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Introduction
1.2 million people are killed in car accidents every year and human errors (e.g. drunk-driving, 
speeding, ignoring traffic signals, and texting while driving, etc.) are responsible for more than 90% 
of these fatal accidents. This loss of 1.2 million lives per year is equivalent to seven 500-passenger 
aircrafts crashing every day.

To reduce the number of car accidents as close to zero as possible, car makers, automotive suppliers, 
government agencies, academics, and even non-automotive technology providers are jointly 
developing advanced driver assistance systems (ADAS) and autonomous vehicles.

This new automotive ecosystem is combining a wide variety of advanced technologies such as:

• Sensor fusions with radio detection and ranging (RADAR), light detection and ranging (LIDAR), 
and optical sensors (cameras)

• High-speed information systems integrating automotive ethernet networking, powerful signal 
processing, high definition (HD) mapping with high precision navigation, and artificial intelligence 
(AI)

• Communications for vehicle-to-vehicle (V2V), vehicle-to-network (V2N), vehicle-to-infrastructure 
(V2I), vehicle-to-pedestrian (V2P), vehicle-to-utility (V2U), and eventually vehicle-to-everything 
(V2X)

Radar Camera LIDAR

Detection – distance (range) 
and motion (velocity and 
angle) by radio waveforms

Recognition, classification 
by images

360-degree 3D view by 
laser light
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Each sensing technology has benefits and limitations, and the automotive industry can’t depend 
on just one single sensing technology. Most leading players of the autonomous driving industry 
combine all three sensing technologies to ensure their autonomous driving systems get a mix of 
reliable data across range, resolution, and robustness.

Autonomous vehicles will bring enormous benefits by saving lives and making driving safer, and 
developers need to prove their mission-critical technologies are perfectly reliable and safe. Concerns 
were raised after one of the self-driving car projects was recently involved in the first fatal accident 
with a pedestrian. Citizens and regulators will constrain mass deployment of autonomous vehicles 
without evidence that machine errors are close to zero; no matter how much they can mitigate 
human-driven accidents. To address these concerns, designers and engineers must implement the 
most reliable all-conditions sensor technology. They also must validate and demonstrate accuracy 
and dependability by using the best simulation and test solutions.
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You Can Only Avoid What You 
Can Detect: Three Major Sensing 
Technologies
Among all sensing technologies, LIDAR is the newest and is generating excitement in the autonomous 
vehicle market. It provides the most precise 3D mapping using laser light and scans a 360-degree 
space around the autonomous car up to 100-meter range (300 feet). Some LIDAR systems provide 
as many as 64 channels and over a million points of scans per seconds. This amount of information 
provides high accuracy of 2 cm (~1 inch) for reacting to a changing environment.

However, LIDAR-based sensing has not yet been proven in mass-market applications and relies on 
moving parts for rotating 360-degree scans. LIDAR generates massive volumes of data that requires 
immense signal processing power and data management subsystems. These sensors are also still 
very expensive despite recent announcements of more economic versions of LIDAR.

Optical camera sensing is the lowest cost technology, although image processing cost can be 
expensive. It provides identification and classification of objects and reads traffic signs. However, 
camera-based sensing technology is affected by weather and other environmental conditions, and 
therefore can’t be relied on all the time. Its limitation was made clear by a tragic accident involving 
a camera-based semi-autonomous driving vehicle that failed to discern a white truck on the road in 
front of a white sky background.

Automotive radar is the most reliable technology for detecting object distance (range) and motion, 
including velocity and angle, in almost every condition. It uses reflected radio waves to detect 
obstacles behind other obstacles and has low signal processing requirements. The radar technology 
has been proven over decades in many safety-conscious industries such as aviation, air traffic control, 
maritime transport, law enforcement, and of course, automotive.

Traditional 24 GHz narrow-band automotive radar has limited capability to differentiate objects and 
identify humans, dogs, other cars, or even cardboard boxes. While radar-only sensing technology 
does not provide enough data to enable a fully autonomous driving system, automotive radar has 
been delivering benefits in ADAS by mitigating human driver errors, making it a good bridging 
platform before fully autonomous vehicles become mainstream. Current mass-market applications 
of ADAS by automotive radar sensing technology include auto-emergency braking systems, forward 
collision warning, blind spot detection, lane change assist, rear collision warning system, adaptive 
high-speed cruise control on highways, and stop-and-go cruise control in bumper-to-bumper traffic.
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Table 1. Comparison of wave-based radar, image-based camera, and light-based LIDAR sensing 
technologies.

Radar Camera LIDAR

Technology Detection – distance 
(range) and motion 
(velocity and angle) by 
radio waveforms

Recognition, 
classification by images

360-degree 3D view by 
laser light

Application • Adaptive cruise 
control

• Automatic emergency 
braking systems

• Blind spot detection
• Parking assistance

• Traffic sign recognition
• Lane keep systems
• Parking assistance
• Blind spot detection
• ACC, AEBS

• Emergency brake 
assist for pedestrian, 
crash imminent 
braking, mapping

Advantages • Proven over decades
• Reliable in all 

environmental 
conditions

• Small and lightweight
• Longer detection 

range

• Lower cost
• Mass-market 

technology
• Smaller sensor size
• High resolution
• Color recognition
• Imaging processing

• High accuracy
• High resolution
• Intelligent signal 

processing with 
a large amount of 
captured data

Limitation • Limited information 
on detected objects 
(shape and movement 
only)

• Lower resolution than 
LIDARand Optical

• Performance varies 
with the environment 
(e.g. rain, snow, 
lighting)

• Unproven in massive 
deployments

• Expensive and large 
sensor

• Expensive and 
complex signal/data 
management

• Affected by weather 
(e.g. rain, snow, 
lighting)

Although every technology plays an important role in the development of autonomous vehicles, 
sensors are critical to achieving their goal to improve road safety. Out of the all sensors available, 
the automotive radar uniquely determines all three target variables of velocity, range, and angle, 
regardless of light, dark, sunny, or rainy conditions.
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Driving Made Safer with Automotive 
Radar
Automotive radar sensing technology, mainstreamed by the 24 GHz narrow band sensors, is now 
rapidly evolving towards high-frequency 76 – 81 GHz band and wide 5 GHz bandwidth, millimeter 
wave, frequency modulated continuous waveform (FMCW), and beamforming antenna.

While the 76 GHz is used for long-range detection, the 77 – 81 GHz band is used for short range, high 
precision detection. It is important to understand the magnitude of improvement delivered by the 
higher frequency, wider bandwidth advanced automotive radar systems.

The error in distance measurement and minimum resolvable distance are inversely proportional 
to the bandwidth. Transitioning from 24 GHz to 77 GHz delivers 20x better performance in range 
resolution and accuracy. For instance, the improvement in range resolution from the 75 cm of a 
24 GHz system to the 4 cm of a 77 GHz system offers better detection of multiple objects that are 
close together (Figure 1).

Figure 1. Resolution in relation to bandwidth.
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Also with a smaller wavelength, the resolution and accuracy of velocity measurement increases 
proportionally. Therefore, by transitioning from 24 GHz to 77 GHz, velocity measurements can be 
improved by a factor of 3x.

Another advantage of the transition from legacy 24 GHz to 77 GHz systems is the gain in size and 
weight. With the wavelength of 77 GHz signals being a third of a 24 GHz system, the total area of 
a 77 GHz antenna is one-ninth of a similar 24 GHz antenna. Developers can use smaller and lighter 
sensors and hide them more easily for better fuel economy and car designs.

If a man and his dog are walking closely together and the dog suddenly jumps onto the 
road, only the wider bandwidth radar (see Figure 2, test on the right) can detect both 
separately and provide the correct information to the driver or the autonomous  
driving system.
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With higher resolution and range, automotive radar leads to safer driving in any conditions. A driver 
sending a text while on a highway at 55 mph can be oblivious to the traffic long enough to pass 
an entire football field. While the distracted driver may fail to notice a traffic slow-down, the radar-
based ADAS system will alert with acoustic and visual warnings before a potential crash. If the 
driver doesn’t take any action, the ADAS system can initiate a full autonomous braking response to 
avoid the collision or reduce the force of impact. Only a millimeter wave wide bandwidth advanced 
automotive radar can perform this critical mission day and night, in sunny or rainy weather, for short 
and long-range object detection.

Figure 2. Comparison of bandwidth test: 4 GHz (right) shows two separated objects, only 10 centimeters apart.

Test comparison between 1 GHz and 4 GHz bandwidths (Figure 2) clearly shows that only the higher 
bandwidth solution can measure two different objects, as close as 10 centimeters apart. The lower 
bandwidth radar is not able to detect two different objects and provides incorrect data to the driver or 
autonomous driving system, leading to the wrong decision. If a man and his dog are walking closely 
together and the dog suddenly jumps onto the road, only the wider bandwidth radar (test on right) 
can detect both separately and provide the correct information to the driver or the autonomous 
driving system. On the other hand, the narrower bandwidth radar (test on left) provides wrong or 
confusing information, possibly leading to a tragic accident.
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Keysight Test Solutions for Advanced 
Automotive Radar R&D and 
Manufacturing
Developing millimeter waveform automotive radar requires minimizing propagation loss, phase 
noise, IQ and frequency response errors, and noise to impact on evaluation modules (EVM). Testing 
millimeter wave, especially the 76 – 81 GHz band, demands a sophisticated test solution involving 
many instruments, cables, connectors, and accessories, making it difficult to ensure repeatability of 
the test results. To generate and characterize accurate wide bandwidth millimeter wave signals, it is 
critical to apply the most reliable and precise test solution.

Design simulation

Flexible, accurate and easy to setup signal generation is at the heart of the best radar system design 
and test. Keysight SystemVue W1908 Automotive Radar Library is a simulation software that assists 
automotive radar baseband algorithm developers, system architects and research engineers with a 
library of over 40 models with reference designs and additional automotive radar scenario simulation. 
It offers comprehensive tools for FMCW radar waveform generation, signal modulation, antenna 
modeling, channel simulation and signal processing. Users can simply connect different models to 
establish the scenarios, such as Keysight’s unique walking pedestrian micro-Doppler scenario model.
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Figure 3. FMCW signals generated by Keysight SystemVue W1908 Automotive Radar Library (from left to right: sawtooth, 
triangle, and custom FMCW waveforms).

The reference designs, such as multi-targets range and speed measurement and 3D scanning radar 
using antenna array, offer a great starting point to implement design ideas into early simulations and 
prototyping. For example, the SystemVue library can generate three different type of FMCW signals 
(Figure 3). The custom signal capability (Figure 3, test shown on the right side of the figure) allows 
users to freely create their own custom FMCW waveforms for maximum design and testing flexibility.

Development

Automotive radar development engineers can download the simulated waveforms to the Keysight 
arbitrary waveform generator and vector signal generators to upconvert to millimeter wave frequency 
bands, and verify their designs and simulations with real hardware testing. Arbitrary waveform 
generators (AWGs) like Keysight M8195 65 GSa/s AWG are used to generate wide bandwidth radar 
signal generation to test automotive radar signals. The Keysight performance automotive radar 
signal generation solution, E8740A-070, consists of AWG, vector signal generator, and upconverter, 
generates ideal reference signals (replace Tx LO / VCO), interferer, clutter, and jamming test signals 
(Rx Test).
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For wide bandwidth automotive radar signal analysis including RF power, spectrum emissions, phase 
noise, frequency stability, and modulation quality, Keysight performance automotive radar signal 
analysis solution, E8740A-060, provides the industry’s most powerful signal analysis capability up 
to 110 GHz frequency, and 5 GHz bandwidth for extra design margin. The unique �150 dmB/Hz 
Displayed Average Noise Level (DANL) enables developers to measure low-level and sensitive radar 
signals, which also helps the engineers use the over-the-air (OTA) testing environment as necessary.

Table 2. High speed AWG functionality and benefits to test automotive radar.

High speed AWG functionality Radar testing benefit

• Extremely wide modulation bandwidth 
(e.g. DC to 32 GHz)

• Discern targets that are close together
• Finer resolution of a given object

• Instantaneous frequency hopping
• Overlapping pulses at different frequencies

• Realistic simulation of multiple emitters 
transmitting simultaneously

• Phase-coherent, multi-emitter, multi-channel 
pulse generation

• Economical setup for testing multi-channel 
radar receivers

• Repeatable phase from pulse-to-pulse and 
channel-to-channel

• Perfect frequency ramps

• Repeatable results

• Flexible modulation format • Develop new modulation schemes that are  
more tolerant to interference

• No images or carrier feedthrough
• Flat magnitude and phase response (after 

calibration)

• Testing your device and not the instrument
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Manufacturing

To help advanced automotive radar manufacturers reduce cost and time of their radar production test, 
Keysight provides a scalable, reliable, accurate, and repeatable Radar Target Simulator (RTS) solution. 
It applies time delay, Doppler frequency shift, and attenuation to simulate range, radial velocity, and 
radar cross section (size of object) respectively with a simulated testing range from as close as 1 meter 
and up to 450 meters, with speed from zero to ± 360 kilometers/hour.

High-Frequency Wideband Radar is the 
Best Option for Road Safety, Today and 
Tomorrow
Automotive radar is today’s leading sensing technologies for increasing driving safety in all 
environmental conditions. Advanced automotive radar takes advantage of 76 – 81 GHz band higher 
frequency and 5 GHz wider bandwidth for better resolutions, smaller and lighter sensor design, 
applicable to current and future ADAS, and upcoming autonomous driving systems.

To bring about an ideal world of zero fatal car accidents, automotive radar developers need to optimize 
their design and test methods and prove the reliability and safety of their solutions with confidence. 
Keysight leads the way in advanced automotive radar design and test solutions to help you innovate 
faster and protect lives.

Keysight enables innovators to push the boundaries of engineering by quickly solving 
design, emulation, and test challenges to create the best product experiences. Start your 
innovation journey at www.keysight.com.
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