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Abstract: This paper focuses on the review of design and working of a microcontroller based Adaptive Headlight System (AHS) 
for automobiles. The main purpose of this system is to present a cost-effective technique to illuminate blind spots while driving in 
the night and during the times when the visibility is reduced significantly to make the objects visible in those darkened locations 
and thereby prevent accidents. The system functions in accordance to the controlled input from microcontroller unit which 
drives the stepper motors connected to the headlights. The system is also designed to receive input from the indicator switch 
wherein a full turn is achieved by the headlight mirror when the indicator input is given. Also, the adaptive headlights are 
automatically switched on when the amount of light measured by a photo diode falls below a threshold, thereby eliminating the 
need for the driver to switch on the headlights. 
 

I. INTRODUCTION 
Accidents during night have become very common in the current scenario. Automobiles have headlights that lights up the road in 
front of the vehicle and fails to provide illumination at bends. Reasons like lack of visibility, inability to view objects at the corner 
of a turn have plagued automobile drivers during late night travel. To overcome these situations, several mechanisms have been 
sought after to mitigate once an accident occurs but there were not many solutions proposed to prevent an accident even before it 
occurs.[1] The main reason for accidents in roads having steep turns and curved roads in hilly areas is due to the presence of blind 
spots. Blind spots are the areas around the vehicle that cannot be directly observed by the driver. These areas cannot be seen directly 
by looking forward, backwards or by looking through either of the side mirrors. Blind spots may occur due to inappropriate 
positioning of the vehicles’ side mirrors, thickness of the A-pillar, height and width of the vehicle, etc. Other causes of blind spots 
are steep curves in roads, lack of visibility due to weather conditions etc. Blind spots can occur due to the condition of the driver as 
well. Poor infrastructure, like improper streetlights create problems for the driver, mainly on the highways. These blind spots must 
be eliminated for safe driving. Temporary blindness of the driver can occur due to dazzling of headlamps.[3] Dazzling occurs when 
the headlights of the vehicle coming in the opposite direction falls directly into the eyes of the driver. This result in the driver being 
blinded for some time and in turn increase the probability of accidents.  
This problem is more prevalent when the road is curved. A vehicle with normal headlights sends the light rays tangential to the 
curve. Thus, the probability of dazzling of lights in the eyes of the driver of the vehicle coming in the opposite direction is very 
high. This driver, with his eyes momentarily blinded, can go off the curve and off the road and create a major accident, hence, 
killing him and others on the road. There are also instances where the driver fails to switch on the head lamp during night or when 
the visibility is not sufficient to guarantee safe driving, accidents occur especially in highways.[4] Hence a mechanism to ensure that 
the headlights are properly functional and appropriate according to the driving conditions is much needed. Thus, there must be a 
cost-effective mechanism to address the problems of blind spots, dazzling of head lights and low visibility. In this paper, the 
proposed system is one such solution that helps in preventing an accident by providing proper visibility to drivers by illuminating 
curves and bent paths such that the driver can be cautioned before he hits any object or life. The headlights when in high beam cause 
temporary visual impairment of human eyes called the Troxler effect. While it reduces the time to react, it also leads to decreased 
visibility which contributes to the majority of mishaps that occur at night.[25] Head lamps are turned on automatically is required. 
This mechanism again is incorporated only in high end cars like BMW, Audi, Volvo etc. In order to incorporate this mechanism in 
low end cars, a cost effective and efficient method is the need of the hour. This can be incorporated by mounting a photo diode on 
the windshield behind the internal rear-view. Only 25% of the driving is done at night time, but 55% of the driving accidents occur 
during this period with compared to day time accidents. [23] 
Adaptive headlights are for safer driving and avoid blinding other vehicles or pedestrians. They adapt better to driving conditions as 
well as improve driving in adverse weather. Sensors are connected to a computer to measure changes in adaptive headlights with 
self-levelling systems.[5] 
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Fig 1: adaptive headlamps eliminating glare at night[29] 

 

 
Fig 2: difference between adaptive headlight and standard headlight (cornering lamps) 

 
II. LITRATURE REVIEW 

Kobayashi et al discussed the new standard for cornering light system allows not only the conventionally approved ON-OFF control 
mode interlocked with operation of the turn signal switch but also an automatic ONOFF control according to steering wheel angle. 
The active cornering light system (ACL System) on the new DELICA D:5 have a dedicated ECU to control the operation of lamps. 
In addition, the light distribution of the ACL System is co-ordinated with that of the high intensity discharge headlights to offer 
higher night-time visibility of road shoulders at intersections. In recent years, global harmonization of automotive regulations has 
led to changes in Japanese vehicle equipment and design. This paper also introduced change in regulatory requirements regarding 
lighting equipment’s and the accommodation of such changes by the vehicle design. [1]. 
Chi on-Dong lin et al, 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 projections of the lights with 
the steering direction of the motor car accordingly. The present invention comprises an electric contact mechanism consisted of 
electric brushes and metal contacts dispose around the steering column of the steering wheel of a motor car, a motor drive consisted 
of at least one servomotor, a control circuit connected between the motor drive and the electric contact mechanism to control the 
revolving direction to the turning direction of the steering wheel, and a transmission mechanism consisted of at least one hydraulic 
cylinder systems and controlled by the motor drive to turn the light of motor car causing them to coincide with the steering direction 
of the motor car. [2].  
Ken Chi Nishimura et al, suggested that the apparatus for automatically adjusting a direction of a light axis of the vehicle headlight 
includes a steering angle sensor detecting a steering angle of steering wheel of a vehicle and swivel control unit performing swivel 
control by which the direction of the light axis of the vehicle headlight is adjusted to the target direction-Ing accordance with the 
steering angle detected by steering angle sensor. The swivel control unit varies sensitivity or responsiveness of the swivel control 
depending on a value of steering angle detected by the steering angle sensor. The direction of the optical axis of each swivel light is 
adjusted based on a swivel control angle obtained upon the application of filter. A filter is changed to change a response in swivel 
adjustment of a direction of an optical axis of each swivel light based on steering angle variation of a steering angle of steering 
wheel measured with a steering angle sensor. A weaker filter is selected if the steering wheel quickly steered, and a stronger filter is 
selected if the steering wheel is slowly steered. By this filtering operation the direction of the optical axis of each swivel light is 
adjusted in response to the steering operation of the steering wheel without causing an uncomfortable feeling to a driver. [3] this 
works properly on the ECU UNIT linked with the steering angle sensor.  
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Fig 3: AFS and EFS control module 

Ken chi [3] 
 

Hiroaki Okuchi et al, proposed automatic optical axis adjusting device for automatically adjusting direction of optical axes of front 
lights with respect to steering angle of steering wheel. An electronic control for automobile headlight using spherical sensor 
comprised of a metal ball surrounding by a fluid encapsulated in aspherical sensor which is connected to the spherical sensor 
system. Computer controlled unit is positioned on and close behind the headlight so that the metal ball cooperates with sensor within 
the spherical sensor system to make the headlight go so as to follow the car during turns. [4]  
Heather Steiner et al. brown, electric control for automobile headlights output of each sensor arrangement is supplied to an ECU 
through a communication bus line. A value of a turning radius of a vehicle which is used for adjusting direction of optical axes of 
swivel lights is 12 computed based on the output of each sensor arrangement is obtained. An optical axis control angle is computed 
based on the normal computed values and is used to drive actuators to adjust the direction of the optical axes of the swivel lights. 

 
WITH AFS            WITHOUT AFS 

Fig 4: PEDASTRIAN CROSSING ON A CURVE [5] [31] 
 

An automatic front light systems framework ensures better visibility to drivers by carrying the beam projections as the vehicle 
traverses [31]. As shown in Figure 1, using an AFS system, the beam lobes of the headlamp are varied according to the side where 
the vehicle takes a turn to improve the drivers’ perceivability of the road and avoid accidents involving pedestrians or other objects. 
This framework is a simple system that controls the headlamp divergence using a stepper motor. 
The article elaborates different vehicle detection approaches. The design of adaptive headlamps necessitates target detection and 
tracking to control the beam lobes effectively. The detection process identifies the object in the frame, and the tracking could be 
performed by repeatedly detecting the object in each frame. However, this is not preferred as it is a computational overhead in terms 
of speed and efficiency. Hence target tracking algorithms that use the data like size, shape, direction from the previous frame is used 
to anticipate the position in successive frames. This does not require a huge search in the frame, unlike the detection, hence 
improving response time. When target detection and tracking are performed simultaneously, the possibility of detection failure 
cannot be ruled out as it depends on the object features extensively.[5] However, a tracking algorithm can still predict the next 
position based on speed and vehicle position from the previous frame. This section reviews various approaches used in object 
identification techniques suitable for the on-road applications as depicted and classifiers for detection. 
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Fig 5:  Adaptive Front—Lighting System [26] 

 
Development of an Adaptive Headlamp Systems [22] in which 8bit microcontroller PIC16F877A used and build of steerable 
headlights from conventional static headlamps has been achieved. Moving the headlights from left to right or vice versa 
continuously corresponding to a sensor is achieved an advantage of the developed headlight system is in its high adaptability as it 
can be easily configured to fit within space confines of a variety of vehicle designs. 
Dubal Priyanka M et al, have presented modelling and simulation on adaptive front light system for vehicles to reduce the number 
of accidents taking place during night times. According to this paper it has been said that accidents occur due to no proper 
illumination of lights at the curves of the roads. Driving the car with conventional headlight system is unsafe because as it does not 
provide proper light in proper direction for safe drive. So, they have proposed new system which is a AFS (Adaptive Front light 
System) which will sense the corner of road with the help of camera and ultrasonic distance sensor and provide illumination of light 
accordingly. They have used MATLAB for processing he captured image and according to the output the headlight is moved to 
avoid blind spot and increase drive safety during night time.[24] 

 
Fig 6: spreading of light in adaptive headlamps 

 
The concept of adaptive headlamps is not new in high end cars like Volvo, BMW, Audi etc. where in these mechanisms are already 
employed but a rather different approach has been taken in doing so. These vehicles used expensive sensors to measure speed, 
steering angle and yaw, which is the degree of rotation around the vertical axis and small electric motors to turn the cars’ headlights 
and to guide the driver along the bends of the roads. Due to sophisticated devices being used in these cars the cost is as high as 
$1000. The second approach is the use of Hardware in the loop simulations, a mathematical approach, where the headlamp 
orientation control system rotates the right and left low beam headlights independently and keeps the beam as parallel to the curved 
road as possible to provide better night-time visibility. Here two hardware platforms are employed where the first platform simulates 
the vehicle and road models, and the other platform simulates the Adaptive Headlamp System controller which obtains the 
necessary vehicle states from the first platform and carries out the necessary AHS computations. This second platform then sends 
the calculated commands to the headlight positioning electric motors. 
Furthermore, actuator-based mechanisms have also been tested and developed for adaptive headlight systems where in a 
microcontroller is used. A potentiometer-based sensor is attached to the steering shaft which provides the sensing input to the 
microcontroller unit in the form of voltage. Servomotors with built in feedback mechanisms were used as actuating blocks that 
receives the microcontroller output to turn the headlamp. 
In addition, companies like Hella, Volvo, Toyota Corporations, BMW, and Mercedes Benz have developed their company-specific 
models and have patented a few. A comparison of the pricing of a few adaptive headlamps is depicted in figure [7]. Porsche 
Dynamic Light System (PDLS), Chevrolet Interbeam, Genesis Adaptive Cornering System (ACS), Mazda Adaptive LED 
Headlights (ALH), Ford Auto High-Beam Headlamps, Mercedes-Benz Intelligent Light System, Subaru: Steering Responsive 
Headlights, Lexus Adaptive Front Lighting System, Volkswagen Dynamic Cornering Light, and Lincoln Adaptive Pixel LED 
Lighting are the market competitors in the adaptive headlamps [7]. 
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Fig 7: Prices of advanced headlamp system from various companies in US dollars [9][10] 

 

 
Fig 7: adaptive LED lamps in premium cars 

 
As the steering wheel rotates, the gear mounted on steering column also rotates and the rotation is further transferred to the 
semicircular gear due to meshing of semicircular gear with steering column gear. At the initial stage the headlight is at mean 
position and the pivot point of the gears moves in the slotted guide plate. At the mean position the pin is at the midpoint of the slot 
and with the movement of headlight towards extreme left or right position, the pin also transverses the distance away from the mean 
position of pin in the slot. Now when the semicircular gear rotated the linkage attached to the semicircular spur gear also rotates and 
it helps to transmit the motion to the headlight. If the steering wheel is rotated clockwise then semicircular gear rotate in 
anticlockwise direction. Then the left side linkage will pull the headlight, and this will result in the rotation of headlight in leftward 
in the same way the headlight is rotate in the rightward direction. Also, one of the noble ideas behind the steering control headlight 
is the voluntary engaging and disengaging of the headlight with the steering column at the drivers will. This makes the mechanism 
more versatile and contributes significant advantages over the previously designed mechanisms. During engaging the pivot moves 
inside the curved path over the guide plate which makes the semicircular gear to move towards steering column gear and get mesh 
with it. Engaging mechanism is advantageous on terrain having sharp turns such as hilly areas in night where visibility at turns can 
contribute significant part to the overall safety. 

 
Fig 8: Working Principal 
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The researches on AFS are gradually being carried out.  ALC (Adaptive Light Control) system of BWM Company obtains front 
light adaptive control signal from steering wheel angle sensor, velocity sensor, deflection angular velocity sensor and GPS 
navigation technology to adjust the horizontal and vertical swing angle.  Active style front light of ALS (Adaptive Light System) of 
Benz company adjusts the swing angle of front light almost equal with front wheel steering angle, which can lift the range of 
effective lighting above 90%. The AFS (Adaptive Forward Light System) developed by Opel and Hella include two parts: curve 
light control and turning light control.  Curve light is mainly used at Continuous curve whose radius is relatively big. The module of 
turning light control takes effect when velocity is under 50km/h, so it doesn’t take action in freeway.  Audi has employed a suit of 
forwardly active assistant lighting system on curve roads, which helps to illuminate the turning area.  The system gets work when 
velocity is above 70km/h, and the maximal turning corner is 15 degrees.  Lexus has also exploited AFS which controls the front 
light. [8] 

 
Fig 1: Classification of the techniques for vehicle and on-road object detection.[30] 

 
Category  Approach Remark 

Geometric Path Tracking 
[11] 

-Uses vehicle position 
dimension, and look ahead 
data 
-Does not consider external 
perturbations 

Challenging when the distance 
to the endpoint is larger, which 
might lead to loss of corners. 

Pure pursuit [12][13] -In additional to look ahead 
direction, error calculator 
using circular arc 

-Not apt for adaptive headlamp 
vehicle model as the look ahead 
direction is an overhead 

Colthoid Curve 
Model [14] 

-Uses Clothoid curve instead 
of the arc 

-Efficient in real-time and could 
be used for adaptive 
applications. 

Kinematics 
[27] 

Exploits the position, velocity 
as well as acceleration of the 
vehicle with respect to the 
local and global coordinates, 
donot consider external 
perturbations 

Complexity and increased 
computational time is an over 
head. 

Vector pursuit method [28] Uses coordinate system for 
predicting the path 

Apt for adaptive headlight 
system 

Table: -1: Comparison of different vehicle models to predict path travel 
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III. CONCLUSION 
The Adaptive Front Lighting System is a system which regulates automatically the light distribution of a vehicle. A specific control 
algorithm is developed for different driving conditions – curve roads and incoming vehicles. AFS can be formally defined as 
maintaining a presumptively desired light distribution adapted to the above road environment. The system tested does so by way of 
input from in-vehicle parameters like steering wheel angle and distance between incoming vehicle and subject vehicle etc. The 
horizontal headlight movement through movement of steering shaft and vertical movement of headlamp due to distance between the 
two vehicles hived by the means of AFS system architecture. Few critical design factors considered during inception stage were 
ease of availability, affordability and reliability of the components use. It is also observed that the system can be accommodated in 
the current low-cost models without major changes. AFS appears to offer potential for a favourable night driving behaviour 
potentially reducing accident risk, compared to standard headlights. Night time driving with conventional headlights is particularly 
unsafe.  
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