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Abstract-Over speeding is an important problem in Nigeria.
The Nigerian Federal Road Safety Commission report shows
that over speeding is directly responsible for over 50 percent of
road crashes in the country. Speed bumps particularly on
highways have not proved to be the solution; they rather
contribute more to the problem. Based the advent of the
dedicated short range communications (DSRC) systems
defined by the IEEE 802.11p standard, we proposed a radio
frequency based speed bump to mimic the operation of
traditional speed breakers. The model consists of a roadside
unit and an in-vehicle unit that works with the already installed
speed limiter in vehicles. In our work, we showed that the RF
based model is able to decelerate the vehicle at a recommended
rate of 10 m/s2 over a convenient stopping distance of 80 m.
Our work also showed that signal strength based adaptive
speed limiter systems can be used as a reliable substitute to
GPS thus eradicating the need for additional hardware in the
design.
Keywords- Speed Bump, Intelligent Speed Adaptation
System,Connected Autonomous Vehicle
I.

INTRODUCTION

Over speeding is a significant problem particularly in
developing countries with inadequate infrastructure to track
and adequately control vehicular traffic. These menace
according to a Federal Road Safety Commission (FRSC)
Nigeria 2015 report (as cited in [1]) is directly responsible for
over 50 percent of all road crashes in Nigeria. A world health
organization (WHO) 2017 road traffic accidents deaths report
on Nigeria [2] stated that the country’s death rate is 24.75 per
100,000 population thus making Nigeria the 58th in the world
accident fatality list. Road accident kills at least 2 people every
four hours in Nigeria [3]. In Africa as a whole, accident related
death rate is put 26.6 deaths per 100,000 people with
Zimbabwe being worse off with 74.5 deaths for every 100,000
inhabitants [3] which, by every standard is far too high
considering the fact that the global average is 17.4.
One common way of checking over speeding is through the
use of speed breakers or speed bumps. These bumps are placed
at strategic places where drivers’ speed are to be kept minimal.
Unfortunately, speed breakers present new set of challenges for

road users. The situation for developing countries like Nigeria
is even worse because of proliferation of indiscriminate speed
breakers that are unprofessionally built. Worse still, most of the
speed bumps are put on roads without associated road safety
signs to warn drivers. At night or during periods with low
visibility, this can be extremely dangerous particularly for
drivers who are unfamiliar with the road. A study conducted by
[4],[5] revealed that speed bumps on highways in fact do not
stop accidents, rather, they cause them. The study further
revealed that bumps cause enormous damages to vehicles. It is
not uncommon to find bolts, nuts, screws and other objects
falling off vehicles at locations where road bumps are installed.
A separate study conducted by [6] also identified wear and tear
of vehicles, tyre puncturing, increase stress, body aches, delays
and environmental pollution as some of the effect of bumps on
road users in Nigeria. Correlation between travelling on bumpy
roads and miscarriage in women in the first trimester of
pregnancy was also reported by [5],[7]. Also, most modern
sport cars have very little ground clearance. Road bumps
presents a more serious threat to these types of vehicles who
suffer more recurrent damages to their silencers and underparts
due to frequent travelling on bumps. From the foregoing, it is
agreeable that traditional speed breakers have very minimal
advantage. Furthermore, the need for speed breakers may also
be time based. They may be needed at certain hours of the day
and unnecessary at other times. For instance, a particular road
may require bumps during the day when school children are
likely to use the road more often. At night, this may not be
necessary.
With the advent of IoT and dedicated short-range
communications (DSRC) systems as defined by the IEEE
802.11p standard, a cost effective approach can be taken to
ensure road safety and comfort for all road users without
unnecessarily bumping them. This has led to the development
of adaptive speed breaking. One of such systems is the
Actibump system which has been successfully implemented in
Sweden [8]. The design of the system includes the integration
of smart powered equipment that is capable of creating bumps
on the road by lowering that segment of the road by a few
centimeters when its radar system senses the approach of a
vehicle travelling above the recommended speed limit. While
vehicles travelling above speed limit experiences this bump
that forces it to lower its speed as it travels across the
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Actibump system, a vehicle operating below the speed limit is
guaranteed a smooth surface to travel on. SmartBump [9] is
another similar system integrated into roads to mechanically
form bumps when it detects over speeding in approaching
vehicle. While these systems appears promising, it is difficult
to imagine them been appealing enough to be adopted in Africa
and Nigeria in particular. First, substantial amount of energy is
required to power the mechanical systems used in these
designs. Secondly, substantial road construction work is
needed for their installation. The suitability of these systems
for highways where vehicles may be travelling at speed above
100 km/h is also in doubt.
In 2016, the FRSC in its first attempt at utilizing
technology to address the menace of over speeding in Nigeria
mandated all trucks and buses to install speed limiting devices
on their vehicles [10]. The directive was expected to be
extended to all other vehicle categories plying the nation’s
road. Speed limiting devices operates by automatically cutting
off fuel and air supply to vehicle’s engine when it reaches a
pre-set speed limit. From February 2017, the law has been
enforced and no vehicle is expected to ply any road in Nigeria
without having a functional speed limiter installed. While there
are several accompanying technical snags with the
implementation of the speed limiting devices in Nigeria, there
also exist a huge potential of eliminating the need for speed
bumps on the nation’s road if integrated with the appropriate
technology. This is the primary objective of this work. An
illustration of this work is shown in Fig. 1. To achieve this, an
IoT and RF based speed adaptation system design is proposed.
The proposed model is designed to be suitable particularly for
dual carriageways. A simplex communication mode has been
employed to reduce complexity and cost of implementation.
The use of GPS for ranging together with its associated cost
and shortcomings have also been avoided in the system design.
The system operates through medium range low power radio
frequency transmitter which sends out radio waves that is
picked up by a receiver (in vehicle unit) inside the vehicle
when within range. The moment a successful communication is

established, first, the intelligent speed adaption system in the
car determines if the car is moving towards or moving away
from the electronic speed breaking system. Next, using
received signal strength based distance ranging estimates, the
vehicle initiates a systemic breaking at a rate of
.
While there are several variabilities that can be factored in to
this work, the overarching goal is to electronically reduce the
speed of the car to near zero over a convenient stopping
distance at the low speed zone, thus eliminating the need for
installation of bumps on the road.

II.

BACKGROUND STUDY AND RELATED WORKS

Over speeding related accidents claim thousands of lives
annually while many other become permanently incapacitated
through various degrees of injuries. Government at all levels
have the responsibility of enforcing speed restrictions to limit
this threat. However, the thousands of fines still being paid
globally for over speeding related offenses indicate that many
of such measures offer limited restraints to offenders.
Road bump is one of the most intrusive means of forcing
drivers to limit their speed. The dimension of the bump
normally determines the maximum convenient speed at which
drivers can travel. Most road bumps in Nigeria are either made
of asphalt, rubber or concrete and usually span the entire length
of the road. Their shapes ranges from circular, parabolic to
wave-like shape. The wave-like shaped bumps are usually the
most inconvenient to travel on because they are made by
combining three of more circular shaped bumps. The width of
the bumps ranges from 15 cm for small ones to over 70 cm for
large ones with height ranging from about 4 cm to 12 cm. In
most countries road bumps are limited to roads in residential
areas and urban centres where speed is never expected to
exceed 40 miles/hr [11]. However in Nigeria, it is not
uncommon to find road bumps even on highways. Due to poor
planning, instances of highways passing through rural
settlement are very common.

Figure 1. Illustration diagram of proposed system
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Most times, in order for the community dwellers to protect
themselves from over speeding drivers, road bumps are
indiscriminately constructed sometimes with no road sign to
warn unsuspecting drivers.
Several research efforts have been put into using
technology to limit excessive speed on roads particularly in
today’s world of connected autonomous vehicles (CAVs) and
vehicle to anything systems (V2X) [12]. Over the past couple
of years, different countries in the Europe have tested different
variants of Intelligent Speed Adaptation (ISA) systems to find
the one with the best level of efficiency and acceptance [13]. A
survey of literature shows many of these systems rely on the
use of car sensors, smartphones, GPS and several image
processing techniques [5]. Based on the level of
permissiveness, ISA systems are classified as either
informatory or intervening [14]. The informatory ISA only
informs the driver of the speed limit permissible on the road
but leaves the driver to decide whether the limit will be
respected or not. The intervening ISA system mandatorily
ensures the speed limits are respected either by cutting off fuel
and air supply to the car engine or by making it impossible for
the driver to maintain or increase pressure on the throttle once
the speed limit is reached.
Many ISA systems rely heavily on GPS. For example,
authors in [15] developed an intelligent speed adaptation
system for company vehicles. The system utilizes a GPS
receiver and a speed map to relay the speed limit on every road
to the driver. A verbal warning is given to the driver if the
speed limit is found to have been exceeded by more than 5
Km/hr. In cases of prolonged non-compliance, penalty points
are allocated to the driver. The study found that using a reward
system like this was able to reduce over speeding from 18.7%
to 7.4 % in urban centers. GPS information was also used by
authors in [16] to limit over speeding at bends. This problem
arises from the fact that road geometry like curvatures are not
usually factored in when road limits are set. The authors
developed a dynamic speed adaptation system based on both
road recommended speed limits as well as the road curvature
information using the path tracking approach. Using GPS
information, high curvature segments on roads as well as an
appropriate speed limit for such curvature were harnessed to
develop a robust database used to ensure safety for driver and
passengers. GPRS-enabled GPS devices were also used in [17]
to study the impact of auditory intelligent speed adaptation on
the informal public transport system in south Africa. The study
reported that by taking such approach, it was possible to reduce
the occurrence of over speeding by more than 20 percentage
points. As ubiquitous as GPS based systems are, it is important
to note that error margins are usually non-trivial. In fact, error
margin as large as 400m was reported in a GPS accuracy
measurement study carried out in [18]. This large errors are
connected with the line of sight requirement associated with
GPS which to a large extent undermine the reliability of these
systems particularly in tunnels and areas with high rise
buildings.
Aside GPS, there are also several smart phone based
designs reported in literatures. In [19], a smart phone based
ISA system was developed to reduce vehicle fuel consumption

on approach to traffic signal. To mitigate the common "hurry
up and wait" attitude of drivers, the developed model by
accurately predicting traffic signal movement can help to
prevent drivers from making unnecessary acceleration. By
using the traffic signal prediction model, the optimal speed of
vehicles can be calculated which in turn translate into about
31.2 % savings on vehicles fuel consumption. A mobile
application for road surface quality control model was
proposed by [20]. The proposed model relies on the
accelerometer in mobile phones coupled with GPS data to
monitor and detect anomalies like pot holes and bumps on road
surfaces with results showing huge prospect in using the
application for automatic road quality sensing. Perera and Dias
[14] also developed an intelligent mobile application that
utilizes intelligent speed adaption system to help drivers avoid
excessive speed in Sri Lanka. The application retrieves speed
limit information from a speed limit database on a cloud server.
The application then serves the driver audio and visual warning
when limits are exceeded. For most of the smart phone based
ISA systems, rapid draining of phone battery is a problem that
makes prolong usage difficult [21].
Sensors and digital signal processing (DSP) based ISA
systems have also been studied. Ultrasonic sensor was used to
create an alerting system which warns a driver of the presence
of a road bump in [11] with the loudness and frequency of the
beep indicating the vehicles proximity to the bump. Infrared
Sensor was used in [22]. In [23], light detection and ranging
(LIDAR) was used to help autonomous vehicles detect
obstacles on the road. The use of an intelligent sugeno fuzzy
model to adapt the speed of a car to road curvature was
proposed in [24]. As cheap as the usage of ultrasonic and
infrared sensors are in ISA systems, camera based designs still
remain one of the most common and efficient in practical
applications. The model presented in [5] integrated a camera
with DSP techniques to identify bumps on the road. The same
approach was adopted in [25] to design real-time speed limit
sign recognition system. Sensors and camera based approach
are good but they do not have all the answers. Cameras can be
affected by inclement weather conditions like fog, haze and
poor illumination [23]. Given by the fact that most Nigerian
highways do not have highway lighting, camera based systems
may not suffice particularly when they are lacking in night
vision capability. Ultrasonic sensors are also at best used as a
support system since the possibility of the emitted sound wave
being absorbed rather than reflected is likely [23]. Our specific
contributions in this work are as follow:
(1) While there are several adaptive speed limiting
framework in test, we specifically seek to address the
associated risk of speed bumps on Nigerian highways.
Knowing fully well that these bumps are to ensure vehicles
travel at a near zero speed at these bump sites, we set out to use
unidirectional radio waves communication to achieve this same
objective. Instead of the 5.9 GHz band specified in the IEEE
802.11p standard, we used the 2.4 GHz ISM band due to
spectrum restriction in Nigeria. The choice is premised on the
finding by [26] which found that the results of using the DSRC
band to be identical to that of the 2.4 GHz band;
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(2) In our design, we showed that received signal strength
at a receiver can be a suitable substitute to the use of GPS for
ranging purpose;
(3) Since all vehicle in Nigeria are mandated by law to have
speed limiter installed. More importantly, only specific models
are approved for use by the FRSC. Our work was motivated by
being able to integrate our design with what is already
available.

III.

MODEL PARAMETERS

For traditional road bumps, the essence is to bring the
vehicle to a near zero speed at bump location. The typical
speed for vehicles at these bump locations usually range from
about 4 km/hr to 8 km/hr. It is however important to note that
there are other forms of road bumps that allow for much higher
speed but these are not considered to present any significant
threat or discomfort to either the vehicle or its occupants. For
the developed model in this work, a speed of 6 km/hr which is
the typical walking speed of most people was chosen as it is
considered safe in most application. Depending on the payload
data though, the maximum speed at the near zero zone can be
more than 6 km/h but with a ceiling of 12 km/h which is
considered the average jogging speed of most people.
Next, we model the stopping distance. In order to
accommodate the various types of vehicles (sport cars, buses,
trailers) that are expected on the roads as well as the possible
road conditions (dry, wet or sloppy), extreme and worst
possible scenarios typical in Nigeria have been assumed. The
FRSC recommended speed ceiling of 120km/h was observed in
the model development. This is the average upper boundary
given that the poor condition of most roads in Nigeria do not
permit a driver to maintain an average speed of more than 100
Km/hr. Another important model variable is the coefficient of
friction. The variable depends largely on the nature of tread on
the tyre as well as the nature of the road surface. For good
quality tyre with good threads travelling on a dry road surface,
coefficient of friction can be taken to be between 0.9 and 1. We
assumed a little less than ideal scenario in which the tyre
threads and road surface are average. The coefficient of friction
in this circumstance was taken to be 0.7.

maximum rate of
with 0.7 coefficient of friction is
estimated to be 80 m. Consequently as shown in Fig. 1, the
roadside unit (RSU) is placed 80m away from the near-zero
speed location. Equation 2 shows the velocity-distance
relationship of the vehicle. This models the average velocity of
the vehicle as it decelerates from its initial velocity to the near
zero final velocity v.
v 

u  2g s
2

(2)

A. Roadside Unit Model
The model for the Road Side Unit (RSU) is shown in Fig.
2. The model features an electrical power system (EPS), a
communication system and an on-board computer (OBC) for
data processing and control functions. The EPS comprises of
solar panels and batteries for round the clock operation of the
unit. The communication unit has both radio frequency (RF)
and IoT gateway. A directional yagi antenna with a 20 degree
beam width is proposed to ensure effective and reliable
communication between the RSU and the IVU. The IoT
gateway allows for remote monitoring and control of the
transmission parameters over the internet in areas where such
connectivity are available. This gives the option of disabling
the electronic speed bump system whenever it is no longer
needed. Other system parameters that can be varied over the
IoT gateway include the desired speed at the bump site and the
duration of time for which vehicles must travel at this speed
before the limit is lifted. The FRSC which is the organization
with oversight of road safety and security management matters
in the country can monitor and adjust the system over an
application server. In cases where adjustments are not initiated,
the default settings of the system remains. For the RF
transmission, the ISM band is proposed. Specifically for this
work, the 2.4 GHz band is used. The on-board computer
processes and control data flow primarily through the
communication stack thus adding flexibility to the operation of
the system.

The average convenient stopping distance of a typical car
on the highway can be calculated using (1). This is the distance
a decelerating vehicle with initial velocity will cover before
reaching a near-zero final velocity v.

s 

u

2

2 g

(1)

In (1), s is stopping distance in meters, the coefficient of
friction and g the convenient rate of deceleration which is taken
to be
. The deceleration rate of
is not
arbitrarily but based on series of experiment performed on
different vehicle types in [27]. The study revealed that a
deceleration rate of
is typical for most vehicles.
Using (1), the average stopping distance needed for a
vehicle with initial velocity of 120 km/h, decelerating at a

Figure 2. Electronic Speed Bump Road Side Unit
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B. Free Space Path Loss (FSPL)
The free space path loss, the link budget and the link
margin was calculated using (3), (4) and (5) respectively.
FSPL  20 log10 (d )  20 log10 (f )  20 log10 (

4

)

(3)

c

PRX  PTX  GTX _ LTX  L FS  L M  G RX  L RX

(4)

G m  PRX  R S

(5)

Where d is the distance between the receiving and
transmitting antenna, f the frequency, c the speed of light,
the gain of the transmitting antenna and
the gain of the
receiving antenna, LTX the transmitter loss, LRX the receiver
loss, LFS the free space loss, G m the link margin and R S the
receiver sensitivity. By motivating the link design using (3) to
(5), a minimum link range of 400m was ensured at all times in
order to secure the model reliability.
C. In-Vehicle Unit
The in-vehicle unit is the most important part of the system.
The unit is located inside the vehicle and works together with
the installed speed limiter to decelerate the vehicle from its
initial speed to near-zero at the low speed zone. The unit and
its operation protocol are shown in Fig. 3 and 4 respectively.

Figure 4. In-vehicle unit operation protocol

The rationale behind the design path is to ensure
compatibility with existing speed limiting system mandated for
all vehicles in the country. The IVU is made up of a bandpass
filter, fixed frequency receiver and a decoder to decode the
payload data. The receiver in the IVU is a fixed frequency
receiver and hence is always locked to the RSU frequency. The
IVU decoder decodes the payload data while the OBC uses the
data to iteratively set the speed limit of the vehicle in order to
slow it down.
From (3), the design estimated reception distance is a
minimum of 400 m from the RSU. By calculating time as the
ratio of distance to speed, the time lapse between the first
reception of signal by vehicles travelling at different speed and
reaching the RSU is estimated in Table 1.
From Table 1, the average duration between the time of
intercepting transmission from the RSU and reaching it on the
average is about 15 seconds which is enough to capture
sufficient signal strength data as well as decoding payload data.
The IVU operation process is detailed in Fig. 4. Once the
receiver intercepts the signal, it attempt decoding until
successful and acquires the signal strength over 10 seconds.
Since the channel is dynamic over the signal strength
acquisition period, the signal trend is easily estimated using a
2nd order simple finite impulse response filter given by (6) to
ensure multipath fading induced error is minimized.
TABLE I.

Figure 3. In-vehicle electronic speed breaker

ESTIMATD TIME BETWEEN SIGNAL RECEPTION AND RSU

S/N

Speed (km/h)

Time to reach RSU (secs)

1

80

18.02

2

100

14.40

3

120

12.01
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 b .x [n  i ],
i

i 0

bi 

(6)

1
N 1

Where x[n] are the received signal strength value at the
receiver, y[n] the filtered output, N the filter order which is 2
and bi the impulse response at instant i.
The essence of the trend using the moving average finite
impulse response filter is to help the IVU know whether it is
moving away or approaching a RSU. If the IVU is on approach
to a RSU, it uses the signal strength to determine its
approximate position relative to the RSU. Using the signal
strength rather than the GPS to calculate the distance between
the RSU and IVU in order to establish a reference point from
which deceleration distance count can be initiated is based on
the observation that signal strength profile of radio frequency
transmitter along roads is usually relatively stable over time
[28]. Relying on this observation, we performed several
simulations to find the average signal strength at the RSU
which was found to be -40.03 dBm. To give margin for error,
we set the reference point to -48 dBm. Consequently, once the
receiver receives signal strength less or equal to -48 dBm, the
receiver switch closes and the adaptive speed updater on the
OBC iteratively adjust the maximum speed limit of the car at
the rate of 10 m/s2.
The RSU payload contains the speed limit as well as the
distance over which this restriction must be complied with. In
rare occasions, it is possible that the payload data were not
successfully decoded, then the vehicle at the near zero limit
zone will travel at the speed of 6 km/h over 20m after which
the speed limit will be lifted and reset to the maximum
allowable speed of 120 km/h obtainable on all roads in the
country.

Though the focus of the study conducted in [29] is different
from ours, we observed a similar approach with consistent
experimental conditions including the ISM frequency band
which sufficiently aligned with our work. More importantly,
we also observed a similar signal strength trend which is
typical of a vehicle approaching a road side RF transmitter. We
equally correlated our results with these experimental data and
observed correlation of 0.93 indicating a strong correlation.
The result of both set of data is presented in Fig. 5. Observation
from the simulation result reveals that the average signal
strength around the location of the RSU is -40.03 dBm. This
informed our choice of -48 dBm as the reference signal
strength at which the receiver’s switch closes. The maximum
ranging error from this benchmarking was found to be 10 m.
An exponential increase in the received signal strength on
the in-vehicle unit approach of the road side unit is observed in
Fig. 5 indicating that this trend can be employed as a sufficient
indication that the vehicle is moving towards the roadside unit.
In Fig. 6, the expected link margin of the IVU on approach
to the RSU is shown.

Power at the receiver in dBm

N

y [n ] 

0
0

40 80 120 160 200 240 280 320 360 400

-20
-40
-60
-80

Distance in meters
Simulated

IV.

EXPERIMENTAL VALIDATION, RESULT AND
DISCUSSION

Experimental

Figure 5. Received power at IVU agaist distance

The simulation parameters used for this work are presented
in Table 2. In order to provide experimental validation for our
work, we employ the dataset presented in [29].

TABLE II.

MODEL SIMULATION PARAMETERS

Simulation Parameter

Value

Transmitted Power

10 dBm

Gain of Transmitting Antenna

15 dBm

Losses from Transmitter

5 dBi

Free Space Loss

-92.1 dB @ 400m

Miscellaneous Loss

5 dB

Gain of Receiving Antenna

8 dBi

Losses from Receiver

5 dBm

Receiver’s sensitivity

-90 dBm

Transmit Frequency

2.4 GHz

Figure 6. Link margin against distance
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Theoretically, from the simulation result, the transmitter
reach could be as far as four kilometers. This range will almost
always be out of reach in practice but with a 16 dB link margin
observed at a distance of 400m from the RSU, not only will
there be ample resources for the IVU to ensure a successful
communication and correct estimation of direction relative to
the RSU but also to decode the RF payload shown in Table 3.

TABLE III.

PAYLOAD DATA

Header Files

Speed at Bump Site

Near zero speed duration

Header/CRC

6 km/h

20 m

from the intended speed bump site with the IVU located inside
the vehicle. The RSU continuously sends beacons that contain
information that is needed to regulate drivers speed at near zero
speed zone. The receiver decodes the signal and uses the
payload to adaptively reduce the speed of the vehicle until a
near zero speed is attained at the bump site. In our design, we
propose a model that adaptively set the speed limit of a speed
limiter to eradicate the need for road bumps using the broadcast
mode of communication. Finally, we proofed that received
signal strength at the receiver can be a reliable substitute to
GPS based adaptive speed limiting models.

ACKNOWLEDGMENT
The vehicle deceleration profile is shown in Fig. 7 for
vehicles travelling at the maximum allowable speed of 120
km/h. The vehicle can be seen to have decelerated to a nearzero speed just before the 80 km mark indicating the
workability of the model.

Special thanks to the Federal University of Technology
Akure for providing all the support needed for the successful
completion of this research.

REFERENCES
[1]
[2]

[3]

[4]

[5]

[6]

Figure 7. Deceleration profile of the vehicle over the stopping distance
[7]

V.

CONCLUSION

In this work, we specifically set out to develop a model that
mimic the role of speed bumps on the road. Speed bumps are
meant for residential and urban center roads where speed are
not supposed to exceed 60 km/h. However in Nigeria, erecting
bumps on highways are common sight. It has been established
in several studies in Nigeria that speed bumps do not stop
accidents, rather they cause them. In this work we further
highlight some of the risks associated with speed bumps. In
order to provide remedy to this hazard, we developed a radio
frequency based speed bump. The motivation behind the
design is to ensure that we take full advantage of the use of
speed limiters that have been mandated for all vehicles in
Nigeria. Our design consists of a road side unit and an invehicle unit. The RSU is located at a convenient 80m away

[8]
[9]
[10]
[11]

[12]

[13]

C. Ezeibe et al., “The impact of traffic sign deficit on road traffic
accidents in Nigeria,” Int. J. Inj. Contr. Saf. Promot., 2019.
WorldHealthRanking, “Road Traffic Accidents in Nigeria,” 2017.
[Online]. Available: https://www.worldlifeexpectancy.com/nigeria-roadtraffic-accidents. [Accessed: 01-Mar-2020].
C. Esekhile and N. Nicholas, “HIGHWAYS OF DEATH: 28,195 killed
in road accidents in 68 months - Vanguard News,” Vanguard Nigeria,
2018.
[Online].
Available:
https://www.vanguardngr.com/2018/09/highways-of-death-28195killed-in-road-accidents-in-68-months/. [Accessed: 01-Mar-2020].
R. P. Chukwugozi, “Is Speed Bumps Installation Panacea For Road
Traffic Crash Prevention? An Evaluation of Selected Major Routes in
Ondo, Southwestern Nigeria,” IOSR J. Humanit. Soc. Sci., vol. 19, no. 5,
pp. 79–98, 2014.
W. Devapriya, C. N. K. Babu, and T. Srihari, “Real time speed bump
detection using Gaussian filtering and connected component approach,”
in IEEE WCTFTR 2016 - Proceedings of 2016 World Conference on
Futuristic Trends in Research and Innovation for Social Welfare, 2016.
A. Ojo, I. Clement, F. Kehinde, A. Bankole, and I. Emmanuel, “Effect
of Bumps Installation on Nigerian Highway A Case Study of Highway
from the Front of Federal University of Technology, Akure (FUTA)
North Gate, to Owo (Ikare/Owo Junction),” Int. J. Eng. Innov. Res., vol.
4, no. 3, pp. 405–414, 2015.
A. Cymbaluk-Płoska, J. Borucka-Lipska, A. Chudecka-Głaz, and A.
Torbe, “Impact of external factors on woman miscarriages in the first
trimester of pregnancy | Cymbaluk-Płoska | Transylvanian Review,” vol.
1, no. 1, 2018.
A. Börefelt and A. Nilsson, “Evaluation of Actibump in Linköping
Effect on speed and yielding behaviour,” Trivector Traffic, 2016.
[9] “SmartBumps – Intelligent Speed Bumps.” [Online]. Available:
http://smartbumps.com/. [Accessed: 02-Mar-2020].
FRSC, “Speed Limiter Portal - Home.” [Online]. Available:
https://speedlimiter.frsc.gov.ng/. [Accessed: 02-Mar-2020].
M. N. Rohith and B. . Santhosh, “Automatic Sensing and Alerting
System of Speed Bumps in Speeding Motor Vehicles,” Int. J. Sci. Res.
Dev., vol. 5, no. 10, pp. 227–230, 2017.
S. Djahel, N. Jabeur, R. Barrett, and J. Murphy, “Toward V2I
communication technology-based solution for reducing road traffic
congestion in smart cities,” in 2015 International Symposium on
Networks, Computers and Communications, ISNCC 2015, 2015, pp. 1-6.
H. Katteler, “Driver acceptance of mandatory intelligent speed
adaptation,” Eur. J. Transp. Infrastruct. Res., vol. 5, pp. 317–336, 2005.

International Journal of Science and Engineering Investigations, Volume 9, Issue 103, August 2020
ISSN: 2251-8843
www.IJSEI.com

60
Paper ID: 910320-12

[14] S. C. Perera and N. G. J. Dias, “Applying intelligent speed adaptation to
a road safety mobile application - DriverSafeMode,” 17th Int. Conf. Adv.
ICT Emerg. Reg. ICTer 2017 - Proc., vol. 2018-Janua, no. 2010, pp.
338–344, 2017.
[15] N. Agerholm, R. Waagepetersen, N. Tradisauskas, and H. Lahrmann,
“Intelligent Speed Adaptation in company vehicles,” IEEE Intell. Veh.
Symp. Proc., pp. 936–943, 2008.
[16] C. G. Serna and Y. Ruichek, “Dynamic speed adaptation for path
tracking based on curvature information and speed limits,” Sensors
(Switzerland), vol. 17, no. 6, 2017.
[17] N. A. Ebot Eno Akpa, M. J. Booysen, and M. Sinclair, “Auditory
Intelligent Speed Adaptation for Long-Distance Informal Public
Transport in South Africa,” IEEE Intell. Transp. Syst. Mag., vol. 8, no.
2, pp. 53–64, 2016.
[18] C. Bo, X. Y. Li, T. Jung, X. Mao, Y. Tao, and L. Yao, “SmartLoc: Push
the limit of the inertial sensor based metropolitan localization using
smartphone,” in Proceedings of the Annual International Conference on
Mobile Computing and Networking, MOBICOM, 2013, pp. 195–197.
[19] Y. Zhao et al., “GreenDrive,” in 8th International Conference on CyberPhysical Systems, 2017, pp. 229–238.
[20] V. Astarita et al., “A Mobile Application for Road Surface Quality
Control: UNIquALroad,” Procedia - Soc. Behav. Sci., vol. 54, pp. 1135–
1144, 2012.
[21] Q. Chen, D. DIng, X. Wang, A. X. Liu, and A. Munir, “A Speed Hump
Sensing Approach to Global Positioning in Urban Cities without GPS
Signals,” in 2017 IEEE International Conference on Smart Computing,
SMARTCOMP 2017, 2017.
[22] I. Version, D. B. Chavan, A. R. Makandar, F. H. Khan, and A. Inamdar,
“Automatic Vehicle Speed Reduction System Using Rf Technology,”
Int. J. Eng. Res. Appl., vol. 4, no. 4, pp. 13–16, 2014.
[23] O. Yalcin, A. Sayar, O. F. Arar, S. Akpinar, and S. Kosunalp,
“Approaches of road boundary and obstacle detection using LIDAR,” in

[24]

[25]

[26]

[27]
[28]

[29]

IFAC Proceedings Volumes (IFAC-PapersOnline), 2013, vol. 1, no.
PART 1, pp. 211–215.
S. S. Wankhede, M. M. Khanapurkar, V. R. Rathee, and P. R. Bajaj, “A
design approach for intelligent speed adaptation system using hybrid
controller,” 2009 2nd Int. Conf. Emerg. Trends Eng. Technol. ICETET
2009, pp. 593–597, 2009.
S. L. Gomes et al., “Embedded real-time speed limit sign recognition
using image processing and machine learning techniques,” Neural
Comput. Appl., vol. 28, no. January 2018, pp. 573–584, 2017.
I. Mavromatis, A. Tassi, and R. J. Piechocki, “Operating ITS-G5 DSRC
over Unlicensed Bands: A City-Scale Performance Evaluation,” IEEE
Int. Symp. Pers. Indoor Mob. Radio Commun. PIMRC, vol. 2019September, 2019.
M. Evans, “Braking distance,” in Maths delivers!, J. Pitkethly, Ed.
Creative Commons, 2011, pp. 1–16.
G. Chandrasekaran et al., “Vehicular speed estimation using received
signal strength from mobile phones,” in UbiComp’10 - Proceedings of
the 2010 ACM Conference on Ubiquitous Computing, 2010, no. August
2014, pp. 237–240.
A. Tassi, I. Mavromatis, and R. J. R. Piechocki, “A dataset of full-stack
ITS-G5 DSRC communications over licensed and unlicensed bands
using a large-scale urban testbed,” Data Br., vol. 25, p. 104368, 2019.

How to Cite this Article:
Agbolade, O. A. (2020). Radio Frequency Speed Bumps
for Near-Zero Speed Zone Control in Nigeria.
International Journal of Science and Engineering
Investigations
(IJSEI),
9(103),
54-61.
http://www.ijsei.com/papers/ijsei-910320-12.pdf

International Journal of Science and Engineering Investigations, Volume 9, Issue 103, August 2020
ISSN: 2251-8843
www.IJSEI.com

61
Paper ID: 910320-12

