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Wireless Sensor Networks (WSN)

(A General Introduction)

A WSN is a wireless network consists of spatially distributed
devices using sensors.

Sensors monitor the physical or environmental conditions @
at different locations, e.g.

— Temperature l

— Sound @ ''''' @ ©a@__©

— Vibration © | S\ .
— Pressure ! @ N
— Motion etc. © @ ': , @ Il*. ~. "
."' " — $ . : -
Such networks are the key for gathering information @ 1 @ - ——"@"“@
in smart environments. I 2y @i— '
T ey . ©
Some application areas are; ©) -H@’*;f’ (@f © ({;) ©
—_ i 1 7 !
Monitoring and Control Systems @ \,\© @ Routing Node

— Health care \. © Sensor
— Traffic control @

— Security

— Home automation etc.




Wireless Sensor Networks (WSN)

(Problem Statement)

e Typically, a WSN performs distributed

network computations to meet its specific Sensor Node
needs.
e Data received by sensors is processed with App..cat.ons App..cat.ons

limited processing capabilities of
a sensor node.

e Complex network computations demand
high processing power within a sensor node.

Appllcatlons

% Applications

* This results in high power consumption
and affects network performance.

?nse/Store%

Issues: LoYv processing power, Battery | Limited Prosessing |

consumption, Network performance \\ /
Transmit
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Wireless Sensor Networks (WSN)

(Scientific Framework)

<
= Collector nodes introduced in [1] are better

equipped in terms of processing power and battery
consumption than ordinary sensors.

= High-valued distributed in-network computations
can be achieved by collector nodes’ collaboration.

Collector Node

= Collector nodes represent local neighborhood of
sensors to higher hierarchy of WSN.

Collector nodes equipped with Mobile Web Services
to perform local computations.

Cooperation among the collector nodes would initiate
higher-valued Mobile Web Services for complex
distributed in-network computations.

Study new fields in the area of Mobile Web

Services to identify realistic business and
application scenarios.

. .\
P ”/,/’ ‘ "’/' “‘ \\\\\
1/ )
1 ‘:
Sense/Stor% /N ¥ Receive Sensor Data
0 1 ' .
|
1
|
|
|

Limited Processing )

Transmi/

Collaboration Perform Computations

Represe.nts WSN
Scientific Challenges

" Network computations in wireless networks.
®  Organization of cooperative collector nodes owning

[1] Giridhar, A. Kumar, P.R., Toward a theory
5 2 of in-network computation in wireless
M(?blle WEb Services. . sensor networks, Communications Magazine,
® Gain a high-valued network based on Mobile Web
Services.

IEEE, Volume 44, Issue 4, p. 98- 107, ISSN:

0163-6804, 2006
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Service-Oriented Wireless Sensor Networks
(Use Cases and Requirements)

Long-Lived Service
Processes Management

Wireless Service
Sensor Oriented
Networks Com puti ng Interaction Event

Patterns Notifications

Service Oriented Wireless Sensor Networks
Short-ranged

Data Comm.

Representation

Long-ranged
Comm.
Healthcare Traffic control Security Home automation ...

Domain Specific Applications

Mobile Web Services Framework
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Mobile Web Services

(Types and Interactions)

WS Consumer WS Provider
Execution Model Mobile Consume Mobile
Web Server SOAP Web Server
i Mobile Mobile

Web Services

Web Services

Synchronous Asynchronous
(Short-lived) (Long-lived)

Ablish

Mobile Synchronous Search
Interaction (MSI) (WSDL) (UDDI)
Mobile Asynchronous Web Service
Intera%tion (MAL) 1. Request-response Broker
derives derives 2. Solicit-response
| 3. One-way
I 4. Notification
WSDL Operations P2P Mobile Web Services

(Transmission Primitives)
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Mobile Web Services

(Mobile Synchronous Interaction)
Request — Response Operation immediate service | S€rvices are

Pros: simple, quick, reliable, widely applied ... invocation instantaneous
Cons: change management (undo, cancel...), long running tasks, (short-lived)
no human involvement, blocked client ...

MOBILE TERMINAL 1 (MT 1) MOBIL  TERMINAL 2 (MT 2)

Mobile Mobife
Application lVII)(I)‘l()):/(VS NI[,(:':/(VS Applica
(M1) Y Y (M2)

4 N
MOBILE SYNCHRO NOUS
(" MOBILE SYNCHRONOUS ) REQUEST WEB SERVICE 5
WEB SERVICES , =
— _"—’l -
= )
S
w . Z
= ———m > .~ O
S INTERNET/ 3
NETWORK e
E r ------ <= *. g
- - : : m
____________ a o
. . r =
r ----- e S ----- E
g o ____ (-9
I' S
L RESPONSE o \_ .

Request-response are transmitted over
the same network infrastructure
(e.g. UMTS, GPRS, WLAN ...)

Requester remains in
a blocked state
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Mobile Web Services

(Mobile Asynchronous Interaction)

Request — Response AND Solicit — Response Operation e
Pros: two-way control, long processes, unblocked client, back-end operations, human instantaneous
involvement, change management, reliable ... (long-lived)

. ] Temporal service
Cons: complex, blocked until ACKed, correlation, larger payloads ... i,yocation possible

MOBILE TERM
“Pull” Model (Polling

RMINAL 2 (MT 2)

Supports One-way AND Notification Operation!

/MOBILE ASYNCHR|/)NOUS h
WEB SERVIC] S

(" MOBILE ASYNCHRONOUS

WEB SERVICES

-

UNRELIABLE!
(no ACKs, no blocking)

QIAIT-DNOT

-
.

Support for multiple network infrastructures for service invocation
Unblocked client and response (e.g. request: UMTS, response: WLAN)

o
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Advanced Mobile Web Services Architecture
(General Overview)

Asynchronous
Communication Architecture

A— Q

o D

Factory = 9,_",_

o O

Creates E _3

o0

E = =. 0

Observer ———» Instance S 2

. Q =

Asynchronous Service S
Web Service

Access Protocol

Control

. gnd' . Polling Callback =
onitorin .

(OASIS Standard) 9. Y

o Service Service =

_ . Consumer Consumer %

(WS-C) (Ws-C) —

(@]

............. S

i L Z

. Service Service g

Provider Provider =y

) (WS-P) (WSs-P) o))

Data Representation =

WS-C repeatedly WS-C registers with )

requests WS-P the WS-P for status =3

Asynchronous until response notifications wn

Mobile Web Services Data Representation is obtained

Middleware Component

Context Data
SOAP Message

De-serialization

el Client

SOAP Message
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Service-Oriented WSN Environments (1/2)

(A Collector Node Scenario)

Sensors

N
\:// Nodes
. \ Q.
AN

\\Sh ared .

’e Collector Node (A)

1

Asynchronous
Services
~ (Long-Lived)

Synchronous
Services
(Short-Lived)

Service Creatjon
Data Representation

Network Server
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Collector Node (B) > .-

Service
Computing

Thresholds

\\ y A
N

Events / Analyze




Service-Oriented WSN Environments (2/2)
(Health Care Scenario and Requirements - MEDICARE)
O echnology (SunSPOT)

180 MHz 32 bit ARM920T core

512K RAM/4AM Flash

2.4 GHz radio with integrated anten

3.7V rechargeable 720 mAh lithium-i
IEEE 802.15.4 based radio communi
Public Key Cryptography (Elliptical

2G/6G 3-axis accelerometer

Temperature sensor

Light sensor ek o AT
8 tri-color LEDs

2 momentary switches

SCEMSOR
rrent output pins! BOARD:

FROCES SOR

Run mode: 70ma to 120ma (10.28 to
Idle Mode (Shallow sleep): 44ma (16
Deep Sleep: 32uA (22500 hrs/ 937.5 ¢
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Service-Oriented WSN Environments (2/2)
(MEDICARE - A Health Care Prototype Screenshots)

=3 Ecll >

RWTH: . MEDICARE
e comNets BETA

aikiiifii

ool w | Bed i - Online Services 0000, 2388 Acceleration

Monitor Service

=
o
=
m
i
[
o
o
=T

— UppelLimit — Lower Limit ¥ Farce Y Farce ZFarce Accelerati0n|

Started Time ][ Pause || Stop ]

| | !

1 | = I,'ll

H . £~ ¥ :_3..."

| 2

: Staktus | OFfline 20092, March.13 AD 09:30 AM é&%@ un
! microsystems
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Power Consumption of Sun SPOT Nodes

120 -

{ Next Generation of Sun SPOTs might
%- turn out to be

SOLAR POWERED!

721

Current
(rmA)

B Evaluation

by Software
481 Source:

Sun Technical Report - TR-2009-178 (February 2009)

# “Experiments with a Solar-powered Sun SPOT”

http://research.sun.com/techrep/2009/abstract-178.html

Middleware Status Middleware Status

Switched off LEDs = 20 % optimized battery consumption

Further optimization is possible! (modes, payload, threads...)
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Mobile Web Services Research at ComNets

e P2P Service Level Agreements
— Negotiations
— Active and pending agreements
— Per service agreement templates

— Service Guarantees
— REST and SOA compatible

e Service-oriented WSN Integration with IP Multimedia
Subsystem (IMS)

— JCP’s IMS Services API (JSR 281) for Java ME

— Extended IMS integrated health care prototype
e Server-side IMS application
e |IMS enabled Java ME application

— High-valued context-sensitive IMS use case
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Thank you for your attention !

RWTH A ComNets
RHEINISCH-WESTFALISCHE TECHNISCHE HOCHSCHULE AACHEN

RWTH Aachen University
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52074 Aachen

MSc. Germany

Fahad Aijaz

Research Engineer

Tel +49(0) 2418023923
Fax +49(0) 241 8022242
email fah@comnets.rwth-aachen.de
WWW  http://www.comnets.rwth-aachen.de/fah.htm|

Questions are welcome!
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