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< WSN enabling Ambient Intelligence

= Working on different topics:
— Localization
— Surveillance systems

W=, _ Wireless Body Area Network for HCI and
motion capture

3 — Biofeedback Healthcare Systems
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Challenges

Enabling natural = low-cost
interaction e low-power
through motion ® Wearabi“ty
capture jointly - flexibility
satisfying

e accuracy

e Not a new input device (pointing or
mouse-like)

» Body Movement Interfaces for exploiting

human activity detection for natural and
transparent interaction with environment

$ _ Contribution

Design and development of an HW-
SW solution for a WBASN based on

inertial sensors for a motion capture
system

—HW: low-cost, low-size, low-power
wearable solution based on commodity
component

—SW: support to networking
—SW: smart code for energy saving

—SW: Implementation of a basic
recognition algorithm for BAN testing




General sensor node
architecture
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Modular & Composable

Fully programmable Bluetooth module

Flexible: different sensors interchangeable with similar
Low-cost: Off-the-shelf components modules for RS232, USB, Ethernet

Gateway node

WIMoCA node: components
description

Transceiver e TR1001 by RFM — 868 Mhz
e LIS3L02DQ by ST triaxial
digital accelerometer (MEMS)
e ATMega8 - AVR RISC

« 3,3 V provided by 3 NiMH
rechargeable 1.2 V batteries

AmMm=Eow

- — - Sensibility 0.001g

= Max sampling frequency 1000 Hz

= Max throughput (bit/sec ) 36000

= On board sampling memory 300 samples

= Power consumption (3.3V) 68mW worst case
= Small form-factor: size 20x20x18 mm




WIMoCA — coordination level
MAC layer
SIEEE 802.15.4" @ ZigBee" Alliance

Wireless Control That Simply Works

Collision-free protocol

e Low-Power Real-Time MAC . T-MAC
rotocol based on CFRT MAC - [vanDam03]

Contention-based protocol

Buttazzo02] — Based on Carrier Sensing

— Collision free, real-time — Suitable for bursty workload
(nodes wait for their — Efficient for real-time reaction
communication slot) to events

— Channel reservation based on — Hidden-node problem

application-driven priority-
based scheduling algorithm
— no re-trasmission.

— Synchronization required e.g. T-MAC .b
(CSMA-CA) —"“‘“‘—““"—_ma_l
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— Time-out for power
consumption optimization
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Starting a session

Wireless sensor network: L
WiMoCA standard nodes (@)+ T e
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v * Wakes up involved nodes
- TRy « Synchronizes them
' « Starts Cycle sensing/transmission from nodes to gateway
%, s = Sends data collected to application

Interface
API




Sensing/transmission cycle
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* Low-Power Mode
— (b) TX/RX off when no communication
— (c¢) Sensor off if minimum time interval between
2 acquisition is greater than min(T,,,+Tacq, Tger)

TACQ: acquisition time, set by user; Tgey = break-even time: time to remain in low-
power state to compensate power for wake-up; T,,, = wake-up time=50ms

WIMoCA — Power Consumption
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Using 20mAh batteries and fixing at 30Hz the acquisition rate

- Without power optimization: 3 hours lifetime

- With power optimization, e.g. 20% duty cycle (20% acq, 80% power down of all
components - ATMega8, Tr1001, sensor): 40 hours lifetime

- Always sleep: 1200 hours lifetime




Wireless Body Area Sensor
Network

PDA for a wearable
completely mobile

solution
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STAR TOPOLOGY %

@ = wireless sensor nodes
@ = gateway

Monitoring in domotics:

postures detection
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On-going wk: Biofeedback

Bluetooth
headphones
i

< Human posture classification for indoor
surveillance in domotic applications,
environmental control and tele-
assistance

aon = Audio Biofeedback provisioning for

gateway impaired people in daily life (balance
improvement in sportive training or
subjects with vestibular loss)

Sensing |
units

Sway In quiet stance
[ Cert 1

STEREO AUDIO SIGNAL

On-going wk: Biometrics, VR
Gesture Interface, etc.

APPLICATIONS:
= Biometrics: gait recognition

= Using gestures, posture,
walking and activity
detection for navigation in
VR environments or Gaming

« Gestures based on tilt as
interaction techniques for
mobile devices (mobile
phones, PDAS)

Video PacMan3D




More...

e Enriching sensory data
» Flexibility: changing the
sensors

Band sensors and Gyros

Bend sensor: Variable resistance,
movement sensor, can be
incorporated into data gloves and
wearable interfaces for gesture
capture. Sensitive & suitable for
expressive control of multimedia.

Video

APPLICATIONS:
* As accelerometer and gyros: HCI (gesture
interfaces for VR, gaming, distributed
applications, Ambient Intelligence applications
in general )

e Music: playing virtual instruments. Any child
can compose songs out of thin air simply by
moving the fingers of these musical gloves.




Passive InfraRed Wireless Sensor Node

P RESENSO17

Applications:

. video
* Access surveillance I
e Intrusion detection Characteristics:
- Lighting system control * Low-cost off-the-shelf component
* Extremely low-power

« Machinery users safety e Small

* The area of coverage controllable

= Toys and Aml by a suitably shaped Fresnel lens

Indoor Localization: a
pleasant “side effect”

RF tracking
= Low-cost, Low-size, Low-Power consumption |§: H_ _“
= Autocalibration
= ID

= Privacy (Proprietary protocol vs. WiFi )

= Wearable

Ap&lcatlons
- Context-aware service provisioning ﬂ_ ‘ ]
- Security 7 N
- Authentication




On-going work

» Advanced application on healthcare
systems using both sensors and actuators

» Using WiIMoCA for enabling full interaction
with Immersive Virtual Environment

Research focus on:

e Power consumption

e Cross Layer Optimization
« Real-time performance
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