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Feedback-based distributed adaptive beamforming

Feedback-Based Closed-Loop Carrier
Synchronization: A Sharp Asymptotic
Bound, an Asymptotically Optimal
Approach, Simulations, and Experiments
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Feedback-based distributed adaptive beamforming

» Weak multimodal fitness function
» Single local=global optimum
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Feedback-based distributed adaptive beamforming

» Weak multimodal fitness function
» Single local=global optimum
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Feedback-based dlstrlbuted adaptlve beamforming

Transmitter 1

Transmitter 2

Transmitter 3

Receiver
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Feedback-based distributed adaptive beamforming
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Phase shift [r]

Feedback-based distributed adaptive beamforming
u G- ‘_;, 36 cm

Transmitter 1

L o
100) 1§ Median fitness values (Network size: 100 nodes)

Relative phase shift (Network size:
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RF-sensing for environmental perception

» Multi-path propagation » Reflection
» Signal superimposition » Blocking of signal paths
» Scattering » Doppler Shift
» Signal Phase » Fresnel effects
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RF-based activity recognition

Sensewaves Video

Aalto University H Stephan Sigg
A School of Electrical ‘ mbient April 27,2017

Engineering 12/31



n s TRA
Nsacr,
I1oNg
on

RI:’IOBIL
RF-based device-free activity recognition %z EC"MPUT

Placement of the INGA no“
n USRP 1

Active

l-

Passive

© rec,
"l ang g ”°”Sysren

w mm,
Active SDR-based DFAR (USRP1) et n‘?" -
Frequency: 900MHz (RFX900 board), Vert900 Antenna), 4dBi antenna gain
Signal: Sine signal, continuously modulated onto the carrier
Sample rate: 80 Hz

Passive SDR-based DFAR (USRP N210)

Frequency: 82.5MHz (WBX board), Vert900 Antenna, 4dBi antenna gain
Signal: Environmental FM radio captured from a nearby radio station
Sample rate:  64Hz

Active RSSI-based DFAR (INGA wsn nodes, v1.4)

Frequency: 2.4GHz |IEEE802.15.4, PCB High Gain-Antenna
Signal: RSSI samples from packets transmitted between nodes
Sample rate:  Transmission of 100 packets per second
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(a) Classification accuracy for
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(b) Classification accuracy for
active SDR-based DFAR by a k-
NN algorithm
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k-NN algorithm
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k-NN algorithm

Aalto University H Stephan Sigg
A School of Electrical ‘ mbient April 27, 2017

Engineering

13/31



T A

Raw Signal Amplitude | Rell

var. [s(0)]

l IWaIklng'

|
Ers§@1
| |
|

|

|

I

|
1;4Jr4‘~_‘|
I it

|

i I btandind
Empty ! : Walking ( i Empty| |Walking

Lying

9.
Crawlin% Empty

&

Angry, agitated driving ]

&

RSS! (@bm)
&
RE
=
Q

RSS! (@bm)
& &
RSS! (dbm)
2 & & &

— Video -

———
pre _

. " 3 £
§0 2 3
H Clapping (5 claps) H H
i H H

) WAAJN -

e . X 15 3

g - : N . o o o5 1 15 2 25 3
Time (s) Time (s)

Aalto University H Stephan Sigg
School of Electrical ‘ mbient April 27, 2017
Engineering 14/31



Cheap collaboration

Radio Vision

Security from ambient signals

Aalto University H Stephan Sigg
A School of Electrical ‘ mbient April 27, 2017

Engineering 15/31



Motivation
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Motivation
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Trust and proximity
We will use audio as a source of common information in

proxim Ity
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Other Available Devices.

Compare fingerprint




Security from environmental stimuli

2 oo —— e

¥ Real-time implérﬁentation on android mobile phbn.esa

aStephan Sigg, et al., AdhocPairing: Spontaneous audio-based secure device pairing for Android mobile
devices, IWSSI 2012

» Hardware noise cancellation on some phones
» Hardware originated synchronisation offset
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Audio-based ad-hoc secure pairing’ MOBILE COMPUTING

» Use audio to generate secret
key

» high Entropy, fuzzy
cryptography, case studies,
attack scenarios

Hamming distance in created fingerprints Percentage of tests in one test run
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1S. Sigg et al., Secure Communication based on Ambient Audio, IEEE Transactions on Mobile Computing
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Secure pairing from noisy data

possible codewords C

possible messages X

= Decoding
—>» Encoding
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Device-to-Device Authentication
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Accelerometer Reading

Acceleration [m/s?]
o

Time [s]

» Accelerometer reading on z-axis only
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Rotated Signal

20
10

Acceleration [m/s?]

Time [s]

» Orientation relative to ground using
Madgwick’s Algorithm

» Notice influence of gravity g
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Noise-Reduced Signal

Acceleration [m/s?]

Time [s]

» Apply a bandpass filter to keep frequencies between 0.5
and 12 Hz
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Gait-Cycle Detection
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» Partition data into gait cycles
» Resample gait cycles to equal length
» Calculate average gait cycle
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Quantization

Acceleration [m/s?]
o
T
1
Acceleration [m/s?]
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T
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Acceleration [m/s?]
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|

Cycle Average Cycle 1001

» Average gait cycle overlaid on each original gait cycle
» 4 bits per cycle
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Quantization

< WA M
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c) 0111 1000 1001 0101 1000 1100 +64++ 1000

Acceleration [m/s?]
o
T

» Average gait cycle overlaid on each original gait cycle
» 4 bits per cycle
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Comparison between Locations
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Evaluation
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Thank you!

Stephan Sigg
stephan.sigg@aalto.fi
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