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ABSTRACT: While driving vehicle on road during the night time, a clear perception of the road and traffic is 
obligatory. The probability of accidents has been increased considerably nowadays especially during night due to the 
heavy traffic and inappropriate night vision. In order to ensure safety of the drivers and passengers, various viable 
techniques can be employed in automobiles. A lighting control system establishes communication between various 
system inputs and outputs associated with lighting control with the help of central computing device. These systems 
impart right amount of luminance during night. The excessive headlight glare from the oncoming traffic deteriorates 
the eye sight of the driver resulting to temporary visual impair. To overcome this difficulty, an adaptive headlight 
intensity control system can be equipped in vehicles. This paper presents assorted effective methods to supervise the 
intensity of headlights. 
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I. INTRODUCTION 
 

The numbers of automotive vehicles on roads are getting amplified day by day. Hence the concern about safety has 
been boasting in almost all the vehicle manufacturers. The headlamps of vehicles are designed to emit low beams as 
well as high beams of light. The low beams are the less intensity lights which are used during the night travel when the 
surrounding vehicles are more. The high beams emit very high intensity light and are operated when not much vehicles 
are present on the road. When the oncoming vehicles emit a very bright light on the opposite vehicle, the driver of this 
vehicle has to face the fluorescence for some amount of time which can cause closing of eyes or blindness for some 
time. This time span can be enough for an accident to occur. So whenever there is an appreciable traffic around, low 
beams are activated so that the vehicles approaching can drive efficiently otherwise high beams are used for the 
viewing of unfamiliar roads. If such automatic system of switching from high beams to low beams and vice versa is 
implemented, then the driving can be much secure. This paper depicts the various methods of controlling the brightness 
of beams spontaneously.  To ensure safety of driver as well as passengers, any of these approach can be incorporated. 
In [1] it describes the idea of intensity control using a LDR. Here it acts in collaboration with a potential divider to 
generate the expected results and with the help of a switching device the beams are switched to high intensity or low 
intensity. The [2] shows how the fuzzy logic is implemented to adjust the headlight intensity. The input intensity as 
well as the distance is fed as input to the fuzzy sensor. The fuzzy controller used here is basically a PIC controller 
which sends the control instructions as per the fuzzy rules to control the intensity of light. The incorporation of a 
wireless sensor network which uses a group of sensor nodes to monitor various parameters is highlighted in [3]. It 
consists of photo resistor and ADC along with a controller and intensity is controlled based on change in voltage. We 
studied that [4] uses the IR transmitter and receiver with LED as a transmitter and a photo diode as a receiver. Then 
there is a comparator followed by a switching device which switches between the low beam and high beam to regulate 
the intensity of headlights. In [5] it demonstrates the various image processing techniques that can be executed after 
capturing an image of oncoming vehicles by a camera mounted on the vehicle. The required features are extracted from 
this image and analysis is performed on the basis of less illuminated image and more illuminated image. The concept of 
pulse width modulation in accordance with a microcontroller to switch between beams of high and low intensity 
depending on the duty cycle of PWM is referred from [6]. The duty cycle represents the flashing of headlights. The 
microcontroller actions control the processes.So this paper reflects these various methods of headlight intensity control 
of automobiles which can be effectively implemented. 
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II. LDR BASED INTENSITY CONTROL 
 

In this method, LDR is used to control the intensity of headlight. Block diagram of LDR based intensity control is as 
shown in Fig 1. Resistance value of LDR will vary according to intensity of light that is incident upon it. Potential 
divider consists of resistors which are used to control gate current given to triggering device. Transistors like BJT or 
MOSFET can be used as triggering device. Relay is used as switching device that has two contacts. Normally open 
contact is connected to low intensity LED of vehicle while normally closed contact is connected to high intensity LED. 
DC power supply of 12V is required, which is taken from vehicle’s battery. Two LED’s are taken, one is for high 
intensity light and other LED is for low intensity light as per the block diagram shown in fig. 1.  

 
Fig 1. Block diagram of LDR based intensity control 

 
LDR acts as a variable resistor. Current in circuit is decided by LDR and two resistors that form a potential divider. If 
the resistance of LDR changes due to light source, then transistor gets trigger pulse to its base/gate due to voltage 
imbalance in circuit. When high intensity light falls on LDR, its resistance reduces, thus it creates an unbalance in 
potential divider. Hence transistor gets trigger pulse. It gets into conduction mode and switches relay. Hence NO 
contact will be switched and NC contact will get disconnected. So vehicle’s headlight with high intensity (LED1) gets 
turned off and headlight with low intensity (LED2) gets turned on by relay. Thus as oncoming vehicle comes closer, 
intensity of that beam will increase and will switch out high beam light to low intensity. As it moves away, LDR will 
be turned away from moving vehicle. So the LDR resistance increases and bridge balances. There will be no trigger 
current and relay switches back to its normal position. This will again turn on bright beam LED in our vehicle. 
 

III. FUZZY LOGIC BASED INTENSITY CONTROL 
 

In this method, PIC microcontroller is used to control intensity if it is not in the tolerable limit. The block diagram of 
Fuzzy Logic implementation is shown in fig. 2. Light intensity of oncoming vehicle is received by fuzzy sensor. It is 
checked whether it lies within tolerable or not. Then it is passed to microcontroller which converts it into ambient light 
and then defuzzifying output. Software is developed using MATLAB. Fuzzy controller does the process of 
fuzzification and defuzzification. Input distance (D) is the distance between two vehicles and input intensity (I) is light 
intensity of oncoming vehicle. Sensor output (OI) is passed to fuzzy controller if it goes beyond the limit. Hardware is 
implemented using PIC microcontroller. Software is carried out using MATLAB fuzzy logic toolbox. It encodes fuzzy 
values, fuzzy rules and it is used to perform inference process for fuzzy sensor and fuzzy controller. Fuzzy logic based 
intensity control processes as carried out as shown in fig. 2 
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Fig 2. Block diagram of fuzzy logic based intensity control 

 
Fuzzy inference process: It follows steps as shown: 

 Fuzzification of input variables 
 Defining membership function 
 Fuzzy inference 
 Defuzzification 

Numerical value of input data is mapped to fuzzy sets using fuzzy linguistic variables, fuzzy linguistic terms, and 
membership function. Linguistic variable can be decomposed into set of linguistic terms. To fuzzify OI, D, I different 
linguistic variables are used. 

 Membership function:  
It is used to map numerical input values to fuzzy linguistic terms and vice versa. After fuzzification is carried out, the 
next process is to define the membership functions in the fuzzy sets for the input and output parameters. The Triangular 
membership function is used for constructing the fuzzy sets. Triangular membership function is calculated for all fuzzy  
sets of input parameters and sensor output 

 Fuzzy rule: 
To control output variable rule, base is constructed. Fuzzy rule is simple IF-THEN rule with condition and conclusion. 
Fuzzy input values are processed using fuzzy rule set. In order to construct fuzzy rule, we construct rule matrix and rule 
bases. Row and column of rule matrix contains values of input distance (D) and input intensity (I) respectively. And 
each cell is resulting command when input variables take values in that row and column. 
 

IV. WIRELESS SENSOR NETWORK 
 

A wireless sensor network consists of a group of sensor nodes that can carry out communication for examining 
and recording the surrounding conditions. A wireless sensor is employed mainly in Industrial Automation, Robot 
control, Traffic monitoring, video surveillance, etc. The monitored parameters using Wireless sensor network are, 
humidity, temperature, pressure, luminance intensity, sound intensity etc. The figure shows the architecture of Wireless 
Sensor Network Architecture of Wireless sensor network is as shown in Fig 3: 
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Fig 3. Architecture of Wireless Sensor Network 
 

As shown in Fig. 3, the WSN consists of a Sensor Network, Transmit Network and a Base Station. Sensor 
Network includes assorted sensor nodes, also called as detection stations. These sensor nodes are competent to 
communicate within them as well as with the gateway. Sensor Nodes are adept of effectuating some processing, collect 
the sensory information and communicate with other nodes in the network. Gateway is an interconnecting system 
capable of welding together two networks having different base protocols. Transmit network serves the purpose of 
consigning and propagating analog or digital information. The transmission media can be wired or wireless and the 
transmission may be point to point or point to multipoint. The transmitted information reaches the base station and is 
stored in data store. The transmitted and received information is sent to or from the base station. 
  

One of the methods utilized to control the Headlamp intensity is by employing a Wireless Sensor Network. 
The Fig. 4 gives a system for headlight intensity control using a Wireless Sensor Network. 

 

 
 

Fig 4. Headlight intensity control using WSN 
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As per Fig. 4, the detection nodes are equipped with a photo resistor which is interfaced with analog to digital 
converter. When a vehicle is approaching, its headlight strength is apprehended by the sensor node. The collected 
information is then processed and transformed into required digital information. This information is transmitted to the 
base station which may be a processor or controller using wired or wireless media.  

To stabilize the luminance and avoid the temporary blindness we need to adjust the strength of the light 
emitted by the headlamp of our car. A mileage for exemplary luminance is set up in the controller. The apprehended 
light strength is compared with the threshold value set for required equilibrium. The controller regulates the intensity 
by alteration in the voltage reaching to the headlight. The process is replicated until the craved value of the light is 
attained. 

 
V.  IR TRANSMITTER-RECEIVER 

 
The IR transmitter consists of the LED that emits the IR (Infrared) radiation. This is received by the photo 

diode, which acts as IR receiver at the receiving end. Since the IR radiation is invisible to human eye it is perfect for 
using in wireless communication. Block diagram for Headlight intensity control using IR sensor is shown in the Fig 5.   

 

 
Fig 5. Intensity control using IR transmitter receiver  

 
As shown in Fig. 5, power supply is equipped to deliver the power to IR transmitting and receiving circuit. 

Transmitting circuit requires 5V for operation and the circuit equipped for receiving requires 12V. Transmitting device 
emits IR rays which are reflected back to receiving end. On reception of IR rays the receiving device turns on. An input 
voltage is generated at the receiver which is given to a comparator. Comparator is used to compare the received voltage 
with a predefined threshold value of voltage. According to the signal generated by the comparator the triggering device 
turns on or off. Triggering device can be a transistor or a MOSFET. Switching device i.e. Relay depends on the turning 
on and off of the triggering device. If the triggering device turns on then the switching device switches to the low 
intensity LEDs and when the transistor turns off the switch points towards the high intensity LEDs. In this way the 
headlight intensity is controlled using the IR transmitter and receiver. 
 

VI. CAMERA BASED INTENSITY CONTROL SYSTEM 
 

A camera is an optical device efficient in capturing images that can be transmitted easily. A still camera 
creates a single image of an object or scene and records it on an electronic sensor. Block diagram of camera based 
intensity control is as shown in Fig 6. 
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Fig 6. Block diagram of camera based intensity control 
 

A monochrome or colour camera is installed in the vehicle The camera captures the images of approaching 
vehicles as well as vehicles coming from opposite side. The camera is basically of sensor type which can sense black 
and white as well as colour pictures. The lenses used are of 4.3mm focal length because they are compatible with 
human vision. From the Fig.6 we can see that the images undergo various image processing techniques where 
information about the nearby vehicles is obtained. This results in extracting the features from the images taken.  

After extracting the needed information, the system analyses the level of intensity of the image taken. The 
headlight intensity should be switched from high level to low level and vice versa as per the image characteristics. A 
high level intensity light can be used especially during night time and when there are no vehicles surrounding. Whereas 
when the numbers of vehicles are more high intensity headlights can cause vision problem to drivers hence at that time 
low level light beams are activated. So as per the intensity parameters captured by the camera, a light beam controller 
act as an intensity control system and maintains the appropriate level of light emitted from the headlights. So in this 
manner we can control the intensity of headlight using a camera and image processing techniques. 
 

VII. PWM BASED INTENSITY CONTROL SYSTEM 
 

Variable duty cycle waveforms of PWM are as shown in Fig 7. The figure consists of waveforms with various 
duty cycles such as 10%, 50% and 90% respectively. 
 

 
 

Fig 7. Variable duty cycle waveforms of PWM 
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 Pulse width modulation is a technique used for controlling the analog circuits with the help of a 
microcontroller. The signal remains digital throughout the processor to controlled system hence noise does not affect 
much as its effect is appreciable only when the noise is strong enough to change the logic 1 to logic 0 and vice versa. 
PWM provides increased noise immunity over the analog control methods, hence it is used in most of the applications 
nowadays. 

The light intensity which is emitted by the headlights can be controlled by adjusting the power which is 
delivered to it. The PWM technique provides varying power to these headlights by taking into consideration the outputs 
of the microcontroller. As per the duty cycle of the PWM, the power is delivered to headlights and they glow 
accordingly. For example, if the duty cycle of PWM is 50 % then headlights will appear as half bright. The most 
important factor here is the pulse width. The gradual on and off of the headlights will cause their flashing to become 
dimmer and not with a constant focused light beam. The PWM resolution also plays an important role as it decides the 
accuracy with which we can control the duty cycle of the PWM. The high resolution PWM can give better results in 
terms of brightness. Also, the microcontroller actions should be as faster as possible which would enhance the 
immediate actions taken for controlling the intensity of headlights. So in this manner we can control the intensity of 
headlights of vehicle by using PWM technique along with a microcontroller. 
 

VIII. CONCLUSION 
 

In this paper, we have emphasized on various methods and techniques that can prove beneficial in monitoring 
the headlight intensity of vehicles. The light intensity parameter should be within the human vision comfort zone so as 
to avoid blind spot to the driver at night and to be less prone to accidents usually occurring due to excess glare of 
headlamps. If such methods are implemented by manufacturers the device will automatically switch to low beam from 
high beam as per the headlight intensity of approaching vehicle. 
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