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Abstract
Modern automobile technology is pushing towards maximizing road safety, connected vehicles, autonomous vehicles, etc. 

Automotive RADAR is core sensor technology used for ADAS (Advanced Driver Assistance Technology), ACC (Adaptive 
Cruise Control), AEB (Automatic Emergency Braking System), traffic assistance, parking aid, and obstacle/pedestrian detection. 
Despite being inexpensive, RADAR technology provides robust results in harsh conditions such as harsh weather, extreme 
temperature, darkness, etc. However, the performance of these systems depends on the position of the RADAR and its charac-
teristics like frequency, beamwidth, and bandwidths. Moreover, the characterization of varied materials like layers of paint, 
polish, primer, or layer of rainwater needs to be analyzed. This performance can be predicted through real-time simulation using 
advanced FEM software like Altair FEKO&WinProp. These simulations can provide valuable insight into the performance of 
the system, allowing engineers to optimize the system for specific use cases. For example, simulation can be used to determine 
the optimal parameters of the RADAR system for a given application. This information can then be used to design and build  
a physical model or prototype that is optimized for the desired performance. These simulations play a prominent role in deter-
mining appropriate data collection and sensor fusion, which reduces the cost and time required for the development of a physical 
model or prototype. The continued growth and demand for advanced safety features in vehicles further highlight the importance 
of RADAR technology in modern automobile technology. By accurately characterizing the environment and simulating the 
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system’s behavior in real time, engineers can optimize RADAR systems for specific use cases, contributing to safer and more 
efficient driving experiences.

Keywords: RADAR, ADAS, AEB, ACC, autonomous vehicles, Altair FEKO, Winprop, beamwidth, frequency, bandwidth, 
parking aid.
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1. Introduction
Intelligent and autonomous systems will be essential to the development of automotive tech-

nology. The goal of contemporary auto technology is to maximize traffic safety. Fully autonomous 
driving systems are becoming a standard feature of vehicle technology. Autonomous vehicle techno-
logy is primarily intended to make driving safer by preventing accidents. 90 % of accidents, according 
to a poll, are the result of driver error [1, 2]. According to a survey by Partners of Advanced Transit 
Highways (PATH), the price of replacing destroyed property and other expenses come to around 3 % 
of global GDP. Numerous advances in vehicle systems are a result of the requirement for road safety.  
It consists of networked vehicles, ADAS (Advanced Driving Assistance System), ACC (Adaptive 
Cruise Control), and AEB (Automatic Emergency Braking System). In response, automakers have fit-
ted cars with active safety features that fall within the broader definition of ADAS. While active safe-
ty systems, like airbags, monitor the vehicle’s environment continuously and can drive the vehicle to 
avoid a collision, passive safety systems, like airbags, only deploy after a crash [2–5]. The surrounding 
environment of the vehicle is scanned and configured using a variety of sensor and actuator technology. 
The most common types of sensors are optical cameras, lidar, radar, and ultrasonic sensors [6–8].

High-definition images can be produced using optical cameras, but they are costly, require 
intensive computer processing, and cannot capture a variety of information. Additionally, Lidar 
devices are pricey and are negatively impacted by weather conditions like rain and snow as well 
as vehicle vibration. Contrarily, ultrasonic sensors are inexpensive, can work in the dark, and are 
unaffected by color, but they only have a relatively short range of roughly 10 m. Although these 
sensors are readily available, RADAR has emerged as a superior option. RADAR sensors are 
re liable, accurate, and reasonably priced. Additionally, they can function effectively in terrible 
weather without being negatively impacted by it [9].

The three primary varieties of automotive RADAR are LRR (Long Range Radar), MRR (Me-
dium Range Radar), and SRR (Short Range Radar). Additional radars can be categorized roughly as 
corner and front radars. Blind spot detection (BSD), rear cross traffic alert (RCTA), and lane change 
assistance are all functions of corner radar systems (LCA). Mid-range and long-range radars make 
up most front radars [10]. Modern autonomous vehicles also use cameras and ultrasonic sensors in 
addition to Automotive RADAR.

Radar systems mostly operate in the 24 GHz and 77 GHz frequency ranges. Radar with  
a 60 GHz frequency band is still evolving. The loss of the UWB (21.65–26.65 GHz), however, will 
leave just the narrow band, according to recent regulatory actions by the Federal Communications 
Commission (FCC) and the European Telecommunications Standards Institute (ETSI) (250 MHz). 
The 24 GHz UWB will stop working on January 1, 2022. While the adaptive cruise control (ACC) 
band is in the 77 GHz band, the 77-81 GHz band has a shorter range but superior resolution.  
Conclusion: due to its greater range and improved velocity accuracy, 77 GHz is the ideal frequency 
for vehicle RADAR systems [11]. The Automotive Radar shows automotive radar as shown below 
Fig. 1 Automotive Radar.

As a result, businesses and researchers often create and test radar systems [12]. The location of 
the antenna has a critical role in determining the antenna’s field of view and range for automakers. It can 
be challenging to test the RADAR system in the actual world for each position and analysis. Building 
and testing radar systems takes a lot of money and time since the module must be tested for placement.

In this research paper, the characterization of 77 GHz automotive RADAR will be presented. 
From deciding the antenna type, and design of the antenna to Radome design, the positioning of the  
RADAR module and its effects will be analysed and optimized. Design and optimization of transmitting 
and receiving antenna will be accomplished using Altair’s electromagnetic simulator and solver FEKO.
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Fig. 1. Automotive Radar

2. Materials and methods
2. 1. Single microstrip patch antenna design
The objective of this part is to design a single microstrip patch antenna which consists of a patch, 

quarter-wave transformer, and feedline. The design of a microstrip rectangular patch antenna [7].
The width, W and length, L of the microstrip patch is given as follows:
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As shown in Fig. 2, single patch design Single patch design.

Fig. 2. Single patch design

The impedance of the quarter-wave transformer is given by:

 Z Z Rin1 0= . (5)
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Where Z1 is the transformer characteristic impedance and Z0 is the characteristic impe-
dance (real) of the input transmission line (50 Ω). The Rin is the edge resistance at resonance [8].  
Rin can be calculated by using:
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Ge represents the edge conductance. Next, for the width and length of the quarter-wave 
transformer and 50 Ω feedline are determined as below:
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Where, h is the substrate height and,
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2. 2. Microstrip patch array antenna
Automotive Antennas are generally microstrip patch array type. Microstrip patch array con-

sists of patches, ground plane made from conducting material and a dielectric material sandwiched 
between two layers. The thickness of patches is very small compared to thickness of dielectric 
material. The specification of the designed antenna given in Table 1.

Table 1
Antenna design parameters

Frequency, f0 77 GHz
Dielectric constant 3

Substrate Rogers RO3003
Substrate height 0.127 mm

Loss tangent 0.0013
Patch thickness 0.9 µm

Patch length 1.15 mm
Patch width 1.26 mm

2. 2. 1. Transmitting antenna (TX)
The TX antenna is made as 1×10 antenna array is printed on Rogers RO3003 substrate and 

designed in Altair FEKO as shown in Fig. 3.
Transmission line method is used to this antenna. With given impedance of 50 Ω it is impor­

tant to achieve total impedance in solution. As antenna is made up of number of strips of antenna.  
1×6 TX antenna is used for simulation model as shown in Fig. 4.
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Fig. 3. Single strip array antenna

Fig. 4. Transmitting antenna design

However, the performance of the antenna is dependent on the patch length and patch width 
and their ratio for each patch. The ratio of the patch is given below in the Table 2.

Table 2
Patch length ratio
Base design   

 
 
 

Iteration 1 
 
 
 
 

Iteration 2 

 
 
 
 1.2 1.25 1.22

1.2 1.22 1.18
1.1 1.18 1.15

1.05 1.15 1.1

2. 2. 2. Receiving antenna (RX)
The RX antenna is used to receive back reflected electromagnetic waves. To design this 

antenna network schematic is required. This schematic is also available in FEKO environment. 
Receiving antenna is work as 1×8 RX patch array, out of this two arrays are active at a time. While 
remaining arrays used to receive the reflected signal. To activate these patch arrays power divi-
der is used. This power divider divides the power supplied to the patch. The receiving antenna is  
shown in Fig. 5.

The network schematic of the antenna (RX) is Fig. 6. Eight ports of the patch arrays strips 
show the port, which carry output voltage, signals. Therefore, they are already loaded with impedance.  
For this design, impedance is 50 Ω.

Fig. 5. Receiving antenna
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Fig. 6. Schematics network of Receiving antenna

2. 3. Radome design
Two concepts are feasible for the installation of the RADAR sensor: invisible with an opti-

cal cover of the antenna and visible without any optical cover. An important feature of the cover, 
also known as a radome, is that the RADAR beams are only slightly weakened and that the angle 
characteristic does not lead to any unexpected change. The thickness of the radome is defined by 
mainly the wavelength of the EM waves [4]:

 t =
′λ

2
. (12)

Where,

 ′ =λ
λ

µ εr r

, (13)

at 77 GHz,

 
λ
2

2 ,≈ mm  (14)

for plastic material μr ≈ 1, εr ≈ 3.
A layered type of Radome is used. Polytetrafluoroethylene is used as a Radome material. 

This material is widely used for the manufacturing of Radome in the defense and aerospace industry. 
The design of the Radome is shown in Fig. 7.

Fig. 7. Radome integration

2. 4. RADAR placement
Placement of RADAR is a very crucial part of creating a radar based ADAS, ACC system 

in an autonomous vehicle. The effect of surrounding metal, paint, polish, and fascia material af-
fects the performance and efficiency of the RADAR. In general, the positioning of the RADAR 
is in such a way that it can perform effectively with lesser noise and better FOV (Field of View). 
Through the research, there are few positions where RADAR can be placed as shown in Fig. 8. 
Results of third position are discussed in this paper. 

However, in addition to Radome, the RADAR system creates the noise in signal as the elec-
tromagnetic waves penetrate through the other materials of the car bumper. The car bumper/fascia 
generally consists of Headlamp covers, bumper cover, fascia, number plate, radiator grill, custom 
attachments like chrome, etc. 

A very common fascia is shown in Fig. 9.
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Fig. 8. Positioning of RADAR module

Fig. 9. Material assignment to fascia

Placement of RADAR: in this positioning of the RADAR module is changed. This is be-
cause registration plate has huge impact on the EM waves generated by the RADAR. It creates 
additional noise in the signal and effects on the performance of the radar. The positioning and 
material assignment is as shown in Fig. 10, 11.

Fig. 10. Positioning case front view

Fig. 11. Positioning case top view

3. Results and discussion
The Farfeild pattern of the antenna is crucial. Every antenna performance is defined by 

VSWR (Voltage Standing Wave Ratio) [3]. Where, 1<VSWR<2.
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After iteration of the final antenna design is finalized, which can give better range and  
FOV without losing efficiency. And 3D Farfield is given in Fig. 12, 13.

Fig. 12. 3D Farfield of TX antenna side view

Fig. 13. 3D Farfield of TX antenna top view

As shown in the figures above the resulting Farfield pattern of antenna gives the high 
gain up to 20 dBi. It shows that antenna can transmit maximum amount of the energy in gi-
ven direction. These patterns also include some sidelobs, which contain less energy compared  
to main lob. Therefore, this design of Transmitting antenna is efficient and next iterations can  
be performed on it.

For given 3 iterations, Farfield is plotted in cartesian, and polar graphs as shown in Fig. 14, 15. 
And polar plots are shown in Fig. 16, 17.

Fig. 14. Farfield pattern of TX antenna azimuth plane
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Fig. 15. Farfield pattern of TX antenna elevation plane

Fig. 16. Polar graph in azimuth plane

Fig. 17. Polar graph in elevation plane

As shown in graphs, maximum gain of 20 dBi is achieved with the designed antenna while 
operating frequency is 77 GHz. However, it is important to validate the antenna with its VSWR 
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value and impedance. After many iteration and changes in design transmitting antenna is design  
is finalized. The Impedance and the VSWR is shown in Fig. 18, 19, respectively.

Similar to TX antenna, the solution of the antenna is also solved using MoM solver. The 
Farfeild solution is shown in Fig. 20, 21.

Fig. 18. Impedance

Fig. 19. VSWR (Voltage Standing Wave Ratio)

Fig. 20. TX (transmitting antenna) and RX (receiving antenna) antenna coupling in azimuth plane
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Fig. 21. TX (transmitting antenna) and RX (receiving antenna) antenna  
coupling in elevation plane

The Radome has a significant effect on the gain, directivity, and Farfield pattern of the radar. 
As shown in Fig. 22, 23.

Optimum Position: in case three RADAR module is placed away from the and Farfield 
pattern is shown in Fig. 24, 25.

In this case the RADAR pattern are matching in azimuth plane. In elevation plane also patterns 
are [7, 15, 17, 18] matching. In elevation plane also patterns are matching. However, there is still noise 
in the pattern. This noise is result of paint, polish and metallic material around the antenna. Beam-
width is accurately covered in this case. However, gain is fluctuating significantly from –180° to –60°. 
Hence, this positioning of the antenna is better for both the performance and efficiency of the RADAR.

In this study, the simulation environment is used. However, in simulations, many parame-
ters are idealized, and it is not possible to change those parameters after certain limits. On other 
hand in the physical world, there are many uncertain parameters, which are only available in phys-
ical world. The simulations are only able to solve the problem to a certain limit. But these results 
need to be checked in the real world. 

Fig. 22. Farfield pattern after Radome integration elevation plane
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Fig. 23. Farfield pattern after Radome integration azimuth plane

Fig. 24. Farfield in azimuth plane

Fig. 25. Farfield in elevation plane
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For example: In the real world there are other electronics devices on the car, which cer-
tainly emits the EM waves and could affect the performance of the RADAR. There are EM 
waves through mobile network, Wi-Fi, Bluetooth etc. that could make RADAR antenna malfunc-
tion. The purpose of the simulations is to save time and get closer to the results that we want in 
cost effective way.

The research needs to further be pushed forward to check the working of RADAR module 
and detection of the obstacles in simulation environment. And use similar setup to perform the ex-
periment in the physical world. And analyze the results. This loop can be performed multiple times 
to get the accurate results in real world and validation using results from simulations.

4. Conclusions
In this research paper, characterization of RADAR antenna is done. The design of anten-

na, its simulation and positioning of antenna module on vehicle bumper is finalized for given car 
design. Through the research it is found that, Automotive RADAR EM waves can significantly 
affected by metallic surfaces, paint, polish of the material around the RADAR. Therefore, op-
timal positioning of the RADAR antenna is crucial factor for autonomous driving like ADAS,  
ACC, and AEB. Instead of using physical trial and error method, simulation is the more reliable 
and faster way. 

It is found that RADAR placement at position 3 gives better result in both azimuth and 
elevation plane. The gain of the antenna almost matches to the gain of original antenna in both 
the azimuth and the elevation planes. In azimuth plane, the gain matches to 20 dBi gain and in 
elevation plane the gain matches to 10 dBi gain value. Therefore, it is the optimal positioning for 
designed RADAR antenna.

In case of the noise present due to the affects of surrounding components, the RADAR 
itself acts as a EM victim. This implies the RADAR signals affected by its own EM propagated 
waves. This behavior can further analyzed to reduce the noise in the signal and get the appropriate 
RADAR performance.
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