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Abstract

Road safety is still an important issue with road accidents among the leading
causes of death accounting for more than 1.2 million fatalities and 50 million
injuries globally per year. Of these casualties, speeding is a substantial con-
tributing factor. Nowadays, speed reduction is mainly achieved through
speed law enforcement measures. The review is aimed at examining the dif-
ferent enforcement approaches used to control and monitor excessive speeds
on highways at large and particularly in Cameroon. A systematic search was
performed in Science Direct, Elsevier, google scholar, scientific research, and
Springer, ResearchGate, Scopus, and PubMed databases. Furthermore, refer-
ences of selected articles were reviewed to maximize the rate of articles found.
The details of the research articles were generated using the Preferred Re-
porting Items for Systematic Reviews and Meta-Analysis (PRISMA) flow
chart. The results show that of 658 retried articles, duplicates of 458 were ex-
cluded and 200 were screened. A total of 61 and 40 articles were screened
from abstract and full pdf text respectively. Finally, 15 relevant studies were
included in the study. The review revealed that the included articles on speed
enforcement on the highway were limited to sanctioning defaulters for fine
payments.
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1. Introduction

Motorization has enhanced the lives of many individuals and societies, but the
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benefits have come with a price. Although the number of lives lost in road acci-
dents in high-income countries indicates a downward trend in recent decades,
for most of the world’s population, the burden of road traffic injury in terms of
societal and economic costs is still rising substantially [1].

According to collected statistics, 93% of the world’s fatalities on roads occur in
low- and middle-income countries, even though these countries have approx-
imately 60% of the world’s vehicles. Road traffic injuries are the leading cause of
death for children and young adults aged 5 - 29 years [2].

The causes of car accidents are mostly classified into three factors (automo-
tive, environmental or infrastructure, and human). A major factor is due to hu-
man error (distraction, driving under the influence, drowsiness, inattention,
drunkenness, speeding) [3]. Amongst these human errors, there is wide scientif-
ic evidence about the fact that speeding is the most contributing factor to risk,
severity, and fatality of motor vehicle collisions [3].

Specifically, in 2004 the WHO agrees that excessive and inappropriate speed
contributes to about 30% of deaths on the road in high-income countries, mean-
while in some low-income and middle-income countries speed is estimated to be
the main contributory factor in about half of all road crashes. According to
UNECE in 2018, speeding was a contributing factor in 26% of all traffic fatalities.

In Cameroon, most road accidents occur along with the “death triangle”
(Yaoundé-Douala-Bafoussam-Yaoundé). The triangle is called the “death trian-
gle” because it records over 46% of the entire road accidents on Cameroon
highways and most of these accidents are due to excessive speed [4]. According
to the elaboration of a national strategy for road accident prevention and safety
in 2009 done by ministry of transport of Cameroon, it was revealed that 70% of
road accidents were due to human error with excessive speed as the leading fac-
tor. The reports from 2004 to 2007 shows that excessive speed accounts for 20%
of road accidents on the Yaoundé-Douala highway meanwhile reports from 2018
to 2019 along with the Douala-Dschang highway accord for 34.3% [5] and [4].
Controlling vehicles’ speed can prevent crashes occurrence and reduce the im-
pact when they occur, lessening the severity of injuries sustained by the victims.

Developed and developing countries consider speeding as a huge problem for
road safety and are conscious that controlling vehicle speed can prevent occur-
ring crashes and reduce the impact when they do occur, lessening the severity of
injuries sustained by victims. Speed humps, speed limits, and various advanced
methods are used to reduce road traffic accidents by monitoring and controlling
the speed of motorists within the highway.

Speed humps and bumps are the most common type of traffic calming devices
due to their low cost and easy installation. They are mostly installed on risk
zones like schools, markets, towns, hospitals [6]. Speed hump or bumps are raised
areas of textured material on the flat section with asphalt or concrete for road-
way pavement surface extending transversely across the travel way. The problem

faced with this device is based on the fact that it is regulatorily only on risk zones
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meanwhile speed limits signs are implanted on dangerous zones [7].

Speed limits are also commonly used around the world to regulate the maxi-
mum speed at which motor vehicles can be operated on public roads. The speed
limit signs are regulatory and are rectangular metallic material oriented vertical-
ly to communicate a set of legal maximum or minimum speeds that vehicles
must travel [6]. Many motorists do not respect the road signs if some control
and monitoring measures are not taken. To track violators of speed limit signs,
speed cameras are used with different enforcement methods.

Generally, Road-based (mobile and fixed) and Vehicle-based are the different
groups of methods used for monitoring vehicle speed on highways [8]. The gen-
eral framework for monitoring and controlling the system of speeding is pre-
sented in Figure 1.

In general, a sensor for a vehicle-based type and a mobile or fixed speed gun
for a road-based type are used to detect vehicle speed on the road. The vehicle
speed is calculated by the sensor or snapped by a speed gun and cross-checked
with a speed limit sign, if the detected speed is greater than the speed limit, then
the device sends the data to a central server and a message is generated and sent
to the offender manually or automatically for subsequent actions [8].

In Cameroon, speed guns are exclusively used to control vehicle speed on
highways by the Ministry of Transport (MINT) and the Gendarmerie of the
Ministry for Defense. Mobile and fixed speed cameras are used to sanction de-
faulters of speeding on different highways. Amongst the national roads in Ca-
meroon, only N3 (Yaoundé-Douala) has a fixed-speed camera post managed by
MINT.

With the mobile control system, a control agent snaps violated vehicles of a
speed limit sign and informs the control team ahead through a phone call. The
offender is hence interrupted for immediate payment of fines (25,000 Fcfa). On
the other hand, speed guns are fitted in chosen fixed post of N3 where defaulted
vehicles of speed limit signs are snapped and stored in a built-in server. An agent
of MINT periodically collects the data using a USB or a memory card and trans-
mits it to the central service for subsequent actions.

The main problem faced today world at large and Cameroon in particular as
regard speed management is the enforcement of sanction measures to violators.

The manual means of enforcing sanctions has some drawbacks that must be

e Generating a speeding Sending speed data to a
report central server wirelessly

Figure 1. A general framework of vehicle speed monitoring and control system.
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dealt with to improve upon the existing enforcement systems which can go a
long way to reduce or stop the disrespect of speed limits. The different draw-
backs are; speeding data are collected manually for the case of fixed speed guns,
sanctions to defaulters are selective through convocations for fixed control, dur-
ing the mobile control, defaulters are embarrassed to pay fine instantly, the ap-
plication of the enforcement is temporal, many control agents are needed at the
different control post, time-consuming to road users and passengers, exposure
to corruption and favoritism, the mobile system functions only during the day.
To fight against these drawbacks, the review of this research work is intended to
systematically identify existing gaps of existing studies on speed enforcement
management and which will further clearly situate us in our innovation on the
better management and implantation of speeding on Cameroon highways by not
only sanctioning and billing defaulters but also automatically suspending delin-

quent defaulted vehicles through a web network system.

2. Material and Method

A systematic method of literature was done online by searching the keywords;
vehicle speeding control and monitor, vehicle speed management, vehicle speed-
ing enforcement, and combined through the system, method, road safety, acci-
dent prevention, control, and monitor. The search was done using search en-
gines using Science Direct, Elsevier, google scholar, scientific research, Springer,
ResearchGate, Ovid Medline, Scopus, PubMed, and ProQuest databases. An
open search through google was equally done. References of the selected articles
were reviewed to maximize the rate of articles finding. The inclusion criteria
were: publications in peer-reviewed journals, in English, and with a focus on ex-
cessive speed monitoring and control for accident prevention, and qualitative
studies were excluded from the review.

Articles were first screened reviewing their titles to exclude non-relevant ar-
ticles. Then the abstract and full texts of the retained articles were reviewed.
Endnote X9 software was used for organizing, title and abstract reviewing, and
also identification of duplications. A PRISMA flow chart was used to extract the

data from the included articles [9].

3. Retrieved Contents

A total of 658 studies were identified through electronic search engines. Dupli-
cates of 458 were excluded and 200 were screened. A total of 61 and 40 articles
were screened from the abstracts and full Pdf texts respectively. Finally, 15 rele-
vant studies were included in the study. The retrieved contents are presented in
the PRISMA flowchart of Figure 2.

4. Results and Discussion

Traffic planners and law enforcement agencies all over the world are paying

much attention to road traffic monitoring systems and methods to improve road
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IDENTIFICATION OF STUDIES VIA DATABASES

ks

Researched articles from database
(n=658)

Duplicates excluded
(n=458)

Screened articles from tittles
(n =200)

Excluded records = 139
Non relevant = 90
Non enforcement management = 49

Screened articles from abstracts
(n=61)

Excluded records = 21
Conference reports = 10

Non relevant= 49

Excluded records = 25
— Non enforcement = 15
Non relevant= 10

Full text screened articles
(n =40)

Total included
enforcement studies

(N=15)

Figure 2. Prisma flow chart of systematic review.

safety policy, incident management, and road traffic reporting. In general, these
monitoring systems are involved in counting, classifying, and or estimating the
speeds of the moving vehicles on the road. To improve road safety, it is impor-
tant to know about existing road traffic monitoring and control systems. Al-
though speed camera is commonly used for road traffic monitoring, a variety of
sensors have been employed for automatically monitoring and controlling the
speed of vehicles [10].

Various strategies have so far been used for speed management (controlling
and monitoring) including traditional methods such as advisory speed posting,
speed limits, and road design as well as modern methods such as intelligent
speed adaptation, safety cameras, support via an active accelerator pedal, and
other strategies [11] and [12]. Furthermore, most developing countries use en-
forcement methods by sanctioning defaulters through billing and reporting.

Our review is limited to enforcement methods that have to do with sanction-
ing defaulters, billing and reporting of vehicle-based and road-based monitoring

systems. Reviewing the different existing methods will permit us to identify their
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different limitations as well as the gap between the existing systems and ours. In

the end, we shall produce a summary of included studies.

4.1. Vehicle-Based Monitoring Systems

In other words, called in-vehicle monitoring system (IVMS) consists of an elec-
tronic device or number of devices is installed in a vehicle to monitor driver ac-
tivities and help identify behaviors such as excessive speed, harsh braking, rapid
acceleration, or drowsy driving. The information is analyzed to evaluate the
driver’s safety and driving practices. [13] carried out a survey of recent vi-
sion-based on-road vehicle detection systems in a literature review.

One of the earliest IVMS developed was the use of microcontrollers to warn
and detect the excess speed of violators. When a vehicle on speed approaches the
speed limit, it displays the warning and if it exceeds the limit, the microcontrol-
ler records the violated speed and time. The LCDs the lane speed limit and
shows the number of times, speed was violated. A GSM module sends ma mes-
sages to the nearest traffic personnel immediately after a violation occurs [13].
The system was later enforced by sending messages to violators and fines for
payment [14]. Later a Zigbee transmitter was used to send the speed limit of the
particular road lane and the speed of the vehicle is compared with the speed lim-
it, and if it’s exceeded then, the user within time limit should control it. If the
time is out still the speed is not controlled manually by the driver, then the sys-
tem itself will control the speed of the vehicle automatically [15]. A speed sensor
was equally mounted on the flywheel of the car to detect excess speed, if over
speeding occurs, the camera and the Raspberry PI extract the license plate num-
ber and send it immediately to the nearest concerned traffic authorities by means
of GSM/GPRS. Once the details are updated, the driver is charged for over
speeding [16]. The disadvantage of these systems is that the enforcements were
limited in billing defaulters manually.

The first invention of automatic enforcement of billing was the use of a speed
limiter which does not automatically limit the speed at which a vehicle moves
but gives vocal warnings to drivers while approaching the speed limit. Failure to
slow down triggers the speed limiter’s reporting system and the driver is auto-
matically sent a ticket for fine payments [17]. Speed control and accident alert
system were developed to assist in road safety issues, whenever an accident hap-
pens, the system will identify and confirm it with the driver, it informs nearby
ambulance. Also, it provides an alert whenever the driver exceeds the speed limit
through GPS or Bluetooth. An accelerometer is installed on the flywheel of the
vehicle with a camera that snaps and the driver is alert through a microcontrol-
ler in case of overspeeding [18].

So far it was noticed that the most developed IVMS enforcement method is li-
mited to automatically informing excessive speed violators for fine payments. The
main drawback of these systems is that they are very costly and can easily be han-

dicapped by car owners if control wireless control measures are not put in place.
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4.2. Road-Based Speed Monitoring Systems

One of the first methods used for controlling and enforcing excessive speed on
roads was using a speed detection device to measure the speed of each incoming
vehicle with a double loop or piezo sensors and feed the data to the processing
unit. When the measured speed exceeds the predetermined threshold value, the
digital camera captures the image of the vehicle and the driver. An infringement
notification paper is automatically printed out and then mailed to the registered
owner of the vehicle [19]. The use of a point-to-point system has been com-
monly used. With this system, the time taken by the vehicle to travel from one
set point to the other is calculated by a control circuit and displayed that on
seven-segment displays. Moreover, if the vehicle crosses the speed limit, a buzzer
sounds alerting the police [20]. Since the buzzer sound was not audible enough,
the system was further developed by introducing a more abuzz alarm system
[21]. Another improvement of the system was the use of GPS coordinates to
calculate the speed of the vehicle with the maximum allowable speed in that
area. If overspeeding is detected, a buzzer sound is generated from an active
buzzer and alerts the driver that he is exceeding the speed limit. If the driver
does not drive within the speed limit, an SMS is sent to traffic authorities and a
ticket can be issued against the same vehicle [22]. A model was also developed
that uses Arduino and IR sensors so that it alerts the over the speed of vehicles.
The system accumulates information of vehicle by displaying on the LCD and if
over-speed occurs it alerts by giving buzzer [23]. In addition to this model, GMS
and RFID reader is used to pay defaulters fines automatically from their ac-
counts [24]. The difference in enforcement here is that the defaulter is warned
before being sanctioned. The system was limited in alerting drivers of excessive
speed to slow down. The latter was a Highway Security Camera Systems (HSCS)
that uses the live video streams of a surveillance camera, which gives the lateral
view of the traffic and estimates the speed of the vehicles passing by with the
help of image processing techniques. In case of excess speed, the image of the car
is captured and the defaulter is notified through an SMS via a GSM module, and
an snap shot of the vehicle is sent as an e-mail attachment [25]. This improve-
ment was good but as regard enforcement, it was limited to notifying the control
agents for further sanctions which were selective.

The most recently used system in African countries to control excessive speed
on the highway is the Doppler Effect of speed gun which calculates the speed of
the vehicle. If the detected speed is greater than a set speed threshold, a camera
automatically captures the snap of the vehicle, and the license plate number is
extracted using Digital Image Processing (DIP) techniques. A fine is collected
and the information of the defaulter is stored in a database [26] and [27]. The
archiving of offenders’ information was a great improvement in the enforcement
of speeding because it gives the records of offenders and permits a better sensi-

tization to the road users but the sanction measures are slow and thus less effec-
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tive.

After discussing the results of vehicle-based and road-based control systems of
speeding, it reveals that it is updated, developed, and implemented enforcement
is limited to billing defaulters automatically and manually through SMS or email

and informing control agents for necessary sanctions.

5. Conclusion and Perspectives

After a vivid examination of 15 studies on-road and vehicle-based systems as

summarized on the extraction (Table 1), a critical analysis of the available literature

Table 1. Extraction table of included studies.

Author Country

Speed control method Type Material used Enforcement’s limitations

[19]

(28]

(27]

(23]

China

India

Bengaluru

Pakistan

India

India

India

When the vehicle exceeds the speed Road-based  Speed camera, GPS and A notification paper is

limit, a digital camera captures the GMS automatically sent to
image of the vehicle. defaulters for sanction
measures.

The violated vehicle receives a Vehicle-based Zigbee transmitter and =~ GMS transmits Messages to

message from the Zigbee transmitter receiver, repeated violators for

through microcontroller. microcontroller, LCD  payment at the tore gates.
and GMS

ZigBee is used with road signs to Vehicle-based Transmitter, Receiver ~ The speed of the car is

automatically warn offender, then Zigbee receiver, LCD,  controlled automatically if

the system itself will control the Dipole antenna the driver persists at

speed of the vehicle automatically. microcontroller) excessive speed.

Speed camera automatically detects Road-based ~ Speed camera Modules Messages of violators are
over-speeding vehicles, extract the transmitter and receiver, sent to a Tollgate for
license number of the vehicle and MATLAB sanctions.

send it via email to Toll Plaza.

In case of over-speeding, the image Road-based  Video Camera and GSM The violator is notified

of the car is captured through a live module through an SMS and an
video stream of a surveillance image of the vehicle is sent
camera. as an e-mail attachment.

If the detected speed is greater than Road-based = RF-section, transmitter ~Violators pay fines shortly

the set speed threshold, the vehicle and received Digital ahead to the toll gate and
and license plate number are Image processing (DIP), their information is served
automatically snapped. MATLAB in a database.

The time taken by the vehicle to Road-based  Infrared (IR) The police in defaulters on
travel from one set point to the transmitter, an IR the spot for charges.

other is calculated. if the vehicle receiver, a control

crosses the speed limit, a buzzer circuit, and seven digital

sounds alerting the police. segment displays

The system accumulates Road-based I transmitter, receiver, =~ SMS messages are sent to
information of vehicle speed and if control unit, a buzzer defaulters through SMS for
over-speed occurs it alerts by giving and an LCD sanctions.

a buzzer.
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Continued

[21] India Developed the previous system [20] Road-based IR transmitter/receiver, The police interrupts
by introducing an alarm system. an alarm, and a buzzer  defaulters on the spot for

charges.

[14] India A speed sensor is connected to a Vehicle-based RF, GSM, speed sensor, A violation SMS is sent to
microcontroller which detects when microcontroller,anda  violators and the fine they
the critical speed is exceeded. computer are supposed to pay.

[18] India In an ambulance management Vehicle-based GPS, Bluetooth, An alert message is sent to
system, the driver exceeds the speed Microcontroller, camera the driver and equally
limit a speed camera sensor snap. sensor stored in a database.

[17] Nigeria A vocal warning is given to drivers  Vehicle-based Speed limiter, controller, The violator is automatically
who exceeds speed limit. Failure to camera, GSM/GPRS ticketed by the SMS from
slow triggers reporting system. the reporting system.

[22] India GPS coordinates are used to locate  Road-based Technology (GPS), An over-speed ticket is
excessive speed. If detected, a buzzer buzzer, controller issued against the violated
sound alerts map offender. vehicle.

[16] India The speed sensor on the flywheel of Vehicle-based Speed Sensor, Module, The system generates
the car snaps, if over speeding Arduino Mega, and a messages of violators and
occurs. Raspberry Pi informs the nearest

authorities of charges.

[24] America  With a unique account to every Road-based  Arduino Mega, GSM An alert message is
vehicle fine payment, offenders of module, RFID reader generated for administrative
excessive speed pay fines (EM18), IR Sensor proceedings.
automatically.

reveals that there are several shortcomings of the existing enforcement me-
thods on vehicle speed control and monitoring approaches. Some of the ex-
isting vehicle speed monitoring systems have high equipment costs, complex
installation processes, exposure to corruption, high maintenance cost, and
dependency on weather conditions. Some systems have difficulties in manag-
ing collected data while others are limited to billing defaulters through sanc-
tion messages. The difficulties faced are that it is cuambersome to access and fur-
ther processing is sanction messages to defaulters of the prevailing models. The
literature review also shows that no speed enforcement system is available
that uses website SMS to suspend delinquent defaulted vehicles from circu-
lating. The flexibility of the speed enforcement approach models is an impor-
tant issue in this regard. To obviate the shortcomings of the existing reviews
of speed control and monitoring enforcement systems, we intend to fill the
gap by designing a prototype network model that can automatically sanction
defaulters of speeding through the payment of fines within seventy-two hours
and suspend delinquent defaulters from circulating till the situation is regula-
rized. Our stand on innovation is limited to “automated web-based and SMS
sanction of delinquent defaulters of excessive speed on Cameroon highways

and at large.
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