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Abstract:

E-band radars EBR are very promising short distance high-resolution sensors
for safety and smart city solutions. In order to achieve larger scale coverage,
we have investigated possibility of gaining raw signal from multiple EBRs for
purpose of centralized data processing and fusion. Based on publicly avail-
able data about EBR ranges, resolution and data formats, we have considered
requirements for implementation of communication and power network for
them. We have presented data for both static and dynamic scenario. In static
scenario EBR positions are fixed, while in dynamic scenario some of EBRs
are located on vehicles with known position obtained by GPS.
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1. INTRODUCTION

For traffic monitoring in smart city usually a set of cameras are used
[1]. In typical installation camera transmits compressed video image
over internet protocol - IP based network [2] to control center where
video storage is performed [3]. IP traffic throughput generated by single
camera depends on its resolution, frame rate and used compression. The
analysis of required IP communication bandwidth is given in [4] we can
assume values from about 1Mbps to 10Mbps per camera, which yields to
huge requirements in both communication bandwidth - CBF and storage
capacity - SC.

In order to reduce CBF and SC, in modern surveillance systems only
significant events are transmitted in full image quality and stored if needed,
while insignificant video is recorded in lower quality. The decision about
significance is obtained either by operator or video analytic subsystem [5].
Usage of smart sensor technologies for vehicle and human detection [6]
could be additionally exploited for more accurate detection of significant
events. The main drawback of its usage in larger scale is their low resolu-
tion, installation problems and necessity of communication with control
center or cameras themselves. In this paper we analyze possibility to replace
these sensors by E-band radars - EBR [7] as a vehicle [8], pedestrian [9] and
other events sensors with higher resolution and range compared to con-
ventional smart sensors. Similar approach for lower bands is given in [10].
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EBR operates in frequency range from 76 to 81 GHz
and its usage is regulated by ITU-R recommendations
M.2057 [11] and M.1452 [12]. These recommendations
define radio parameters that minimize possibility of
interference with other system and also give indication
about expected performance.

Thanks to EBR main application as driving assis-
tance sensors, there are commercially available low-cost
solutions [13] which justify technical feasibility of this
approach. Besides this new application, EBRs are tradi-
tionally used for airport security applications [14][15]
[16].

The paper is structured as follows. In section II we
describe main EBR operation theory and define basic
parameters. In chapter III we analyze one typical urban
use case with static radars. In chapter IV we analyze co-
operative vehicle radars scenario and finally in chapter
V we gave the conclusions.

2. E-BAND RADAR BASIC OPERATION

Block diagram of one frequency-modulated continu-
ous wave (FMCW) radar system is shown in Figure 1.
Basic operating principles of FMCW radar are:

¢ A local oscillator (LO) generates a chirp, linear
frequency-modulated continuous wave signal.

¢ The chirp is amplified by the PA and transmitted
by a transmit antenna.

¢ Receive antenna receives any reflection of the
chirp.

+ LNA amplifies the received signal.

¢ Mixer combines received and LO signal to pro-
duce intermediate (or beat) frequency (IF) signal.

+ This signal is subsequently digitalized in ADC
and processed in DSP.

1D

IF HADC H DSP

Fig. 1. FMCW radar block diagram

RX

Sinteza 2019
submit your manuscript | sinteza.singidunum.ac.rs

Chirp is a tone whose frequency is linearly increased
with time. Figure 2 shows typical FMCW chirp pattern,
with frequency as a function of time. The chirp is char-
acterized by bandwidth (B) and sweep time (T,).

0

Fig. 2. Typical FMCW chirp pattern

FMCW radar can successfully measure range, angle
and velocity of the target. This paper will focus on range
and angle of arrival of the target.

Maximum range

Maximum range of a radar is directly related either
to supported IF bandwidth or to signal to noise ratio
(SNR) of received signal.

Maximum range related to supported IF bandwidth
is given in Equation 1:

c

max

F
Range = 1
g max 2S ( )

IF - Maximum supported IF bandwidth
¢ - Speed of light
S — Chirp slope (S=B/T,)

From the previous equation, it is clear that maxi-
mum range is depending on chirp characteristics and
supported IF bandwidth which is on the other hand de-
pendent on ADC requirements, specifically ADC sam-
pling frequency and sampling mode.

Maximum range related to SNR of received signal is
derived from radar equation [17] and it is depending on
radar’s RF performance (transmit power, receiver sen-
sitivity, antenna gains, chirp characteristics) and target
characteristics (Radar Cross Section — RCS):

P. G, G, ¢’ o NT,
f? (4m) kT,, N, SNR,

det

Range, ., ;snr) = ‘{/ )
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P - Transmit power

G, G, — Antenna gain (receiver and transmitter)
¢ - Speed of light

o — Target Radar Cross Section — RCS

N - Number of chirps

T, - Chirp time

K - Boltzman constant

T, - Temperature

N, - Noise figure
SNR, , - Minimum required SNR

For range calculation based on signal to noise ratio we
have assumed values for radar cross-section reported in
[8] as +12 dBsm for vehicle and -10 dBsm for pedestrian.

Range resolution

Important parameter of FMCW radar is range reso-
lution. This defines the minimum distance between two
targets that allows the radar to detect them as separate
objects. Range resolution is calculated from the follow-
ing equation:

c
Range =— (3
g res 2B )

¢ — Speed of light
B - Chirp bandwidth

Range resolution is directly dependent of chirp
bandwidth, the larger the chirp bandwidth, the better
the range resolution. For E-band radars that operate in
frequency range of 76 to 81 GHz, approximate range
resolution is 4cm.

Angular range

In order to exactly determine the position of the
target in front of the radar, apart from its range, the
exact angle of arrival of the target needs to be known.
To estimate the angle of arrival, radar is using multiple
receivers. Figure 3 is showing the basics of radar’s angle
estimation.
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Fig. 3. Angle estimation

Maximum angular range or radar field of view is de-
pending on the distance between receiver antennas and
wavelength:

., A
Hmax =sm 1(5) (4)

A — Wavelength
d - Distance between two receiver antennas

Maximum angular range is £90° for spacing between
two antennas of A/2.

Angular resolution

While range resolution defines the minimum dis-
tance between two targets, angular resolution defines
minimum angle of arrival of two targets that allows the
radar to detect them as separate objects. Angular reso-
lution is directly related to the number of transmit and
receive antennas, meaning the larger the number of an-
tennas, the better the resolution. Angular resolution is
described by the following equation:

5 - A 180
“ dN,, N, cos@ r

(5)

A — Wavelength
0 - Angle of arrival
N, — Number of receiver antennas

N, - Number of transmitter antennas
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Radar parameters examples

Based on publicly available data about EBR ranges,

resolution and data formats, we have presented Table I

as a comparison of performances of some radars.

Table 1. E-band Radar parameters

Raw image 150-600 150-600
throughput 15-131 Mbps Mbps Mbps
Power 17 W total
consumption 500 W* 2 W radar front end
estimation 15 W signal processing

*Manufacturer data

Radar 1 Radar2  Radar2 For further calculations we would assume values for
Company ELVA-1 TI AVR 1243 radar 2 with chirp parameters set up to successfully de-
tect vehicles at the distance of 150 meters.
Fault object
Radar type detection Automotive
(FOD) 3. URBAN USE CASE
Central 76 GHz 76 GHz
requency We have analyzed typical urban use case of static ra-
Modulation EMCW EMCW dar installation along a busy two directional city street.
type
Bandwidth 500 MHz 300 MHz 540 MHz
Sweep time 1- 10 ms 30 us 50 us
Ramp slope < 0.5 MHz/us 10 12
Samples per 8192 500 500
chirp
Resolution 14 bits 12 bits, complex IQ
Transmitter 24.8 dBm 12 dBm Fig. 4. Urban use case map view
power
Antenna OIZIarpillilo—ltli(l:t Printed frequency We have found that to cover this area we need to
type platform scanning position the radars at approximate distance of 100-150
- ) meters. Since these radars are small in size, existing util-
Antenna gain 50 dB 10.5 dBi . e g . .
ity poles used for city lighting can be used as installation
ﬁntenn?dth 0.4 deg 30 deg points. Figure 5 depicts idealistic case of radar network
cam wi layout, taking into account the parameters from Table I
EIRP 74.8 dBi 24 dBi in regards to vehicle range measurements and antennas
Noise figure na 14 dB beam width. The radars are placed alternately on both
sides of the street in a way that two adjacent radars on
ﬁiﬁcek) na 150 m 70 m the same side of the street are at the maximum distance
of 200 meters.
Range
(pedestrian) n.a. 80m 40 m
Range 1000 m* 225m 125m
(other object)
Azimuth
angular 0.4 deg 1 deg 1 deg
resolution
Range 0.3m 0.5m 0.28 m
resolution
Pan-tilt 0.1 deg na. na Fig. 5. Urban use case system topology
speed
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Figure 6 illustrates coverage zones of radars installed in
radar nodes B, C and D. It is clear that the coverage zone
of radar B2, marked red in the Figure 6, is overlapping
with coverage zones of radars C1 (blue) and D1 (green).

Fig. 6. Overlapping radar coverage zones

Raw data taken from radars with overlapping radar
zones is processed in control nodes. Control nodes are
collocated with the radars and installed on the same
utility poles. Signals from control nodes are then trans-
ferred further to the Command and Control Center (C2
Center). Block diagram of signal flow from the radar to
C2 Center is shown in Figure 7 on the following page.

RADAR B2 RADAR C1 RADAR D1 RADAR C2 RADAR D1 RADAR E1
150-600 MBps 150-600 MBps
v y
150-600 MBps CONTROL 150-600 MBps 150-600 MBps CONTROL 150-600 MBps
N P———
NODE NODE

N COMMAND & CONTROL .
CENTER

Fig. 7. Signal flow from radar to C2 Center

Taking into account that raw image throughput from
radar to control node is 150-600 Mbps, communication
requirements are very strict. Communication network
that can sustain such capacity and is suitable for infra-
structure installation between utility poles is either fiber-
optic network or visible light communication network.

In terms of energy requirements, since power con-
sumption of each radar is 17 W and it is intended to be
installed on utility pole used for city lighting, needed
power requirements can be obtained from city grid. Al-
ternatively, as a backup and in case city grid is unavail-
able, small solar panels installed also on top of utility
poles can be used.
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4. COOPERATIVE VEHICLES SCENARIO

In previous chapter we have analyzed static scenario
where EBR positions are fixed. In this chapter we will focus
on dynamic scenario where additional data is being ob-
tained from cooperative vehicles equipped with EBR radars.

General network concept remains the same in terms

of control nodes that gather, process and transfer the
information to C2 center (Figure 8).

COOPERATIVE VEHICLE

e

& @
AN

CONTROL CONTROL CONTROL CONTROL
NODE NODE NODE NODE

COOPERATIVE VEHICLE

i

| COMMAND & CONTROL B
CENTER

Fig. 8. Cooperative vehicles scenario

The difference is that in this case control nodes re-
ceive information from moving vehicles. Information
about cooperative vehicle’s position and radar orien-
tation is obtained from GPS receiver, IMU sensor and
digital magnetic compass installed in the vehicle.

Taking into account huge amount of raw data pro-
vided by the radar, it is clear that raw data from the
radar installed on the moving cooperative vehicle can-
not be transferred to control node. Limitations of radio
communication network between cooperative vehicle
and control node defines the amount of data that can be
transferred between them. Unlike static scenario where
communication network is sufficient for throughputs in
range of 150-600 Mbps, in dynamic scenario cooperative
vehicles can only send information about the positions
of detected objects. In this case, radio communication
network between cooperative vehicle and control node
can either be mobile network (3G or LTE) or vehicular
ad-hoc network (VANET).

5. CONCLUSION

Traffic monitoring in smart city is usually per-
formed using cameras, which implies huge requirements
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in communication bandwidth. Depending on video
quality, required communication bandwidth for a sin-
gle camera is usually in range from about 1Mbps to
10Mbps. This paper analyzed the possibility to replace
these cameras with EBR radars and its impact on re-
quirements for communication and power network for
them. We have analyzed two scenarios - static scenario
with fixed position of radars and dynamic scenario with
radars installed in cooperative vehicles.

The analysis of urban use case with fixed position of
radars showed that fusion of raw data taken from radars
with overlapping radar coverage zones is performed in
control nodes. Typically, one control node processes
raw signals from three adjacent radars with overlapping
coverage zones. Taking into account that raw image
throughput from radar to control node is 150-600 Mbps
and that the radars are intended to be installed on utility
poles used for city lighting, fiber-optic communication
is the first choice for communication network.

The analysis of dynamic scenario with radars in-
stalled in cooperative vehicles showed that available ra-
dio technologies do not allow the transmission of huge
amounts of raw data between cooperative vehicle and
control node. Cooperative vehicle can only send infor-
mation about the positions of detected objects.

In terms of power requirements, since power con-
sumption is less then 20W per radar and in case of radar
installation on utility poles used for city lighting, first
choice would be city grid. As a backup or alternative,
solar panels could provide sufficient power supply.
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