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Abstract 

This article aims to thoroughly investigate Frequency Modulated Continuous Wave (FMCW) radar 

technology and its utility in today's interconnected and automated society. It focuses on the UMRR-

S sensor, a key innovation, and its application in the Southwick Tunnel Detection [1]. Test Bed. 

Through a deductive methodology, it establishes a fundamental understanding of FMCW technology 

and how it has transformed various applications, from enhancing the efficiency of mobile 

communication networks to advancing autonomous vehicles [2]. The article also delves into specific 

applications, such as the UMRR-S sensor, which surpasses Advanced Driver Assistance Systems 

(ADAS) requirements and highlights an evaluation project in a complex tunnel environment. These 

analyses provide a comprehensive view of the transformative potential of FMCW radar technology 

in modern technological infrastructures. FMCW radar technology has become an indispensable tool 

in various cutting-edge applications, owing to its precision and robustness, even in adverse weather 

conditions like fog, rain, or snow. Unlike traditional radar systems, FMCW radar employs a 

continuous wave signal, modulating its frequency to determine both object distance and speed, 

making it highly versatile. This technology plays a crucial role in telecommunications, enabling 

precise measurement of signal distances and data packet speeds, and in the Internet of Things (IoT), 

where it is used for applications such as smart homes, industry 4.0, and agriculture for data collection, 

object detection, and environmental monitoring. Moreover, FMCW radar has had a significant impact 

on the development and operation of autonomous vehicles, contributing to functions such as collision 

avoidance, lane-change assistance, and fully autonomous navigation, enhancing public safety [3]. 
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A. Scope and Methodology 

 

The overarching objective of this essay is to 

conduct a comprehensive investigation into 

the progress and utility of FMCW radar 

technology in our increasingly interconnected 

and automated society. Specifically, our focus 

centers on the UMRR-S sensor, a pivotal 

innovation in this field, and explores its 

practical application within the Southwick 

Tunnel Detection Test Bed context. 

Employing a deductive research methodology, 

we commence by establishing a foundational 

understanding of FMCW radar technology, 

shedding light on how this radar system has 

revolutionized a wide array of applications. 

These applications range from enhancing the 

efficiency of mobile communication networks 

to laying the groundwork for the next 
generation of autonomous vehicles. 

 

Subsequently, the essay narrows its focus to 

specific use cases of this groundbreaking 

technology. One such instance is the 

development of the UMRR-S sensor, a 

collaborative effort between the automotive 

giant Volkswagen AG and radar technology 

specialists smart microwave sensors GmbH. 

We delve into how this sensor, operating 

within the 24 GHz ISM band, not only fulfills 

but surpasses the requirements for Advanced 

Driver Assistance Systems (ADAS). 

Additionally, we discuss the evaluation project 

conducted at the Southwick Tunnel Detection 

Test Bed, which features the smartmicro 

Radar System. This project serves as a 

concrete illustration of how FMCW radar 

technology can be effectively applied to meet 

sophisticated detection criteria in complex 

environments like tunnels. 
 

Through a comprehensive analysis spanning 

both macro and micro levels, this essay strives 



to provide a holistic perspective on the 

transformative potential and real-world 

effectiveness of FMCW radar technology. By 

adopting this dual focus, readers will not only 

gain insights into the theoretical 

underpinnings but also the practical 

applications that underscore the 

indispensability of FMCW radar technology in 

contemporary technological infrastructures. 

B. General Applications of FMCW Radar 

 

The Frequency Modulated Continuous Wave 

(FMCW) radar principle is widely employed 

in automotive radar systems, where it entails 
the generation of frequency ramps to measure 

both distance and velocity. This paper 

introduces two methodologies utilizing the 

Fast Fourier Transform, which have been 

validated using a 24 GHz radar prototype 

constructed with a SiGe radar chipset on 

Infineon's B7HF200 process, featuring a 

transition frequency of 200 GHz [1]. 
 

Frequency Modulated Continuous Wave 

(FMCW) radar technology has emerged as an 

indispensable instrument in numerous cutting-

edge applications, owing to its unparalleled 

precision and robustness, even in adverse 

environmental conditions like fog, rain, or 

snow. Unlike traditional radar systems that 

send out pulsed signals, FMCW radar employs 

a continuous wave signal, modulating its 

frequency to ascertain not just the distance of 

an object but also its speed. This dual 

capability makes it exceedingly versatile and 

well-suited for a broad range of applications. 

 

In the domain of telecommunications, 

particularly in mobile networks, FMCW radar 

technology plays a crucial role. It facilitates 

seamless data transfer, contributes to network 

optimization, and improves service quality by 

enabling accurate measurement of signal 

distances and data packet speeds between 

various network nodes. The Internet of Things 

(IoT) is another area where FMCW radar 

stands out; it is often used in applications such 

as smart homes, Industry 4.0, and even 

agriculture for accurate and reliable data 

collection, object detection, and 

environmental monitoring. 

One sector where the technology's impact has 

been particularly transformative is in the 

development and operation of autonomous 

vehicles. The necessity for these vehicles to 

navigate through complex environments, 

avoiding collisions while making real-time 

decisions, has made FMCW radar 

indispensable. Not only does it contribute to 

basic functions like cruise control, but it is also 

vital for more advanced operations such as 

lane-change assistance, collision warning, and 

even fully autonomous navigation. By offering 
high-resolution object detection capabilities, 

FMCW radar provides a safety net that helps 

prevent accidents, thereby contributing to 

public safety. 

 

C. The UMRR-S Sensor's Innovative 

Advancements 

 

One of the most noteworthy advancements in 

the field of Frequency Modulated Continuous 

Wave (FMCW) radar technology is the 

creation of the UMRR-S sensor [2]. This 

innovative sensor is the result of a 

collaborative venture between two industry 

giants: Volkswagen AG, a leading name in 

automotive manufacturing, and Smart 

Microwave Sensors GmbH, a pioneering firm 

specializing in radar technology. Operating 

within the 24GHz Industrial, Scientific, and 

Medical (ISM) frequency band, the UMRR-S 

sensor was specifically engineered to serve a 

myriad of Advanced Driver Assistance 

System (ADAS) functionalities, thereby 

significantly enhancing vehicle safety and 

navigation [2]. 

 

What sets the UMRR-S sensor apart is its 

remarkable versatility; it has the capability to 

operate in multiple modes, including both 

Ultra-Wideband (UWB) Pulse and various 

Narrowband FMCW modes. This multi-modal 

functionality enables it to adapt to a wide 

range of applications and operational 

conditions. Furthermore, the sensor is 

designed with seamless integration in mind. It 

can effortlessly become part of an existing 



sensor network or serve as the foundational 

element in a new network comprising multiple 

UMRR-S sensors. 

Adding another layer of sophistication, the 

UMRR-S sensor is also compatible with 

77GHz long-range radar systems. This 

interoperability allows it to work in tandem 

with other radar systems to provide a more 

comprehensive detection and tracking 

solution. Among its most advanced features is 

its ability to generate distinct radar reflectors 

from a single physical object. This capability 

is emblematic of the high level of precision 

and adaptability that FMCW radar technology 
can offer, serving as a testament to its ever-

increasing potential in contemporary 

applications. 

These groundbreaking features not only mark 

a milestone in the development of FMCW 

radar technology but also have broader 

implications for the entire automotive 

industry, particularly in the sphere of 

autonomous and semi-autonomous vehicles. 

By successfully bringing together precision, 

versatility, and integration capabilities, the 

UMRR-S sensor effectively exemplifies the 

rapid advancements being made in radar 

technology [4]. 

 

D. Role of Sensors in Autonomous Vehicles 

 

 
 

Figure 1. [5] 

 

In the essay titled "Sensor and Sensor Fusion 

Technology in Autonomous Vehicles: A 

Review," the authors De Jong Yeong, G. 

Velasco-Hernández, John Barry, and Joseph 

Walsh undertake an exhaustive exploration of 

the pivotal role that sensors play in the domain 

of autonomous vehicles. They assess the 

effectiveness of an array of sensor types, 

including but not limited to vision cameras, 

LiDAR sensors, and radar sensors, under 

varying operational conditions. The analysis 

places significant emphasis on the 

foundational importance of sensor calibration 

as a prerequisite step for optimizing sensor 

fusion and object detection capabilities [6]. 

In addition to evaluating the performance of 

individual sensors, the authors also conduct an 

in-depth review of available open-source 

calibration packages specifically designed for 

multi-sensor calibration. They explore how 

these packages are compatible with an array of 
commercial sensors commonly employed in 

the industry. Through this comprehensive 

review, they offer invaluable insights not only 

into the hardware specifications required for 

effective sensor operation but also into the 

software methodologies that are instrumental 

for successful sensor fusion and object 

detection in autonomous vehicles [6]. 

 

E. Innovative Imaging Techniques: MIMO-

SAR 

 

The essay "MIMO-SAR: A Hierarchical High-

Resolution Imaging Algorithm for mmWave 

FMCW Radar in Autonomous Driving" by 

Xiangyu Gao, Sumit Roy, and Guanbin Xing 

presents an innovative imaging algorithm 

designed for vehicular MIMO radar systems. 

In their work, the authors introduce the 

concept of a multiple-input and multiple-

output synthetic aperture radar (MIMO-SAR), 

which employs coherent SAR principles to 

notably enhance side-view (angular) 

resolution [7]. 

The validity of this cutting-edge MIMO-SAR 

imaging technique is corroborated through 

comprehensive simulations as well as real-

world experiment data, collected using a 

specialized vehicle-mounted radar platform. 

These empirical findings strongly indicate the 

technique's efficacy in significantly 

augmenting the capabilities of autonomous 

driving systems, underscoring its practical 

relevance and potential for wider adoption in 
the field [7]. 

 



F. Wireless Technologies and Sensor Fusion 

 

In "On the Integration of Enabling Wireless 

Technologies and Sensor Fusion for Next-

Generation Connected and Autonomous 

Vehicles", Faran Awais Butt, J. Chattha, 

Jameel Ahmad, Muhammad Umer Zia, 

Muhammad Rizwan, and I. Naqvi provide a 

comprehensive review of wireless 

technologies and sensor fusion in the context 

of next-generation connected and autonomous 

vehicles. The authors discuss data acquisition 

using various sensing devices and the fusion of 

the acquired data after signal processing. They 

also review the communication and 

networking infrastructure for intra- and inter-

vehicle communication. This essay offers a 

broad perspective on the integration of 

wireless technologies and sensor fusion in the 

development of future connected and 

autonomous vehicles [8]. 

 

G. Machine Learning Approaches: LSTM 

Networks 

 

 
Figure 2. [9] 

 

The article "LSTM Based Classification of 

Targets using FMCW Radar Signals" by 

Oytun Güneş and Ö. Morgül introduces an 

innovative approach to target classification 

using Frequency Modulated Continuous Wave 

(FMCW) radar signals. The authors contribute 

to the field by generating a dataset of 300 

spectrograms, which they produce by 

simulating 24GHz FMCW radar signals [10]. 

Building on this dataset, Güneş and Morgül 

extract distinguishing features from the Micro-

Doppler patterns visible on the spectrogram 

images. They then proceed to train a Long 

Short Term Memory Network (LSTM) using 

these extracted features. The proposed 

methodology achieves remarkable results—an 

average accuracy and F1 score of 95% on the 

test set. These findings not only outperform 

some existing methods but also underscore the 

potential of LSTMs in the effective 

classification of targets using FMCW radar 

signals [10]. 

 

H. Real-world Application: Southwick Tunnel 

Detection Test Bed 

 

The first part of the evaluation project focuses 

on the installation and application of the 
smartmicro Radar System within the 

Southwick Tunnel Detection Test Bed. This 

assessment is a collaborative effort between 

Cogniva Consultancy Limited and Highways 

England. The project aims to utilize FMCW 

radar technology to meet specific detection 

criteria within the challenging environment of 

a tunnel. One of the standout features of this 

project is its design philosophy, which places 

a strong emphasis on the non-intrusive 

installation of radar equipment within the 

tunnel [7]. 

 

In addition to radar technology, the Southwick 

Hill Tunnel Detector Test Bed is equipped 

with 18 CCTV cameras that operate around the 

clock, allowing for 24/7 monitoring. This 

multi-modal surveillance approach provides 

the opportunity for an independent evaluation 

of the smartmicro Radar System. The results 

of the evaluation ensure that the radar system 

meets the high standards required for accuracy 

in incident alarms detection. The successful 

implementation and validation of this system 

underscore the real-world applicability and 

versatility of FMCW radar technology in the 

fields of transportation and surveillance [7]. 

 

I. Debate Around Autonomous Driving 

 

The debate around autonomous driving is a 

source of much discussion. While many 

believe that autonomous vehicles will provide 
a better future by increasing road safety, 

lowering infrastructure expenses, and 

improving mobility for children, the elderly, 



and the disabled, others are concerned about 

incidences of automotive hacking, the 

likelihood of fatal crashes, and the loss of 

driving-related professions. 

 

 To better comprehend how safe self-driving 

cars are, it’s necessary to first understand how 

they function, as well as what kind of sensors 

autonomous vehicles use to determine where 

they should travel and recognize things on the 

road to avoid automobile accidents. The 

sensors used in Autonomous Vehicles (AVs) 

gather data with diverse and multimodal 

characteristics. This data is then synthesized to 
form effective decision-making protocols. It's 

clear, therefore, that sensors hold a pivotal role 

in the decision-making processes of AVs. 

 

In recent years, there have been significant 

advancements in radar technology that have 

revolutionized many modern applications. 

One such advancement is the development of 

FMCW (Frequency Modulated Continuous 

Wave) radars, which have become an essential 

tool for a variety of industries. FMCW radars 

are crucial for detecting objects accurately, 

with high resolution and range, making them 

ideal for a range of applications, from aviation 

and maritime navigation to autonomous 

driving [11]. 

 

J. Technological Fundamentals and 

Mechanism 

 

Frequency Modulated Continuous Wave 

(FMCW) radars employ a remarkably 

advanced technology that allows them to carry 

out precise measurements of both the distance 

and speed of objects within their range. As 

elaborated by V. Chandrasekar, this 

technology fundamentally operates on the 

principle of modulating a continuous 

radiofrequency wave over a specific time 

duration [12]. The modulation process results 

in a frequency signal whose variation is linear 

over time. This varying frequency signal can 

be meticulously analyzed to calculate the 

distance or range of the object under 

observation. One key point to note is the 

relationship between signal bandwidth and 

range resolution: the precision of the range 

measurement is inversely proportional to the 

signal's bandwidth. This means that employing 

a broader bandwidth yields a higher range 

resolution, thus allowing for more accurate 

distance measurements. 

 

When the modulated radiofrequency wave 

interacts with an object in its path, a portion of 

the wave is reflected toward the radar receiver. 

The system then measures the frequency 

difference between the transmitted wave and 

the received, reflected wave. This frequency 

difference allows the radar to ascertain the 
time delay between the transmission and 

reception of the signal. Because this time delay 

is directly proportional to the distance to the 

object, the radar can make highly accurate 

distance calculations. This level of precision is 

not just a technical feat but an essential 

requirement in various critical applications.  

For instance, in the field of autonomous 

driving, precise distance measurements are 

fundamental for functions such as collision 

avoidance and lane-changing maneuvers. 

Similarly, in aerial drone applications, 

accurate distance measurements can be the 

difference between successful navigation and 

a collision. Therefore, the technological 

sophistication of FMCW radars has wide-

ranging implications for numerous sectors 

where precision is of utmost importance [12]. 

 

K. Broad Industry Applications 

 

One of the standout features of Frequency 

Modulated Continuous Wave (FMCW) radar 

technology is its capability to accurately detect 

the speed of objects in real-time. This is 

accomplished by analyzing changes in 

frequency modulation over a specific time 

duration. The underlying principle that makes 

this possible is the Doppler effect: the 

frequency shift caused by the object's motion 

is directly proportional to its velocity. By 

calculating this frequency shift, the FMCW 

radar can provide highly precise 
measurements of an object's speed. This 

attribute is invaluable in numerous 

applications across various sectors. For 



example, in traffic management systems, 

being able to gauge the speed of vehicles in 

real-time allows for more effective control and 

prevention of traffic congestion. Similarly, in 

weather monitoring, the velocity of weather 

phenomena like tornadoes or thunderstorms 

can be tracked to make more accurate 

forecasts. The military also benefits from this 

feature for surveillance purposes, where the 

speed of incoming or outgoing objects can be 

a critical factor in operational decisions [13]. 

 

Another remarkable advantage of FMCW 

radars lies in their ability to offer high-
resolution range detection. This makes them 

exceptionally well-suited for applications that 

require precise distance measurements 

between multiple objects that may be near one 

another. In automotive applications, for 

instance, collision avoidance systems rely on 

high-resolution range detection to alert the 

driver or take autonomous action to prevent 

accidents. Similarly, in traffic control systems, 

the technology can be employed to manage the 

flow of vehicles more effectively. Weather 

monitoring systems also use this high-

resolution capability to better understand the 

spatial arrangement of weather phenomena. 

As Jens Federhoff aptly notes in his research, 

"FMCW radar has high range resolution and is 

suitable for applications where the target 

distance is small, or multiple targets are in 

close proximity." This statement underscores 

the technology's suitability for such critical 

and diverse applications [13]. 

 

L. Conclusion: Impact and Future Prospects 

 

In conclusion, FMCW radars have become a 

vital component in modern technology, 

providing a high-resolution range, precise 

object detection, and versatility for a wide 

range of applications. Their importance in 

industries such as aviation, military 

surveillance, and autonomous driving cannot 

be overstated. As Erik L. Roth states, "FMCW 

radar provides high-resolution range 

measurement, high measurement accuracy, 

and can detect multiple targets simultaneously. 

These features make it a popular choice for 

automotive radar, collision avoidance systems, 

and military applications" [14]. 

 

FMCW radar technology has found a range of 

applications in different industries, including 

aerospace, automotive, defense, and 

telecommunications. In the aerospace 

industry, FMCW radars are used for air traffic 

control, weather monitoring, and flight safety 

systems. They help detect wind shear and 

turbulence, which are critical factors for safe 

flight operations. In the automotive industry, 

FMCW radar technology is used for collision 

avoidance systems, parking assistance, and 
adaptive cruise control. It enables vehicles to 

detect other objects and avoid collisions, 

making it an essential safety feature. In the 

defense sector, FMCW radars are used for 

surveillance, target tracking, and missile 

guidance. They help identify enemy targets 

with high precision and accuracy. In the 

telecommunications industry, FMCW radar 

technology is used for wireless 

communication, especially in the millimeter-

wave frequency band, where it offers high 

bandwidth and low interference. 

 

Finally, through extensive research and 

discussion on the subject, the application and 

importance of FMCW radar technology 

cannot be overstated. As Erik L. Roth states, 

"FMCW radar provides high-resolution range 

measurement, high measurement accuracy, 

and can detect multiple targets simultaneously. 

These features make it a popular choice for 

automotive radar, collision avoidance systems, 

and military applications" [14]. This sentiment 

is echoed by Jens Federhoff, who emphasizes 

the high range resolution of FMCW radar and 

its suitability for applications where targets are 

in proximity or distance is small [7]. In the 

realm of autonomous vehicles, Ralph Mende, 

Marc Behrens, and Marc-Michael Meinecke 

describe the use of the UMRR-S sensor, an 

FMCW radar technology that operates in the 

24GHz ISM band and is critical for Advanced 

Driver Assistance Systems [10]. This sensor 

can work in a network of sensors or be 

integrated into an existing sensor network, 

demonstrating the versatility of FMCW radar 

technology. This technological versatility is 



not limited to autonomous vehicles, but 

extends to various other industries, including 

aerospace, defense, and telecommunications, 

highlighting the vast applicability and 

potential of FMCW radar technology. These 

contributions from various authors not only 

validate the importance of FMCW radar 

technology but also highlight the continuous 

evolution of its application in modern society. 
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