
16 IEEE SIGNAL PROCESSING MAGAZINE   |   September 2019   |

FROM THE GUEST EDITORS
Maria S. Greco, Jian Li, Teng Long,  

and Abdelhak Zoubir

Part 1 of the special issue “Advances 
in Radar Systems for Modern Civil-
ian and Commercial Applications,” 

published in the July 2019 issue of IEEE 
Signal Processing Magazine (SPM), 
described advances in signal processing 
for radar systems involving a wide range 
of applications, including health care, 
archeology, and weather forecasting, to 
mention a few. This second part of the 
special issue is dedicated to automotive 
radar because the topic is so timely and 
continues to be an area of daunting chal-
lenges. Also, the topic has attracted a 
large number of submissions.

For several decades, engineers have 
been wrestling with the signal process-
ing challenges associated with automo-
tive applications. With all this attention, 
the number of advanced signal pro-
cessing algorithms used in various 
automotive applications continues to 
increase [1]–[3]. In the November 2016 
and March 2017 issues, SPM published 
the two-part special section “Signal 
Processing for Smart Vehicle Technolo-
gies” under the guidance of guest editors 
J.H.L. Hansen et al. [4], [5]. That special 
section addressed many signal process-
ing challenges in a variety of automotive 
areas and on such topics as “the future of 
automotive localization algorithms” [4]. 
However, only two articles in the special 
section dealt with automotive radar [5]. 
Since then, this field has developed with 
remarkable speed as engineers take on 

the challenge of exploiting the technol-
ogy’s full potential. 

Soon, automated driving will become 
a reality. Already, many cars are equipped 
with assistance systems that automatically 
enhance driver safety and comfort. One 
of the most dynamic areas in research 
and development in the automotive 
industry is the field of advanced driver 
assistance systems (ADASs) for highly 
automated driving (HAD). The perfor-
mance and reliability of these systems 
strongly depend on the ability to sense 
the environment. Radar technology is 
far more important for HAD than alter-
native technologies, such as cameras 
and lidar. Long-range radar systems for 
forward-looking functions especially 
developed for HAD are commercially 
available and widely used today. Radar 
is typically used in current ADASs, 
such as adaptive cruise control, forward 
collision avoidance, lane change assist, 
and evasion assist, to name a few [3]. 
Radar works reliably in bad weather 
and lighting conditions; can provide 
accurate and direct measurements of 
range, relative velocity, and angle of 
multiple targets; and can provide a high 
range coverage.

With nea rly 1.25 mi l l ion road 
fatalities worldwide each year, safety 
remains a focus of the automotive 
industry. Fully autonomous cars of the 
future will rely on the great capabilities 
of radar, but the demands by automo-
bile manufacturers on sensor reliability 
are very high with the goal of reach-
ing the zero-casualties objective. The 

signal processing community is in a 
great position to play an important role 
in tackling this challenge.

We were very careful in the selec-
tion of articles for this second part. Not 
only did we consider novelty and tuto-
rial-style writing, a decision supported 
by expert reviewers, but we also made 
every attempt to avoid large overlaps.

Part 2 of this special issue opens 
with an overview on conventional tech-
niques for signal processing in auto-
motive radar, “The Rise of Radar for 
Autonomous Vehicles” by Bilik et al. 
The authors emphasize the limitations 
of conventional processing approaches 
in practical automotive scenarios, pres-
ent alternatives, and suggest future 
directions. They suggest that one solu-
tion for the future could be based on 
cognitive sensing because both the 
scene of operation and the tasks of 
radar change continuously in automo-
tive applications.

The second article, “High-Perfor-
mance Automotive Radar,” by Hako-
byan and Yang, provides an overview 
of challenges for developers of automo-
tive radar as they refashion the tech-
nology from a sensor for ADASs to a 
core component of self-driving cars. 
The authors discuss the specific short-
comings of classical signal processing 
algorithms, and they present a signal 
processing framework that overcomes 
these limitations. They also discuss digi-
tal modulations for automotive radar and 
interference mitigation methods that are 
adaptive, cognitive, and/or coordinated.
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Alland et al.’s article, “Interfer-
ence in Automotive Radar Systems,” 
focuses on the effects of an interfering 
radar on a so-called victim radar. The 
authors review the already deployed 
state-of-the-art interference mitigation 
techniques as well as areas of ongoing 
research. They also suggest directions 
for future research, such as alternative 
modulation techniques and decentral-
ized multiple-access protocols known 
from communications.

“On the Safe Road Toward Autono-
mous Driving,” by Gerstmair et al., 
explains that the most limiting factors 
of a frequency-modulated continuous 
wave (FMCW) radar is phase noise 
that affects the sensitivity and range 
of a radar system. Thus, it is impor-
tant to monitor phase noise throughout 
the lifecycle of a radar system. The 
authors address the problem of esti-
mating phase noise and phase noise 
monitoring for automotive FMCW 
radar to fulfill the functional safe-
ty requirements.

The article “Radar-on-Chip/in-Pack-
age in Autonomous Driving Vehicles and 
Intelligent Transport Systems,” by Sapo-
nara, Greco, and Gini, focuses on signal 
processing techniques for a cheap and 
power-efficient radar sensor that oper-
ates in real time while ensuring that the 
automotive coverage-range needs are 
met. They discuss signal processing 
techniques for velocity–range estima-
tion, direction estimation, waveform 
design, and beamforming, with par-
ticular emphasis on the radar–physical 
layer codesign. They envision the evolu-
tion of embedded computing platforms 
wherein advanced signal processing 
techniques are enabled. These could 
include multiple-input, multiple-output 
and cognitive radars, with adaptive 
waveforms to solve interference and 
spectrum-scarcity issues.

Engineers in recent years have con-
ducted considerable research associated 
with vehicle-to-vehicle communication 
and vehicular ad hoc networks. Applica-
tions relate to areas ranging from safety 
to navigation and law enforcement. One 
of the biggest challenges is to ensure a 
suitable radio spectrum, which needs 
to be shared with other applications, 

such as, for example, high-speed Inter-
net. Three articles in this Part 2 address 
some challenges, possible solutions, and 
future directions.

The article “Radar and Communi-
cation Coexistence: An Overview,” by  
Zheng et al., reviews recent work on 
coexistence between radar and commu-
nication systems, including work relat-
ed to signal models, waveform design, 
and signal processing techniques. The 
authors survey contributions in this 
area, which serves as a primary start-
ing point for new researchers interested 
in these problems. The strategies pro-
posed so far have been grouped into 
three major categories. The first one 
allows spectral overlap between the sig-
nal transmitted by the radar and com-
munication systems, while the other 
two avoid mutual interference either 
by cognitively assigning disjoint sub-
bands to the different services or by 
allowing just one transmitter at a time 
to be active. The authors discuss advan-
tages and disadvantages and offer some 
examples to illustrate.

Next, Mishra et al.’s article, “Toward 
Millimeter-Wave Joint Radar Commu-
nications,” concerns millimeter-wave 
(mm-wave) communications, which 
emerged as a technology for short-dis-
tance wireless links because it provides 
transmission bandwidth that is several 
gigahertz wide. This band is also prom-
ising for short-range radar applications 
as large transmit signal bandwidths 
imply high range resolution. Signal 
processing techniques are critical in 
implementing mm-wave joint radar–
communications systems. The article 
emphasizes the challenge of identify-
ing the best joint waveform design and 
performance criteria, which must be 
balanced between communications and 
radar functionalities.

Hassanien et al.’s article, “Dual-
Function Radar Communicat ion 
Systems,” reviews the principles of dual-
function radar communication (DFRC) 
systems and describes the progress 
made to date in devising different forms 
of signal embedding. Various approach-
es to DFRC system design, including 
downlink and uplink signaling schemes, 
are discussed along with their respective 

advantages and limitations. Tangible 
applications of DFRC systems and a 
delineation of their design requirements 
and challenges are presented. Future 
trends and open research problems are 
also highlighted.

We hope that you enjoy reading this 
second part of the special issue and that 
the discussed challenges and future 
directions will spark interest among sig-
nal processing practitioners in finding 
practical and efficient solutions.
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We want 
to hear 
from you!

Do you like what you’re reading?    
Your feedback is important.  
Let us know—send the editor-in-chief an e-mail!  IM
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