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WiFi Signals Everywhere

Visualization of WiFi signals by Luis Hernan




W iFi as Radar?

Radar

WiFi Radar

Omnipresent Sensing around You




WIiFi Radar: Applications

i A
Asset Security

Intrusion Detection

Sleep Quality Assessment

Healthcare

B

Remote Control

HCI
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WiFi Radar: Benefits

e Benefits:
— Wireless sensing without wires
— Sensorless sensing without dedicated sensors
— Contactless sensing without wearable sensors
— Through-wall & Privacy Preserving

How to Enable

Sensoreless Sensing with WiFi? )
N\
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Detect Environment Dynamics

Sighal 4

Strength ¥ SED =

e Capture environment dynamics via the fluctuation
of radio signal

e Received radio signal strength (RSSI)
* |s RSSI a Good Signal Feature?
e In theory, it is. However ...

* |n practice, sensing ability of RSSI is greatly weakened by
rich multipath effects



Multipath: Enemy!

* Impacts of Multipath Effects:
 Bound Accuracy of Ranging

* Induce False Match in Fingerprinting

log(P)

theory
— reality

Transmitter 2

False Match

/
RSSI 1

\YZAA\V/

\
\
Alterted path |:> Signals from Transmitter 2
/
/

RSSI 2!

/N /N >
vV UV
") Human Signals from Transmitter 1
N
N V/A\N/A\ N

Receiver
d
RSSI-based Ranging RSSI-based Fingerprinting
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Multipath: Friend?!

Wall LLLLLLLLLLIIIIII I

L
- o . »
e, o e PERES

®e e . e
(4 e b v
4 4 e .‘s o
U 4 et S, o
o 4 & v, >
] 4 Ul PP RS
o U L A ]
4 o P P LIS ! IS
¢ 4 N L
o U o e s
rays . S -
U o e < LY
S ’ " IO PO
e U 0 '.:~~‘§‘\
LY
" SN s

oo
'''''
o ol o
o
o
o
®
o

® o
00000
e®,°

L4
'O

Smart &l e " Reflected
mart ) ST
Appliance

-

Multipath Propagation Conveys Rich
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Characterizing Multipath

e Channel Impulse Response (CIR)

— a set of attenuated, delayed impulse functions, depicting
multipath \
h(t)

h(r)zNZlai exp(—j6)s(r—1) 1_1

=0

e Deriving Channel Response
— VNA / SDR for precise measurement

— Channel State Information (CSI): sampled version of
channel response with OFDM at sub-carrier level

— CSl on a single sub-carrier k: H(f)=|H(f,)[e""“"

11




Channel State Information

— Sub-carrier 1

— Sub-carrier 2
Sub-carrier K

RSSI: OFDM: CSl:
Sunbeam Prism Dispersed Lights
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CSl vs. RSSI

Category RSSI CSlI
Layering MAC layer PHY layer
Time Resolution Packet level Multipath clusters
Frequency Resolution N/A Sub-carrier level
Stability Low High for CFR structure
Ubiquity Handy access Commercial Wi-Fi
\
How CSI Benefits WiFi Sensing?
J
13
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Passive Human Sensing

e Objective:
e Detect, Count, Localize, Track, Identify

* Emerging Trend:
« Sense Humans Passively

ground truth

Q presence count location track identity
O O A
TRUE 3 © Z .DZ
@
: : -
j information
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Passive Human Sensing

L \9_ 'I

i o
(Passive Human Sensing: )  High N[ LOS, Smoke, ]
e Asset Security s Cost ) Directional
* Emergency Response e Pervasive, low cost
* Smart Space e Penetrate walls and smoke
Q / % No privacy issues

16



Limitation of Existing Methods

e Pressure Sensor




Limitation of Existing Methods

e Pressure Sensor




Limitation of Existing Methods

e |nfrared Sensor




Limitation of Existing Methods

e |nfrared Sensor




Limitation of Existing Methods

e Camera

21



Limitation of Existing Methods

e Camera




Part 1: Sensing Coverage

Link-centric Coverage Shape

4 N
 Most monitoring units demonstrate a link-centric property
e Disk-like coverage is also desired in theory and application
. y,
((( I)) ’& Visitors detected
\ I s | I around me! Hi, I'm
N /‘-< .\1\ éi-%_ﬂ; David...

X Coordinate X Coordinate

Scattering Dominant Reflection Dominant



Part 1: Sensing Coverage

Original Detection
Rate Contour

Omnidirectional Coverage?

e QObjective:

— Omnidirectional coverage under link-centric structure
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Envisioned Detection
Rate Contour

-

Insight: Exploit Multipath to
Blur the Link-centric Coverage

Zhou et al, “Towards Omnidirectional Passive Human Detection ”, IEEE INFOCOM, 2013 24



Part 1: Sensing Coverage

Fingerprinting Each Direction

e Requirements on the Fingerprints:
— Sensitive to Human Presence Nearby
— Resistant to Background Dynamics Faraway

Case 1: Normal Profile with No One Around

o 30

el

T 20

=

"——110

£ ol : : : : : |

< 5 10 15 20 25 30
Subcarrier Index

/ ™
Stable under Dynamics Faraway

. Disperse with Nearby Human Motions )

Subcarrier Index 25




Part 2: Sensing Human with Dynamic Speeds

Moving Target Detection

e Principle:
— Variance Reflects Changes

Subcarriers >
— >
>

S o s— L

Slow Motions May be Missed
Due to Low Sensitivity

YT T T
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Part 2: Sensing Human with Dynamic Speeds

Coping with Dynamic Motion Speeds

e Rationale:
— Variances of both phase and amplitude reflect changes

Subcarrier 10 Subcarrier 20

e o

Phase

Motion Motion

Amplitude
Qian et al, “PADS: Passive Detection of Moving Targets with Dynamic Speed using PHY Layer Information”, IEEE ICPADS, 2014 27



Part 2. Sensing Human with Dynamic Speeds

Demo

://v.youku.com/v show/id XODQ4MTY3MjY0.html
Youtube: http://youtu.be/As5JexOeQYY




Part 3: Sensing Static Human

Sensing Static Humans

10 15 2 2 10 15 E 2
Subcarrier Index Subcarrier Index

Cannot Sense Static




Part 3: Sensing Static Human

Do not Move, Yet Breathe!

N

Breathing
Induces Rhythmic
Chest Motions!

» Detect Static Humans via Breathing-induced Signals

» A Unified Scheme for Detection of Moving and Stationary
Humans

» Converges the advantages of purely WiFi-based, scenario-
specific calibration free, and non-invasive together




Part 3: Sensing Static Human

Design & Challenges

Moving Human Detection

- ™ 4 N
Channel Feature N Motion %
State Info Extraction Detection P s
\ 7 \ 7
N P ™
Motlon Breathing arar_*neter Human
: . —»| Detection and
Indm:ator Slgnal Filter . ) Absence
J \__Estimation

Stationary Human Detection

A unified framework for static & moving human
detection (minute breathing-induced chest motion vs
significant body motions)

ldentify weak human breathing patterns from
wireless signals with environmental noises

Detect static humans without fingerprinting
L —




Part 3: Sensing Static Human

Static Human Detection

S
CICJ """"""""""""" J Breathing Freq.
= e [0.167, 0.667] Hz
2 ,,,,,,,,,,,,,,,,,,,,,,, S
= PN
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S D ;%f;' ’ filter

. = .. , : D
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Summary

p
CSl, the fine-grained channel response accessible on
kcommodity W iFi devices, acts as an essential upgrade of RSSI. )

( )
W iFi-Radar enables WiFi to sense wirelessly, sensorlessly, and
kcontactlessly.

(" )
Due to its worldwide deployment, WiFi can be seen as the
\world’s largest sensor network. )
( )
W iFi-Radar, together with emerging PHY layer information,
\initializes the pulse on next-generation mobile computing.
34
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Thanks!
Q&A




