on the following: - Literature related to IoT 
techniques for car parking, and literature available between the year 2005 and 2020. 
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Data collection in this stage adhered to the following key phases as shown in the 
Table 3.1 belowso as to make sure the documents reviewed are relevant to the topic 
under study. 

Table 3.1 Phases on data collection from literature 
Phase 1 Generic search for literature related to technological car parking solution 

or internet of things in car parking 
Phase 2 From phase 1, separation of literature between 2005 and 2020 
Phase 3 From phase 2, separation of literature on issues related to IoT technique 

for car parking 
Phase 4 From phase 3, full text reading of the acquired literatures 

Source: Own processing 
3.7Time Spent Exploration for Searching a Car Parking Space at Kisutu Ward 
The study hadto usea semi-structured interview as well as observation to explore the 
time that drivers are spending when they are searching for places to park. The area 
was visited from 08:00am to 2:00pm observing as well as interviewing the 
respondents. Interviews were used because it gave many details concerning the 
parking search problem at the Kisutu ward in Dar es Salaam. 

3.8IoT Technique Identification for car parking search time optimization 
To identify a suitable IoT techniquea systematic literature review was conducted, 
whereby different researches concerning these techniqueswerereviewed. The 
selection wasbased on the following parameters: Cost, Reliability, Maintainability, 
and suitability of the technique with the environment under the study. 

3.9 Testing the Efficacy of the Identified IoT Technique in Optimizing Search 
time. 

The data that was collected through document review and interviews helpedin the 
achievement of research question number three. Therefore, in testing the efficacy of 
the identified IoT technique in optimizing search time for a car parking slot, the 
identified IoT technique was implemented in the specified environment at Kisutu 
ward where there are on street as well as garage parking areas. Then an experiment 
was carried out with time spent by drivers been recorded in locating a parking slot 
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using the implemented IoT technique. Hence the average time spent was calculated 
from that experiment. 

The obtained average parking search time after introducing the IoT technique was 
compared with the time obtained in the research question number one, to compute to 
what extent the proposed IoT technique performed in parking search time 
optimization. 

3.9.1 Implementationof the Identified IoT Technique 
In the literature review, a systematic literature review enabled the identification of 
the IoT technique to be used, the techniques were selected based on the criteria such 
as cost, and sustainability to different weather condition. In the implementation of 
the IoT technique,the system had to be divided into two parts. The first part was the 
software part and the second part was the hardware part.The software part was only 
for information dissemination, and the hardware part was only for data collection and 
processing to produce useful information. The information produced was whether the 
car parking slot was occupied or not in a certain area so that it can be shared with the 
driver. 

Software Part 
In the software part,different tools were used to program the system. These tools 
included: PHP programming language, MySQL, Google map API, and Sublime 
Text. Graphical user interface (GUI) created using those tools was linked with the 
database that got its data from the hardware part of the system.  
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Figure 3.2 GUI for Kisutu smart parking system 
Source: Own processing 

Hardware Part 
The hardware part of the system was made of different hardware components so that 
it could sense a car. The component included the following: LCD Display, sensors 
for counting IN and OUT vehicles, IN and OUT Indicators, Power supply, network 
module, and Microcontroller. The microcontroller was used as a central processor in 
which it processes all the inputs that come from other components. 
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Figure 3.3 Kisutu Smart Parking Block Diagram 
Source: Own processing 



 

31 

 
Figure 3.4 Hardware part one of Kisutu Smart Parking 
Source: Own processing 

Sensors for counting vehicles included the combination of two sensors, that’s an 
ultrasonic sensor and PIR sensor. The PIR sensor was responsible for detecting the 
motion of a moving object, for this case it was the motion of the vehicle. The system 
counted the time delay between the sensed object and the time when it is in the target 
of the ultrasonic sensor. Hence the PIR sensor acted as a switch to the ultrasonic 
sensor to function. When the object is in the target of the ultrasonic sensor for more 
than 5seconds. The object was counted as a vehicle. 

The microcontroller is the heart of the system that was used to receive and to send 
commands appropriate according to the instructions. For this system, the 
microcontroller that was used was that ofArduino Mega2560.The Arduino Mega 
2560 is a microcontroller board based on the ATmega2560, it had 54 digital 
input/output pins (of which 14 can be used as PWM outputs), 16 analog inputs, 4 
UARTs (hardware serial ports), a 16 MHz crystal oscillator, a USB connection, a 
power jack, an ICSP header, and a reset button. It contained everything needed to 



 

support the microcontroller; simply 
or powered by an 
compatible with most shields des

Figure 3.5 Arduino Mega 2560
Source: Own processing

The LCD is the part of the system which was 
instruction to the user of the system. 1604 Liquid crystal display 
display that is built-in 
4/8-bit parallel. 

Figure 3.6 Liquid Crystal Display
Source: Own processing
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support the microcontroller; simply it was connected to a computer with a USB cable 
 AC to-DC adapter or battery to get started. The Mega is 

compatible with most shields designed for the Arduino Duemilanove or Diecimila

Arduino Mega 2560 
Own processing 

the part of the system which was used to display commands and 
tion to the user of the system. 1604 Liquid crystal display 

in with ST7066 controller IC and its default interface is 6800 

Liquid Crystal Display 
Own processing 

to a computer with a USB cable 
DC adapter or battery to get started. The Mega is 

igned for the Arduino Duemilanove or Diecimila 

 

used to display commands and 
tion to the user of the system. 1604 Liquid crystal display is a character 

ts default interface is 6800 
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LED was used to show the progress of the real-time commands running in the 
system, the system capability was to process one command or instruction at the time. 
The interruption was not allowed so that the system could work correctly. The LED 
was set to the green indicator to indicate that other operations can be performed 
while the red indicator showedanother process cannot be performed until the current 
process was done. When the availability of parking slot was zero (0), the RED 
indicator was ON with respect to the light indicator from delay connected to the 
external of the system 

 
Figure 3.7 Hardware part two of Kisutu Smart Parking System 
Source: Own processing 

3.9.2 Experimental Settings 
The experiment involved two same groups, the first group was the experimental 
group (treatment group) with 30 respondents, and the second group was the control 
group with 30 respondents. The experimental group was measured (Time spent 
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recorded) after been introduced with the IoT technique and the Control group was 
measured (Time spent recorded) before been introduced with IoT technique. 

3.10 Data Analysis and Interpretation 
In qualitative data analysis, the collected data was of various types such as text (filled 
interview transcript). So, to analyze such kind of data, coding and thematic analysis 
with the help of activity theory (AT) as a theoretical lens had been used so that data 
collected could be summarized to make sense. For the numerical collected data, 
Statistical Package for Social Science (SPSS) was used for data analysis where 
tables, figures, percentages, and frequencies were obtained for easy interpretation of 
the findings. 

3.11 Ethical Consideration 
For any research, ethical consideration is very important. Thus, for this study, the 
same way, it should adhere to ethics. All participants were given information about 
the study and gave informed consent before commencement. To ensure privacy, no 
personally identifying information was disclosed to anyone. 

3.12 Validity and Reliability 
To ensure validity and reliability in this study, both methods for data collection 
wereused, which werethe qualitative and quantitative methods of data collection. 
This helped to get more information about the study rather than using just a single 
method. 
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CHAPTER FOUR 
FINDINGS AND DISCUSSION 

4.1 Introduction 
The chapter provides the findings based on the objectives of the studyto answer the 
study questions. Two sections have been used to organize this chapter. The first 
section describes the findings that were obtained from specific objective one and 
three, while the second section discusses the findings. 

4.1.1 Duration for Traditional Car Searching for Parking Slots 
During the survey (before and after survey), 30 respondents (drivers) were involved. 
Eighteen(18) respondents were male and twelve (12) respondents were female. To 
determine how much time drivers spend in searching for parking slots at Kisutu 
ward, the study uses physical observation and responses from respondents (drivers). 

Table 4.1: Gender frequency 
 Frequency Percentage 

Male 18 60 
Female 12 40 
Total 30 100 

Source: Own processing 
The study involve to interview drivers who were the main respondents in this 
study.The majority (about 87%) of all interviewed drivers said that most of the 
parking issues at the Kisutu ward in Dar es Salaamis finding places to park their cars 
while others have responded that, lack of information to parking areas, and 
inadequate number of parking areas were the challenges. The challenges are much 
attributed to having no prior information by where they can park their cars, also they 
added that from Monday to Friday finding the parking area is hard, but on 
Saturdaysisharder than any other day of the week. 
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Table 4.2: Drivers' responses about issues regarding searching for car parking 
space at Kisutu ward in Dar es Salaam 

Response Frequency Percentage 
Finding a parking place at Kisutu 
Ward in Dar es Salaam is an issue 26 86.66% 
Lack of Information to where exactly 
the parking areas are 21 70% 
Inadequate number of car parking 
areas at Kisutu Ward in Dar es 
Salaam 

15 50% 

Source: Own processing 
From the observation, it was found that about 80% of drivers when they are 
searching for places to park their cars, they normally use their own experience 
(which means that, they park their cars where they usually used to park) to find those 
places, but when they arrive to those places and found no any slots to park, they keep 
on searching until they get a slot to park. Therefore, such behavior led to traffic jams 
as drivers drivewith speed less than 20km/h, as a result, they spend a lot of their time 
searching for parking spaces. 

Table 4.3: Drivers' responses regarding ways used for car parking space 
searching at Kisutu ward in Dar es Salaam 

Response Frequency Percentage 
Using own experience 24 80% 

Just driving until the 
empty slot is seen 23 76.66% 

Asking parking guiders 16 53.33% 
Source: Own processing 
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Table 4.4: Drivers' responses regarding current car parking system at Kisutu 
ward in Dar es Salaam 

Response Frequency Percentage 
Very good 0 0% 
Good 2 6.66% 
Average 10 33.33% 
Poor 24 80% 
Very poor 17 56.66% 
Source: Own processing 

From the observation, it showed that every driver spent different amount of time 
when searching for parking spaces before the intervention of IoT assisting them in 
locating car parking places as shown in Table 4.5. The maximum time spent was 51 
minutes and the minimum time spent was 11 minutes per car searching for parking 
spaces. Hence the average time that was calculated from the drivers was 28 minutes 
and 6 seconds spent when searching for car parking space per each search. 

Following activity theory, it was found that the tools that drivers at Kisutu ward in 
Dar es Salaam were using most of the time were their own experience or asking 
people on where they can find parking places. 
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Table 4.5: Car Parking Search 
before IoT Intervention 

s/n Respondent Duration 
(minutes) 

1 Res 1 33 
2 Res 2 38 
3 Res 3 20 
4 Res 4 45 
5 Res 5 16 
6 Res 6 44 
7 Res 7 23 
8 Res 8 28 
9 Res 9 19 
10 Res 10 22 
11 Res 11 47 
12 Res 12 30 
13 Res 13 48 
14 Res 14 15 
15 Res 15 39 

16 Res 16 19 
17 Res 17 46 
18 Res 18 11 
19 Res 19 22 
20 Res 20 15 
21 Res 21 20 
22 Res 22 45 
23 Res 23 36 
24 Res 24 20 
25 Res 25 51 
26 Res 26 15 
27 Res 27 18 
28 Res 28 23 
29 Res 29 11 
30 Res 30 24 

Total 843 
Average 28.1 

Source: Own processing 

4.1.2 IoT Technique Identification for Car Parking Search Time Optimization 
With systematic literature review, about fifty (50) documents were reviewed, 
including journal articles, conference proceedings, and other relevant documents for 
example reports. From the document review findings, the majority of conducted 
studies came into conclusion that, technology has positive impact on addressing 
parking problems like traffic congestion, searching for parking slots and air 
pollution. 



 

Figure 4.1 Literature review
Source: Own processing

Majority of publication and other literatures reviewed showed 
Ultrasonic sensors technology for detecting cars, while
showed about 26% used infrared sensors (IR), 22% used radio frequency 
identification (RFID)
technology. 

Ultrasonic, infrared and RFID sensor have showed to be the dominant technology 
across the vast technological solutions in car detection
processing and magnetic sensors as shown on the 
the domination of aforementioned technologies found to be
maintenance cost, energy consumption, deployment cos
example magnetic sensors are affected by different weather conditions like rain, 
while ultrasonic sensor are
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Literature reviewed classification based on technology
Own processing 

Majority of publication and other literatures reviewed showed that about 38% used 
Ultrasonic sensors technology for detecting cars, while other documents reviewed

about 26% used infrared sensors (IR), 22% used radio frequency 
identification (RFID), 8% used magnetic sensor, and 6% used image processing 

Ultrasonic, infrared and RFID sensor have showed to be the dominant technology 
across the vast technological solutions in car detection, leaving behind image 
processing and magnetic sensors as shown on the Figure 4.1 above. The reasons for 

on of aforementioned technologies found to be
maintenance cost, energy consumption, deployment cost, and weather condition
example magnetic sensors are affected by different weather conditions like rain, 
while ultrasonic sensor are not affected by different weather conditions

  

 
classification based on technology 

that about 38% used 
documents reviewed 

about 26% used infrared sensors (IR), 22% used radio frequency 
6% used image processing 

Ultrasonic, infrared and RFID sensor have showed to be the dominant technology 
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Table 4.6 Technology comparison based on maintenance cost, energy 
consumption, deployment cost, and effect on weather condition 

 Ultrasonic 
Sensor 

Infrared 
Sensor 

(IR) 

Radio 
frequency 

identification 
(RFID) 

Magnetic 
Sensor 

Image 
processing 

Maintenance cost Low Low Low High High 
Energy 

consumption Low Low Low Moderate High 
Deployment cost low Low Low High High 

Effect on Weather 
condition low Low Low Moderate Moderate 

Source: Own processing 
Most of the researches worldwide focused on addressing parking problems based on 
where they are coming from, hence there are very little researches that have been 
conducted concerning Tanzania specifically in Dar es Salaam city especially by 
using technological solutions in addressing parking problems. A lot of researches 
were focusing on identifying the parking challenges facing cities in Tanzania.  

Therefore, because of the Kisutu ward parking setup, as well as cost constraints, 
Ultrasonic and Passive Infrared sensors seemed to be the perfect technology to be 
used rather than other technologies (magnetic sensor, image processing, and radio 
frequency identification), this is because sensors are cheap and they can be easily 
installed as well as been repaired as presented on the comparison table in the Table 
4.6 from the systematic literature review. 
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4.1.3IoT Technique efficacy testing in search time optimization for car parking 
slot 

In the experiment of this study, one group pretest-posttest design was adopted, in 
which the same group was experimented twice, before and after the intervention of 
IoT. The“Before” experiment it wasfound that drivers spend 28 minutes and 6 
seconds searching for car parking space in each search. 

The “After” experiment was done by introducing a parking system at the JMall 
parking area that was used by drivers to locate parking places to optimize the car 
parking search time. The“After” experiment gave out the results that, drivers spent 
an average of 8 minutes and 22 seconds. Each driver’s car parking searching time 
was recorded as shown in Table 4.7.  

 
Figure 4.2 JMall car parking entrance and exit 
Source: Own processing 

The implementation of the parking system adopted the framework introduced by 
Chinrungrueng(2011). The framework has consisted of three components, which 
were: A sensor network, an Information processor, and an Information disseminator. 
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4.1.3.1 Sensor Network and Information Processing 
The sensor network consisted of a sensor node, Microcontroller, and a network 
module (GSM). The sensor node senses the presence of a car and then the 
information is sent to the Microcontroller to be processed. The network module was 
used to send the processed data to the server on the internet. 

4.1.3.2 Information Dissemination 
For information dissemination, a web application was developed which could be 
accessed by smartphone or even computer. A web application showed, number of 
occupied and unoccupied car parking spaces as well as the button to locate a specific 
car parking space.Also, at the entrance, LCD was mounted which showedsome 
occupied and unoccupied car parking spaces 

Table 4.7: Car Parking Search after 
IoT Intervention 

s/n Respondent Duration 
(Minutes) 

1 Res 1 14 
2 Res 2 5 
3 Res 3 15 
4 Res 4 4 
5 Res 5 12 
6 Res 6 11 
7 Res 7 3 
8 Res 8 5 
9 Res 9 13 
10 Res 10 4 
11 Res 11 10 
12 Res 12 3 
13 Res 13 14 
14 Res 14 5 
15 Res 15 4 

16 Res 16 15 
17 Res 17 5 
18 Res 18 14 
19 Res 19 11 
20 Res 20 9 
21 Res 21 4 
22 Res 22 10 
23 Res 23 3 
24 Res 24 15 
25 Res 25 4 
26 Res 26 5 
27 Res 27 12 
28 Res 28 4 
29 Res 29 5 
30 Res 30 13 

Total 251 
Average 8.37 

Source: Own processing 
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Table 4.8: Parking search time summary of before and after IoT intervention 
 N SUM MEAN STD DEVIATION 

Parking search time 
before IoT 

30 843 28.10 12.571 

Parking search time 
after IoT 

30 251 8.37 4.491 

Source:Own processing 

Table 4.9: Independent samples t-Test results 
t Sig. (2-tailed) Mean Difference 95% Confidence 

Interval of the 
Difference 

Lower Upper 
8.097 0.00 19.733 14.855 24.612 

Source: Own processing 
From Table 4.5 and Table 4.7, the average time that was spent seemed to vary. In 
Table 4.5, (Before experiment) the time spent was 28.1 minutes, and in Table 4.7, 
(After experiment) the time spent was 8.37 minutes. Therefore, based on those 
results, the intervention of IoT in searching for car parking spaces has shown to have 
a positive impact on car parking search time optimization. IoT has reduced the 
searching time by 19 minutes and 43 seconds as shown in Table 4.9 and Table 4.10. 

To test the statistical significance of the results between the two groups of the 
experiment (“Before” and “After” intervention of IoT), Independent samples t-Test 
statistical analysis was used with the results as shown on the Table 4.9.Therefore, 
with the p-value of 0.00 which is less that significance level(0.05), it shows that there 
is sufficient evidence to conclude that time consumption in searching for parking slot 
between the two groups is different because the independent t-Test is significant 
different from the tabulated T. 
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Table 4.10: Before and after experiment results 
s/n Experiment Mean Time Mean Difference 
1 Before 28.1 minutes 19.73 minutes 2 After 8.37 minutes 

Source: Own processing 

4.2 Discussion 
In this section, the findings discussedwere that obtained in section 4.1based on the 
research questions. Therefore,twosub-sectionshave been used to build up this section. 
These sub-sections were: observation and IoT technique efficacy section. 

4.2.1 Observations 
A research has done observation and found that drivers at Kisutu ward spent an 
average of 28.1 minutes finding places to park their cars. Thus, based on their 
perspective such time is a very long time in searching for a car parking place and it is 
attributed by having no prior information of a specific unoccupied slot to park their 
cars as well as having inadequate parking areas. When drivers use much time 
searching for parking areas, consequences happen. Consequences like traffic 
congestion and wastage of fuel as drivers drive with low speed approximately less 
than 20km/h. 

One of the respondents said, “finding parking area at Kisutu ward is very hard, that 
is why we spend a lot of time finding a place to park, hence that force us to park very 
far from our destinations”. And the other respondent said “it can take me up to 35 
minutes to find parking area at Kisutu ward. This is because sometimes I don’t know 
where I can find an empty slot to park my car especially when I find that the place, I 
always use to park is full. Also, because people are driving very slowly when they are 
searching for parking areas”.  
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Observations within the driver’s activity system 
It has been observed that considering the components of the activity system, a driver 
is subject, finding parking area is an object, own experience, and asking for parking 
area are tools or mediating artifacts as shown in Figure 4.3. The potential of activity 
theory lies in uncovering tensions between components of drivers’ activity system 
which is a contradiction between mediating artifacts and the object of activity. 

The contradiction is denoted as a lightning-shaped arrow between the object of 
activity and mediating artifact as shown in Figure 4.3. To achieve the object, drivers 
were to use their own experience and asking people for parking areas, as a result, 
they consumed much time as pointed earlier by one of the respondents.While on the 
other hand after the intervention of IoT as drivers’ mediating artifact they spent less 
time than before when searching for parking areas.Thus, it appears that the use of 
IoT would much help drivers in minimizing the searching time for parking areas. 

The majority of drivers (80%) at the Kisutu ward in Dar es Salaam pointed out that 
the current parking system is poor and they strongly recommended a new parking 
system that would inform them about where they can find car parking areas. In that 
case, they recommended being informed through phone (app, text, or website) and 
even social networks 
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Figure 4. 3 Contradiction between tools and object 
Source: Own processing 
4.2.2 IoT Technique Efficacy 
In testing the efficacy of the identified IoT,the technique had to be implemented at 
the JMall parking area. After the installation, it was found that drivers at Kisutu 
wardare spending an average of 8.37 minutes in finding an area to park a car as the 
information about where they can find parking areas were disseminated before they 
reach that area. One respondent said “using this system has been much of help as 
now I can have prior information if there is an empty slot or not even before going to 
that place, so it saved much of my time”. Another respondent said,“Findinga place 
to park with this system has been to some extent easy as now I know exactly where to 
park, but you need to extend the system to be used even with featured phone”. The 
above-stated statements provided by the respondents is backed up by the 
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findings(Maric et al., 2017) which support that with the availability of prior 
information to drivers about parking areas decreases the parking area searching time. 

Conducting this research, there were some limitations. This limitation includes 
finding parking areas to implement the system was very difficult, as some of the 
parking areas would not want to share some of their details about their parking area. 
Hence, only one parking area had to be used for this studywhich is the JMall parking 
area. Also finding respondents who would be willing to participate in this study was 
challenging because the majority of the respondents were not ready to be involved 
though they were assured with their privacy. Therefore, because of the nature of the 
study, an experimental study had to be used in which only 30 respondents were 
involved in the study. 
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CHAPTER FIVE 
CONCLUSION AND FUTURE RESEARCH 

5.1 Introduction 
This Chapter concludes on what has been found about the research under study, 
providesa recommendation that could be followed so that the research could be of 
use to the community, and lastly, it describes what could be added in the research so 
that other researchers could use,and in case they want to do other studies based on 
this study. 

5.2 Conclusion 
Internet of Things is a growing technology that is applicable in different areas like, 
industries, homes, as well as in transportation. In transportation, one of the 
researches that researchers have researched is the management of parking areas in 
things like parking payments and locating parking areas. 

This study has employed the same technology (IoT) trying to address the problem of 
searching for a car parking area at Kisutu ward, Dar es Salaam.The developed 
parking system has the potential in solving the problem of spending a long time 
searching for parking areas, this is because drivers will now be able to have exact 
information about where they are going to park their cars before reaching their 
destinationwhereby Maric et al (2017) in their study found thattime used to search 
parking areas can be decreased by the availability of information to drivers.  

Therefore, two experiments were conducted at Kisutu ward in Dar es Salaam. The 
first experiment involved the intervention of IoT technique, and the second 
experiment involved the non-intervention of IoT technique. The IoT technique 
involved the use of Ultrasonic sensors and Passive Infrared sensors. It was found 
that, IoT intervention in searching for parking slots yield positive effect compared to 
IoT non-intervention in searching for parking slots. 
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Furthermore, after the comparison of the two experiments, it was found that, people 
at Kisutu ward in Dar es Salaam appreciated the parking system (as it informed them 
of where to find parking slots). Inother hand they suggested that, it would be much 
better if the study could have included featured phone too forinformation 
dissemination. 

5.3 Recommendation 
The research main objective of the study was to optimize the time used by drivers to 
search for car parking slots by using the Internet of Things (IoT) at Kisutu ward in 
Dar es Salaam. The objective was successfully archived as drivers were able to spend 
a short time searching forparking areas at the Kisutu ward. 

Therefore, the study is recommending the use of this technique at the Kisutu ward. 
This is because the benefits that come with using this technique will be of help to the 
drivers as well as to the IlalaMunicipality in reducing unnecessary fuel consumption, 
time wastage as well as illegal parking. 

Furthermore, the study recommends the use of the experimented technique to other 
places as well. The environment that was used to test the technique allows it to be 
used to other palaces in Tanzania with the same settings as that of Kisutu ward in 
Dar es Salaam. 

5.4 Further Research 
In this studyonly a small area was covered, which is at the Kisutu ward to conduct 
this study. Hence future studies should try to include more areas in the study like 
considering the whole area of Ilala district. 

Also, a study used a pair of sensors to detect the presence of a car. These sensors 
were Ultrasonic sensors and Passive Infrared sensors.Future studies could try to usea 
combination of more than two sensors so that they can increase the sensing accuracy. 
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