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Abstract: - It is a system that aims to control vehicle’s speed in accordance with the street and road speed limit.
The system finds out the whereabouts of the vehicle then it identifies the allowed speed for that particular place.
After this, it starts decreasing the speed gradually until it reaches the desirable limit.

When the vehicle runs, The GPS finds the location of the vehicle then it sends the longitude and the latitude to
the control unit to identify the speed limit of the street. If it has been found that the vehicle’s speed exceeds the
limit, a signal will be sent to the brake system to reduce the speed until it drops to the limits.

One of the most important characteristics of the system that it senses the distances between two vehicles by
(Ultrasonic sensor) allowing a certain distance between them which is in correspondent to their speed and that
results in non- occurrence of accidents and crashes. All of which is done without exceeding the speed limit of
streets. If the system fails for any malfunction, a warning message containing the number of the vehicle and
information about it will be sent to the traffic department as a feedback.

Keywords: Digital Brake, Vehicle Speed, Digital Retarders, Speed Control, Safe Distance, Special Combination
Brake, Injectors.

INTRODUCTION
Traffic accidents are increasingly being recognized as a major cause of death and a growing health

problem. According to the world health organization (WHO), annually about 1.2 million people killed, and 50
million people injured [1].
The economic cost of road crashes and injuries is estimated to be 1% of Gross National Product (GNP) in low-
income countries, 1.5% in middle-income countries and 2% in high income countries. The global cost is
estimated to be US$ 518 billion per year. Low- income and middle income countries
account for US$ 65 billion more than they receive in over all development assistance [2].
The health system spends about 2.2 million Euros (1.3%) of total hospitalizations cost per year for residents in
Florence) in treating people injured in road traffic accidents [3].
Traffic accidents can be attributed to human, vehicular, and environmental factors. Human factors have been
found to contribute to 57 percent of the accidents in the developed countries. Together with vehicular and
environmental factors, human factors account for about 92 percent. In this context, found that 46% and more
attributed to the driving exceeding the limited speed [4], [5], [6], [7].

Fatality risk continues to rise. In contrast, fatality risks for different developed countries actually decreased with
time, while in some countries are increased. In Saudi Arabia, more than 540000 accidents happened in 2012 (the
estimated cost of crashes is excess of $3.47 Billion), resulted in sixty eight thousand injured, and more than
seven thousands deaths (about twenty deaths per day), which is the highest all over the world [6].

Figurel: Fatality Risk for Different Countries [3].
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The competent authorities of traffic in all countries are working to prevent and avoid the traffic
accidents, through traffic awareness, legislation and laws, traffic rules and regulations, improvement of roads,
traffic services and the imposition of fines and penalties. A lot of researches, studies and patents interested in
forcibly controlling the vehicle speed, in addition to the efforts of the industrial companies to provide their
vehicle products with modern systems and devices to prevent the traffic accidents and to help driving safely on
the road.

Equipping the vehicle with extra safety features has contributed in some cases to reduce the number of
accidents, but the increased number of accidents in many countries indicates that until this day the efforts of the
inventors, the researchers and the competent authorities of traffic still unable to achieve the desired goal.

Speed limit management, control and enforcement continue to be a major concern for the safety of human lives
around the globe. Without appropriate action by 2020, road traffic injuries are predicted to be the third leading
contributor to the global burden of disease and injury; whereas war related injuries will rank number nine [9].

DRIVING AT SPEEDS EXCEEDING LIMITED: AN OUTLOOK
There are a considerable number of researches, aimed to study the influence of high speed driving, in

order to achieve the proper solutions of reducing the traffic accidents and, to decrease the number of injuries and
deaths resulting from them.

Mohammed A.Khasawneh et al, suggested a novel approach, relying on intelligent engineering, whereby the
maximum speed limit at which vehicles on the road can cruise is controlled from some central or distributed
facility (CCF). This approach would decline the rates of speed-related traffic accidents by approximately 65—
70% according to existing statistics, as mention in this paper [10].

Figure 2, shows the number of reported accidents as a function of posted speed limit (km/h).Note that accident

rates increased in zones where the posted speed limits were in the lower speed limit ranges (30-60km/h) [8].
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Figure 2: Number of Accidents vs. Posted Speed- Limit [8]

According to Bowie [11], it was reported that data analysis about the dangers of high speed driving, showed the
following main conclusions:

- More than half of fatal accidents have occurred at a speed greater than 55Km / h.

- An increase equivalent to each 5Km / h above the speed limit doubled the probability of danger.

-Driving the vehicle at 65Km / h doubled the risk, and at 70Km / h, the risk increased four times.

In the same context, the Swiss Nelson draws a conclusion which is the relationship between speed and fatal
collisions. Decrease speeding 3%, reduced the probability of danger at rate 12% [12].

Speed is cited as a related factor in 30% of fatal crashes and 12% of all crashes in the USA [13].

Dipaola J, Dobson R and Morse C designed a pre- programmed digital computer installed in the car which
controls the speed [14].

Mercedes-Benz have speed limit assistant, which detects speed-limit signs in milliseconds, in real time, and
reminds the driver of the current speed limit. The system based on intelligent, electronic image processing [15].
Speed humps prevent drivers to drive in a higher speed in specific locations like, building parks and service
stations. These humps made in different shapes, sizes, and colors [16].

METHODOLOGY
Finding the appropriate solution to force the driver to drive at a reasonable speed remains the most important
issue to reduce the number of traffic accidents.
Reducing the vehicle speed can be achieved by controlling the fuel amount entering the engine (through:
injection system, throttle valve position, and fuel pump), or by changing the brake system mechanism.
As known the amount of fuel injected to the combustion chamber in most types of engines is being computed in
the Engine Control Unit (ECU) through many factors which are [17]:

RPM sensor.

Crankshaft position sensor.
Battery voltage sensor.

Air flow sensor.
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e Throttle Position (TPS) sensor.

e Oxygen sensor.

The use of the fuel pump to control the speeds is not suitable because it pumps the fuel continuously, and
sometimes more than the needed quantity. In addition, it contains a back line to cycle the excess fuel back to the
fuel tank. This may result in errors and failure in the engine cycle, which causes knocking and extra fuel
consumption.

By using TPS (throttle position sensor) signal to reduce speed, the air ratio will be more than the fuel ratio,
which will lead to lean phase of combustion. As a result, the engine vibrations will rise and will increase the
chance of failure.

Taking into consideration the importance of the time required reducing the speed and nature of the road (flat or
downhill), we cannot reliance the throttle valve as one of the appropriate solution, because while driving on a
downhill road, the vehicle will continue accelerating even when the throttle valve is completely closed.

It may seem at first glance that the control of the fuel through the injection system is one of the most appropriate
solutions to control vehicle speed, because the injection system is the direct controller which controls delivering
fuel to the combustion chambers.

That’s mean, reduce the fuel amount injected to the combustion chamber, can be achieved by controlling signal
from the injection system to the ECU. The second solution is applying brake in milliseconds which is achieved
by using an automatic brake system to decrease the response time to get immediate deceleration.

In this paper a system that aims to control vehicle’s speed, based on GPS and, equipped with a special
combination brake system, injection system and safe distance measurements.

SYSTEM OVERVIEW
Figure 3, shows the block diagram of the system, which consists of the following:
GPS (Global Positioning System).
Ultrasonic module.
Control unit (PIC microcontroller).
Vehicle speed sensor.
Bipolar stepper motor.
GSM modem.
Control circuit that consists of relay and transistor.
Some peripherals needed to operate microcontroller.
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Figure 3: The Block Diagram of the System.

Ultrasonic sensor generates high frequency sound waves and evaluates the echo which is received back
by the sensor. It calculates the time interval between sending the signal and receiving the echo to determine the
distance to an object. The ultrasonic sensor always senses objects and calculates distance between them and the
speed sensor measures vehicle speed and sends it to the microcontroller to deal with it.

When the vehicle enters a street with a speed limit of 90Km/hr (for example), the GPS receiver provides the
location (longitude and latitude) of it and sends a signal to PIC microcontroller. The speeds of each street are
stored in the microcontroller as a database, so it determines the street speed and analyzes data to match it. If the
actual speed is greater than speed limit, the injectors will stop the fuel injection through the N.C relay, and the
control unit immediately sends a digital signal to a stepper motor which is connected to the brake system. The
digital signal moves the stepper motor through certain number of steps which are determined by calculating the
necessary braking value to reduce the vehicle’s speed to the required extent.

To achieve a safety distances in varies speeds, the sensor senses the existence of a vehicle on variable distances
relying on its variable speed. Then, the sensor determines whether or not the distance is safe depending on the
vehicle’s traveling speed. Up to this point, future results are to be determined in accordance to the vehicles
speed and the distance between the two vehicles. Such process is needed for a decision to be taken which
controls the vehicle’s speed depending on the required safe distance.
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Figure 4, shows the flowchart of the system. Once the system starts functioning, the buzzer gives a sound as a
notice to the beginning of that function.

The same process occurs when the Ultrasonic sensor (proximity sensor) gives notification to the control unit if
the distance measuring between the two vehicles was less than a certain limit, which depends on the distance
sensor specifications.

GPS (Global Positioning System) receiver.

PIC Microcontroller (PIC 16f877a).

Vehicle Speed Sensor.

Ultrasonic Module (HC-SR04).

Bipolar Stepper Motor.

Drive Circuit (ULN2803).

GSM modem.

Transistors (NPN).
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Figure 4: The Flowchart of the System.

Figure 5, shows the Circuit Diagram of the Control System, which consists of the following components:
9. Buzzer.

10. Normally Closed Relay.

11. Capacitors (22MF).

12. Resistors (1K, 10K).

13. Crystal Oscillator (4MH).

14. 5 volt Power supply.

15. 12 volt Power supply.

Figure 3: The Circuit Diagram of the Control System.

SIMULATION
The system was simulated on Proteus software. By simulating hardware actions, the future results must indicate:
response of system, time of response, mechanism of control like applying brake mechanism and controlling
injectors. In simulation, the system appears in five modes.
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e The first mode

Figure 6, shows the circuit diagram when the vehicle is turned off, we notice that all pins appear in blue except
MCLR pin, this because this pin is supplied by external power supply.

Figure 6: The First Mode.

e The second mode

Figure 7, shows signals in a normal driving. P7 of port C and PO, P5 of port A look in red. This means that the
GPS receiver always provides latitude and longitude of the region or the street to the microcontroller.

The ultrasonic sensor always senses and calculates distance between the car and the following one.

Figure 7: While Normal Driving.

e The third mode

After the GPS picks up latitude and longitude and the control unit process data, the speed limit is determined by
microcontroller and a decision will be taken. For the purpose of reducing vehicle speed to the speed limit, the
control unit sends signals to turn off injectors, at the same time a buzzer gives audio as reminder that the system
is working and the brake is applied. The VSS (vehicle Speed Sensor) signal is a very important feedback to let
the microcontroller determine if the speed reaches the required speed (figure 8).
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Figure 8: When speed exceeds speed limit.

e  The fourth mode
If the vehicle speed reaches the ideal speed, the buzzer, injectors and brake will be back to function normally
and the ultrasonic sensor remains calculating distances to get the appropriate safe distance (figure 9).
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Figure 9: The System Back To Its Normal Function.

e The fifth mode
Figure 10, shows P6 of port c in red, this means that a warning message was sent to the traffic department when
the system fails to inform it of that.
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Figure 10: When the System Fails.

DISCUSSION AND RESULTS
The time required to reduce the vehicle speed can be calculated by the following equation:
Total deceleration time = perception and reaction time + braking time 1)
Highway traffic and safety engineers have some general guidelines which have been developed over the years
and hold now as standards. As an example, if a street surface is dry, the average driver can safely decelerate an
automobile or light truck with reasonably good tires (with reasonably good coefficient of friction of about .75)
at the rate of about 4.5 meter per second (m/s?). That is, a driver can slow down at this rate without anticipated
probability of controlling the vehicle which will be lost in the process [18].
This means that the skilled driver could easily get deceleration rates in excess of 3.4 m/s?> without loss of
control. It is very possible and probable that with some efforts, the driver that attempts to be aware of braking
safety procedures and practices can and should get much better braking (safely) than the guidelines used
nationally, approaching that of the professionally driver published performance tests.
We calculated the time that required reducing vehicle speed such 10 Km/h in the following three cases:

Case 1: Traditional Brake System

The average mechanical braking time, which is required to reduce the wvehicle speed about 10km/h
mechanically, equals to 0.62 s, and the average time of the driver's perception time and reaction time equals to
2.54 s, the time needed to the total reduction equals to 3.16 s [18].

Case 2: Automatic Brake System without the effect of injectors

After adding this system to the vehicle and connecting it to both: the injection system and the brake system, the
process of reducing speed becomes faster because it does not require any follow-up of the driver. The time
required receiving a signal by GPS ranges between 0.6 to 0.9 s, and it varies depending on the communications
network in the area. The full process is performed before the arrival of the vehicle into the street and then the
vehicle will not exceed the upper speed limit in the street; this because of the pre- programming of the system
and the high accuracy of the GPS that make the process begins before it reaches the street.

The total time required to reduce speed using vehicle speed control system can be calculated by the following
equation:

t total = t eps t + t inject ors +1 stepper +1 braking (2)

Where,

t 1otar : the total time of deceleration

t gps : the time needed by the GPS to receive the signal.

t injectors - the time needed by the microcontroller to close the injectors.

tsiepper - the time needed by the microcontroller to fulfill the task of the stepper motor.
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t braking - the braking time with injection system control.

According to the experiments performed in the laboratories of the Northern Border University the time that the
GPS takes to determine the position and send it to the control unit equals to 0.66 s, the time required to close
injectors is 0.21 seconds, and the time required to apply brake system by a stepper motor is 0.15 s.

So the time required to analyze the signal and begin the process of reduction is equal to 1.02 s.

The mechanical braking time is the same in all cases which equals 0.62 s. So the total time required for
decreasing speed such10 Km/h does not exceed 1.64 s.

Case 3: Injector's Effect

Closing injectors increases the efficiency of the system because it works to prevent the flow of fuel and arrival it
to the cylinders, therefore, the time required to reduce speed will be decreased.

In this system, there is an automatic braking system controlled by a stepper motor circuit in a time was
calculated previously which was 1.64 s. So actually the time required to reduce the speed 10 km/h must be less
than 1.64 s because of the involvement of injectors in the process which increases the efficiency of the braking
process.

According to experiment readings, the time required to reduce the vehicle speed such 10 km / h by closing
injectors only can be calculated by the following equations [19]:

Vo=Vi-a At (3)
(V2)2=(V1)?-2aAs (4)
Where,

V. initial velocity (Km/h).

V,: final velocity.

At: taken time.

AS: traveled distance.

a: deceleration

When the vehicle is operated on the empty load -ideal speed during a movement on a straight road and the fuel
has been cut off, it continued travelling 577.5 meter before stopping completely(v,=0) [20] . By compensating
vy as 70 Km/h, v, as 0, and AS as 577.5 meter in equation 5, the deceleration will be equal to 4.24 m/s2.

If the time required in the mechanical braking process to reduce speed 10 km / h is equal to 0.62 s, and the time
required to be reduced by shutting injectors only is 2.358 s, the ratio between the effect of injectors and a
mechanical braking effect will be 26.3 %.

This means that the vehicle decelerates in rate of 4.24 m/s2 and the effect of injectors is 26.3 % of the total of
deceleration. In other words, the effect of injectors is equal to 0.263 of the influence of mechanical braking.

The time required for mechanical braking equals to 0.62 - (0.62 *0.263) = 0,457 s. So the total time (with the
effect of injectors) = 1.02 + 0.457 = 1.477 s.

SAFE DISTANCE EXPERIMENTS AND CALCULATIONS
In some countries such as the UAE, an instant violation is imposed for not leaving enough distance between
vehicles. The director of Dubai police stated "vehicles travels on a speed of 40 km/h have to leave a distance of
35 meters which is equivalent to seven cars’ he added ‘and when a vehicle’s speed is 120 km/h a distance of 104
meters have to be kept"[21].
The safety distance is calculated by multiplying the tenth of the speed indicator with 6. Meaning, if a car travels
on a speed of 40 km/h, the safety distance must not be less than 24 meters. We adopted this rule in calculating
the safety distance for each speed from 10 to 180 (Km/h), assuming that the following vehicle will stop in any
moment (figure 11).
If the deceleration rate of the vehicle varies, the safe distance between vehicles depends on the speed will vary.
It is calculated by the following equation [22]:
S=va+vi2di-vi2di+ N L+ X, (5)
Where:
v = initial speed of two vehicles
d, = deceleration rate of the leading vehicle
ds = deceleration rate of the following vehicle
&= perception-reaction time of the following vehicle
Xo = safety margin after stop
L = length of vehicle
N = number of vehicles in a train
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Figure 11: The relation between the vehicle speed and the safe distance for constant deceleration rates of the
leading and the following vehicles.

The deceleration rate varies depending on the system used to reduce speed. There are three cases in which the
safe distance changes according to the deceleration of the leading vehicle change:

Case 1: when using the traditional brake system, the deceleration of the leading vehicle equals 4.24 m/s2.

Case 2: when using an automatic brake system without the effect of injectors, the deceleration of the leading
vehicle is 6.096 m/s2.

Case 3: when using the automatic brake system with the effect of injectors, the deceleration of the leading
vehicle equals 6.77 m/s2.

Figure 12, shows the relation between safe distance and vehicle speed for different deceleration rates of the
leading vehicle.

v g

Figure 12: The relation between the safe distance and vehicle speed for different deceleration rates of the
leading vehicle.

We notice that the safe distance values are closed to each other, but are not similar because of the leading
vehicle deceleration change in all cases.

On Highway roads, if we want to fix the safe distance for speeds from 90 — 180 Km/s, the safe distance is
calculated by the following equation [23]:

S=1/k (6)

Where:

S: Safe distance in meters.

K: Traffic stream concentration in vehicles per kilometer

The average stream concentration on highway roads equals 62 vehicle/ Km [24]. Hence, the safe distance will
equal approximately 16 m.

By using the automatic brake system with the effect of injectors, the required time needed for keeping the safe
distance between two vehicles about 16 meter will vary if the vehicle speed varied (figure 13).

CONCLUSION
As a general illustration, the research proves the possible availability for a technological intervention
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Figure 13: the relation between the vehicle speed and time required for keeping constant safe distance.

factor when humans fail to control their behaviors. The tremendous negative consequences which sometimes
surf due to such behaviors are devastating.

The system takes 1.477 seconds to reduce speed 10 Km/h without any intervention of the driver, while it takes
3.16 seconds using traditional braking system. This means that by adding this system, the collision will be
reduced significantly, the driving will be easier than using the traditional brake system especially with using
injector's control, and the road for drivers and passengers will be very safe because of the existence of property
which saves safe distances between vehicles.

What would happen if the driver could not control vehicle's speed? What would be the results if people do not
feel safe on the road? Or how much financial losses collisions might cause? This system does not only protect
lives but also treasures it.
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