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|IEEE Sensors Councill

e Distinguished Lecturer from May 1, 2010
e |[EEE Sensors Conference 2009

e |[EEE Sensors Journal — AE

e Guest Editor for special issues

> |Intelligent Sensors

> Sensors Systems for Structural Health
Monitoring

> Cognitive Sensors Network
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Outline of the presentation

* Sensors

* Smart Sensors

 Sensor Interfaces

* Introduction to Wireless Sensors

Network based Home Monitoring for
Eldercare
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Sensor

A sensor is a device that measures a physical quantity
and converts it into a signal which can be read by an
observer or by an instrument.

A sensor generates an electrical signal related to a
physical, biological or chemical parameter.

A good sensor obeys the following rules:

1.1s sensitive to the measured property
2.1s Insensitive to any other property
3. Does not influence the measured property
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Physical Properties

Motion Properties

Contact Properties

Many Sensors

Measurand

Pressure
Temperature

Humidity
Flow

Position
Velocity
Angular velocity
Acceleration

Strain
Force
Torque
Slip
Vibration

Transduction Principle

Piezoresistive

Thermistor, thermo-mechanical,
Thermocouple

Resistive, capacitive

Pressure change, thermistor

E-mag, GPS, contact sensor

Doppler, Hall effect, optoelectronic
Optical encoder

Piezoresistive, piezoelectric, optical fiber

Piezoresistive

Piezoelectric, piezoresistive
Piezoresistive, optoelectronic

Dual torque

Piezoresistive, piezoelectric, optical fiber,
sound, ultrasound
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Presence Tactile/contact Contact switch, capacitive
Proximity Hall effect, capacitive, magnetic, seismic,
acoustic, RF

Distance/range E-mag (sonar, radar), magnetic,
tunneling
Motion E-mag, IR, acoustic, seismic
(vibration)
Biochemical Biochemical agents Biochemical transduction
Identification Personal features Vision
Personal ID Fingerprints, retinal scan, voice,

vision motion analysis
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Sensor Output

 Analog  Digital
- 4-20 mA current loop -Parallel (bytes, words with
-+-10V DC hand- shaking), TTL, Open collector
-+-100 mV Tristate, line driver/receiver interface
-+5V,+10V devices
— Audio (0-20 kHz) AC Discrete (5V, 24 V, differential
- Ultrasonic (20 kHz-1 MHz) AC line driver logic)
- RS-232C
— RS-422
— RS-485
- IEEE-488 (GPIB)
-~ Ethernet
- USB
- Firewire
- FieldBus
DL.eum Keynote 12
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Sensing System
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Force Sensor vs Bed Monitoring System
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Current Sensor vs Electrical Appliance Monitoring System

Current Transformer Circuitry

| Extemal

| Interrupt )
I
|
I
/ .
____________ -, liance
Phase 4 i. Phase _./._2
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Neutrd i < IINeural A
Earth Bath |,

Intelligent Sensor Unit
 Power Supply

— Current Transformer
& circuitry

— Microcontroller 4 = .
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Interdigital Sensor vs Domoic Acid Detection System

eafood 'nspection
%* % *SIT* * *

L} Power )

School of Engineering & Advance Technology
Palmerston North, New Zealand

Sensor sensitivity with different concentration of domoic acid
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Smart Sensors:

Smart sensors are an extension of traditional sensors to those
with advanced learning and adaptation capabilities. The system
must also be re-configurable and perform the necessary data
Interpretation, fusion of data from multiple sensors and the
validation of local and remotely collected data. Smart sensors
therefore contain embedded processing functionality that provides
the computational resources to perform complex sensing and
actuating tasks along with high level applications.

The functions of a smart sensor system can be described in terms
of compensation, information processing, communications and
Integration. The combination of these respective elements allow
for the development of smart sensors that can operate in a multi-
modal fashion as well conducting active autonomous sensing.
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Smart Sensors: Market situation

According to Global Industry Analysts, Inc.,

the world smart sensors market is projected
to reach US$7.8 bn by 2012.

Even though the economic crisis is
dominating, the demand for “smart sensors”

Is continuously increasing in all areas
(BizAcumen, Inc).
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Intelligent Sensors

Intelligent sensor is the sensor that has one or
several intelligent functions, such as self-testing,
self-identification, self-adaptation etc.

What does it make a sensor to be intelligent?

Very often it means a presence of
microprocessor or microcontroller
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Survey on Smart / Intelligent Sensors
Definition:

Functional definition: Sensor with any intelligent function
as self-identification, self-validation, self-testing, self-
adaptation etc.

Technological definition: Combination of sensing
element, analog interface circuit, ADC and bus interface

Self-checking definition: Sensors with only self-checking
(self-calibration, self-validation) function

IEEE 1451 definition: IEEE 1451 compatible sensor
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Survey results on Smart / Intelligent Sensors

Functional definition

B Technological definition

Smart Sensor. gqu, wAll definition 15 Ok
D efinition

Other definition
m Self-cheking definition

mlEEE 1451 definition
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Another survey

What is your topic of interest in
Sensors related research?

Ans: Smart sensors and systems

An integrated smart sensor and system
containing all sensing elements along with
wireless communication and power
management.
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Wireless Sensors Network - WSN

Wireless Sensor Network
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What are WSN?

» Large number of heterogeneous Sensor devices
spread over a large field.

» Wireless sensing + Data Networking. Group of
sensors linked by wireless media to perform
distributed sensing tasks
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Applications of WSN

» Military,
Environmental, Health
(Scanning), Space,
Exploration,

Vehicular Movement,
Mechanical stress
levels on attached
objects etc.

Presen

Farest fire detectian '
Application specific networks

r

Temperature manitaring and control

Cither applications

# Fachory emvronment manitoring
# Animzl habat manitonng

# Rempts pafient monitanng
# Dizaster reoef apoications
# Precision agriculture

Survelllznce and reconnaissance

ntrusion detection




* Precision agriculture Applications (contd.)
e Environment comfort &

efficiency
e Smart homes

 Alarms, security,
surveillance.

 Disaster management
 Health Care

* Traffic Management
 Transportation safety
Land mine Detection

Wind Response

Earthquake Response Manufacturidy CUm Keynote
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Characteristics of wireless sensor networks

Networks of typically small, battery-powered,

wireless devices.
On-board processing,
Communication, and

Sensors

Sensing capabilities.

P
0
W
Storage Processor £
R
Radio
WSN device schematics p cym keynote 27
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Involved Technologies

etwor
V <\F Sensor }
Technology
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Challenges In WSN's

»Energy
»Computation

» Communication
»Scalability

»Fault Tolerance
»Power Consumption

DL cum Keynote
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Current research problems in WSN

1. Network lifetime maximization

2. Energy efficient routing
3. Reliable event detection and transfer

4. Optimization among multiple, conflicting
objectives

5. Bringing flexibility into the application-
specific design of WSNs

DL cum Keynote 30
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Summary of Wireless Protocols

Standard ZigBee BlueTooth WiFi WiMax
(1EEE (1EEE (1EEE (1EEE
802.15.4) 802.15.1 802.11 802.11
WPAN) WLAN) WWAN)
Range 100 m 10 m 5 Kkm 15 km
Data rate |250-500 kbps |1 Mbps-3 1Mbps-450 75 Mbps
Mbps Mbps
Band- 2.4 GHz 2.4 GHz 2.4,3.7,and | 2.3, 2.5 and
width 5 GHz 3.5 GHz
Network Star, Mesh, Star Star, Tree, Star, Tree,
Topology Cluster Tress P2P P2P
Applicatio |Wireless Wireless PC based Mobile
ns Sensors Sensors Internet
o o Data
(Monitoring (Monitoring acquisition,

and Control)

and Control)

Mobile

Intarnat




Overview of our research

« Why Do We Concern About Elder Care?
e Overview of existing research

e Underlying Research that Makes Things
Work

e Do Elderly People Accept This Technology?

e Where Do We Go From Here?

DL cum Keynote 32
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A few recent news headlines (taken
from New Zealand newspapers)

e Dead couple lay in home for 13 days

e Old tenant lay dead in flat for more than
10 days

 Elderly man lay dead for days
e Old woman found starved iIn flat

e Neighbours’ concern lead to body find
(Dead body found after 9 days)
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Population Ageing

There are currently 510,000 people over the age
of 65 yrs in New Zealand.

INn the United States alone, the number of people
over age 65 yrs is expected to hit 70 million by
2030, almost doubling from 35 million in 2000.

Older Population by Age: 1900-2050 (%) (2005)
Souce: 1S, Bunesu of the Census 40
—+— ltaly 20.0
100,800 Sweden  17.2
—#%— Japan 19.9
Spain 16.5
Germany 18.8
o | |- France 166

gl || e UK 16.0
« ||~ Canada  13.1

o Australia 127
“ | | —— Developed 153

R ERRiQ

regions
—+— Developing 55
regions
1500 1910 1920 1938 1940 1950 1960 1970 1920 1990 ROOD 2040 2020 2030 2048 2050 e 1950 1955 1960 1965 1970 1875 1980 1985 1980 1995 2000 2005 2010 2015 2020 2025 2030 2035 2040 2045 2080
WS4 W 7554 O 854 bt
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Conseqgquences Are .....

e EXxpenditures of the US for health care
will project to rise to 17.9%0 of the GDP
($2.9 trillion) by 2015.

e Many elderly people are forced to
consigned to expensive retirement
homes.

e Many elderly people choose to stay at
home also for privacy/dignity issues.

Presentatlon September
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Why Do We Concern About Elderly Care?

e Because our parents are the next in line
to be qualified as elderly, and then we
are next to the next in line.

e Can advances In sensing cum
Instrumentation technology, embedded
controller, wireless communications

—enable elderly people to regain their
capability of independent living?

We believe the answers are Yes!
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Current on-going research

* University of Missouri-Columbia
(Tiger Place — Smart Home for the Elderly)

e University of Virginia (Assisted Living
Oriented Information Systems)

e University of Alabama in Huntsville
(Patients Monitoring Using Personal Area Networks)

e UC Berkeley (Great bDuck Island on Environmental
Monitoring) -

: — UC Berkeley/College
TIGER PLACE, Missouri ool of the Atlantic



A few patents on the topic

[1] Cuddihy PE, Weisenberg JM, Ganesh M and Graichen CM, “System and
method for determining periods of interest in home of persons living
independently”, US patent No. US7091865, 15th August 2006.

[2] Yoshiike N, Hattori A, Morinaka K, Inoue S and Tanaka S, “Home monitoring
system for health conditions”, European Patent No. EP1071055A1, 24th January
2001.

[3] Yoshiike N, Hattori A, Morinaka K, Inoue S and Tanaka S, “Home monitoring
system for health conditions”, European Patent No. EP1071055B1, 22nd
December 2004.

[4] Yoshiike N, Hattori A, Morinaka K, Inoue S and Tanaka S, “Behavior
determining apparatus, care system, care residence and behaviour information
specifying apparatus and system”, US patent No. US6796799, 28th September
2004.

[5] Kiluk C, “Method in alarm system, including recording of energy
consumption”, US Patent No. US4990893, 5th February 1991.

[6] Lane SS, Chadbourne C, Buller WT and Steiger SA, “Method of user
monitoring of physiological and non-physiological measurements”, US patent
No. US6002994, 14th December 1999.

[7] Monroe DA, “Multimedia surveillance and monitoring system including
network configuration”, US patent No. US6970183, 29th November 2005.

[8] Davis-Havill JR and Walley JL, “Biomechanical monitoring apparatus”. ggorld
Intellectual Property Organizaﬁggnmgéﬁféﬁggﬂ, 22nd December 2005.
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Figures from one reported patent
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Commercial situation

Is there any commmercial system
avallable so that you can buy and use to
monitor elderly people?

e Part of the system available such
as panic button, text message for a
particular event and so on.

e EXpensive system under special
order may be possible.
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Objective of our research

1. Design of a SMART Home for the elderly

2. A SAFE, SOUND and SECURED Living
Environment

3. No camera or vision based system

4. A low-cost system that can be affordable by
almost everyone.
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Functional Block Diagram




The Initial System

—
>

“SAM: Nana hasn’t used the kettle all
morning.”
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Addition of non-electrical appliances

; Bed Sensor Unit

Current Dectector
|t
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Addition of Flow sensor for water
use monitoring

; Bed Sensor Unit

Current Dectector
LLInit
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The Fabricated System

“SAM: Nana hasn’t used the kettle all
morning.”

DL cum Keynote
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Electrical Appliance Monitoring Unit

e Sensor unit (SU)

—Power Supply

—Current
Transformer &
circuitry

— Microcontroller
— RF Module
—LED Display

DL cum Keynote 47
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Current Sensing circuit

Current Transformer Circuitry

— e—— e e e e e e e e e e— e

~N
/ o/ .
{
| DAC 1
I |
oV | External >
| LM329 | Interrupt
| 1k -
|
|
| L éd - |
\ 1|<Q§ S |
1 / |
B I - Appliance
Phase i> A i> Phase ./._2 \
Neutrd Current Transformer Neutral >
« e
Earth Earth °
L CUIITI I\eyllULB 40
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Water-use Monitoring Unit
based on Flow Sensor

ol e
NTENHNA
RE oo
ML i !
? RF GND 0V ‘5‘ o
S~ ANTENNA Vee [ R
RF GND <t 1 12
e £ 3
ﬂ@- 5
o

1
3 1z
- - !
T —— ! EIM_RF E_INTO
i - r (I
n\._‘_h__- e | — -||| RSen vha
o | 1 | v —]
& 60 =
5
Header 3

e Flow sensor used to measure the flow
of water

e Schematic showing circuit of module
with flow sensor
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Fabricated Prototype

Flow Sensor connected to module
connected to development board

Wireless . - : LED
Module ' NE SN [ o Io/ Display
\ Silabs
Development
Board
Flow Sensorf =
DL cum Keynote 50

Presentation, September,
29°)01 0



Bed Monitoring Sensor

)

FELE

Y
Fower Suppy [ T e T T B LED
=V Aot L) LED Désplay
Puovr LED
A

-

Bed Monitonng

sensor Linit
+5V L

s ©
1
— 2
3 +5Vv
FlexiForce Sensor +5V
R2
1K

5
© 6

3> —

+5V 7 E _INTO to Microcontroller
2
— +
R1 LM311N <
1K Pot Ul ——C 100 nF
0.5
10K = 1
R1
20K
DL cum I%eynote 51

Presentation, September,
29°)01 0



Resistance in K-Ohms

Fig. Characteristics of the force sensor

100lb Sensor B

1200

1000 %

|00 \
GO0 \
400 4\
200 \\

Settings

T T T T T T T T
- —_ —_ = = = = = o *
-— iy L] o L w = oz

Force
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C8051F020 Develop

Bed Monitoring Se

Prototype Unit
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Setting Up The Sensor Unit

S

»Computer Aided Design of the
Bed Monitoring Sensor Unit

»The Sensor Unit is strategically placed in order to
eliminate the temporary loading effects

DL cum Keynote 54
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Experimentation and Determination
of Sleep Quality

DL cum Keynote
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Interfacing of sensors to microcontroller

Bed
Sensor 1

Amplifier /

" Signal conditioning

LCD Display

|

Bed
Sensor 2

Amplifier /

"|Signal conditioning

ADC

¢ VVY

Bed
Sensor 3

Amplifier /

"|Signal conditioning

Bed
Sensor 4

Amplifier /

HController

A 4

"|Signal conditioning
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Experimental results with human
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Analysis of results at steady state

condition S
S2 1

S1 : Signal from Sensors#1.
S2 : Signal from Sensors#2.
S3 : Signal from Sensors#3.
S4 : Signal from Sensors#4.

S4 S3

Savg = (S1 + S2 + S3 +S4)/4; Savg is the average signal.

If (S1 + S2) > 2* Savg; the head is at (S1, S2) side.

If (S3 + S4) > 2* Savg; the head is at (S3, S4) side.

If (S1+ S3)=(S2 + S4); the person is sleeping in the middle of the
bed.

If (S1+ S3)>(S2 + S4); the person is sleeping in the right side of the
bed.

If (S1+ S3) <(S2 + S4); the person is sleeping in the left side of the

bed.
DL cum Keynote 58
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Transient response

5

Coupling : : : : : : : Coupling

: S : : : : : : : D]

CH2 1.00% . CHT ™ 0.oob 0 CHZ 1.00% . CH1 ™o 0.oob
CH4 1.00% 27—Feb—10 1&:41 =10Hz CH4 1.00% 2r—Feb—-10 1533 =10Hz

Person sleeping on the bed is having some movement Person sits down on the bed from sleep

-""""‘-Hlll-llﬂllh'l-"' . I N
- d TR ey e ey

rHirrr+ina

Coupling - : : : : : : : : 1 Coupling

= WF o cooiocoioco:o:oy

CHZ 1.00% I 500 CH ™ 0.00% ' : CH1 ™ 0.00%
CHA 7.00% 27—Feb—10 15:41 <10Hz CH4 1.00% 27—Feb—10 15:40 =10Hz

Person gets down from the bed from sleep,, . R%S?ﬂﬁﬂ?s some shivering feeling while sleeping onstye bed
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Communication
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Sensor’s placement in a typical house-hold

4uvg

Kitchen B

\

£|

Livingroom

5
; 3
Bedroom — % O @
A Qo s

o 0
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Monitoring the appliances
Sq_ AMw & (=59

Monitoring 5Sensor Setup| Rule Set| Conections| About

Last Monitored

Appliance Status Active at

e oE: i Al Start Monitoring
T Active 07:07 AM =
Lamp Inactive 09:15 FM T
o e SRR Stop Monitoring
Water Checking... T View Log
Active Sensors Active RBules
K.ettle If the K.ettle has not been wused Eneitl.-'-.leer'r' T 00an and 8:
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Appliances

Kettle -
Television 4 I

Toaster -

Bed

1 | I | I T T | | r 1
1200a 1152 2312 347a 5032 6182 7.34a §50a 10.06211:2221237p 1:53p 309 425 541p 656p 812p 928p 1044p 12002
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Communication success rate as a function of

distance iIn home environment

Communicalion Success Rate [9)

10

15 20 25

Distance (m)

a0

35

40

45
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Abnormal Behavior Detection

[ Install the Sam Software package ]

;

[Relate each sensor to an Appliance]

Do you know enough
about the monitored

Utilise the automatic logging feature]
persons habbits?

[Enter a series of rules into the rule set]

DL Cuim wKeynote 0o
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GUI for Senor Setup

8(=1E9
SsrPew Ve

sor setup Rule Set | Conections | About Save all

Sensor Information

. : Humber of Senszors:
Enter sensor information:

|
Sensorl  |Radio )

Sensor 2 iM iCrowaye

Sensor 3 |Toaster

For example sensor 1 could be & [Undo Change |
microwave, toaster, TV ete.

| J UITl KeVIloLe 00
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Rule creation wizard

welcome Step 15tep21 5tep3! Step-'-‘li StepE]

otep 1

The firzt step iz to zelect the appliance pou wizh to create a rule for. You zhould
hawe already configured the appliance # zenzar detaill under the senszors tab, |F
pou haven't pleaze cancel thiz wizard and dao zo.

] FHeading Lam

“'ou have zelected the Reading Lamp. thiz appliance iz configured as sensar 2
pleaze enzure this information iz correct before continung.

Cancel
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Immediate rule creation
window for rule type 1

gecii vAti K tM‘n' fpring

Monitoring| sensor Setup || Rule Set <Conections Save All

Rule Set
Enter or Edit rule here: * Bule Type 1

" Rule Type 2

[f the ! vi haz not been uzed between !?:SEI |am :j and I'IEI:EIEI ||:um _:J then zend the following ket mezsage to (0211231234
T
Reading Lamp

E riter W Fettle

lpdate l Options l Cancel l
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Monitoring Sensor Setup| Rule Set | Conections | About

IVIOTITLOT Iy uic
appliances

SeciivAﬁii tMﬂ' wri ng

= BX

Sawve All

. : : Last Monitored
Appliance Status Acvue ot

K.ette Active 07:02 AM
T Active 07:07 AM
Larmp Inactive 09:15 PM
Bed Inactive 06:48 AM
W ater Checking... i

Achtive Sensors Active Rules

k.ettle

It the Eetle has nat been dsed Bebweer 7:00am and 8:00am then b 0211

231234,

Start Monitoring

Stop Monitoring

Yiew Log
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Activity Log viewer

Activity Log Viewer [f..iGunwas nactve at 1114 5450, =
Heat Gun veas imaclhive ab 17157840,
Lamp wesms inactive at 11215 24488
" Cument Log = LogFrom File | pothing was inactive at 11:15.284M.
Heat Gun veas imacthive s 1715 3483806,
Lanap veass inactive at 1115 3848
Flease select the day pou wath bo Mothing was inactive at 17:15 4340
wisww the log for. Heat Gur was inactee st 17: 18 4280,
Lamp weas inactive at 17:18 454084
Mothemg was inactive at 17: 1857408
[ 12/08/02 :J Heal Gun was inactive at 11:18.584M.
Lamp was inactive at 11: 13 14M.
Motheng was inactive at 1779 64,
Heat Gur weas imnactive at 171907 280
Lamp was inactive at 17: 13 1648
Mothing weas inactive at 17:790 271408
Heat Gurn wasz imactivee at 1719 26040
Lamp was inactive ab 17:19 30408
Mothemg was inactive at 17:79. 3648
Heat Gurm wasz imnactive at 1713 4280
Lamp was inactive at 17:13 46484
M othing weas inactive at 17195748
Heat Gurn weasz imactiee at 1713 5640 .
Lamp was inactive at 1720 0,
Motheng weas inactive at 17:20 588,
Heat Gurn weasz imactive at 1720072480 .
Lamp was inactive at 172007648
Motheng weas inactive at 1720027408,
Heat Gumn weas imactiee af 17:20 2640
Larmnp was inactive at 172004748
Heat Gurn weas mactree att 17:27_ 4740,
Larmnp was imactive at 11:21 57148,
b othing was inactive at 17:27. 5648,
Heat Gurn was mactnee at 4-48 S0P,
Heat Gun was mactnee at 4-53.132PM. bt
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Detection of daily life pattern and abnormal behavior

Get Status from sensor Get Status from sensor 5 Get Status from
sensor #n

Compare the status of sensor Compare the status of sensor Compare the status of sensor Compare the status of sensor
with the person's habit with the person's habit with the person’s habit with the person’s habit

Is it
Normal

Is it
Normal i
Activit Activi

, Mo
:
' tnnditun #1 condition #2 :Dndltmn #3 condition #n

|--- —_— ---—--—u- e --.—-rq-u------ ————

[
0!
[ K
!
i
LB
[E
K
i
K
[ ]
-l

Note Abnormal condition/sand compare with

i i
i i
i i
g ,
! the mentioned rule and previousstored Data '

i
i i
i i
1 i
i i
1 Wait for 1 i
: minuteand I

i - ) i

't. [ >|nitial Data Gathering Phase 1 : 1
------ ! input from :
1 personunder 1
A . Getting the status from ] _ = -
1 r sappliances and comparing : 4 Yes :
y . with persons habits Phase i Generate a warning message to send in case of no input from ptrmi
______ . ! ;
H I >Final Decision Making Phase | text message Send Text Message i
b 4 L L - =
DL cum Keynote 71

Presentation, September,
29°)01 0



Do Elderly People Accept This Technology?

A survey (with related guestionnaire) has
been conducted among many elderly
people In New Zealand and India

Using camera and vision based system : NO

Using unobtrusive sensors . YES

Trial has been conducted Iin New Zealand,
both In retirement home and as well as at
personal home.
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Possible Commercialisation

- Currently one Auckland based
company has shown interest for
pilot testing and Is undergoing

- One US company has contacted
and would like to get our prototype

- One Indian company would like to
get our design to manufacture It.
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Where do we go from here?

Improve the Instrumentation System

— Smart Measurement System to reduce the
size of the sensing system

Building on the present system

— Incorporate additional household sensor
— Optimum Number of Sensors selection

Integrating the cellular modem into the
Controller

Making the whole system COGNITIVE
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Future Sensor Concept
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School of Engineering‘and

Future work: Zigbee Protocol

Advanced Technology (SEAT)

‘ . Xbee
S 'Coordinator

Ty, [ B B :
C8051F020 and PC connected with Tm Ca%mo‘
XBee through Serial Interface Y . ¥ X ¥
) : s
o i e s
Performance SpeC|f|cat|on:
XBee XBee-PRO Performance Specification (contd.):
Power Output: 1 mW (0dBm) 10 mW (+10 dBm) Supply Voltage: 2.8-3.4V
Indoor range: 30 m 90 m Transmit Current: 45 mA @ 3.3V
Outdoor range: 90 m 1.6 km Receive Current: 50 mA @ 3.3V

Operating frequency: 2.4 GHz Power Down Sleep Current:76
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A Discussion on Wireless Power and EM Radiation

Power Output: 1 mW (0dBm) [XBee)] 10 mW (+10 dBm) [Bee-PRO]

Radiation Thermometry: All surfaces at room temperature radiates infrared radiation
at frequencies of about 30 Thz and at rates of 500 W/m2.

We would freeze to death without this radiation.

Photon Energies: Electromagnetic radiation is absorbed one photon at a time. To do
damage to a molecule, such as DNA or a protein, the energy must be sufficient to
break chemical bonds. UV radiation is dangerous.

Energy E =hv; histhe Planck constant = 6.626 * 10-34 J-s
The energy of RF photonat 1 GHz = 6.62 * 102 ]

The energy of RF photonat1 THz = 6.62 * 1022 J

The energy of a visible photon (555 nm) ~ 4 * 1019 ]

The energy of a UV photon (250 nm) ~ 8 * 10-19 J

Photon energies are 10,000 to 1,000,000 times smaller than those of visible
DL cum Keynote 77
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CONCLUSIONS

e A smart home to care elderly people
based on wireless sensors.

e The system doesn’t use camera or vision
based system and thus acceptable to
elderly community.

e The integrated system iIs able to support
people who wish to live independently.

DL cum Keynote 78

Presentation, September,
2°)01 N



Y 2007
ol ¢ [SP Digital Signal Processing Creative Design Contest

Zredbive Mn Confest
; November 16,2007

This is to certify that

Anuroop Gaddam
Massey University, New Zealand

advised by Subhas Chandra Mukhopadhyay
and Gourab Sen Gupta

has gotten THE FIRST PRIZE
in the 2007 Digital Signal Processing Creative Design Contest.

; P
y a2 ]ﬁ“ e i

HEW R Ministry of Education, TAIWAN
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Sensors and computers are coming
close 1o doing  what good
neighbours used to do — checking
that elderly people living alone have
turned the TV off at night and
cleared the letterbox daily, and call-
ing for help if they notice a problem.

A team at Massey University’s
school of engineering and advanced
technology is completing refine-
ments to its SAM (selective activity
monitoring system) that will send a
text message alarm if a home’s
occupant doesn’t do what they nor-
mally da.

The prototype has already won an
award, the Digital Signal Processing
creative design' contest, judged in
Taiwan in November last year.. =

The'challenge now, says associate

professor Subhas Mukhopadhyay, is
to find a volunteer to test the smart
digital home system in a real situ-
ation, and an aged care housing or
home support group to get involved.,
“Quite often we are appalled by
news headlines such as ‘Elderly man
lay dead for days in his home' or
‘Woman found starved in flat’.”
But the reality is that more and
more elderly people are choosing to
live privately and independently
even though they and their families
know there are risks, he says.
SAM aims to use microtechnology
to manage the risks non-invasively.
The SAM technology has been
developed to monitor use of house-
hold appliances and call for help if
use patterns change. It's launched
graduate student Michael Suther-
land into a career with Fisher and
Paykell’s medical division, and now
provides doctoral student Anuroop
Gaddam with a specialist topic.
SAM sensors can be fitted inside
wall sockets where the toaster or
electric kettle is pltigged in, or to the

+alagrricintn arnd ciihiort f4 Biebls o

Smart monitor for elderly

By Janine Rankin
janine.rankin@msl.co.nz

been turned on to boil water for a
hot drink by a certain time in the
morning, if the television isn’t
turned on and off again in the even-
ing, or the person doesn’t get out of
bed in the morning.

Dr Mukhopadhyay says the sys-
tem will be more acceptable to eld-
erly people who value their privacy
than movement sengors or blatantly
infrusive cameras. =~

There is no one person constantly
monitoring the occupant’s move-
ments, just the software, that will
only text for help if patterns change
and the audible alarm isn’t over-
ridden.

Another advantage is it doesn't
depend on a person being con-
scious, recognising a problem, and
being physically able to push a but-
ton for help. The text will be
launched even if the person has
fallen and is unconscious.

It’s then up to the caregiver or
family member on the receiving end
of the text to respond.

The sensor units look likely to cost
$40 to $50 at the moment, but that
price would come down with mass
production.

Computer science professor Hans
Guesgen is already working on ways
to further refine the system to make
sense of complex behaviours that
are demonstrated by elderly people
experiencing some degree of cogni-
tive impairment.

The “ambient intelligence” would
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hank Yol

Questions or Comments?
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