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Abstract  

Many accidents occur 

as a result of poor or 

faulty headlamp. This 

is partly because 

advancement in auto-

electronics is yet to 

consider having a 
system that 

periodically checks the  
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INTRODUCTION  

The headlamp is an 
illumination device 
attached to the front 
of a vehicle to light the 
path ahead. While it is 
common for the term 
headlight to be used 
interchangeably in 
informal discussion, 
headlamp is the term 
for the device itself, 
and headlight 
properly refers to the 
beam of light 
produced and 
dispersed by the 
device (Moore, 1998). 
Vehicles headlamp 
are primarily 
responsible for 
illuminating the 
traffic space during 
periods of low 
visibility such as 
night. They help the 
driver to see the road 
while driving at night 
or other periods of 
poor visibility. It plays 
a vital role in the 
visibility of the driver. 
It is a traffic violation 
if headlamps are not 
of a consistent  
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status of the headlamp 

and report to the 

driver long before the 

need for headlamp is 

required, and partly 

due to negligence on 

the part of some 

drivers. This paper 

presents solution 

former, that is, 

periodic monitoring 

and reporting of the 

state of the headlamps 

from the point of 

ignition.  It is an 

intelligent system 

based on the use of 

microcontroller and 

fuzzy logic. The 

intelligent system has 

the ability to detect 

faulty headlamp and 

report it to the driver 

via Liquid Crystal 

Display (LCD) and 

alarm.   

 

ntensity, fully operational or absent in any case during the period of low 

visibility such as night (Othman, 2016).   

Driving at night is usually more dangerous than driving during the day. 

Pedestrians and cyclists on the roads are especially at high risk due to the 

limited visibility of motorists at night (Ying Li, 2009). Several studies have 

provided sound evidence that drivers’ ability to avoid collisions is impeded 

under dim lighting (Plainis et al, 2006). Despite 60 percent less traffic on 

the roads, more than 40 percent of all fatal car accidents occur at night 

(Michael, 2017). This paper addresses the issue of faulty headlamp which 

is usually noticed in the period of poor visibility when the use of headlamp 

is required. It will be highly unpleasant to discover headlamp failure only 

at the point of use. Sometimes impatience and lawlessness would prompt 

someone to continue his journey in the presence of sudden discovery of 

failed headlamp when visibility is bad, but others may take the risk due to 

some exigencies. This may lead to accidents.   

Different systems have been developed to prevent accidents due to 

headlamp issues but they have not really dealt with the issue of a faulty 

headlamp. Intelligent headlight control system was developed by (Ying Li, 

2009). The paper describes how intelligently a vehicle's headlights is being 

control using a forward-facing camera sensor. (Akinsanmi et al, 2015) 

Designed and developed an automatic automobile headlight switching 

system to control the switching of the headlight from low beam to high 

beam and vice versa. (Okrah et al, 2016) Designed and implemented an 

automatic headlight dimmer for vehicles using Light Dependent Resistor 

(LDR) sensor. In the work of (Othman, 2016), headlamp monitoring and 

reporting was achieved automatically but only at the level of prototype and 

does not involve intelligence. The present work is an improvement on the 
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work of (Othman 2016) with the inculcation of intelligence and up-scaling 

it to be able to monitor and report the status of car headlamp.    

This paper presents an intelligent system that periodically checks vehicle 

headlamp status from the point of ignition, and reports the status by 

displaying via Liquid Crystal Display (LCD). It has additional capability to 

alarm on fault detection. This is achieved through the use of Mamdani’s  

Fuzzy Inference System simulated in MATLAB environment and then 

embedded in PIC Microcontroller with the circuit design and simulated in 

Proteus IDE. When the system is operational a sensor detects whether it is 

day, night, or poor visibility due to weather. On ignition during the day, the 

microcontroller sends a signal to switch on the headlamps and the Light 

Depending Resistor(LDR) attached with the headlamps sends a feedback 

signal to the microcontroller and the result is display on the LCD. The 

system will continue checking the functionality of the headlamps at 

60minutes interval until ignition is off. During this operation stage, if the 

sensor did not detect light from either of the headlamps, it displays the 

information on the LCD and equally initiates alarm to draw the attention of 

the driver to the LCD display. Whereas when it is night/poor visibility due 

to weather, at which period the vehicle headlamp s either switches on in 

automatic mode or the driver switches it ON, the system still checks the 

functionality of the headlamp periodically notwithstanding the fact that the 

driver should see the result of ONing for two reasons viz; if driving is in the 

city where there are street lights, the driver might not be able to clearly 

discern the luminance of the headlamp from that of the street light, and if 

he drives in that condition into areas where there is absence of street light, 

he may be forced to halt his journey in the dark or defy the consequence 

and continue. Secondly, when the road is busy, the driver might not feel the 

effect of the headlight because of the luminosity of other vehicles especially 

if only one of the headlamps is faulty. But if the driver goes into areas of 

low traffic, the vehicle could be mistaken for a motorbike by an on-coming 

vehicle which might result into an accident.    

 

Methodology    

The main focus of this study is to effectively monitor the state of the 

headlamp of a vehicle and to immediately notify the driver. To achieve this, 

PIC16F877A microcontroller chip (the Fuzzy engine) programmed using 

MikroC PRO was made use of which helps in the efficient and effective 
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monitoring of the entire system. We also used a single channel relay for the 

switching unit and a Liquid Crystal Display (LCD) for the display unit. A 

buzzer is attached to the microcontroller for quicker notification when the 

headlamp is faulty.   

 

Mamdani Fuzzy Logic Controller   

 We applied Mamdani Fuzzy Logic Controller techniques to achieve the 

desired goal as shown in the figure 1.   

  
Figure 1: The basic elements of a Fuzzy Logic Controller   

 

Apart from the input and output, The Fuzzy logic controller consists of the 

Fuzzifier, Rule base, Inference engine, and the Defuzzifier. The Fuzzifier 

converts the crisp input to a linguistic variable using the membership 

functions stored in the fuzzy knowledge base. Inference engine uses the 

ifthen type fuzzy rule to convert fuzzy input to the fuzzy output. Rule base 

are linguistic IF-THEN constructions that have the general form “IF A THEN 

B” where A and B are (collectionof) prepositions containing linguistic 

variables. A is called the premise and B is called the consequence of the 

rule. Defuzzifier converts the fuzzy output of the inference engine to crisp 

using membership functions analogous to the ones used by the fuzzifier. 

 

Justification for the use of Mamdani Fuzzy Logic Controller in Headlamp 

Monitoring   

Our work pertains control theory and Mamdani fuzzy logic which is one of 

the best tools from fuzzy logic that deals with control systems especially in 

engineering. Mamdani Fuzzy logic is a long stand tool from fuzzy logic that 

is being applied in some control systems. Mamdani system have proven to 

be a useful tool for defining or approximating functions based on IF-THEN 
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rules, and they have been quite successful on practical applications, mainly 

in the field of control systems. This work is based on such.   

 

Design   

The design of the work is as follows. After conceptualizing the idea, the use 

of Mamdani’s Fuzzy Inference System simulated in MATLAB environment 

was employed to refine the idea and create the degree of fuzzy membership 

function for each input and output. The result of Fuzzy Inference System 

describes the input – output relationship. Embedded C Programming 

Language was used to program the Microcontroller, and then Proteus IDE 

was used to developed and simulates the circuit diagram.   

 

Mamdani Fuzzy Inference System   

The Mamdani Fuzzy Logic Inference System (FIS) is described in terms of 

step 1 to 5 shown below:   

Step1: Identify the inputs and their ranges and name them.   

Inputs1= car ignition, input2 = headlamp, input3 = Sensor values.    

Step2: Identify the outputs and their ranges and name them.   

Output1 = LCD display, output2 = Alarm.    

Step3: Create the degree of fuzzy membership function for each input and 

output.   

Step 4: Construct the rule base that the system will operate under.   

Step5: the most popular defuzzification method is the centroid technique. 

It finds a point representing the centre of gravity (COG) of the aggregated 

fuzzy set on the interval [a, b].   

   

The formula for Triangular Membership function:   

     
And formula for Gaussian Membership function:   

                

    

Where 2     

  

F(x;a,b,c) =  
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while that of formula for Sigmoid Membership Function:   

     
                                                                                    where:   

is the range is the  

lower bound is the 

upper bound   is 

the crossover of the 

sigmoid function.   

3.2 The Hardware 

subsystem    

This is made up of five different units namely: power supply unit, Fuzzy 

control unit/Fuzzy Engine (PIC16F877A), Sensing unit (which is made up 

of Light Depending Resistor), Liquid Crystal Display, and Alarm unit. Figure 

2 describes the system block diagram.   

   

   

   
Figure 2: System block diagram   

 

The mode of operation is that on igniting the vehicle, the microcontroller 

is biased which in turn activates its peripheral blocks including the 

headlamps via a single channel relay. If it is during the day, it sends signal 

to periodically ON the headlamps whose luminance is picked by the 
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sensing unit. At night or during period of poor visibility due to weather 

when the headlamps are in ON position, the Microprocessor does not need 

to ON the headlamp, it only reports the state of the headlamps periodically. 

The sensing unit which is made up of Light Depending Resistor (LDR), AND 

logic gate, and 10k ohms pull down resistor attached close to the headlamp 

bulb in the headlamp enclosed casing. The sensing unit senses the presence 

or absence of light from the headlamps and send a feedback to the 

microcontroller. The function of the AND logic gate is meant to report a 

fault even when at least one of the headlamps is faulty. The microcontroller 

then sends a signal to the displays unit to display the status of the 

headlamp. The circuit is designed in a way that the alarm is only activated 

if the output of the AND gate is low indicating that at least one of the 

headlamps is not illuminating or has refused to come ON. Light beam 

coming from the street light can falls on the LDR but it’s not enough to 

excite the sensory unit to give an output due to the fact that the intensity of 

such light is low when compared to the light beam coming from the 

headlamp. Another reason why the intensity of the light beam coming from 

the street light cannot be compared with that of the headlamp is that the 

LDR is closer to the headlamp than to the street light.     

 

The Software Design    

Fuzzy logic controller design for the intelligent headlamps monitoring 
system considered the input and output variables that affect the operation 
of the headlamp monitoring system, and were defined by means of 
membership functions. The input variables are car ignition, headlamp and 
sensor, while the output variables are alarm and LCD units. The five stages 
of Mamdani’s Fuzzy Inference System were modelled in MATLAB 2016a 
Fuzzy Logic Toolbox.   
 

Results   
In this section, the results obtained from the study (both the simulated 
results in Proteus and MATLAB and the Hardware implementation) were 
outlined.   
 

MATLAB simulated results   

By Entering Fuzzy in the MATLAB Command window, theFuzzy Inference 

System(FIS) editor window is shown.The number of inputs and their 

names are handled by the FIS editor. There is no limit on the number of 
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inputs.The Rule Editor is used in editing the list of rules based on the input 

and output parameters.The Rule viewer can be used to diagnose the rule 

base and the influence  of membership functions on the output. The Surface 

Viewer is used to display the dependency of one of the outputs on any one 

or two of the inputs. All these are individually shown in figures 3 to 6.   

 
 

 
 

Result Discussion   

In Figure 6, the surface viewer shows the result of the performance of the 

designed system in terms of the relationship between the car ignition, 

Headlamp and Alarm membership functions. On the Surface viewer plot, X-

axis represents Car Ignition, Y-axis represents Headlamp and the Z-axis 

represents the Alarm. Comparing with the results obtained in Othman 

(2016) which was without intelligence, the concept of Mamdani’s fuzzy 

logic was included in this work, and the result in term of system response 

time was better.   

Summary   

    

    

Figure 3: Fuzzy Inference System        Figure 4: Rule editor     

    

Figure 5: Rule viewer                 Figure 6: Surface viewer    
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This paper reports the work done at resolving the problem of sudden 

headlamp failure using FIS embedded in Microcontroller. The system is 

based on the output of the sensors controlled by programmed 

microcontroller, transistor and relay. The circuit design was simulated 

using Proteus and implemented using PIC16F877A microcontroller. When 

the headlamp is functioning well, it is displayed on the LCD as “HEADLAMP 

IS IN GOOD CONDITION”. When any of the headlamps is faulty, the LCD 

displays “HEADLAMP IS FAULTY” and the buzzer is activated.    

 

Conclusion   

In this paper, the concept of automatic headlamp monitoring system is 

used to develop an intelligent system that was used to monitor the state of 

vehicle headlamps and immediately report the status of the headlamp on a 

liquid crystal display attached to the dash board of the vehicle. And when 

the headlamp is faulty, the status is displayed on LCD as well as sound an 

alarm to notify the driver that at least one of the headlamps is faulty. By so 

doing the driver is aware of the state of the headlamp even if he does not 

need the service of the headlamp at that moment. This saves the driver 

from the embarrassment of a faulty headlamp at the moment of need which 

could result in road accident.   

 

Recommendation   

Though the goal of the research has been achieved, there is still room for 

improvement such as:   

1. The incorporation of this device in vehicles ‘brain boxes to avoid 
external circuitry which in most cases alters the performance and 
efficiency of automobile electric circuitry.    

2. The monitoring system can be extended to the rear danger lights and 
signals as well thus providing an overall system that checks all the 
performance of the light.    

3. An external circuitry can be designed to allow purchase for any type 
of vehicle including motorcycles and tricycles. Modern cars can use 
it internally as part of its internal brain box circuitry.   

   
REFERENCES   
Akinsanmi, O., Ganjang, A.D., Ezea, H.U. (2015). Design and Development of an Automatic  
Automobile Headlight Switching System.International Journal of Engineering and 

Applied Science, 8(8), vol.2, 2394-3661   



 
INTERNATIONAL JOURNAL OF AFRICAN SUSTAINABLE DEVELOPMENT 

(VOL. 16 NO.2) SEPTEMBER, 2021 EDITIONS 
 

 
  
 

64 

Michael, P. (2017). Nighttime Car Accident Statistics.Retrieved August 3rd, 2017, from:  
https://seriousaccidents.com/legal-advice/top-causes-of-car-accidents/nighttime   

Moore, D., (1998). Headlamp History and Harmonization. Retrieved June 18, 2017, from: 
https://en.wikipedia.org/wiki/File   

Okrah, S.K., Williams, E.A., Kumassah, F. (2016). Design and Implementation of 
Automatic  

Headlight Dimmer  for Vehicles Using Light Dependent Resistor(LDR). International 
Journal of Emerging Technology and Innovative Engineering, 4(4), vol. 2   

Othman, Z. (2016). Design and implementation of Automobile headlamps defect 
detector, Unpublished undergraduate dissertation, University of Maiduguri at 
Maiduguri.   

Plainis, S., Murray, I.J. (2006). Road Traffic Casualties, Understanding the night-time 
death roll. Retrieved July 24, 2017, from: 
https://www.ncbi.nlm.nih.gov/pmc/articles   

Ying, L., Sharath, P. (2009). Intelligent Headlight Control Using Camera Sensors.IBM T.J 
Watson Research Centre NY, Boston.   

   

  

http://deepblue.lib.umich.edu/bitstream/handle/2027.42/49367/UMTRI-98-21.pdf
http://deepblue.lib.umich.edu/bitstream/handle/2027.42/49367/UMTRI-98-21.pdf
http://deepblue.lib.umich.edu/bitstream/handle/2027.42/49367/UMTRI-98-21.pdf
http://deepblue.lib.umich.edu/bitstream/handle/2027.42/49367/UMTRI-98-21.pdf
https://en.wikipedia.org/wiki/File
https://en.wikipedia.org/wiki/File
https://en.wikipedia.org/wiki/File
https://en.wikipedia.org/wiki/File
https://www.ncbi.nlm.nih.gov/pmc/articles
https://www.ncbi.nlm.nih.gov/pmc/articles
https://www.ncbi.nlm.nih.gov/pmc/articles
https://www.ncbi.nlm.nih.gov/pmc/articles

