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2.1 Introduction to the IEEE 802.11ad

1. 60 GHz wireless link for 5G communications between autonomous

vehicles

2. Signal bandwidth: 1.76 GHz - significantly more than 802.11ac

(20/40MHz)

3. Joint radar and communication framework

Channel Estimation Field

/

Short Training Field

STF CEF HEADER Data
(2176) (1152) (64) (128
|
| |
6.:512 Gv512 Gv128
e

2 Golay Sequences of length 512
bits, 1 Golay Sequence of length 128

Total number of bits in a packet = (2176+1152+64+128)
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802.11n

802.11g

Range Resolution

CTb
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Resolution
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09m
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2.2 Golay Perfect Autocorrelation Property

I 1. This is the received signal for a static
N target at zero delay and we see there
are zero sidelobes
L 2 fast{Ime L-1

(Ga,L[l] * Ga,L[l])

+ (Gb,L[l] * Gb,L[l]) = 6L5[l],l = —L, O, L —1

2. This is the received signal for a moving
target at zero delay and we see there

are sidelobes present

(Ga,Lll] * Ga,L[]) + (G, L1 * Gy, 1)’ # 6LS[1],1 = —L, .0, ...L — 1




2.3 Literature Survey

Parameters Current Literature Shortcomings
Range Long Range (~200m) | Attenuation is high (20 dB/km at sea level) for 60 GHz
Target Model Simple point targets | For short range radar, targets are closer, we hypothesize

simple point target model isn’t accurate

Type of target Static Automotive scenario has moving targets

1.

P. Kumari etal “IEEE 802.11ad-based radar:An approach to joint vehicular
communication-radar system,” IEEE Transactions on Vehicular Technology, 2018. (UT Austin)
E. Grossi et.al Opportunistic radar in IEEE 802.11ad networks, IEEE Transactions on Signal
Processing, 2018.

G. R. Muns et.al Beam alignment and tracking for autonomous vehicular communication using
IEEE 802.11ad-based radar, in IEEE Infocom Workshops - Hot Topics in Social and Mobile
Connected Smart Objects,2019.



3.1 Methodology

1. Test extended target model hypothesis

2. Implement Standard Golay (SG) Processing and Modified Golay (MG) Processing
to test range-sidelobe level reduction for simple point scatterer

3. Generate realistic Electromagnetic target models for the automotive scenario

4. Generate radar receiver operating curves to quantify the improvement in an

objective manner

Short range targets fit
in  multiple bins and
need to be modelled as

extended targets . :
Long range targets fit in 1 bin and

should appear as point targets
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3.2 Short Range Automotive Scenario Experiment
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4.1 Standard Golay (SG) waveform Example, L=512

Example for 4 packets

1. Consider a Golay Pair {G_ | [n],G, , [n]} of length 512 bits each.

Transmit G, =G, I G, [N=G,, I G, [N=6G, [ G, =G,
Waveform ’ ’ ’ | ’ ’

Packet p=0 Packet p=1 Packet p=2 Packet p=3

Receiver matched filter processing

3
S PG, Ll * Gy Lll]) # 6LS[Y, 1= —L,..0,..(L—1)
p=0




4.2 Modified Golay (MG) waveform, L=512

Example for 4 packets
1. Generate Prou-Thue-Morse (PTM) sequence of length 2 bits - {0,1}

2. In PTM sequence replace all 0’s with Golay Pair {Ga,L[I],Gb,L[I]} and 1’s with Golay Pair {-Gb,L[-I],Ga’L[-I]}

0 1
~— ~—
Transmit G, 5,,[11=G, [ G,:,[1=G, [ G, ;,l1=-G, [-1] G,:,ll1=G, [-1]
Waveform
Packet p=0 Packet p=1 Packet p=2 Packet p=3

Receiver matched filter processing

3

ST PG, Ll * Gy Lll]) & LGy, L[] * G1,Lll]) +2(Ga2,[1] * G2, [1]) + 3(G3, L[] * G5, L[1])
=0

3

1((Gp, L[] * Gy, Lll]) + (Ga, L[~ * Ga,L[—1])) + 2((=Gp, L[] * =Gp,L[—1]) + (Ga,L[—l] * Ga,L[—1]))
(2L +'2(2L))8[l]

6L5[1]

11l

Pezeshki et.al, Doppler resilient Golay complementary waveforms Trans. Information Theory 2008 "




4.3 MG vs SG for a moving point target, P=2048 packets
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Parameter
Carrier Frequency
Bandwidth

Range resolution

Maximum unambiguous
range

Pulse repetition interval

Velocity resolution

Maximum unambiguous
velocity

Coherent Processing
interval

4.4 Ultra Short Range Radar

Proposed Radar
60 GHz

1.76 GHz
0.085m

44 m

2 us

0.6 m/s

625 m/s

0.0041 s (P=2048)

Commercial SRR

77 GHz
2 GHz _

Ultra short range automotive radars
0.075m have the following usage scenarios:
40 m 1. Parking assistance

2. Lane change assistance
167 us 3. Object detection and tracking
0.27 m/s
111 m/s
0.007 s

13



5.1 Extended target model of a car

Length 4.2m
< D
Width 2m
VAN
Height 2.2m
Ov 1
36 37

Primitive chosen for a car is a
triangular plate and can be
represented in 3D space by its
centroid

Radar cross section of a triangular plate

4
4 A2 cos? Oy [n] sin (kdb sin %)
ob|n] = 2 AR
A kdy sin 5

Ap = area of the plate

0, = aspect angle

dy = dimension along aspect angle
k = propagationconstant

A = wavelength

Received signal

= VvV op(0 r
ZER(t) = Z JAL()IT (t— > b(t)> +n

i—o  Tv(t)?

C

14




Z (m)

5.2 Car range-Doppler MG waveform vs SG waveform

Scene View SG waveform MG waveform

o
-10

-10

Doppler (m/s) Doppler (m/s)

Key Observations:
1. The extended target model of the car manifests itself over multiple range-Doppler bins.
2. The power of the reflected signal from the car causes the fluctuations in colour in the
range-Doppler plot.
3. Range sidelobes are suppressed in the MG waveform making it Doppler resilient.
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5.3 Car Radar Signatures
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5.4 Extended target model of a bicycle

Primitives are rods
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5.5 Extended Target Model: Bicycle radar signatures

SG waveform MG waveform

Range-time plot

1. Range-sidelobes are 5
supressed in the MG £
waveform

2. Micro-range information
from the wheels is visible

time (s)

Doppler-time plot . W‘ M
1. The aspect angle variation manifests itself in the (Mdmmpmm{ -
variation of the received power and we can see it on e W
the colour bar
2.  When the bicycle is directly in front of the radar, it is
moving in the transverse direction hence there is
zero Doppler in the received signal
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5.6 Extended target model of a pedestrian

181
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04r
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Radar cross section of an ellipsoid

1 »4 72
1B Hy

ovln] = R? sin? Oy[n] + 7 HE cos? Oy[n]

H, = length of the ellipsoid
R, = radius of the ellipsoid

Y (m)

SS Ram, H Ling , Simulation of human microDopplers using computer animation data
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Range (m)

5.7 Pedestrian MG waveform vs SG waveform
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1. Doppler velocity
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1.2 Pulse - Doppler Radar Signal Processing
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2.1 Introduction to the IEEE 802.11ad

1. 60 GHz wireless link for 5G communications between autonomous

vehicles

2. Signal bandwidth: 1.76 GHz - significantly more than 802.11ac

(20/40MHz)

3. Joint radar and communication framework

Channel Estimation Field

/

Short Training Field

STF CEF HEADER Data
(2176) (1152) (64) (128
|
| |
6.:512 Gv512 Gv128
e

2 Golay Sequences of length 512
bits, 1 Golay Sequence of length 128

Total number of bits in a packet = (2176+1152+64+128)

Procotol

802.11ad
802.11ac
802.11n

802.11g

Range Resolution

CTb

Ar = 3

Range
Resolution
0.085 m
09m
3.75m

7.5m



2.2 Golay Perfect Autocorrelation Property

I 1. This is the received signal for a static
N target at zero delay and we see there
are zero sidelobes
L 2 fast{Ime L-1

(Ga,L[l] * Ga,L[l])

+ (Gb,L[l] * Gb,L[l]) = 6L5[l],l = —L, O, L —1

2. This is the received signal for a moving
target at zero delay and we see there

are sidelobes present

(Ga,Lll] * Ga, L) + (G, L1 * Gy, L)€’ # 6LS[1],1 = —L, .0, ..L — 1




2.3 Literature Survey

Parameters Current Literature Shortcomings
Range Long Range (~200m) | Attenuation is high (20 dB/km at sea level) for 60 GHz
Target Model Simple point targets | For short range radar, targets are closer, we hypothesize

simple point target model isn’t accurate

Type of target Static Automotive scenario has moving targets

1.

P. Kumari etal “IEEE 802.11ad-based radar:An approach to joint vehicular
communication-radar system,” IEEE Transactions on Vehicular Technology, 2018. (UT Austin)
E. Grossi et.al Opportunistic radar in IEEE 802.11ad networks, IEEE Transactions on Signal
Processing, 2018.

G. R. Muns et.al Beam alignment and tracking for autonomous vehicular communication using
IEEE 802.11ad-based radar, in IEEE Infocom Workshops - Hot Topics in Social and Mobile
Connected Smart Objects,2019.
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3.1 Methodology

1. Test extended target model hypothesis

2. Implement Standard Golay (SG) Processing and Modified Golay (MG) Processing
to test range-sidelobe level reduction for simple point scatterer

3. Generate realistic Electromagnetic target models for the automotive scenario

4. Generate radar receiver operating curves to quantify the improvement in an

objective manner

Short range targets fit
in  multiple bins and
need to be modelled as
extended targets

should appear as point targets

Long range targets fit in 1 bin and

28
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3.2 Short Range Automotive Scenario Experiment
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4.1 Standard Golay (SG) waveform Example, L=512

Example for 4 packets

1. Consider a Golay Pair {G_ | [n],G, , [n]} of length 512 bits each.

Transmit G, =G, I G, [N=G,, I G, [N=6G, [ G, =G,
Waveform ’ ’ ’ | ’ ’

Packet p=0 Packet p=1 Packet p=2 Packet p=3

Receiver matched filter processing

3
S PG, Ll * Gy Lll]) # 6LS[Y, 1= —L,..0,..(L—1)
p=0




4.2 Modified Golay (MG) waveform, L=512

Example for 4 packets
1. Generate Prou-Thue-Morse (PTM) sequence of length 2 bits - {0,1}

2. In PTM sequence replace all 0’s with Golay Pair {Ga,L[I],Gb,L[I]} and 1’s with Golay Pair {-Gb,L[-I],Ga’L[-I]}

0 1
~— ~—
Transmit G, 5,,[11=G, [ G,:,[1=G, [ G, ;,l1=-G, [-1] G,:,ll1=G, [-1]
Waveform
Packet p=0 Packet p=1 Packet p=2 Packet p=3

Receiver matched filter processing

3

ST PG, Ll * Gy Lll]) & LGy, L[] * G1,Lll]) +2(Ga2,[1] * G2, [1]) + 3(G3, L[] * G5, L[1])
=0

3

1((Gp, L[] * Gy, Lll]) + (Ga, L[~ * Ga,L[—1])) + 2((=Gp, L[] * =Gp,L[—1]) + (Ga,L[—l] * Ga,L[—1]))
(2L +'2(2L))8[l]

6L5[1]

11l

Pezeshki et.al, Doppler resilient Golay complementary waveforms Trans. Information Theory 2008 °




4.3 MG vs SG for a moving point target, P=2048 packets

SG waveform MG waveform -
A o -85
Target S T Target
(20m, lom/S) H 3‘. : ( 20m, lOm/s) i : -90
/‘/ i 4 /'/
¥ - 95
O : O
Range T3

Sidelobes , |'—’| i
- .. Doppler Resilient e

N Region 3
i i -110

-100 -50 0 50 100/-100 50 0 50 100
Doppler (m/s) Doppler (m/s)

Range sidelobes have been suppressed by 20 dB -



Parameter
Carrier Frequency
Bandwidth

Range resolution

Maximum unambiguous
range

Pulse repetition interval

Velocity resolution

Maximum unambiguous
velocity

Coherent Processing
interval

4.4 Ultra Short Range Radar

Proposed Radar
60 GHz

1.76 GHz
0.085m

44 m

2 us

0.6 m/s

625 m/s

0.0041 s (P=2048)

Commercial SRR

77 GHz
2 GHz _

Ultra short range automotive radars
0.075m have the following usage scenarios:
40 m 1. Parking assistance

2. Lane change assistance
167 us 3. Object detection and tracking
0.27 m/s
111 m/s
0.007 s

33



5.1 Extended target model of a car

Length 4.2m
< D
Width 2m
VAN
Height 2.2m
Ov 1
36 37

Primitive chosen for a car is a
triangular plate and can be
represented in 3D space by its
centroid

Radar cross section of a triangular plate

4
4 A2 cos? Oy [n] sin (kdb sin %)
ob|n] = 2 AR
A kdy sin 5

Ap = area of the plate

0, = aspect angle

dy = dimension along aspect angle
k = propagationconstant

A = wavelength

Received signal

= VvV op(0 r
ZER(t) = Z JAL()IT (t— > b(t)> +n

i—o  Tv(t)?

C
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5.2 Car range-Doppler MG waveform vs SG waveform

Z (m)

Scene View

SG waveform

MG waveform

Doppler (m/s)

o
-10

Doppler (m/s)

10

2.

3.

Key Observations:
1.

The extended target model of the car manifests itself over multiple range-Doppler bins.
The power of the reflected signal from the car causes the fluctuations in colour in the

range-Doppler plot.

Range sidelobes are suppressed in the MG waveform making it Doppler resilient.
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5.3 Car Radar Signatures
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Velocity (m/s)
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5.4 Extended target model of a bicycle

Primitives are rods

1 —
0-8 = x
N 0.6 -
0.4 -
0.2 - 6
0~
2 2.5 3 3.5 a 4 Y
X ol
2may L? in (kLy sin 0 2 6
a'b[n = w COSQ(Qb[n]) Sln( b.Sll'l b[n]) _ a4t
kL sin 0y [n] 0
E 2
g ol
3 2|
The metal rods of the frame and the >
metal rods of the spokes are modelled 6|
in this electromagnetic model B
-10 =
0 2 4 6 8

time (s)

30

Range (m)
N
(=]

Range-time ground truth

time (s)

37



5.5 Extended Target Model: Bicycle radar signatures

SG waveform MG waveform

Range-time plot

1. Range-sidelobes are 5
supressed in the MG £
waveform

2. Micro-range information
from the wheels is visible

time (s)

Doppler-time plot . W‘ M
1. The aspect angle variation manifests itself in the (Mdmmpmm{ -
variation of the received power and we can see it on e W
the colour bar
2.  When the bicycle is directly in front of the radar, it is
moving in the transverse direction hence there is
zero Doppler in the received signal

Velocity (m/s)
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5.6 Extended target model of a pedestrian

181

o

14
1.2} /
0.8

0.6 [

Z (m)

04r

0.2}

1.8m

Radar cross section of an ellipsoid

1 »4 72
1B Hy

ovln] = R? sin? Oy[n] + 7 HE cos? Oy[n]

H, = length of the ellipsoid
R, = radius of the ellipsoid

Y (m)

SS Ram, H Ling , Simulation of human microDopplers using computer animation data
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Range (m)

5.7 Pedestrian MG waveform vs SG waveform

SG Waveform
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5.8 Pedestrian Radar Signatures
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6.1 Detection Methodology

RCS calculation after range compensation

2
+ 22 T
Utarget( E XRT [m /rb]rbe ’ ’
b=1
0.12 e .
s 1a SG Noise
i § i § MG Noise
0.1 noow Car |
L l Human
0.08 ; : :
€ I I
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. I I A
0.04 1 1 ‘
‘ 1o ' I
0.02 L ! 1 -
ARl |
o i | l_zl di | I i I 2 =
-30 -20 -10 0 10 20 30
RCS (dBsm)

Generate range-time plot for a car
and a pedestrian moving
simultaneously in front of radar

Range compensate the radar
range-time plot

Using ground truth range-time
positions of each target and the
radar range-time plot

The target locations in the radar range-
time plot are time samples of the target
radar cross section

The non target locations in the radar
range-time are a time samples of the
noise.

~

/

Using the time samples generate
histograms of the noise and targets
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6.2 Radar Operating Curves
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7.1 Conclusion
What we did:

1. Designed an ultra short range Automotive Radar based on the 802.11ad

protocol

2. Changed the transmit waveform to improve the detection on radar signatures
for dynamic targets

3. Constructed an extended target model and processed high resolution radar
signatures for typical automotive targets

What we found:

4. The MG radar, on comparing with the SG radar, was observed to be

performing better on the following metrics:
a. Suppressed range-sidelobes by 20 dB for point targets
b. Reduced probability of false alarms by 2.5% at low SNR (-20dB to 0dB)

5. Interesting micro-Doppler and micro-range features for different automotive

targets 44
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Conclusion

We designed an ultra short range Radar based on the 802.11ad protocol
The transmit waveform was changed slightly to improve the detection on
radar signatures for dynamic targets

An extended target model was constructed and high resolution radar
signatures for typical automotive targets were processed

The MG radar was tested with the SG radar and shown to be better using
performance metrics
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Detection Methodology

For two targets - a car and a pedestrian moving in front of the Radar, we
generate a range-time signature

Range compensate the range-time signature.

From the ground truth range values of each target calculate the radar cross
section by doing a coherent sum of all the point scatterers of each individual

target . 5

2 4402
E XRT|m, Ty Tye TN
h—1

Otarget (m) =

The range compensated range-time signature also gives us the virtual noise
radar cross section values at all points in time.

Plot a histogram of the radar cross section and the virtual noise cross section
Use thresholding for detection
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Pulse - Doppler Radar Operation
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The last plot gives us the delay at which the target is located

-IEEE 802.11.ad based radar
transmits a Golay Coded
waveform and the received
signal is delayed in time and
Doppler shifted

- The received signal after
signal processing results in a
range-Doppler plot
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Previous work

- Preeti Kumari used the CEF in the SC mode in IEEE 802.11.AD to create a
Long Range Radar (~200m) and assumed targets as point targets

Stationary Clutter

(Reflections from
= g «;u:«;,,-‘“g? P
RS R A B A
P

A A R R A R A R AR

/| S~ Mainlobe of Communication

2 ‘W1;.ﬂtg‘ TX-beam

Stationary Clutter
(Reflections from
0:

*Taken from: P. Kumari et.al IEEE 802.11ad-based radar: An approach to joint
vehicular

communication-radar system, IEEE Transactions on Vehicular Technology,
2018.
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802.11.ad based radar

Perfect Autocorrelation Property

Gan[n]]* Ga.N[—n] Sl Gb_N[n] * Gb’N[—n] = 2/\/(5[[7]
(Ga,N[n] * Ga,N[—n]) o (Gb‘/\/[n] * Gb’N[—n]) e_j(9 75 2N5[n].

In case of Non Stationary targets, the perfect autocorrelation property
is not valid and creates range sidelobes due to Doppler in received

signal
Put main plots of above equations here
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Our objectives

1. Create a Short range radar as attenuation is high for 60 GHz radio waves and
we are looking for 2 way propagation

2. Solve the range side-lobes due to Doppler problem

3. Since we have a high radar resolution and close range to targets, our targets
are modelled as extended targets
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Radar Signal Model and Parameters

Trqse = 0.5ns

\ 4
\ 5127,
\ ’
L’_LV
STF CEF HEADER Data LI ] STF CEF HEADER Data
(2176) (1152) (64) (128) (2176) (1152) (64) (128)
[} '] L 1
T 1 1
. PRI* = 2us PRI?%48 = 2us )
1 1
CPI=8.2ms

Parameter

Proposed Radar

Commercial SRR

Carrier frequency

Bandwidth

Range resolution

Maximum unambiguous range
Pulse repetition interval
Velocity resolution

Maximum unambiguous velocity

60 GHz
1.76 GHz
0.085 m
44m

2/18

0.05 m/s
111 m/s

77 GHz
2 GHz
0.075 m
40m
1.67us
0.3 m/s
625 m/s
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2. Modified Golay (MG) signal model

Example for 4 packets

1. Generate PTM sequence of length 2 bits - {0,1}
2. In PTM sequence replace all 0's with Golay Pair {G,[n],G,[n]} and 1’s with Golay Pair {-G,[-n],G,[-n]}

Packet 1 Packet 2 Packet 3 Packet 4

*Pezeshki reference
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2. Standard Golay (SG) signal model

Packet 1
STE CEF HEADER Data
(2176) (1152) (64) (128)

|

Gusiz | Gys1z| Gyizs

PRI #1

Packet P
STE CEF HEADER Data
(2176) (1152) (64) (128)

|

Gusiz | Gys1z| Gyizs

PRI #P

The received signal for P packets after reflection from a point target

7, = delay for b point scatterer

ap = reflectivity for b™ point scatterer

fp, = Doppler for b point scatterer

(nts — T — pTPRI)e_j27TbePTPRI + z[n]
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Modified Golay: Doppler Resilience Theta =

2*pi*fd*PRI
For P packets at the receiver the matched filter looks like this

P—1

> &Gy [n] x Gpxn)) =

p=0

0(Go.n[n] * Gon[n]) + 1(G1,n[n] * G1,N[n]) + 2(G2.n[n] ¥ G2 N[n]) +--- + (P — 1)(Gp_1,~n[n] *x Gp_1,~[n]).

- Using the first order Taylor Expansion about 0 for small theta i.e. small
Doppler, we make RHS as close to the original perfect autocorrelation
property as possible.
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Modified Golay: PTM sequence

Pezeshki et.al, Doppler resilient Golay complementary waveforms Trans. Information
Theory 2008

Prouhet-Thue-Morse (PTM)
Sequence Modified Golay sequence

0, ifp=20 if gp = 0. {Gan[n]. Gon[n]}
gp =< 92, if (p modulo2) =0 if gp = 1, {—Gon[—n], Gan[—n]}
Gp—1, if (p modulo?2) =1, J

PTM Sequence: [01] : Gsn[n], Gbn[n], —Gp,n[—n], Ga,n[—n]:

> e Gonln] * Gon[—n]) & L((Gw[n] * Gin[—n]) + (Gan[n] * Gaw[—n]))

+2((Ge,n[n] * Go,n[—n]) + (Gs,n[n] * Ga,n[—n]))
— (2N + 2(2N))5[n] = 6Né[n].
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range (m)

An example of a range-Doppler plot

Target at 15m , 3.8 m/s

doppler (m/s)

3.8197m/s
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range (m)
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3. Car MG vs SG radar



https://docs.google.com/file/d/190PH_Wm2UsNKkEb_CcWzgZ6DF8SK3SMu/preview
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5.8 Pedestrian Radar Signatures
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6.1 Detection Methodology

RCS calculation after range compensation

2
+ 22 T
Utarget( E XRT [m /rb]rbe ’ ’
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0.12 e .
s 1a SG Noise
i § i § MG Noise
0.1 noow Car |
L l Human
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0.04 1 1 ‘
‘ 1o ' I
0.02 L ! 1 -
ARl |
o i | l_zl di | I i I 2 =
-30 -20 -10 0 10 20 30
RCS (dBsm)

Generate range-time plot for a car
and a pedestrian moving
simultaneously in front of radar

Range compensate the radar
range-time plot

Using ground truth range-time
positions of each target and the
radar range-time plot

The target locations in the radar range-
time plot are time samples of the target
radar cross section

The non target locations in the radar
range-time are a time samples of the
noise.

~

/

Using the time samples generate
histograms of the noise and targets
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6.2 Radar Operating Curves
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7.1 Conclusion
What we did:

1. Designed an ultra short range Automotive Radar based on the 802.11ad

protocol

2. Changed the transmit waveform to improve the detection on radar signatures
for dynamic targets

3. Constructed an extended target model and processed high resolution radar
signatures for typical automotive targets

What we found:

4. The MG radar, on comparing with the SG radar, was observed to be

performing better on the following metrics:
a. Suppressed range-sidelobes by 20 dB for point targets
b. Reduced probability of false alarms by 2.5% at low SNR (-20dB to 0dB)

5. Interesting micro-Doppler and micro-range features for different automotive

targets 65
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Conclusion

We designed an ultra short range Radar based on the 802.11ad protocol
The transmit waveform was changed slightly to improve the detection on
radar signatures for dynamic targets

An extended target model was constructed and high resolution radar
signatures for typical automotive targets were processed

The MG radar was tested with the SG radar and shown to be better using
performance metrics
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Detection Methodology

For two targets - a car and a pedestrian moving in front of the Radar, we
generate a range-time signature

Range compensate the range-time signature.

From the ground truth range values of each target calculate the radar cross
section by doing a coherent sum of all the point scatterers of each individual

target . 5

2 4402
E XRT|m, Ty Tye TN
h—1

Otarget (m) =

The range compensated range-time signature also gives us the virtual noise
radar cross section values at all points in time.

Plot a histogram of the radar cross section and the virtual noise cross section
Use thresholding for detection
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Pulse - Doppler Radar Operation
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The last plot gives us the delay at which the target is located

-IEEE 802.11.ad based radar
transmits a Golay Coded
waveform and the received
signal is delayed in time and
Doppler shifted

- The received signal after
signal processing results in a
range-Doppler plot
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Previous work

- Preeti Kumari used the CEF in the SC mode in IEEE 802.11.AD to create a
Long Range Radar (~200m) and assumed targets as point targets

Stationary Clutter

(Reflections from
= g «;u:«;,,-‘“g? P
RS R A B A
P

A A R R A R A R AR

/| S~ Mainlobe of Communication

2 ‘W1;.ﬂtg‘ TX-beam

Stationary Clutter
(Reflections from
0:

*Taken from: P. Kumari et.al IEEE 802.11ad-based radar: An approach to joint
vehicular

communication-radar system, IEEE Transactions on Vehicular Technology,
2018.
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802.11.ad based radar

Perfect Autocorrelation Property

Gan[n]]* Ga.N[—n] Sl Gb_N[n] * Gb’N[—n] = 2/\/(5[[7]
(Ga,N[n] * Ga,N[—n]) o (Gb‘/\/[n] * Gb’N[—n]) e_j(9 75 2N5[n].

In case of Non Stationary targets, the perfect autocorrelation property
is not valid and creates range sidelobes due to Doppler in received

signal
Put main plots of above equations here
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Our objectives

1. Create a Short range radar as attenuation is high for 60 GHz radio waves and
we are looking for 2 way propagation

2. Solve the range side-lobes due to Doppler problem

3. Since we have a high radar resolution and close range to targets, our targets
are modelled as extended targets
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Radar Signal Model and Parameters

Trqse = 0.5ns

\ 4
\ 5127,
\ ’
L’_LV
STF CEF HEADER Data LI ] STF CEF HEADER Data
(2176) (1152) (64) (128) (2176) (1152) (64) (128)
[} '] L 1
T 1 1
. PRI* = 2us PRI?%48 = 2us )
1 1
CPI=8.2ms

Parameter

Proposed Radar

Commercial SRR

Carrier frequency

Bandwidth

Range resolution

Maximum unambiguous range
Pulse repetition interval
Velocity resolution

Maximum unambiguous velocity

60 GHz
1.76 GHz
0.085 m
44m

2/18

0.05 m/s
111 m/s

77 GHz
2 GHz
0.075 m
40m
1.67us
0.3 m/s
625 m/s
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2. Modified Golay (MG) signal model

Example for 4 packets

1. Generate PTM sequence of length 2 bits - {0,1}
2. In PTM sequence replace all 0's with Golay Pair {G,[n],G,[n]} and 1’s with Golay Pair {-G,[-n],G,[-n]}

Packet 1 Packet 2 Packet 3 Packet 4

*Pezeshki reference
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2. Standard Golay (SG) signal model

Packet 1
STE CEF HEADER Data
(2176) (1152) (64) (128)

|

Gusiz | Gys1z| Gyizs

PRI #1

Packet P
STE CEF HEADER Data
(2176) (1152) (64) (128)

|

Gusiz | Gys1z| Gyizs

PRI #P

The received signal for P packets after reflection from a point target

7, = delay for b point scatterer

ap = reflectivity for b™ point scatterer

fp, = Doppler for b point scatterer

(nts — T — pTPRI)e_j27TbePTPRI + z[n]
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Modified Golay: Doppler Resilience Theta =

2*pi*fd*PRI
For P packets at the receiver the matched filter looks like this

P—1

> &Gy [n] x Gpxn)) =

p=0

0(Go.n[n] * Gon[n]) + 1(G1,n[n] * G1,N[n]) + 2(G2.n[n] ¥ G2 N[n]) +--- + (P — 1)(Gp_1,~n[n] *x Gp_1,~[n]).

- Using the first order Taylor Expansion about 0 for small theta i.e. small
Doppler, we make RHS as close to the original perfect autocorrelation
property as possible.
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Modified Golay: PTM sequence

Pezeshki et.al, Doppler resilient Golay complementary waveforms Trans. Information
Theory 2008

Prouhet-Thue-Morse (PTM)
Sequence Modified Golay sequence

0, ifp=20 if gp = 0. {Gan[n]. Gon[n]}
gp =< 92, if (p modulo2) =0 if gp = 1, {—Gon[—n], Gan[—n]}
Gp—1, if (p modulo?2) =1, J

PTM Sequence: [01] : Gsn[n], Gbn[n], —Gp,n[—n], Ga,n[—n]:

> e Gonln] * Gon[—n]) & L((Gw[n] * Gin[—n]) + (Gan[n] * Gaw[—n]))

+2((Ge,n[n] * Go,n[—n]) + (Gs,n[n] * Ga,n[—n]))
— (2N + 2(2N))5[n] = 6Né[n].
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range (m)

An example of a range-Doppler plot
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3. Car MG vs SG radar



https://docs.google.com/file/d/190PH_Wm2UsNKkEb_CcWzgZ6DF8SK3SMu/preview
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