COMPUTER RESEARCH AND DEVELOPMENT (ISSN NO:1000-1239) VOLUME 25 ISSUE 5 2025

Implementation of Doppler Radar in ADAS

Saurabh Joshil, Saurav Yadav?, Rahul Singh3, Saksham Jangid*
Dr. Amit Kumar Tewari®, Dr. Akhil Pandey®
12348 TECH Scholar, >5Professor
Computer Science & Engineering

Arya College of Engineering and I.T., Kukas, Jaipur

Abstract - The increasing demand for vehicular safety and automation has accelerated the
development of Advanced Driver Assistance Systems (ADAS). Among various sensor technologies,
Doppler radar has emerged as a reliable and cost-effective solution for detecting moving objects,
estimating relative velocity, and enhancing situational awareness under diverse environmental
conditions. This paper presents the implementation and integration of Doppler radar in ADAS,
focusing on its capability to detect and track nearby vehicles, pedestrians, and obstacles in real time.
By utilizing the Doppler effect, the system accurately measures the relative speed and direction of
surrounding objects, which is critical for functionalities such as adaptive cruise control, collision
avoidance, blind spot detection, and cross-traffic alerts. The proposed implementation includes
radar signal acquisition, processing algorithms, and object classification techniques, with a special
emphasis on low-latency response and noise mitigation. Experimental results demonstrate that
Doppler radar enhances system reliability, especially in scenarios with low visibility such as fog, rain,
or night-time driving. The study concludes by highlighting the advantages of radar sensor fusion
and outlines future scope for integrating Doppler radar with machine learning algorithms to further
improve ADAS capabilities and pave the way for fully autonomous driving.

Index Terms — Collision Avoidance, Adaptive Cruise Control, Blind Spot Detection, Doppler Effect,
Frequency Shift Measurement, Relative Velocity Detection, Antenna Array, Mixer and Receiver.

1.0verview of ADAS significantly minimizing the risk of collisions
L. and injuries.
Definition and purpose of ADAS-

) ) Role of Sensors in Modern Vehicles —
Advanced Driver Assistance Systems (ADAS)

are electronic technologies embedded within
vehicles to assist drivers in the driving process.
These systems are designed to enhance
vehicle safety by reducing human error, which
is a major contributor to road accidents.
ADAS can provide warnings, offer corrective
steering or braking actions, and even take full
control of certain driving tasks under defined
conditions. The ultimate goal of ADAS is to
improve driving comfort and efficiency while

Sensors are at the heart of any ADAS
architecture. They enable vehicles to
perceive their environment in real time,
facilitating accurate decision-making.
Commonly used sensors include:

Cameras for lane tracking, object recognition,
and traffic sign detection.

Ultrasonic sensors for short-range detection
in parking and low-speed maneuvers.
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LiDAR for high-resolution 3D mapping of the
surroundings.

Radar (including Doppler radar) for measuring
object distance and relative velocity, especially
in poor lighting or weather conditions.

These sensors continuously gather data about
the vehicle’s surroundings and internal status,
which is then processed by onboard systems
to activate safety features.

Growing importance in Automotive safety
and autonomy -

With increasing road traffic and safety
concerns, ADAS has become a key focus for
automobile manufacturers and regulatory
agencies. These systems not only provide
critical support to human drivers but also form
the foundation for higher levels of vehicle
autonomy (from Level 1 driver assistance to
Level 5 full automation). Governments
around the world are mandating certain ADAS
features (like automatic emergency braking) in
new vehicles, further accelerating their
adoption.

As we progress toward autonomous driving,
the importance of ADAS will continue to grow,
making it a vital component of the modern
intelligent transportation ecosystem.

2.Introduction to Doppler Radar Technology
Problem Statement -

There are many lidar and radar systems
available in the market for ADAS that can not
only detect and map the environment but also
tell us the speed of the oncoming nearby
vehicles as well as pedestrians, and accurately
measure the distance for ADAS and
autonomous driving systems.

But since most of them are laser-based, they
might not be very accurate in foggy or very
low light conditions. So here we use the
doppler radar that can work in all types of
light conditions and foggy environments as
well. Itis also capable of measuring very high

speeds that most of the other systems fail to
do.

Basic Working Principle (Doppler Effect) —

Doppler radar technology operates based on
the Doppler Effect, a physical phenomenon
where the frequency of a wave changes
relative to an observer moving relative to the
wave source. Inthe context of radar, when a
transmitted radio wave strikes a moving
object (such as another vehicle), the reflected
wave experiences a frequency shift
proportional to the relative velocity between
the radar and the object. By analyzing this
frequency shift, the radar system can
determine whether an object is approaching
or receding, as well as calculate its speed.
This makes Doppler radar particularly useful
for applications involving motion detection
and velocity estimation.

Types of Doppler Radar (CW, FMCW) —

There are two primary types of Doppler radar
systems used in automotive applications:

Continuous Wave (CW) Doppler Radar: This
system transmits a constant frequency signal
and is mainly used for measuring the speed of
moving objects. It cannot determine the
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distance to the object since thereisno
modulation or timing information.

Frequency-Modulated Continuous Wave
(FMCW) Radar: FMCW radar transmits a
continuously varying frequency (modulated
signal) and can measure both velocity and
range. By analyzing the frequency difference
between the transmitted and received signals,
FMCW systems can accurately calculate the
distance and speed of multiple targets,
making them more suitable for ADAS
applications.

Key parameters: Speed Detection, Range,
Velocity Resolution —

The performance of a Doppler radar systemin
ADAS depends on several key parameters:

Speed Detection: The core capability of
Doppler radar, allowing the system to
calculate the relative velocity of moving
objects with high accuracy, evenin low-
visibility conditions.

Range: Refers to the maximum distance at
which the radar can detect and track objects.
Automotive radars typically operate in the 24
GHz or 77 GHz bands, offering a detection
range of several meters to over 200 meters
depending on the system design.

Velocity Resolution: This indicates the radar’s
ability to distinguish between two objects
moving at slightly different speeds. Higher
velocity resolution enables more precise
motion profiling, especially in dense traffic
environments.

3.Need for Doppler Radar in ADAS:

Limitations of Existing Sensors (Camera,
Ultrasonic, LiDAR) —

While existing sensors such as cameras,
ultrasonic sensors, and LiDAR are integral to
ADAS, each has its own limitations, especially
under certain driving conditions:

Cameras: Cameras are excellent for object
detection and recognition, providing high-

resolution visual data. However, they are
heavily reliant on good lighting conditions and
can struggle in low-visibility scenarios such as
fog, rain, or at night. Cameras also have
limited depth perception, which can hinder
their ability to accurately gauge the distance
to objects at higher speeds.

Ultrasonic Sensors: Typically used for short-
range detection (parking assistance),
ultrasonic sensors have limited range and
accuracy. They also face challenges in
distinguishing between different types of
objects and detecting objects at higher
speeds, making them unsuitable for more
advanced ADAS applications.

LiDAR: LiDAR provides high-resolution 3D
mapping, making it effective for detecting
objects and measuring distances. However,
LiDAR sensors are generally expensive and
may be less effective in adverse weather
conditions, such as heavy rain or fog, where
water droplets can scatter light and reduce
the quality of the generated point cloud.

W rocoriionn
M e
I vwrssomd

Advantage of Radar in Poor Lighting and
Weather Conditions:

Doppler radar offers several distinct
advantages in challenging driving
environments, particularly where other
sensors may struggle:

Independence from Lighting: Unlike cameras,
which require adequate lighting to function
effectively, radar operates independently of
light sources. This makes it highly reliable in
low-light conditions such as nighttime driving
or tunnels.

Resilience to Weather: Radar waves are less
affected by environmental factors like rain,
fog, orsnow. While cameras and LiDAR may
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have difficulty in detecting objects in adverse
weather conditions, Doppler radar can
maintain high performance in these
environments. This makes radar an essential
tool for ensuring continuous monitoring and
safety in poor weather.

All-Weather Reliability: Doppler radar systems
are known for their ability to function in all
weather conditions, providing a consistent
and reliable means of detecting moving
objects, regardless of environmental
challenges.

4.Use Cases Where Doppler Radar Excels
(e.g., High-Speed Object Tracking)

Doppler radar excels in several use cases
where other sensors may be less effective or
reliable:

High-Speed Object Tracking: Doppler radar is
particularly well-suited for tracking fast-
moving objects, such as vehicles traveling at
high speeds on highways. The ability to
accurately measure the relative velocity of
objects without being affected by visual
clutter makes Doppler radar invaluable for
adaptive cruise control and collision avoidance
at high speeds.

Blind Spot Detection: Radar can detect
objectsin avehicle's blind spots, even when
they are moving at high speed, and alert the
driver or take corrective action if necessary.
This is especially crucial for highway driving,
where sudden lane changes can occur.

Forward Collision Warning and Automatic
Emergency Braking: Doppler radar can provide
early detection of approaching vehicles or
obstacles, enabling timely warnings or
automated braking to prevent collisions.

Pedestrian Detection: Although cameras and
LiDAR are commonly used for pedestrian
detection, Doppler radar can play a critical
role in detecting pedestrians even in low-
visibility conditions, such as fog or heavy rain,
ensuring safer interaction between vehicles
and pedestrians.

5.Common ADAS Applications Using Doppler
Radar -

Doppler radar technology plays a vital role in
several key applications within Advanced
Driver Assistance Systems (ADAS). The ability
to detect the relative velocity and position of
objects, combined with its robustness under
various environmental conditions, makes
Doppler radar indispensable for enhancing
vehicle safety and driving experience. Some
of the most common ADAS applications that
utilize Doppler radar are as follows:

Collision Avoidance Systems —

Collision avoidance systems are designed to
detect potential obstacles or other vehicles in
the path of the car and take preventive
actions such as applying the brakes or steering
away. Doppler radar excels in this area by
continuously monitoring the relative velocity
and distance of surrounding vehicles. The
radar can detect animminent collision even at
high speeds, providing sufficient time for the
system to issue a warning to the driver or
automatically apply brakes to mitigate or
prevent the crash. By measuring the velocity
of objects, Doppler radar is particularly
effective in high-speed scenarios, such as
highway driving.

Adaptive Cruise Control (ACC) —

Adaptive Cruise Control (ACC) is an advanced
version of traditional cruise control, which
automatically adjusts a vehicle's speed to
maintain a safe following distance from the
vehicle ahead. Dopplerradaris crucial in this
application, as it helps detect the relative
speed and distance of the vehicle ahead.

The radar continuously adjusts the vehicle's
speed based on the traffic conditions, slowing
down or accelerating as needed to maintain a
safe gap. In heavy traffic or stop-and-go
situations, ACC powered by Doppler radar can
help reduce driver fatigue and enhance safety
by autonomously maintaining proper distance
without requiring manual adjustments.
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Blind Spot Detection —

Blind spot detection is another important
ADAS feature that relies heavily on Doppler
radar. The radar sensors, typically placed on
the sides or rear of the vehicle, can detect
objects or vehicles in the blind spots that are
not visible through the rearview or side
mirrors. Doppler radar systems can monitor
the relative velocity and position of vehicles in
adjacent lanes, alerting the driver through
visual or audible warnings when it is unsafe to
change lanes. This functionality significantly
reduces the risk of collisions during lane
changes, particularly in high-speed driving
scenarios.

Cross-Traffic Alerts and Pedestrian Detection

Doppler radar is also essential in cross-traffic
alert systems, which help drivers avoid
collisions when reversing out of parking
spaces. Radar sensors placed at the rear of
the vehicle detect approaching vehicles or
pedestrians that might be in the vehicle's
path, issuing warnings to the driver before an
imminent collision occurs. This system is
particularly useful in parking lots, where
visibility is often limited and cross-traffic poses
a significant risk.

In addition to vehicles, Doppler radar can also
be used for pedestrian detection, which is
vital in urban environments or areas with high
foot traffic. The radar helps identify
pedestrians moving towards the vehicle, even
in low-visibility conditions like fog or rain.
This application is crucial for preventing
accidents in situations where pedestrians
might be hidden from the view of the driver
or other sensors.

6.Challenges in Implementation —

While Doppler radar offers numerous
advantages in the context of ADAS, its
implementation faces several technical
challenges that need to be addressed to
ensure optimal performance and reliability in

real-world driving scenarios. The key
challenges include signal processing
complexity, interference and noise handling,
and radar calibration and sensor fusion.

Signal Processing Complexity —

Doppler radar systems generate large
amounts of data that require complex signal
processing to extract meaningful information,
such as object velocity, distance, and
direction. The primary challenge lies in
efficiently processing these signals to ensure
real-time operation, which is critical for ADAS
applications like collision avoidance or
adaptive cruise control.

Radar signals are typically subject to
distortion due to environmental factors like
rain, snow, or fog, which further complicates
the signal processing. The processing
algorithms must be capable of distinguishing
between valid targets and noise, as well as
accurately tracking multiple moving objects
simultaneously. Furthermore, high-
resolution velocity detection requires
sophisticated filtering and data fusion
techniques to resolve potential ambiguities in
the radar data, especially in densely trafficked
or cluttered environments.

Interference and Noise Handling -

Radar systems often face interference from
various sources, including other radar
systems, electromagnetic waves, and even the
vehicle’s own electronic components. These
interferences can lead to false readings, signal
degradation, or complete signal loss. Radar
signals can also be affected by environmental
noise, such as precipitation or road surface
conditions, which can scatter or attenuate the
radar waves.

To address these issues, robust filtering
techniques, such as adaptive filtering or digital
signal processing (DSP), must be employed to
differentiate between real objects and
extraneous signals. In some cases, the radar
system needs to be shielded from external
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electromagnetic interference to maintain
accurate performance. Overcoming
interference and noise is particularly critical
for applications like forward collision warning
and adaptive cruise control, where split-
second decision-making is required to avoid
accidents.

Radar Calibration and Sensor Fusion —

Proper calibration of radar sensors is crucial
for accurate performance. Calibration
ensures that the radar's measurements of
distance, speed, and direction are precise and
reliable. However, calibration can be
challenging due to variations in the radar
sensor’s characteristics over time,
temperature fluctuations, or mechanical
misalignment. Regular calibration
procedures must be implemented to maintain
accuracy, especially as the radar system ages
or after vehicle repairs or adjustments.

In addition, Doppler radar data must often be
fused with information from other sensors,
such as cameras, LiDAR, and ultrasonic
sensors, to provide a comprehensive and
accurate picture of the vehicle's surroundings.
This sensor fusion is essential for overcoming
the limitations of individual sensors and
ensuring that the system performs well in
diverse environments and driving conditions.
However, effective sensor fusion involves
addressing discrepancies in data from
different sensor types, such as differences in
resolution, range, and detection accuracy.
Achieving seamless integration and
synchronization between radar and other
sensors is a significant challenge that requires
advanced algorithms and real-time processing
capabilities.

7.Research Motivation and Objectives —
Why This Topic is Significant Now —

The integration of Doppler radar technology
into Advanced Driver Assistance Systems
(ADAS) is increasingly vital in the context of
rapidly advancing automotive technology. As

vehicles evolve towards greater levels of
autonomy, the need for reliable, all-weather,
and high-performance sensor technologies
has never been more critical. Dopplerradar,
with its ability to detect velocity and range in
challenging environmental conditions such as
low visibility, fog, or inclement weather, is
emerging as a key enabler of these
technologies.

The growing global demand for safety
features in vehicles, driven by regulatory
pressures and consumer preferences, makes
this topic particularly timely. Governments
worldwide are mandating the inclusion of
ADAS features such as automatic emergency
braking (AEB), lane departure warning (LDW),
and adaptive cruise control (ACC) in new
vehicles. Doppler radar, being less
susceptible to environmental factors
compared to other sensors like cameras and
LiDAR, has become a cornerstone for ensuring
the effectiveness and reliability of these
systems, even in the most adverse conditions.

Moreover, with the automotive industry
actively moving towards fully autonomous
vehicles, understanding how Doppler radar
can contribute to safer, more reliable systems
is essential. This study seeks to explore the
challenges, benefits, and future prospects of
Doppler radar in ADAS, which could
significantly influence the development of
autonomous driving technologies.

What The Paper/Study Aims to Achieve —

The primary goal of this paper is to explore
the role of Doppler radarin the enhancement
of ADAS, highlighting its applications,
advantages, challenges, and future potential.
Specifically, the paper aims to:
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Analyse the Key Functions of Doppler radarin
ADAS, focusing on critical applications such as
collision avoidance, adaptive cruise control,
blind spot detection, and pedestrian
detection.

Examine the Challenges associated with the
implementation of Doppler radar technology,
including signal processing complexity, noise
handling, interference management, and
sensor calibration.

Investigate the Benefits of Doppler radarin
real-world driving conditions, particularly in
terms of performance in poor weather and
low-visibility environments.

Propose Potential Solutions for overcoming
the existing challenges in radar sensor
implementation, calibration, and integration
with other sensor systems.

Contribute to Future Research on improving
Doppler radar systems in ADAS, offering
insights into emerging technologies and
innovations that could shape the future of
automotive safety and autonomy.
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