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Theoretical Background
Motivation and Contributions

A High resolution radar requires high bandwidth signals |

1 Wideband signals need a complex analog front end receiver design which _ Doppler Parameter [ AmPhtUde
consumes high power Xampling Focusing S — Time delay

d Digital processing of wideband signals requires large memory and large Doppler
computational power

3 We present a sub-Nyquist cognitive radar prototype for automotive  Xampling— A process of sampling a signal at a low rate in such a way that
application where the sampling and recovery method implemented in preserves the required information.
hardware which reduces the rate by 20 fold

A This approach provides both simple recovery and robustness to noise by 1 Doppler Focusing - A method of digitally beamforming the low rate samples
performing beamforming on the low rate samples which is both numerically efficient and robust to noise.

[ For automotive applications, simultaneous transmission of multiple vehicles
is achieved by cognitive band selection. This also aids in robust  Estimation — A modified OMP, matched to our samples, produces target
reconstruction locations and Doppler frequencies.
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Signal Model and Recovery Acquiring Fourier Coefficients

L targets, each defined by 3 degrees of freedom: amplitude «,, delay 7,, and  Multichannel analog processing and low rate sampling scheme are used to

Doppler frequency v,. extract spectral information for specific frequency bands.
A After transmitting P equispaced high-bandwidth pulses h(t), the received A Calculating Fourier coefficients is performed digitally after sampling
signal: .
X(t)=>> ash(t—7, — pr)e ¥

p=0 10 | BPF4

: m- l l l l | Apalog> | I BPFS ﬁ
_ /\ /\ /\ /\ /\ /\ | signal | BPF2 H
A A\ A WAVAY /\ LA Band-pass ;‘—J Low rate

A This is an FRI model as x(t) is completely defined by 3L parameters Filter 1 |~ ADC [

QThe signal’s Fourier coefficients contain the required parameters. J k Baseband down-convertor J
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Radar Bands

1 Four radars transmits sequentially in four different Ei Ei

directions. Es- Eg-
 Available bandwidth is 2 MHz; Divided into 16 sub-bands of <0- T 0- N Ok B E B B o

80 KHz bandwidth. rrequency (2 e T

[ Each radar transmits in four random sub-bands to avoid 16 B

interference. g7 W

55_

d Each of the sub-bands are sampled individually at 250 KHz. %:‘5 e — Els
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Analog Pre-Processor (APP

Crystal Bandpass Filter Characteristics

fron 28.915MHz Parameter Value
Crystal Filter LPF ~
| Q i) e L Eamomis i fo-00knz H Center Frequency 29 MHz
; Af3ap = 80K Hz fo=125KHz = —3dB Bandwidth 80 KHz
Lo2 28915MHz . .
+ Maximal Pass-band Ripple | dB
Crystal Filter LPF X ) e / 7
. (2 i) i [, =20MHz " f,-100kH: | 3 Stopband Frequencies 28.94 MHz. 29.06 MHz
% - Bf2ap = BOKHz fs = 125KHz S Minimal Stopband Attenuation 60 dB
Input Signal LPF LO3 28915MHz Digital Processing
,343 = 25MHz W s : E | bt toer:
1, Crystal Filter LPF — '
- 14dB | f.=29MHz 1408 f,= 100KHz | § - APP | o ———
Af3ap = 80KHz f:=125KHz = st s
f Lo 28.915MHz N . o
al ‘ '.
Crystal Filter LPF % et & CR'LO1 : |
14dB fo = 29MHz 1448 fp=100KkHz 4 = B v o Ll M
Af4p = B0KHz fs = 125KHz , CRR.LO2
P p—

R &

CRR.LO4 S
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Block diagram of 4-channel crystal receiver. Four up-modulating LOs have frequency values: fio1 = 28.375 MHz, f1.02> = 28.275 MHz,
froz = 27.65 MHz, fi04 = 27.391 MHz.
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T [ Targets Reconstruction [¢ 7~ ] ) [ Taemets Recomstenctioni 7 | e [ Targets Reconstruction [¢ 7~ ]
. Simulated Targets _lI:U_' ig: Smulated Torgets w® o Simulated Targets _llg,u_'
140- Radar1 -140 140- Radar1 _ii; 140 - Radar1 —140
L -130 130- -130 130- -130
120- -120 120~ 120 120- -120
L -110 110- -110 110- -110
100- -100 100 - -100 100 - -100

90- -90 a0- -90 90- -90
80- -80 80- 80 80- -80
70- -70 70- 70 70- -70
60 - -60 60 - -60 60~ -60
50- =50 50 -50 50- -50
40- -40 40 - -40 40 - -40
30- -30 30+ -30 30- -30
20- =20 20- -20 20- -20
10- -10 10- -10 10- -10
0- -0 0- -0 0- -0
-10- --10 -10-~ --10 -10- --10
-20- --20 -20- --20 -20- --20
-30- --30 -30- --30 30 --30
-40- --40 40— --40 -40 - --40
-50- --50 -50- --50 -50- --50
-60- --60 -60- --60 -60 - --60
-70- --70 -70- --70 -70- --70
-80- --80 -80- --80 -80- --80
-a0 - --90 -90- --90 -90 - --80
-100- --100 -100- --100 -100- --100
-110- --110 -110-] --110 -110- --110
-120- --120 -120- --120 -120- --120
-130- --130 -130- --130 -130- --130
-140- --140 -140- --140 -140- —-140
!50 - --150 150~ --150 150- _mj
a60- =160 A60-0 ' 0 0 o180 A60-0 160
150 120 -100 B0 60 40 -20 O 20 40 60 &0 100 120 150 . -150 120 -100 -80 -60 -40 -20 0O 20 40 60 &0 100 120 150 . -150 120 -100 -80 -60 -40 -20 O 20 40 60 80 100 120 150

User Interface
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Radar parameters r 1
. | Targets Reconstructio | Mo
S “‘-‘9“1 Noise level control _ 60— o ° o
Received signal (Baseband) CRr pulse Ll onfiguration| / 1 2 3 4 Semusated Tasgets I
150- =150
P Interference [ Radar Scenario: "1 ' 3 Ao Al _ Radar 2 _
o o o A o 140 140
Cognitive passbands | Noise level: " 1 A
: Ll A A A _ -
=75 o Bands: o 1 - 2 - A o 3 130 Target map 130
=)
R 120- ~120
g 25 True Targets Est Targets True Dopplers Est Dopplers 110- -110
E o0- Mu " 30.00 30.01 -75.50 -75.60 100 - -100
n_'n e 1_',_. 1_'5 e e . 60.00 60.01 -43.20 -43.20 a0 - o
90.00 90.01 46.80 46.80
Frequency (MHz)
12000 12001 72.00 72.00 80 - ~80
= Targets table 70— 70
C t Radar Displ
SHR (dB) urrent Radar Display | 3 o a7
10.15 4 \ s0- o
ch1 [7.° Radar2] 33.00 33.& -86.40 -86.40 40- 40
Low-Rate Digitized Samples cn2 7.5 46.80 4681 -54.00 -54.00 30- 30
7 52.80 52.81 21.60 21.60
0.1 - T T = Ch3 [ 58.80 58.81 64.80 64.80 == el
= 1 . ) Ch 4 3,'&@': 1[] - _1D
S 0.05 : _Sub-Nqust samples ' ' ' o o
g ( 2AARARARAA. 10- 10
(1]
g -20- --20
-0.05 - -30- --30
Radar3| 37.80 37.81 3.60 3.60
43.20 43.21 43.20 43.20 -40- —-40
01 52.20 52.21 50.40 50.40 50— .50
57.00 57.01 64.80 64,80 o 0
64.20 64.21 72.00 72.00 i =
i s
Range - Doppler Map Targets Reconstruction  [¢ 91.20 91.21 79.20 79.20 70— _70
Simulated Targets ™= 101.40 101.41 82.80 82.80
100 118.80 11881 90.00 90.00 L= =il
g 75 o -90 - e i
50 - -100 - ~-100
E 25 [Radard| "31.20 1.2 -79.20 -79.20 e —
41.40 41.41 -54.80 -64.80
] - ’ 52.20 52.21 -43.20 -43.20 -120- --120
2 .5 59.40 59.41 -3.60 -3.60 T 130
8. * Range-Doppler ma — — = e
> - ge-opp P 62.40 6241 18.00 18.00 -140- ~-140
-75 » 75.00 75.01 39.60 39.60 e ot
100 84.00 84.01 68.40 68.40
0 20 40 60 80 100 120 140 160 -160-, . ,—-160
Distance (km) —! —




