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ABSTRACT 

Advanced Driver Assistance Systems (ADAS) are becoming an essential part of 

modern vehicles for improving road safety, driving comfort, and reducing 

human errors. These systems use combination of sensors, cameras, radar, 

LiDAR, and intelligent algorithms to assist drivers in real-time driving 

situations. ADAS technologies are considered as the foundation for autonomous 

driving and intelligent transportation systems. This paper presents a detailed 

review of ADAS architecture, key components, working principles, major 

applications, challenges and future trends. Various driver assistance features 

such as lane departure warning, adaptive cruise control, automatic emergency 

braking, blind spot detection, and parking assistance are discussed. The paper 

also highlights sensor fusion, machine learning integration, cybersecurity 

issues and regulatory standards. The aim of this review is to provide a 

comprehensive understanding of ADAS technologies and their role in 

transforming road transportation. 
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INTRODUCTION 

Road accidents are mainly caused due to human mistakes such as distraction, fatigue, and poor 

judgement. According to global traffic reports, majority of accidents can be prevented if timely 
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assistance is provided to the driver. Advanced Driver Assistance Systems (ADAS) are 

developed to reduce these risks by providing automated support and warnings. 

 

ADAS combines hardware sensors and software intelligence to monitor the vehicle 

surroundings and help driver take proper decisions. These systems do not fully control the 

vehicle but assist the driver in critical situations. ADAS is now widely used in passenger cars, 

commercial vehicles and even two-wheelers in advanced markets. 

 

ADAS is also an important step toward autonomous vehicles. Many technologies used in self-

driving cars originate from ADAS features. 

 

ARCHITECTURE OF ADAS 

The architecture of Advanced Driver Assistance Systems (ADAS) is designed to process large 

amount of environmental data in real time and convert it into meaningful driving assistance. 

ADAS follows a layered architecture where sensing, computation, decision-making, and 

actuation are tightly integrated through high-speed in-vehicle networks. Each component plays 

a specific role, but their coordination is what enables reliable performance. 

 

At a high level, ADAS architecture can be divided into five major blocks: Sensing Layer, 

Processing Layer, Decision Layer, Actuation Layer, and Interface & Communication 

Layer. 

 

1. Sensing Layer (Environmental Perception) 

This layer is responsible for capturing information from the vehicle surroundings as well as 

internal vehicle parameters. Multiple sensors are deployed because a single sensor cannot 

perform reliably in all environmental conditions. 

 

a) Camera Sensors 

Cameras are widely used for vision-based applications such as lane detection, traffic sign 

recognition, pedestrian detection, and object classification. They provide rich visual 

information similar to human eyes. However, their performance is affected by lighting 

conditions like glare, fog, or night driving. 
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b) Radar Sensors 

Radar uses radio waves to detect distance, speed, and direction of objects. It works effectively 

in rain, fog, and dust, where cameras may fail. Radar is mostly used in Adaptive Cruise Control 

(ACC) and Automatic Emergency Braking (AEB). 

 

c) LiDAR Sensors 

LiDAR emits laser pulses to create a 3D map of surroundings. It provides highly accurate depth 

and spatial information, which is useful in obstacle detection and path planning. The major 

drawback is its high cost and mechanical complexity. 

 

d) Ultrasonic Sensors 

These are short-range sensors used mainly for parking assistance and obstacle detection at low 

speeds. 

 

The data from all these sensors are forwarded to the ECU for further processing. This multi-

sensor approach improves reliability and accuracy through sensor fusion. 

 

2. Processing Layer (Electronic Control Unit – ECU) 

The ECU is considered the brain of the ADAS system. It receives raw data from sensors and 

processes it using complex algorithms. 

 Performs image processing and signal processing 

 Runs machine learning and computer vision models 

 Filters noise and validates sensor data 

 Executes sensor fusion algorithms 

 Makes real-time decisions within milliseconds 

 

Modern ADAS ECUs are high-performance embedded systems equipped with GPUs and AI 

accelerators to handle heavy computation loads. In advanced vehicles, multiple ECUs may be 

interconnected or replaced by a centralized domain controller. 

 

3. Decision Layer (Algorithm and Control Logic) 

After processing sensor inputs, decision-making algorithms determine the appropriate action. 

This layer includes: 

 Object detection and classification algorithms 
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 Lane tracking and trajectory prediction 

 Collision risk assessment 

 Driver behavior monitoring 

 Path planning and motion control logic 

 

For example, if a pedestrian is detected crossing the road and collision probability is high, the 

algorithm triggers emergency braking. This layer heavily depends on AI, deep learning, and 

predictive analytics to improve accuracy. 

 

4. Actuation Layer (Vehicle Control Mechanism) 

Once a decision is made, commands are sent to actuators that physically control the vehicle. 

 

Types of Actuators: 

 Brake actuators (for AEB) 

 Steering actuators (for lane keeping assist) 

 Throttle control (for ACC) 

 Warning systems (buzzers, seat vibration, dashboard alerts) 

 

These actuators convert electronic commands into mechanical actions. The response time must 

be extremely fast to prevent accidents. 

 

5. Human Machine Interface (HMI) 

HMI is the communication bridge between ADAS and the driver. Since ADAS assists but does 

not fully replace the driver, proper alerts and information display are necessary. 

 

Examples include: 

 Visual alerts on dashboard 

 Audio warnings 

 Steering wheel or seat vibrations 

 Head-up display (HUD) 

 

HMI ensures that driver remains informed and can take control when required. 
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6. Communication Network Layer 

All ADAS components communicate through in-vehicle networks. Fast and reliable 

communication is essential for real-time response. 

 

Table: 1 

Network Protocol Role in ADAS 

CAN (Controller Area Network) Standard communication between ECUs 

LIN (Local Interconnect Network) Low-speed communication for sensors and switches 

Automotive Ethernet High-speed data transfer for cameras and LiDAR 

FlexRay Deterministic communication for safety-critical data 

 

 

Figure 1: Basic ADAS Architecture 

 

Sensors collect environmental data. ECU processes it using algorithms. Based on decision, 

actuators control braking, steering or alerts. 

 

3. Types of Sensors Used in ADAS 

Sensors are the foundation of any Advanced Driver Assistance System because they provide 

the vehicle with the ability to see, measure, and understand its surroundings. Just like human 

drivers use eyes and ears to perceive the road environment, ADAS relies on a combination of 

sensors to detect objects, lanes, obstacles, speed, distance, and motion. No single sensor can 

work perfectly in all environmental and lighting conditions; therefore, modern ADAS uses 

multi-sensor setup and combines their outputs through sensor fusion. 
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The most commonly used sensors in ADAS are Cameras, Radar, LiDAR, Ultrasonic 

sensors, along with some supporting sensors like GPS and Inertial Measurement Units 

(IMU). 

 

a) Camera Sensors (Vision-Based Sensors) 

Cameras are one of the most important sensors in ADAS because they provide detailed visual 

information similar to human vision. These sensors capture images or video frames of the road 

ahead and are processed using computer vision algorithms. 

 

Applications: 

 Lane detection and lane departure warning 

 Traffic sign recognition 

 Pedestrian and vehicle detection 

 Object classification 

 Driver monitoring systems 

 

Advantages: 

 High resolution visual data 

 Ability to recognize colors, shapes, and text 

 Useful for classification tasks 

 

Limitations: 

 Performance affected by low light, fog, rain, glare 

 Requires heavy image processing 

There are different types of cameras used such as mono cameras, stereo cameras (for depth 

perception), and infrared cameras for night vision. 

 

b) Radar Sensors (Radio Detection and Ranging) 

Radar sensors use radio waves to detect objects and measure their distance, speed, and 

direction. Radar is highly reliable in poor weather conditions where cameras may fail. 

 

Applications: 

 Adaptive Cruise Control (ACC) 
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 Automatic Emergency Braking (AEB) 

 Blind spot detection 

 Rear cross traffic alert 

 

Advantages: 

 Works in fog, rain, and darkness 

 Accurate measurement of distance and relative speed 

 Long detection range 

 

Limitations: 

 Low resolution; cannot identify object type clearly 

 May detect metal objects better than non-metal objects 

 

Automotive radars operate generally at 24 GHz and 77 GHz frequencies. 

 

c) LiDAR Sensors (Light Detection and Ranging) 

LiDAR uses laser pulses to measure distances and create a precise 3D map of the environment. 

It is considered one of the most accurate sensors for depth measurement. 

 

Applications: 

 3D environment mapping 

 Obstacle detection 

 Path planning 

 Autonomous navigation 

 

Advantages: 

 Very high accuracy in distance measurement 

 Detailed 3D representation 

 Not dependent on ambient light 

 

Limitations: 

 Expensive 

 Performance affected by heavy rain or dust 



    
 

 

8 Page 1-15 © MANTECH PUBLICATIONS 2026. All Rights Reserved 

 

Journal of Automotive Engineering & Technology 

Volume 11, Issue 1, January-April 2026  

ISSN: 3107-7390 (Online) 

 Mechanical parts in some LiDARs reduce durability 

 

Solid-state LiDAR is being developed to reduce cost and improve reliability. 

 

d) Ultrasonic Sensors 

Ultrasonic sensors use sound waves to detect nearby objects. These are short-range sensors 

mainly used at low speeds. 

 

Applications: 

 Parking assistance 

 Obstacle detection during reversing 

 Close object sensing 

 

Advantages: 

 Low cost 

 Simple design 

 Effective for short distance 

 

Limitations: 

 Very limited range (usually <5 meters) 

 Not suitable for high-speed applications 

 

Table: 2 

Sensor Type Function Advantages Limitations 

Camera Lane detection, object recognition High resolution Affected by lighting 

Radar Distance and speed detection Works in fog/rain Low resolution image 

LiDAR 3D mapping Accurate depth info Expensive 

Ultrasonic Parking assistance Low cost Short range 

 

Sensor fusion is used to combine data from multiple sensors to increase reliability. 
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MAJOR ADAS FEATURES 

Advanced Driver Assistance Systems provide several intelligent features that support the driver 

during different driving situations. These features are designed to reduce human error, improve 

comfort, and enhance road safety. Each feature uses combination of sensors, ECU processing, 

and actuators to perform its task in real time. 

 

1. Lane Departure Warning (LDW) 

Lane Departure Warning is a vision-based safety feature that monitors the vehicle’s position 

within lane markings. A front-facing camera continuously captures the road and image 

processing algorithms detect lane boundaries. 

 

Working Principle: 

 Camera detects white/yellow lane markings 

 Software tracks vehicle position relative to lane 

 If vehicle drifts without turn indicator, system triggers alert 

 

Driver Alerts: 

 Beeping sound 

 Steering wheel vibration 

 Visual dashboard warning 

 

LDW is very useful during long highway drives where driver fatigue may cause unintentional 

drifting. In advanced systems, LDW is extended to Lane Keeping Assist (LKA) where slight 

steering correction is automatically applied. 

 

2. Adaptive Cruise Control (ACC) 

Adaptive Cruise Control is an extension of traditional cruise control. Instead of maintaining 

only a fixed speed, ACC adjusts vehicle speed automatically to keep safe distance from the 

vehicle ahead. 

 

Sensors Used: Radar and sometimes camera 

 

Working Principle: 

 Radar measures distance and relative speed of front vehicle 
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 ECU calculates safe following distance 

 Throttle and brakes are automatically controlled 

 

Benefits: 

 Reduces driver stress in traffic 

 Maintains smooth flow of driving 

 Improves fuel efficiency by avoiding sudden acceleration/braking 

 

ACC is mostly used on highways and is a key feature toward semi-autonomous driving. 

 

3. Automatic Emergency Braking (AEB) 

Automatic Emergency Braking is one of the most critical safety features in ADAS. It prevents 

collisions by applying brakes automatically when driver fails to respond in time. 

 

Sensors Used: Radar + Camera (sensor fusion) 

 

Working Principle: 

 Detects obstacles, pedestrians, or vehicles ahead 

 Calculates collision probability 

 Provides warning to driver 

 If no response, brakes are applied automatically 

 

AEB is effective in preventing rear-end collisions and pedestrian accidents, especially in city 

traffic. 

 

4. Blind Spot Detection (BSD) 

Blind spots are areas around the vehicle that driver cannot see through mirrors. BSD monitors 

these areas and warns the driver before lane change. 

 

Sensors Used: Radar sensors mounted on rear sides 

 

Working Principle: 

 Radar continuously scans adjacent lanes 

 Detects vehicles approaching from behind 
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 Warning light appears on side mirror 

 Audio alert if driver uses turn signal while vehicle is present 

 

BSD greatly reduces side-collision risks during lane changes. 

 

5. Parking Assistance 

Parking assistance helps driver in maneuvering vehicle into tight parking spaces. It reduces 

difficulty and chances of hitting obstacles. 

 

Sensors Used: Ultrasonic sensors and rear/front cameras 

 

Features: 

 Distance measurement from obstacles 

 Rear-view camera display 

 Automatic steering in advanced systems (Park Assist) 

 

Working Principle: 

 Ultrasonic sensors detect nearby objects 

 Visual and audio alerts guide the driver 

 In automated parking, system controls steering while driver manages brake 

 

This feature is very helpful for new drivers and in congested urban areas. 

 

6. Traffic Sign Recognition (TSR) 

Traffic Sign Recognition uses camera and image processing to identify road signs and display 

them to the driver. 

 

Signs Detected: 

 Speed limits 

 No entry 

 Stop signs 

 Warning signs 
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Working Principle: 

 Front camera captures road images 

 AI algorithms detect and classify sign shapes and symbols 

 Information displayed on dashboard or HUD 

 

TSR ensures driver does not miss important road signs and helps in maintaining legal speed 

limits. 

 

WORKING PRINCIPLE OF ADAS 

ADAS works on perception, decision, and action model: 

1. Perception: Sensors detect environment. 

2. Decision: ECU runs algorithms and determines action. 

3. Action: System provides alerts or controls vehicle. 

Machine learning and computer vision algorithms play major role in object detection and 

pattern recognition. 

 

SENSOR FUSION IN ADAS 

Single sensor is not reliable in all conditions. Sensor fusion combines radar, camera and LiDAR 

data. 

Benefits: 

 Improved accuracy 

 Reduced false alarms 

 Better performance in bad weather 

 

ROLE OF ARTIFICIAL INTELLIGENCE IN ADAS 

AI techniques like deep learning and neural networks are used for: 

 Object classification 

 Pedestrian detection 

 Traffic sign recognition 

 Driving behavior prediction 

AI makes ADAS smarter and adaptive. 
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COMMUNICATION NETWORKS IN ADAS 

ADAS requires fast communication between sensors and ECU. 

 

Table: 3 

Protocol Application 

CAN Bus Standard communication 

LIN Low speed devices 

Automotive Ethernet High data rate sensors 

 

CHALLENGES IN ADAS IMPLEMENTATION 

 High cost of sensors 

 Performance in bad weather 

 Cybersecurity risks 

 Driver over-reliance 

 Regulatory and testing issues 

 

CYBERSECURITY CONCERNS 

ADAS systems are connected to networks, making them vulnerable to hacking. Unauthorized 

access can control vehicle functions. Secure encryption and authentication are required. 

 

ADAS AND AUTONOMOUS VEHICLES 

ADAS technologies are foundation for Level 1 to Level 3 automation. Features like ACC, AEB 

and lane keeping are stepping-stones toward full autonomy. 

 

REGULATORY STANDARDS 

Organizations like ISO, SAE and NHTSA provide standards for ADAS safety testing and 

performance. 

 

FUTURE TRENDS OF ADAS 

 Integration with V2X communication 

 Use of 5G for real-time data 

 Improved AI models 

 Affordable LiDAR 

 Enhanced night vision systems 
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COMPARATIVE ANALYSIS OF ADAS FEATURES 

 

Table: 4 

Feature Safety Level Complexity Cost 

LDW Medium Low Low 

ACC High Medium Medium 

AEB Very High High High 

BSD Medium Low Low 

 

APPLICATIONS OF ADAS 

 Passenger vehicles 

 Commercial trucks 

 Public transportation 

 Emergency vehicles 

 

LIMITATIONS OF CURRENT ADAS 

ADAS still depends on driver attention. System failures due to sensor blockage, poor 

calibration or weather conditions can reduce effectiveness. 

 

RESEARCH DIRECTIONS 

 Better sensor fusion algorithms 

 Real-time edge processing 

 AI explainability 

 Low-cost hardware solutions 

 

CONCLUSION 

ADAS is playing very important role in modern automotive safety. These systems reduce 

accidents, assist drivers and improve driving comfort. With advancement in AI, sensors and 

communication technologies, ADAS will become more reliable and intelligent. However 

challenges such as cost, cybersecurity and environmental limitations must be addressed. ADAS 

will continue to evolve and lead the path toward fully autonomous vehicles in future. 
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