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ABSTRACT 
An adaptive forward lighting system for a vehicle that uses various sensors, in the vehicle, to sense 

parameters like speed of the vehicle or the turning radius and process the input signals received by a microcontroller, 

to direct the forward lighting system, accordingly, while negotiating curves. The Adaptive forward lighting System 

(AFS) can change the axis of the light beam depending on the speed and turning radius of the vehicle. The AFS can 

turn left or right, and also a manual switch to turn the AFS up and down was included. Another mechanism to provide 

larger distance of the beam, based on the speed at which the vehicle travels. Larger speed ranges require longer 

distance of the beam; smaller speed ranges require lesser distance of the beam. A switch is provided to allow the user 

to manually override the system to enable the user to achieve longer distance of the beam at smaller speed ranges, in 

case of dark areas with improper lighting. These features together are controlled by a microcontroller unit that sends 

signals based on the input parameters namely vehicle speed and turning radius, thus reducing any sort of blind spots 

and improving the visibility. 
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1. INTRODUCTION 
The fatal crash rate while driving a vehicle during the night time is three to four times higher than that of 

daytime, even though the traffic volume is essentially less. Most of the decisions taken while driving are based on 

what we can see. If we can see what is ahead of us, we can avoid crashing into it. If we cannot see it, there is a chance 

we might crash into it. This includes pedestrians, street dogs, or any other object that is present on the road. Assuming 

that the driver is paying undivided attention, forward visibility is usually high during daylight hours provided that it 

is not raining or the weather is not foggy. Night time driving, on the other hand, can be arduous, especially for drivers 

who have poor vision during the night. Headlights provide additional illumination for seeing the road ahead, but 

conventional headlights have some serious limitations. 

Estimates and Statistics: Every year more than 40,000 people die, and over one million are injured in road crashes 

in the Member States of the European Union. Although road fatal injuries account for only a small minority of deaths, 

they constitute the leading cause of death in those aged less than 40 years in developed countries. In the UK, the 

general statistics on road traffic injuries make unacceptable reading; 3600 fatalities (plus 2,30,000 injuries) in 2001, 

on average 60 deaths per million people. Several studies have provided sound evidence that driver’s ability to avoid 

collisions is impeded under dim lighting. An important point is that the number of miles driven decreases 

substantially at night compared with daytime, yet more than half of all traffic deaths occur during night. As a 

consequence, the number of fatalities per vehicle kilometer driven is significantly higher at night, than during the day. 

Moreover, it has been shown that the number of nighttime crashes generally declines following the installation of 

overhead lighting, and when days are longer, as in the summer months. Other studies have highlighted the strong 

effect of lighting levels on fatal pedestrian crashes, with pedestrians being three to seven times more vulnerable in 

the dark than in the daylight. 

 
Figure.1. (A) Average severity rates (years 1995–2004) at daylight and nighttime by different road types, 

(B) Severity rates averaged across different road types 
Road Accidents Scenario in India During 2011, a total of 4,97,686 road accidents were reported by all 

States/Union Territories (UTs). Of these, about 24.4 per cent (1,21,618) were fatal accidents. The number of persons 

killed in road accidents were 1,42,485, i.e. an average of one fatality per 3.5 accidents. The proportion of fatal 

accidents in total road accidents has consistently increased since 2002 from 18.1 per cent to 24.4 per cent in 2011. 

The severity of road accidents, measured in terms of persons killed per 100 accidents, has also increased from 20.8 in 

2002 to 28.6 in 2011. 
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Figure.2. Total Number of Road Accidents, Persons killed and Persons Injured during 2002-2011 

 A disproportionate number of fatal road injuries occur after dark. 

 Statistics show that reduced lighting, as well as other factors such as fatigue, alcohol, or traffic density, 

contributes to the impaired ability of drivers to avoid collisions at night. For example, injury severity (the 

ratio of fatal collisions per 100 collisions) increases in roads with no street lighting. 

 Introducing road lighting leads to an approximate three times decrease in the severity of injuries in both UK 

and Greece, despite the fact that these countries have dramatically different injury rates. 

 Visual reaction times are substantially longer under adverse, low visibility conditions than under optimal 

conditions, leading to increased stopping distances when driving.   

 The following are some of the related works done earlier, considered to identify the need for the present 

work. 

 Atushi and Hideaki (2004), suggested that the apparatus for automatically adjusting a direction of a light 

axis of a vehicle headlight includes a steering angle sensor, detecting a steering angle of a steering wheel of a vehicle, 

and a swivel control unit performing swivel control by which the direction of the light axis of the vehicle headlight 

is adjusted to the target direction in accordance with the steering angle detected by the steering angle sensor.  

 Ajay Rawatet (2013), proposed by car light piloting system; objective of the present invention is to provide 

a steering wheel controlled car light piloting system which automatically turns the lights of the motor car to coincide 

the projection of the lights with the steering direction of the motor car. 

 Wang (2008), proposed automatic optical-axis adjusting device for automatically adjusting direction of optical axes 

of front lights with respect to steering angle of steering wheel. 

 Bhushan Mahangade (2015), electric control for automobile head lights; Output of each sensor arrangement 

is supplied to an ECU through a communication bus line.  

 Boojoong Yong (2002), discussed the new standard for cornering light system, allows not only the 

conventionally approved ON-OFF control mode interlocked with the operation of the turn signal switch, but also an 

automatic ON-OFF control according to the steering wheel angle.  

 Christian Heider (2009), suggested the automatic optical axis adjusting device for automatically adjusting 

direction of optical axis of from lights headlight control apparatus and method controls an irradiation direction of a 

headlight. 

Description: The fatal crash rate while driving a vehicle during the night time is three to four times higher than that 

of daytime, even though the traffic volume is essentially less. In order to be warned early about possible crashing or 

dangers ahead, the driver needs to look far ahead, to see the traffic signs or the road geometry, other vehicles or 

pedestrians, etc. However, this task is difficult at night because vision is drastically reduced. The driver loses the 

advantage of color and contrast that is present during the day and the field of view is also diminished. Accordingly, 

the headlight system of a vehicle provides a safe illumination for driving. The conventional system in the market is 

based on the manual switching between low and high beams. In absence of fog, drivers should use high beams under 

poor ambient lighting, but without disturbing others. However, high beams are used less than 25% of the time, 

probably because drivers are afraid of dazzling others by mistake. Thus, our motivation is to develop an intelligent 

headlight controller for freeing the driver of such a task. 

To prevent dazzling oncoming drivers, low beams have a range that is limited to about 91 to 106 meter, with 

most of the light falling in an area about 18 to 50 meter in front of the vehicle. The factors that change the pattern 

and range of the low beams are the optics of the headlamp housing, and the wattage of the bulbs that being used. 

Regardless of what type of headlights are used, at 60 to 80 kmph the vehicle is traveling faster than most drivers can 

see with low beams alone. If an object were to suddenly appear in the road, the driver may not be in a position to 

react and apply the brake quickly enough to avoid hitting the object. High beams extend the range of visibility to 

about 121 to 137 meter, which is better than low beams, but may still be less than what’s needed to see and react to 

objects when a vehicle is traveling faster than 100 to 120kmph. At speeds above 120kmph, most of the vehicles are 

out of the driving range of their headlights. Headlight systems that automatically switch from low beam to high beam 

to extend visibility have been around since the 1950s, and are making a comeback. On curvy roads, high beams are 

not much help, as conventional headlights are aimed straight forward. As a result, the driver might not see what is 

around a curve, because his lights are shining off the edge of the road. Directional headlamps were invented back in 
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the 1920s to address this problem. In those days, a mechanical linkage was connected directly to the steering arm 

and to the headlight housings so the headlights would turn in the same direction the wheels were steered. Latest 

technology involves the use of electronics to move the headlights in the same direction as the movement of the vehicle 

enabling the driver to see longer distances. 

Adaptive Lighting: The basic idea behind adaptive lighting is to turn and aim the headlights like a pair of eyeballs, 

so the light is projected, where the driver really needs it. For example, digital inputs from the steering angle sensor, 

vehicle speed sensor are used to steer the headlights from side to side as the vehicle turns.  

 
Figure.3. Illumination Pattern during Turn Activation 

Night Vision: Another problem with conventional headlights, even adaptive ones, is that visible light travels only so 

far. Halogen lights are brighter and whiter than conventional tungsten filament, and improve nighttime visibility. 

Likewise, xenon and other high intensity discharge (HID) headlamp systems are brighter and whiter to extend range 

and visibility even more. The typical xenon headlamp produces about 3,000 lumens of light compared to 1,400 for a 

halogen bulb. The color of the light produced by a xenon bulb is even closer to daylight, though to oncoming drivers, 

HID headlights typically have a bluish appearance. 

2. METHODOLOGY 

In order to change the direction of light beam axis, and illuminate the road ahead better than the conventional 

headlight system, the following are considered. 

a) Get inputs from the steering wheel. b) Get relationship between the speed of the vehicle and pivot angle 

of the headlight system. c) Relationship between how much the vehicle is steered to that of the pivot angle of the 

headlight system. d) Movement of the headlight system is done with the help of servo motors. e) Compare the results 

with a conventional headlight system. 

Working Principle: In order to show the proper working of the headlight system, in real time, with the use of a 

gaming steering wheel (which will act as steeringwheel for the car), that provides us with the necessary input data 

like speed and steering angle. This data, is recognized by key emulator software, which decodes the input signals 

into a form of key tapping. The software used to help us accomplish this task is XPadder, which is slightly modified 

to assist us with collecting our data. This data is then taken as an input by coding software: Python, which is used to 

capture the key code and transmit it through the terminal. The block diagram is shown in figure.4, the PIC controller 

board where it reads the signals from the steering wheel and processes it and acts according to the instructions which 

is written in High level C language. This High Level C language is compiled by using CCS compiler software, to 

convert the code in a binary language format that is better understood by the PIC controller. The code is then 

transferred in to the PIC controller by a device/Software called the PIC KIT 3. This transfers the program from the 

computer/laptop to the IC. The PIC controller used in this project is a 16f series PIC controller: PIC 16f877A. The 

signals that come from the steering wheel, through the laptop are read by the PIC controller every 10ms. These 

signals act as input for the movement of the servo motors. Each Servo motor is connectedto a specific pin of the PIC 

controller. Spur Gears are mounted on the servo motors to transmit motion to the headlight system. When turning 

left, the left headlight will turn up to 30 degrees towards the left, and the right headlight twill turn up to 20 degrees 

towards the left, to illuminate the road ahead. Similarly, when turning right, the right headlight will turn up to       

30 degrees towards the right, and the left headlight will turn up to 20 degrees towards the right. 

 
Figure.4. Block diagram of the headlight system 
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Coding Using C Language: The PIC microcontroller can be programmed in different languages. A high level 

language, C language was used to program microcontroller.  

Program Description: Python Program: The python program is used as a key emulator to get inputs from the gaming 

wheel, and assign them key bindings. The two inputs taken from the gaming wheel are speed, and the angle of turn. 

This is done by using the CCS C compiler which is designed specifically for PIC chips. C compiler translates the 

source code into object code. In addition, the compiler will perform error and syntax checking. The object code is 

then linked with other object modules to form machine code (op-code HEX-CODE). After linking, the program can 

be run and test using debugger. The debugger can display program variables, examine and modify the PIC 

microcontroller’s on-chip registers, and it allows control program execution. 

PIC kit 3.0: The PIC kit 3.0 is used as a medium to transfer the code from the PC to the PIC controller, in a format 

that is better understood by the PIC controller. The PIC kit 3 is and In-circuit debugger/programmer that uses in-

circuit logic incorporated into each chip with a flash memory. It can also be used to reprogram any PIC 

microcontroller, but pushing the reset button. 

Assembly Process: Fix the supporting over the bulb, and fix it. Then take threaded rods and insert them on through 

the holes provided in the upper U shaped block. Then insert the round bush on the both ends of the rod and fix them 

with the screw for stability. Weld the C clamp to the bottom surface of the upper U shaped block. Gear 2 is connected 

to the extended portion of the threaded rod on the same side as the C clamp with the servo motor. The servo motor 

is connected to Gear 1.Gear 4 is fixed on the upper side of the Bottom U shaped block. Servo Motor 1 is placed in 

the C clamp and is fixed with screws. Gears 1 and 2 are now in mating position. Gear 3 is fixed to Servo Motor 2. 

This motor is then welded on to the lower part of the U shaped block in such a way that the gear is placed over a 

screw that runs through the hole in the center. This allows the gear to rotate freely about a fixed point. Now, Gears 3 

and 4 are in mating position and will be responsible for the movement of the component in the X direction. Now, 

movements along the X axis and Y axis are possible. Servo motor 1 provides the motion on Y axis and the servo 

motor 2 provides motion on X axis. After preparing the 2 such setups (headlight system), connect the servo motors 

to the controller board and test the set up. The final end product of the headlight assembly is shown in Figure 5 

  
Figure.5. Fabricated Parts Figure.6. The basic connections between the PIC 

controller and the headlight assembly are shown in 

1) Head light assembly 2) PIC Controller  

3) PIC 16F877A 4) RS 232 

 

3. RESULTS & CONCLUSION 
After running simulations over the MATLAB software’s fuzzy logic applications, it has been concluded to 

use the following conditions for simulating our program. These values are with respect to the gaming wheel 

modulation. 

X – Axis: Left Steering Angle has two phases. Phase 1: Up to 0.8 steering angle will be considered as half left steer. 

Phase 2: 0.8 to 1 steering angle will be considered as full left steer. Similarly for the right steering angle, Phase 1: Up 

to 0.8 steering angle will be considered as half right steer and Phase 2: 0.8 to 1 steering angle will be considered as 

full right steer. 

Y – Axis: There are 3 motions in the Y direction. Initial position being -10 degrees with respect to the road, this 

value will lie constant till an average speed of 70kmph is achieved. After a speed of 70kmph is achieved, the angle 

of projection of the rays will be projected parallel to the road. This angle will be maintained till a speed of 100kmph 

is achieved. Beyond this speed, the light bulb will align itself at an angle of 10 degrees with respect to the road. With 

the movement of the headlight system in the X direction and the Y direction based on steering wheel and speed we 

have managed to illuminate an area greater than what the conventional headlight system could illuminate. Thus 

objective to illuminate the road in front of us better than conventional headlights was achieved. 

Future Enhancements: With the help of better technology like cameras and infrared sensors, we will be able to 

process the objects in front of us, through image processing. This would not only help us reduce the number of 

accidents during night and also ensure the safety of other bystanders. 
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