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System Manager, Radar & Analytics

« Career
— PhD, Electrical Engineering, University of Texas at Austin

— System Engineer, Perception Processing & Analytics Lab,
Radar & Analytics, EP, 2012~2017

— System manager, Radar & Analytics, EP, 2018

« Expertise
— Radar signal processing algorithms
— System analysis/development
— Multi-core DSP programing/optimization
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Tl training — summary

Cascaded Radar and Body&Chassis Automotive Applications:

This presentation will cover two topics. The first session describes how to cascade multiple Tl single chip radars to a high
performance radar sensor with enhanced angle and range detection performance. A cascade radar system proposal will be
presented followed by some demonstrate results based on Tl 4-chip cascade radar system. The second session introduces
multiple body and chassis automotive applications based on Tl single chip radar. For each application, the corresponding
hardware EVM and basic signal processing chain will be introduced.

What you’ll learn: _
- Why need cascade radar and how Training level: Intermediate
to cascade based on Tl radar chip
Course Details:
» What the performance of cascade Audience: All
radar

Specific Tl Designs & Parts Discussed:

* What are the automotive « AWR1243, AWR1443, AWR1642
application for body & chassis
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» Cascade Radar
—What/Why cascade radar
— How to cascade multiple radar chips
— What Tl cascade radar can achieve

» Body&Chassis Automotive Applications
— Driver vital sign monitoring: hardware, signal processing chain
— Obstacle detection for door/chunk opening: hardware, signal processing chain
— Occupancy detection: hardware, signal processing chain
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76 — 81 GHz mmWave Sensors (Sampling)

AWR1243 AWR1443 AWR1642

INSTRUMENTS INSTRUMENTS INSTRUMENTS
Radar Sensor Radar Sensor + HW Accelerator Radar Sensor + DSP
« Use Cases  Use Cases  Use Cases
— Imaging Radar Sensor — Entry-level Single-chip Radar — USRR Single Chip Radar
e 2xor4x AWR12 * Proximity warning * 160 Degree, 40m
cascade) + External — i
(DSP ) \Ij;i(iacisepace sensor in and around the _ SRR Single chip Radar
e 12 traffic Alert
- MRRand LRR — Occupant detection, driver monitoring Om Cross traffic Aler
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Cascaded Radar
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What is Cascaded Radar?

to Device 1 to Device 2

@‘: YV V ‘{7 :) TX antennas
YV

~ -
~~~~~~~
-
------------------

RX antennas

' AWR1243

L | The two devices are synchronized
3 Texas and work as a single unit, coherently

INSTRUMENTS .
: processing data from all the antennas
Device 1 Device 2

I3 TExas
INSTRUMENTS
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Why Cascading?

Range resolution: C

— Directly proportional to the bandwidth (B) spanned by the chirp. dres = ﬁ

— TI's AWRxxxx solution : chirp bandwidth of 4GHz=> 4cm range resolution
Velocity resolution: 1

— Velocity resolution can be improved by increasing frame time (T;)=> No hardware cost. Vies = =05

— AT,of 5ms => v, of 1.5 kmph 2T
Angle resolution (improved by cascade):

— Improving angle resolution requires increasing the number of TX/RX antennas 2

— Cost & area constraints limits the number of TX/RX chains per chip Ores = ———

N7xN gy

— A device with 2TX and 4 RX can achieve a theoretical angle resolution of only 15°

Maximum detection range (improved by cascade):
— Larger number of TX/RX antennas improves maximum detection range
— Detection range can be more than 300 meters with 4 chip cascade board

Cascading of multiple radar chips (e.g. 2,4) provides a cost effective and scalable solution
to address the differing angle resolution requirements of various applications
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Enabling Level 2 and Beyond of Automated Driving

CORNER/MRR High Performance LRR

—

4x angular resolution beam steering
Virtual array of 48 channels < 1° angular resolution
> 300 meters range
Virtual array of 192 channels

Curbs/Overhanging objects Dense urban scénarios

o

verhead_ -bﬁgészunnels

: ..
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Modes of operation of cascade radar: MIMO

Multiple TX antennas transmit independently

Multiplexing of the transmitters can be in frequency (FDM), time (TDM), code-space (BPM) or a
combination of the above.

» A single snap-shot with independent transmissions from all TX's, can illuminate the entire scene.

Suitable for applications which require a high angular resolution over a wide field of view. (such
as in MRR/SRR/USRR Imaging radar)

MIMO Operation

) T TYYy

TX1 TX2 RX1 RX2 RX3 RX4
Virtual Array

In this example, an independent transmission from each of the two TX’s (with all
the RX’s receiving) , generates a virtual array of length 2x4=8 antennas.

10
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Modes of operation of cascade radar: TX beamforming
Multiple TX antennas transmit simultaneously & coherently to create a focused beam.

Phase shifts across TX antennas can steer the beam in a desired direction

Coherent gain across the Ny antennas improves SNR (20log,,(N+x) vs. 10l0g,,(N+x) in MIMO)

Suitable for applications which require maximum range and high anqular resolution over a narrow field of
view (such as in LRR)

TX beamforming operation

* Asingle snap-shot
illuminates a narrow FOV.

* Multiple snap-shots
(scanned sequentially) to

TX1 TX2 TX3 TX1 TX2 TX3 TX1 TX2 TX3 TX1 TX2 TX3 cover a wider FOV
Device 1 Device 2 Device 3 Device 4

11
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MIMO vs TX beamforming

SNRpymo < Nrx

12
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Cascade challenges: shared LO

Why shared LO?

TX ant.
,/’Y « The chirp generated by the LO, also has
‘// < ' i associated phase noise.

.\ « Ensuring that transmit and receive signal
""""""" Local Oscillator (LO) originate from the same LO, results in “phase
7 noise cancellation” => mitigates the adverse

> > impact of phase noise in the IF signal
RX ant. IF signal

mixer

The bumper reflection/antenna coupling
signal is typically the most dominant IF
signal. A shared LO source reduces the
— associated phase noise by several 10’s
Y of dB (red- independent LO vs blue

> | shared LO)

IF frequency

13
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Cascade challenges: shared LO

Device #1 (master)

T TX ant

S

RX ant

LO
I IF Signal

IF Signal

—
>

Device #2 (slave)

Device
#1

Shared LO => LO routed from
master to slave(s)

LO

Device
#2

Note: LO is generated and
routed at ~20GHz . Slave
does a 4x to 77 GHz band.
Routing at 20GHz (instead of
77GHz eases routing)
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Cascade challenges: shared LO

Device #1 (master)

T TX ant

S

RX ant

LO
i IF Signal
]— ><ADC'

\4" I

IF Signal

> ADC

Device #2 (slave) :

Device
#1

LO

Digital
Synch

% \4

Device
#2

Shared LO => LO routed from

master to slave(s)

Additionally ADC sampling and
transmission time across
devices needs to be
synchronized => Digital synch
signal from master routed to all
slaves.

15
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Cascade challenges: LO length matching

* In the TX beam forming mode of operation, TX antennas across multiple devices are fired
simultaneously to create a stronger and more focused beam.

Device #1 (master)

Device #2 (slave)

L,

LO

)8
o lx

» All TX’s should transmit in phase => LO routing from
master to all the slaves needs to be length matched.

Device #1

Lo _T —-T;gital

Synch

—

Device #2

Master has the capability to use LO signal
routed from an external pin. This can be
used to achieve inter-chip delay matching.

16
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4 Chip Cascading Scheme

‘ii'

Power splitter
.
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Cascade Radar : Tl offering

1 Ref clock
synchronization

2 LO
synchronization

3 Frame
Synchronization

4 TX Phase shifter

5 Collateral

Reference clock from master is shared with all the
slaves.

LO from master is shared with all the slaves.
LO is output from the master through two different
delay matched pins

Start of frame synchronized between master and all
slaves.

Can be programmed in steps of 5.6°

Tl 4-chip EVM board

Accompanying digital board which can stream ADC
data via Ethernet to PC

Sample Matlab Code for TX beamforming/MIMO

OSC_CLKOUT,
CLKP

FMCW_ SYNCOUT,
FMCW_CLKOUT,

SYNC_IN,
SYNC_OUT

18

W3 TEXAS INSTRUMENTS



Imaging Radar System Demonstrator

* 4-chip cascade prototype
implemented on a multi-layer PCB
with Rogers 3003 top layer

« 3-D antenna pattern supporting
MIMO and TX beamforming

 Tested in anechoic chamber and in
multiple indoor/outdoor
environments

— Pedestrian detection at > 140m
— Car detection at > 270m
— Azimuth angular resolution 1.4°

19
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Lab

150
100
m
°

50

0

15

10

Test

range profile

jl |||

Wi Il o n‘fﬂ \ HﬁlH
WH’& } “\\‘Fh\mﬁw‘%*‘\‘

0 5 10 15 20

range (m)
108 range:4.9842

__ = Two corner

p— reflectors separated
BAl | by 1.7 degrees

£
\ Two separate peaks detected at 1.7 degree

200 250 300

separation (in the angle-FFT). Close to the expected
angle resolution of 1.4 degree

ravy
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Single Car with car door open

mizters

45 degrees

range/azimuth heat map for zero Doppler

meters

45 degrees with door open

range/azimuth heat map for zero Doppler

meters
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Contour of Curb

range/azimuth heat map for zero Doppler

50

45

40

-40 -30 -20 -10 0 10 20 30 40
meters
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Comparison — Angle estimation methods

FFT Method MVDR Method
20 20

e MUSIC Method _ Intensity Weighted MUSIC Method

20
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Field Test 1 : MIMO Radar —

CFAR detected points
. i ' of pedestrians

Receive Power (dB)

0 2 4 i [ 10 12 14 16 18
Range(m)
Range/Velocity Plot - point cloud{single chip, no elevation) 3D point cloud(cascade)

ke |,
** E ;
= J 10 2 “ ¥ . ﬂ
* . Single chip fails to
‘ detect separation :
_.Cascade detect
. Separationclearly
-3 3 1 [ 1 3 3 3 2 1 0 2 ij —
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Field Test 2 : TX beamforming (pedestrian)

. Range Profile(zero Doppler not plotted)

Range/Velocity Plot

Receive Power (dB)

3 8 ® 8 8 B B 3

25
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Field Test 3 : TX beamforming (car)

“"Another car crossed
dest field, not captured
by camera

110

Receive Power (dB)
range{m)
Ralative Powsr|dB)

26
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To see the entire video covering all field tests :

GO '[’; LE Imaging radar using multiple single-chip FMCW transceivers S Q

All Images News Videos More Settings Tools

About 228 results (0 30 seconds)

Imaging radar using multiple single-chip FMCW transceivers | Tl Training
IMAGING RADAR ¢ hitps://training.ti.com/imaging-radar-using-multiple-single-chip-fmc...

i "8 Dec 19, 2017

[ELECTRONIC MUSIC]. Today we are going to show a demo using Tl Cascade
Radar. This demo is built ...

27
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Body&Chassis Automotive
Applications
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Adjacent Automotive Applications (1/2)

‘Change the channel’
Infotainment control using gesture

‘No child left behind’
Occupancy detection

opening

‘Are you getting sleepy?’
Driver Vital Sign monitoring

‘Avoid the garage door’
Obstacle detection during trunk

‘kick to open’
Gesture based
trunk opening

‘Cyclist avoidance’ - Obstacle
detection during door opening
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Agenda

« Adjacent automotive applications using radar

— Obstacle detection.

— Driver vital sign monitoring.
— Occupancy detection.

— Gesture recognition.

30
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Adjacent Automotive Applications (2/2)

o Why Radar: « The AWR1642 76-81 GHz integrated
_ ] _ radar sensor is ideally suited for these
« Fine Range and velocity applications:
resolution «  Chirp with 4GHz bandwidth
* Robust under weather e 2TX—4RX

Aesthetics: can be placed behind
a facade

Multi-use : E.g. parking sensor

C6748 DSP @600MHz
. ARM R4F @200MHz

doubles as a ‘kick-to-open’ » 1.5MB on-chip

sensor

High Sensitivity to small . Application note

movement. http://www.ti.com/lit/wp/spry315/spry315.pdf

Wip TEXAS INSTRUMENTS
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Obstacle Detection Sensor
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32



Obstacle Detection Sensor (1/4) — Applications

— Car Door Opening

» Detect obstacles around car door and lock
movement to avoid damage

— Trunk Opening

» Detect obstacles around trunk to avoid
damage while opening

— Parking assistance

 Detect objects like plastic, metal cones,
curb, tree, mesh, other cars, motorcycle,
pedestrian while parking a car

— Detect potholes/Speed bumps

* For smoother driving by tuning the
suspension based on the road ahead.

W3 TEXAS INSTRUMENTS
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Obstacle Detection Sensor (2/4) —-Hardware Platform

- Newly designed antenna
Wide field of view +80°, Elevation measurement.
Detection range of 15m,

- Otherwise similar to AWR1642BOOST EVM

el

ODS EVM Board
Antenna layout

Non-uniform Receiver array NURA 3x4 (B):

©
» Using 2Tx and 4Rx a virtual array of 3 x4 is @ v
generated s = =

L

=40

Curve Info

= diGanTotal)
Setup! * LastAdaptve

LL s XnALY V(D) KAV a0}

59515 1394738 736596

FrogeT78 SCHI' Phie"-45dag'

= dBGanTotal)
Sedt

upl | Lastadaptive 57257 119.0005
FraqeT8 SGHI' Pri=Tdeg’

705635
B9.9808 44 002

1230873 S31178

FreqeT78 5GHr'

—

-180

Radiation Pattern

NURA 3x4 (B)
@
.1® ©
e ® @ @

-
a2

A,
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Obstacle

Detection Sensor (3/4) - Processing Chain
Classic FMCW

DC
correction

> window

_. radar processing
FFT FFT \

Object list with
== location and
metrics

(azimuth and
elevation)

Angle
non-coherent Detection
| integration -' I-

DC

m correction
> window

Estimation
Doppler
range |wm

w

Hl i HWE

\‘1

u!!;."‘\ "‘I‘“yﬁ

I

|

Identified targets

range Doppler
l !‘..“}\pi

range

A

v

data collected-over-one frame)
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Obstacle Detection Sensor (4/4) — Evaluation

Sensor 50cm from ground ‘

X-¥ Scatter Piot. § objects

Car door
detection in -

. o
horizontal plane

o gt © ey o
Y-Z Scatter Plot, § object:

Car door ‘
detection in .

; <
vertical plane ‘
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Obstacle Detection Sensor (4/4) — Evaluation

X-¥ Scatter Piot. § objects

detection in
horizontal plane

Car door

Y-Z Scatter Plot. § objects

Car door ‘
detection in
vertical plane “

X-¥ Scatter Plot, 10 objects

Objects detected
not as obstacles <

¥-Z Scatter Plot, 10 objects

Pole detected

as obstacle —
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Obstacle Detection Sensor (4/4) — Evaluation

Chirp configuration

v e Parameter 1 Valee

Car door Chirp bandwidth 4GHz
ﬁi:?z%tirﬁgliglane < . Chirp periodicity 100ps
Number of chirps per frame | 32 (interleaved between
Blatonce o ofracs (metars) | Distance et of racas (rmeters TX1 and TX2)
§ o — Maximum velocity 17kmph
Car door ‘ Range resolution ~4cm
detection in <« Maximum range 4m
vertical plane ‘ i . -~ Velocity resolution 1kmph
' i Memory requirement ~100KB
Objects detected i  aummeL
not as obstacles | ¢ 5 Refe re n Ce
- DB A L + Early evaluation code and

¥-Z Scatter Plot, 10 objects

EVM schematics available
now at mySecureSW

Pole detected

as obstacle — e —————
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Driver Vital Sign Monitoring
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Driver Vital-Signs Monitoring (1/4) - Application

+ Targeted application : Monitoring of heart and breathing rate of driver.
— Heart-rate variability,
— If driver is falling asleep, the heart/breathing rate would slowly decrease.

* How does Radar measure heart-rate ?
— 77Ghz radar doesn’t penetrate the skin.
— Radar can measure body surface movements due to breathing/heartrate.
— Uses the sensitivity of 77Ghz radar to small movements (1mm => 180 degrees phase shift).

Typical vital sign parameters

| | FromFront | FromBack _

Vital Signs Frequency Amplitude Amplitude
Breathing Rate (Adults) 0.1 -0.5Hz ~1-12 mm ~0.1-0.5mm
Heart Rate (Adults) 0.8-2.0 Hz ~01-05mm ~0.01-0.2mm

W3 TEXAS INSTRUMENTS
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Drlver Vital-Signs Monitoring (2/4)

100 ADC Samples per chirp. Chirp duration is 50 us based on the IF sampling rate of 2 MHz
= Each frame is configured to have 2 chirps. However only the 1st Chirp in the frame is used for processing
= Asingle TX-RX antenna pair is currently used for processing (Although all the RX antennas are enabled)
= Vital signs waveform is sampled along the “slow time axis” hence the vital signs sampling rate is equal to the Frame-rate of system

1 1 1

: Frame 1 : Frame 2 ! Frame 3 Frame N

1 1 1

1 1 1

1 I [ 2 A L

1 1 1

1 1 1

1,

1 1 1

Duty Cycle <1 % o Frame Periodicity = 50 ms ' |

1 1 1

1 1 1

H Range- ' Range- ' Range- Range-

! FFT ! FFT ! FFT ~ === ----===--- FFT

i ; ;

1 1 1
g
=1 r .
3 . > = Fl{rthe.r Proces.smg.for
o Extract Phase and unwrap | Vital Signs Estimation
¢ for the object range bin

Slow Time Axis Slow Time Axis

41
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Driver Vital-Signs Monitoring (2/4) — Processing

Range Profile

200 400 600 800 1000 1200 1400 1600

W3 TEXAS INSTRUMENTS
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Driver Vital-Signs Monitoring (2/4) — Processing

10

Range Profile

20
200 400 600 800 1000 1200 1400 1600 Range

of interest.

W3 TEXAS INSTRUMENTS
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Driver Vital-Signs Monitoring (2/4) — Processing

2
=
2
o 10
% By F ¥ T T B W
c 20
& 200 400 600 800 1000 1200 1400 1600
ChestDisplacement
T \ T T T T T T
1= /\ = Extracted phase
01\ / \\.\ /\\ i /“ P = , - A 4 information
1 A R A v A W a \ S Al pe ]
M \~ < o ~ Y e L. S ocrd | M A ) ke .
2 I L I \ - T ¥ L \h/\ et
) 10 12 20 25 30 35 40 45
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Driver Vital-Signs Monitoring (2/4) — Processing

Range Profile

400 600 800 1000 1200 1400 1600

ChestDisplacement

A /A Tl A ~ ;
\ R / 7N X %, = e - g ' % P
"\x.// \\«.f/ X\_,«/ N m/ N /d/ \\// \\"\ _//-'/ \. /f \\ //\WX\ / /\\ / f X e \\ ’/' j\"\ J
- s

I T T T T T

s - / \
e R S L

L | | | |

12 20 23 S0 (Bandsasss filtered O 1400 5 Hz) 8
Breathlng Waveform P ’ ’

\/

/\/ \_/ \J\/ﬂ\//\/ /\J \/\ /\ /—/

15 20 25 30 35 40 45 50

Extracted phase
information

Filtered for
breathing
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Driver Vital-Signs Monitoring (2/4) — Processing

2
=
]
S
o
()
(o]
c
& 200 400 600 800 1000 1200 1400 1600
ChestDisplacement
T T T T T T T
1 — AN —
o
o Py /\ PN : |
i, = / A " ek / N\ ' k8 f [ n
1+ = i =, M \rj G f N . e j\\ — \ //\\ 5 \\ iy S
Ve \/ -/ ’\,U/ L s \’\ ¥ / N - e
2 - I I I 1 \ = \A\/ 0 e 1 \\A‘/\ ”‘/_
= 18 13 =D 23 =0 (Bandspg)ss filtered 0. 1400 5 Hz) -
Breathln Waveform
1 = 9
i / \ |
O NAANANAAS AN
0\/\/\ AAAAAN -
=q | ) |
0 5 10 15 20 25 30 35 . 40 45 50
Hesrt Waveformi (Bandpass-filtered 0.8 — 2.0 Hz)
02 | T T T T T T
I\ f \ . AAAAD A A H | ('\/\\W I A
O {‘ \/\/V'/ HHF‘J,V iU'\\/\( f\‘w Uu/\\/ f\) \ﬂ\/ '\ /\FI‘\H;\J‘\J‘/J (\/\v\jlw \IWH||‘\/\/\HUI\ \fJJ /
02 1 | 1 | ! 1 |
0 5 10 19 20 29 30 35 40 45 50
Time (Sec)

Extracted phase
information

Filtered for
breathing

Filtered for
heart beat
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Driver Vital-Signs Monitoring (3/4) — Processing

» Real-time implementation (20 fps) on the C674x DSP Processing Core
» Processing done over a running window of T ~ 16 seconds. New estimates are updated every 1 second
» Memory Requirements ~ 16 kB, CPU Processing time for a single estimate ~ 4 ms

Range-bin
tracking

Selected Target Spectral Estimation

i Bandpass Filter Breathing
- - FFT isi
Range-Bin 01-05 Hz ¢ ; l:> Decision I:} Rate
(updated every few secs) Breathing - Auto-Correlation

Peak interval

Range FFT S Extract Phase from => Phase => Phase

selected range bin unwrapping Differences
Spectral Estimation
Heart Beat ' Bandpass Filter Place segment in => - FFT ¢ Decision
Chirp Parameters 0.8-4.0Hz Buffer of valid values - Auto-Correlation
Parameters Typical - Peakinterval
N - S 9
. . Heart
Bandwidth 3.6 GHz Motion Rate
. Corrupted
Fc (Starting Frequenc
( g Freq y) 77 GHz segment No
Fs (Slow Time Axis sampling) 20 Hz Issues
Fs_ADC (ADC ling rat Yes : :
s-ADC (ADC sampling rate) 2 MHz L Continuous driver
N (Samples per Chirp) 100 samples Discard the movement can make
T, (Chirp Duration) 50 us segment

measurement difficult.
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Driver Vital-Signs Monitoring (4/4) — Evaluation
’ . ' " '

s

« AWR1642 BOOST sensor is used for testing
 The sensor is embedded into the seat, behind the driver.
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Driver Vital-Signs Monitoring (4/4) — Evaluation

- GUI showing heart rate and breathing rate

Breathing Rate Heart Rate

{I) TEXAS
INSTRUMENTS
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Driver Vital-Signs Monitoring (4/4) — Evaluation

-

- GUI showing heart rate and breathing rate

-

Breathing Rate Heart Rate
11
LA

&1 Texas I

Reference Code:

50
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Vehicle Occupant Detection
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Vehicle Occupant Detection (1/3) - Applications.

* Child left behind in car detection

- Detect the presence of a child in car
when a caregiver locks the car door
forgetting to take the child outside

« Occupancy detection

- Detection of a lifeform in any seat to
determine the force of airbag
deployment in case of crashes

* Intruder detection

— Detection of a intruder breaking into a
car

Wip TEXAS INSTRUMENTS




Vehicle Occupant Detection (2/3) - Processing chain.

DC
correction

window

range N Clutter
FFT removal \

Angle
spectrum |
estimation

DC
correction

window

range N Clutter
FFT removal

Spatial heat

map

—|

Post Occupancy
Processing decision

53
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Vehicle Occupant Detection (2/3) - Processing chain.
SR e - o
ngle Spatial heat oS (o)
E :s%;i;’ltl:; —| i map —[ Prolzes;ing ]_gggiZ?::y
SRe o -

* Main difference with OOB is that

— No doppler processing is performed.

— Angle estimation is performed using MVDR.
» Provides better angular resolution assuming targets are slowly moving.

Range [m]
- ~
o L o

-

o
o

25 2 45 4 405 0 05 1 15 2 25

|_| Count Cross-Range [m)] |_| Record
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Vehicle Occupant Detection (2/3) - Processing chain.

DC
correction range - Clutter
removal
> window FFT \

{ Angle
o spectrum
@ estimation
DC
correction - C|Uttel'l
> m window FET remova

* Main difference with OOB is that

— No doppler processing is performed.

— Angle estimation is performed using MVDR.
» Provides better angular resolution assuming targets are slowly moving.

Spatial heat

Post

Occupancy
map ====|  Processing decision

Chirp configuration

Parameter Value

Chirp bandwidth
Chirp periodicity
Number of chirps

Range resolution
Maximum range
Maximum velocity

Velocity resolution

Memory requirement

4GHz
340us

512 (256 each
of TX1 and TX2)

~4cm
3am

2.28m per second
(10kmph)

0.02m per second
(0.08kmph)

600KB
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Vehicle Occupant Detection (3/3) - Evaluation.

User defined zone.

* Demo can perform zone-based detection.
—|s a seat occupied?

W3 TEXAS INSTRUMENTS
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Vehicle Occupant Detection (3/3) - Evaluation.

* In-car test, demonstrating the detection of
pets.

— Pets have very small RCS

Wip TEXAS INSTRUMENTS
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Vehicle Occupant Detection (3/3) - Evaluation.

Dog

* In-car test, demonstrating the detection of
pets.
— Pets have very small RCS

W3 TEXAS INSTRUMENTS
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Vehicle Occupant Detection (3/3) - Evaluation.

Dog

* In-car test, demonstrating the detection of Collateral :

pets. « Source code : link

» white paper : link

» Evaluation module :
AWR1642BOOST

— Pets have very small RCS

W3 TEXAS INSTRUMENTS
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Gesture Inference
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Gesture Inference (1/4) — Applications

* ‘Kick to open’
- Detect the kick “gesture” to open the trunk of
a car — hands-free.
* In-cabin gestures

- Swipe up and down to open and close the sun
roof.

- Swipe left and right to change radio channels.
- Rotate finger to control radio volume.

W3 TEXAS INSTRUMENTS
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Gesture Inference (2/4) — Processing

Feature Feature Post
Extraction Classification Processing
J 1 L L
\’,/ N il N )il
Input: Intermediate O/P: Intermediate O/P: Intermediate O/P: Output:
ADC samples Range Doppler Image  Per frame Classified Gesture Filtered
(RDI) Feature Vector i Gesture
) range-velocity plot @ 0.053sec A . 8‘{;;){ k;}::}, \,O
1 ; o == 2&5\28: otk
T . i npul Wyes

T - o
velocily (metersisec) R
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Gesture Inference (2/4) — Processing

Feature Feature Post
Extraction Classification Processing
<4 L L
\\/, \\/’ ,,
Input: Intermediate O/P: Intermediate O/P: Intermediate O/P: Output:
ADC samples Range Doppler Image  Per frame Classified Gesture Filtered
(RDI) Feature Vector rr Gesture
. range-velocity plot @ 0.053sec - o i O‘;C;ﬁ’ "E::-E' , %
- S RLLD Qs O
- (S /:"‘:0 output

hidden layer 1  hidden layer 2

Y - » Radar advantages over camera
-« Fine velocity estimation.

» Enables detection of fine motion
« Unaffected by light..

velocity (metersisec)
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Gesture Inference (2/4) — Processing

Feature Gesture Post
Extraction Classification Processing

Input: Output:
ADC samples Filtered
Chirp Parameters Gesture
Specifications Gesture Recognition

Max. Range (m) 3.35 m (ROl limited to 80 cm)

Range Resolution (m) 0.05m

Absolute Velocity (m/s) 2.5m/s

Velocity Resolution (m/s) 0.039 m/s

Range Dimension 64

Doppler Dimension 256

Frames/sec 19.6
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Gesture Inference (3/4) — Signatures

Azimuth-Doppler
Correlation

Instantaneous Weighted Azimuth Elevation
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Doppler
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Gesture Inference (3/4) — Signatures

Instantaneous Weighted Azimuth Elevation Azimuth-Doppler

Weighted

Correlation

Angle

Angle

Doppler
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Gesture Inference (3/4) — Signatures

Azimuth-Doppler
Correlation

Elevation
Angle
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Gesture Inference (4/4) — Evaluation

« AWR1642 ODS sensor is used for testing.
* Neural network runs on the chip.

« Current Status
« Upto 6 gestures can be detected.

Reference processing chain and training feature set
Available in May 2018
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Summary

« Cascade Radar
— Why cascade? Higher angle resolution and longer distance
— Multimode cascade radar: MIMO and TX beamforming
— Master/slave share LO for frequency/phase synchronization

— Tl 4-chip cascade demonstration(https://training.ti.com/imaging-radar-using-
multiple-single-chip-fmcw-transceivers)

» Body&Chassis Automotive Applications
— Obstacle detection for door opening
— Driver vital sign monitoring
— Occupancy detection
— Gesture recognition .
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Reference

« “Automotive body and chassis applications”, http://www.ti.com/lit/wp/spry315/spry315.pdf
« “AWR1243 Cascade”, http://www.ti.com/lit/an/swra574a/swra574a.pdf
 “MIMO Radar”, http://www.ti.com/lit/an/swra554/swra554.pdf

« “Cascade Video’, https://training.ti.com/imaging-radar-using-multiple-single-chip-fmcw-
transceivers

* “Obstacle Detection”, https://training.ti.com/free-space-sensor-demonstration-using-tis-
mmwave-sensor?cu=1135109

« “Vital Sign Monitoring”, hitps://training.ti.com/driver-vital-sign-detection-demonstration-
using-mmwave-radar-sensors?cu=1135109
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THANK YOU
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