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Abstract: 

Advanced driver assistance systems(ADAS) increase vehicle safety and provide for semi-autonomous driving. 

They help drivers in braking, steering, and in avoidance of collisions, among others. However, one of the factors 

that determine the effectiveness and reliability of the system actually lies in a non-technical context, the influence 

of external weather conditions. Several adverse weather conditions, including heavy rain, fog, snow, and full 

sunshine, can affect the performance of critical ADAS capabilities like ACC, LKA, AEB, and BSD. All these 

subsystems use a combination of sensor technologies: cameras, RADAR, LIDAR, and ultrasonic sensors, which 

are exposed to interference from environmental characteristics. This review attempts to critically evaluate the 

extant research about the influence of various kinds of adverse weather conditions on the operation of each of the 

subsystems of ADAS. It discusses its limitations when individual sensors deteriorate with weather and highlights 

the operational problems encountered by a real-world ADAS. Some of the extant strategies to overcome these 

problems will also be discussed in detail, including sensor fusion techniques and adaptation of algorithms with 

regard to changes in weather. Relevant research gaps to be outlined by this paper include inadequate all-round 

weather testing of the existing body of knowledge, the need for stronger techniques of sensor calibration, and the 

role of artificial intelligence in enhancing real-time adaptability. With these research gaps as its objectives, this 

paper aims to shed light on the improvement of the reliability of ADAS, with an assurance of safe and steady 

performance in any weather condition. These results will add to the continued development of stronger 

autonomous driving systems, and ultimately push vehicle safety and automation to the limits. 
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1. INTRODUCTION 

A. Background ADAS Features 

Advanced driver assistance systems represent integral components of modern vehicles[1], providing automated 

assistance for drivers in the realization of their various crucial tasks, including driving. The key way in which 

these systems eliminate human error and make for safer roads is by taking over such functions as braking, steering, 

and monitoring the surroundings of a vehicle. Most key features[2] of ADAS, including ACC, LKA, AEB, and 

BSD, base their decision for the driver on real-time data from sensors such as cameras, RADAR, LIDAR, and 

ultrasonic sensors. These have revolutionized vehicle safety by providing control, awareness, and a more 

significant amount of reaction time for the driver than has ever been the case before difficult driving situations. 
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Fig1. Block Diagram of ADAS Features 

B. Importance of ADAS in Road Safety  

No words could be pronounced about the importance of ADAS in road safety[3]. These systems function on two 

bases: minimizing the risk of accidents and enhancing driver situational awareness, while compensating for human 

errors. ADAS has been proven to reduce the number of collision and also mitigate accident severity and traffic 

fatalities. For instance, for maintaining a gap with other vehicles and AEB brakes automatically in situations that 

appear to threaten crashes, ACC can work effectively. Since vehicles are heading towards more fully automated 

levels of operation, ADAS forms a necessary starting point for full autonomy because it is a favourable path 

towards implementing more safety and comfort during driving. 

C. Impact of Weather Conditions on ADAS Performance: 

Safety-wise, it indeed has tremendous advancements, but its performance gets compromised with adverse weather 

conditions. Weather factors such as rain[4], fog[5], snow, or even severe sunlight would play havoc with sensors 

on which these systems function. For example, heavy rain simply obliterates the vision through cameras and radar, 

which reduces visibility and affects the ADAS systems' ability to clearly identify other vehicles, pedestrians, or 

lane markings. Besides lane detection and traction control, Snow and ice might affect other aspects of the system, 

while fog would limit the range of radar and lidar systems, weakening the capability to perceive obstacles. Sunlight 

might produce glare that will disturb the operation of the cameras, and this might also lead to incorrect readings 

or delayed responses. Therefore, it is important to know how various weather conditions affect the performance 

of the system for the sake of safety in any driving conditions. 



 ISSN 2277-2685 

IJESR/Jan-Mar. 2025/ Vol-15/Issue-1/202-213 

                                               Sai Harish Yenduriet. al., / International Journal of Engineering & Science Research 

 

204 
 

 

Fig2: Effect of Weather Conditions on the Performance of ADS 

D. Objective of the Literature Review   

This part of the literature review is mainly aimed at identifying ways whereby various weather conditions affect 

the functioning of different subsystems within the ADAS. In this research, studies will be consulted with regards 

to previous studies on exactly how rain, fog, snow, and sunlight would impact the performance of sensors as well 

as the reliability of ADAS in general. The review will try to outline the shortcomings of prevailing ADAS systems 

when weather is against them and most importantly, present an existing mitigation strategy. Further, this paper 

will delve into current trending technologies and techniques proposed in enhancing the reliability of ADAS under 

critical environmental conditions. 

E. Scope of Research Gaps  . 

While ADAS has witnessed tremendous developments in technologies, so many gaps exist in understanding 

exactly how such systems behave in real weather conditions. Very recent work scarcely performs thorough testing 

for a wide range of environmental scenarios, especially adverse weather conditions.  

Scope: A few research gaps are identified in literature review related to sensor calibration, the adaptation of real-

time weather and techniques for sensor fusion. The review will also address the need for more powerful algorithms 

and AI-based solutions to be proposed that would boost ADAS capabilities during harsh and adverse weather 

conditions, thereby in the process opening possibilities for further research to bridge those gaps and ensure safe 

and reliable operation for every situation of ADAS. 

 

2. ADAS AND SENSOR TECHNOLOGIES 

A. Types of Sensors Used in ADAS   

The effective functioning of Advanced Driver Assistance Systems (ADAS) relies heavily on a variety of sensors 

that continuously monitor the environment surrounding the vehicle. Each type of sensor contributes a specific 
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capability that enhances the vehicle's ability to interpret and react to road conditions. The primary sensors used in 

ADAS include: 

Table1: Sensors Used in ADAS  and their Limitations 

Sensor Type Function Strengths Limitations 

Camera 

Visual recognition, lane 

detection, object 

identification 

High-resolution images, 

detailed recognition 

Affected by rain, snow, 

glare; limited at night[7] 

Radar 

Distance and speed 

detection, object 

tracking 

Works in most weather 

conditions, long range 

Low resolution, less 

effective in complex 

scenarios 

[8] 

Lidar 

3D mapping, distance 

measurement 

High accuracy, excellent 

object detection 

Impacted by fog, snow; 

expensive to implement 

[9] 

Ultrasonic 

Short-range object 

detection (parking 

assistance) 

Effective at low speeds, 

works in close proximity 

Limited range, affected 

by surface 

interference[4] 

The combination of the sensors creates a multilayered approach to environmental detection, enabling ADAS 

systems to operate effectively in normal driving conditions. The integration of multiple sensors, known as sensor 

fusion, helps to compensate for the limitations of individual sensors by cross referencing data from different 

sources. 

B. Sensor Performance in Ideal Weather Conditions   

Most likely, under optimal weather conditions with clear skies, strong lighting, and dry roads, ADAS sensors 

function flawlessly. Cameras have the potential for extreme resolution and sharp detail, useful for lane detection, 

traffic sign recognition, or even pedestrian or obstacle detection. Under such conditions, LKA, BSD, and even 

parking assistance systems would act safely and effectively. 

The radar sensor works best when weather conditions[10] are ideal because it allows accurate detection of moving 

objects, such as other vehicles, even when traveling at high speed. Indeed, that is why radar is increasingly gaining 

importance in systems such as ACC (Adaptive Cruise Control) and AEB (Automatic Emergency Braking), for 

safe distance management and prompt response to changes in traffic flow. 

Lidar's ability to create a very detailed map of the environment surrounding the car[11] can work exceptionally 

well even in very good weather, and the system can correctly understand distance and size measurements of 

objects. This is especially important for autonomous or semiautonomous driving systems. 

Ultrasonic sensors are best suited for parking and low speed[12], however it also works well in good conditions. 

They can give short-range obstacle detection with respectable accuracy which can come handy in applications for 

daily usage such as parallel parking and considerable obstacle avoidance in tight spaces. 

Summarizing, ideal situation sensors would hence, therefore be perfectly cooperating together in allowing the 

ADAS functionalities to work so that the maximum ability of the driver to drive safely is reached. 
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C.  Overview of Sensor Limitations in Adverse Weather   

Rain, snow, fog, and glare are examples of adverse weather conditions that can significantly reduce the efficacy 

of ADAS sensors. Certain climatic conditions might affect different types of sensors, resulting in reduced system 

performance and occasionally even transient system breakdowns  

The limits of each type of sensor in bad weather are compiled in the following table:  

Table2: Limitations of each sensor type under adverse weather conditions 

Sensor Type Adverse Weather 

Conditions 

Limitations 

Camera Rain, snow, fog, glare Reduced visibility, blocked lens, incorrect 

readings 

Radar Heavy rain, snow Reflection interference, reduced range and 

accuracy[10] 

Lidar Fog, snow Scattered laser beams, false readings, reduced 

range [11] 

Ultrasonic Rain, snow Signal interference, blocked sensors[12] 

In conclusion, while ADAS sensor technologies perform well in ideal weather conditions, their reliability can 

decrease significantly in adverse weather. Understanding these limitations is crucial for developing mitigation 

strategies, such as sensor fusion and advanced algorithms, to improve ADAS functionality in real world driving 

environments. 

 

3. IMPACT OF WEATHER ON ADAS SUBSYSTEMS 

Weather conditions have profound effects on the performance of Advanced Driver Assistance Systems, as they 

may interrupt the functionality of the sensors on which these systems base their operation. Each type of adverse 

weather condition poses unique challenges that could result in poor system performance or failure altogether. 

Below is an exploration of how rain, fog, snow, ice, and sunlight impact various ADAS subsystems. 

A. Rain: Effects on Camera Clarity, Radar Reflection, and Braking Systems   

Rain is one of the most common weather conditions, and it can significantly impair the functionality of several 

ADAS features. 

Table3: Impact of Rain on ADAS Subsystems 

ADAS Subsystem Impact of Rain 

Cameras (LKA, TSR) Blurred images, reduced visibility of road markings[13] 

Radar (ACC, AEB) Scattered radar waves, false readings[14] 

Braking Systems (AEB) Reduced braking effectiveness due to wet road surfaces[14] 

B. Fog: Limitations on Visibility and Object Detection   
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Fog presents significant challenges for ADAS sensors, particularly those relying on visual and laser-based 

detection. 

Table4: Impact of Fog on ADAS Subsystem[15] 

ADAS Subsystem Impact of Fog 

Cameras (LDW, LKA) 
Reduced visibility, difficult to detect lane markings 

Lidar (FCW, AEB) 
Scattered laser beams, reduced object detection 

Radar (ACC) Reduced detection range and accuracy 

C. Snow and Ice: Effects on Sensor Obstruction, Traction Control, and Lane Detection  

In addition to posing difficulties for sensor function, snow and ice significantly impair the vehicle's 

overall road control. 

Table5: Impact of Snow and Ice  on ADAS subsystem 

ADAS Subsystem Impact of Snow and Ice 

Cameras (LKA) Inability to detect lane markings [15] 

Radar, Lidar (ACC, AEB) Obstructed sensors, reduced detection accuracy 

Braking Systems (AEB, TCS) Reduced traction, longer stopping distances 

D. Sunlight and Glare: Effects on Cameras and Optical Sensors   

Sunlight, particularly when low on the horizon, can cause glare that interferes with ADAS sensor functionality. 

Table6: Impact of Sunlight and Glare on ADAS Subsystem 

ADAS Subsystem Impact of Sunlight and Glare 

Cameras (TSR, LDW) Glare distorts image clarity, affects detection 

Optical Sensors (FCW, Surround View) Reduced accuracy due to bright reflections 

Weather conditions such as rain, fog, snow, and sunlight drastically affect the performance of the ADAS 

subsystems since their clarity, range, and accuracy are literally battered. Awareness of the problem each of the 

weather conditions poses to different sensors and subsystems is important in order to improve the reliability of 

the ADAS system in the real world. These form the basis for developing robust sensor fusion techniques and 

weather-adaptive algorithms to combat these problems. 

 

4. PERFORMANCE OF SPECIFIC ADAS FEATURES IN WEATHER CONDITIONS 

Weather conditions affect the performance of some ADAS features. The features developed aim to provide safety 

to the vehicle and make driving convenient. Yet, any rain, fog, snow, ice, or brightness can compromise the 

effectiveness of some of them. All these used features are reliant on camera, radar, and lidar sensors, all of which 

are affected by harsh weather conditions. Here is a summary table of how different weather conditions affect core 

ADAS capabilities.: 
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Table7: Performance Of Specific ADAS Features In Weather Conditions 

ADAS Feature Normal 

Conditions 

Rain Fog Snow/Ice Sunlight/Glare 

Adaptive 

Cruise Control 

(ACC) 

Accurately 

maintains speed 

and distance 

using radar. 

Radar 

reflection may 

cause 

inaccurate 

distance 

readings. 

Reduced radar 

range in dense 

fog. 

Snow may 

block radar, 

causing system 

errors or 

failures. 

Minimal effect 

on radar 

performance. 

Lane Departure 

Warning 

(LDW) and 

Lane Keeping 

Assist (LKA) 

Effectively 

detects lane 

markings using 

cameras. 

Rain can blur 

camera images, 

reducing lane 

detection. 

Camera 

visibility 

reduced, 

leading to lane 

detection 

errors. 

Snow covers 

lane markings, 

making 

detection 

impossible. 

Glare may 

affect camera's 

ability to detect 

lane markings. 

Automatic 

Emergency 

Braking (AEB) 

Quickly detects 

obstacles and 

brakes using 

radar and camera. 

Radar 

performance is 

reduced, 

increasing 

braking 

distance. 

Object 

detection 

delayed due to 

poor 

visibility. 

Slippery roads 

increase braking 

distance; snow 

affects sensor 

performance. 

Glare may delay 

camera-based 

object 

detection. 

Blind Spot 

Detection 

(BSD) 

Accurately 

monitors blind 

spots using radar. 

Reduced 

accuracy if rain 

interferes with 

radar 

reflections. 

Less affected 

by fog due to 

short-range 

radar. 

Ice or snow 

accumulation 

may block 

sensors. 

Minimal effect 

on radar 

functionality. 

Forward 

Collision 

Warning 

(FCW) 

Uses radar and 

cameras to detect 

obstacles ahead. 

Radar 

interference 

may lead to 

false alarms or 

missed 

detections. 

Reduced 

camera and 

radar 

effectiveness, 

increasing 

collision risk. 

Snow may 

block 

radar/camera, 

increasing 

detection 

failure. 

Camera's 

detection 

accuracy is 

impacted by 

glare. 

Traffic Sign 

Recognition 

(TSR) 

Detects and 

interprets signs 

using cameras. 

Water droplets 

on camera lens 

may prevent 

clear sign 

recognition. 

Reduced 

visibility 

makes it 

difficult for 

cameras to 

detect signs. 

Snow-covered 

signs are often 

unrecognizable. 

Glare can 

obscure traffic 

signs from the 

camera's view. 
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Parking 

Assistance 

Systems 

Uses ultrasonic 

sensors for close-

range object 

detection. 

Rain may 

distort sound 

waves, causing 

inaccurate 

distance 

readings. 

Fog has 

minimal 

impact due to 

the system’s 

short-range 

focus. 

Snow may 

block sensors, 

reducing 

detection 

capabilities. 

Minimal effect; 

system 

functions 

normally in 

bright light. 

Surround View 

Cameras and 

Cross Traffic 

Alert 

Provides a 360-

degree view using 

cameras and 

radar. 

Rain reduces 

image clarity 

and radar range, 

limiting 

effectiveness. 

Cameras and 

radar may 

struggle to 

detect objects 

in low 

visibility. 

Snow blocks 

camera and 

radar sensors, 

leading to blind 

spots. 

Sunlight glare 

can reduce 

camera clarity, 

affecting the 

view. 

5. CURRENT APPROACHES TO MITIGATE WEATHER IMPACT 

ADAS manufacturers and researchers try to advance ways that can counter the implications of adverse weather 

conditions on ADAS by improving various sensor performance, ensuring accuracy, and dependability of data 

generated under varied weather. The following is a table summarizing current approaches applied in the reduction 

of the impact of weather on ADAS functionality:. 

Table8: Current Approaches To Mitigate Weather Impact 

Mitigation Approach Description Benefits 

Sensor Fusion[16] 

Combines data from multiple 

sensors (cameras, radar, lidar) 

to create a comprehensive 

understanding of the 

environment. 

Improves accuracy and 

reliability by compensating 

for the weaknesses of 

individual sensors. 

Advanced Algorithms for Weather 

Detection and Compensation 

[17] 

Utilizes machine learning and 

adaptive algorithms to detect 

weather conditions in real-time 

and adjust sensor performance 

accordingly. 

Enhances the system's 

responsiveness to changing 

weather conditions, 

maintaining safety. 

Calibration Techniques for Real-Time 

Adjustments [18] 

Implements dynamic 

calibration of sensors to ensure 

optimal performance in varying 

weather conditions by 

correcting biases and errors in 

sensor data. 

Helps maintain accuracy in 

detection and performance, 

regardless of environmental 

factors. 

V2X Communication[19] Leverages vehicle-to-

everything (V2X) 

Enhances situational 

awareness and improves 
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communication to share 

information about weather 

conditions, road hazards, and 

other vehicles’ sensor data. 

decision-making, especially in 

poor weather. 

 

6. RESEARCH GAPS AND FUTURE DIRECTIONS 

These crucial gaps in research point towards further elaboration and innovative work as the development of 

Advanced Driver Assistance Systems continues to advance. It is critical to bridge these gaps to enhance the 

reliability and safety of ADAS over changing weather conditions. 

A. Limitations in current Sensor Technology 

Even with tremendous progress in sensor technology, much is yet to be achieved. While cameras, radar, and lidar 

all represent forms of current sensors, each has its own inherent weaknesses that are amplified under adverse 

weather. While radar performs reasonably well under low visibility conditions, it may well have issues under 

heavy rain or snow. Cameras are especially susceptible to problems from glare and obscuration by rain or fog. 

This means the sensor technologies have to be engineered with greater strength to still maintain performance over 

a much larger environmental condition spectrum. Next-generation research on novel sensor designs, advanced 

materials, and hybrid sensor systems will be necessary. 

B. Gaps in Real-World Testing Across Various Weather Conditions 

The largest body of existing research on ADAS has been conducted within a controlled environment and may not 

adequately capture the real world at all. Under the diversified sets of weather conditions, such as heavy rainfall, 

fog, snow, and high sun, there is a lack of field testing at large, and this gap may trigger wrong assumptions 

regarding these systems' behaviour in routine driving scenarios. More research is suggested, taking into account 

the detailed real-world tests conforming to diverse weather conditions, with a better understanding of how ADAS 

can be improved for safety and reliability. 

C. Need for Weather Adaptivity of High-Performance Algorithms 

Despite the availability of numerous algorithms for weather condition detection, there is still a need for more 

accurate and adaptively adaptable algorithms; these should measure the efficiency of sensors precisely based on 

real-time weather conditions. Currently, no systems adaptively compensate for degradation due to environmental 

factors against sensor performance. Research should be in the area of algorithm development that evolves 

dynamically with the weather, while at no point does ADAS lose functionality and safety. In this respect, machine 

learning approaches can be used to improve decisions made through multiple varieties of data. 

D.  Promise of AI Models for Predictive and Real-Time Resilience 

Artificial Intelligence is probably one promising area of improvement in resilience while offering ADAS with 

outstanding adaptability under diverse weather conditions. With the use of an AI-based model, one could analyse 

vast amounts of data input from different sources, making room for predictive analytics that enables extrapolations 

into possible changes in weather patterns or how they will influence driving conditions. Its integration into the 

current ADAS features has allowed researchers to create a system that does not simply react to conditions in its 

immediate surroundings, but predicts and adapts to what is ahead. This would significantly enhance safety and 

dependability of ADAS, thereby making it even more resilient to adverse weather effects. 



 ISSN 2277-2685 

IJESR/Jan-Mar. 2025/ Vol-15/Issue-1/202-213 

                                               Sai Harish Yenduriet. al., / International Journal of Engineering & Science Research 

 

211 
 

To summarise, very fundamental areas of research gaps remain in sensor technology, testing in real-world 

scenarios, adaptive algorithms in relation to weather, and AI-based predictive models related to the ADAS 

capabilities. Focusing in this area will help future research to build much more reliable and effectual systems 

which ensure safety for the driver across all types of weather. 

 

7. CONCLUSION 

In this literature review, we studied the multi-dimensional interaction between weather conditions and the 

performance of ADAS. Improving autonomous driving technologies pose a critical need to understand how 

different environmental conditions affect the system so as to promote road safety. 

A. Summary of Key Findings 

Our analysis indicated that adverse severe weather such as rain, fog, snow, or bright sunlight significantly impairs 

the functionality of core vehicle features associated with ADAS systems like ACC, LDW, AEB, and many more. 

All the subsystems rely on sensor combinations. Safety implications may emerge if sensor performance is 

degraded by severe environmental conditions. For instance, the resolution of a camera may be affected by rain, 

the visibility may get decreased with fog, and snow would cover sensors, which are all indicative of the current 

weakness in the technology. 7.2 Relevance in Overcoming Inclement Weather-Related Issues for ADAS The 

conclusion drawn from this research and development emphasizes the overcoming these inclement weather-

related issues to make the ADAS safer and more reliable. 

As the use of self-driving and semi-auto driving vehicles picks up pace, it is important that such systems work in 

a robust and reliable manner under all weather conditions. Failure to account for weather impacts could lead to 

accidents and undermine public confidence in ADAS technologies. In this regard, it becomes essential that 

researchers, manufacturers, and policymakers collaborate in developing robust solutions that enhance system 

resilience in the face of adverse weather. 7.3 Future Research Directions  In the near future, research should focus 

on several key areas, which will further enhance the performance of ADAS in diverse weather conditions. 

This includes investments in robust sensor technologies that can withstand environmental challenges, extensive 

real-world testing of diverse weather scenarios, and more rigorous development of weather-adaptive algorithms. 

Beyond this, the application of artificial intelligence in bringing predictive models allows systems to predict and 

react to changing circumstances. By focusing on these research directions, we have our path toward safer, more 

reliable ADAS technologies for an even better driving experience. Therefore, such a research study on the 

relationship between weather conditions and vehicle ADAS performance is a fundamentally important subject 

that warrants further investigation. The elimination of identified challenges and gaps will make it possible to 

further advance the development of ADAS technologies with direct implications for roadways becoming safer for 

all users. 
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