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Advances of ICTs in Digital Economy

+ Enable ICTs in Digital Economy
v Location Based Services (context-aware services)
Wireless Internet
Wireless Sensor Networks (WSN)
Web-based document management
Security
Ontology and Semantic in the Web
Flash memories
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Sensors Everywhere

* While the last 50 years have been dominated by a march
to ever more complex computers, the next few decades
will see the rise of simple sensors by the billions."

Business Week

Which prospective application domains and concrete
applications are of particular value?

What hardware/software requirements are needed fo
support such applications?

How can we better coordinate the mostly isolated and
disconnected research activities on sensor networks?
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Sensors Everywhere
New Class of Computing
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Ubiquitous computing

"The most profound technologies are those that disappear:
e.g., writing does not require active attention, but the
information to be conveyed is ready for use at a glance
(Periphery / calm technology).”

Mark Weiser, PARC, 1991

+ We should not be required to live in computer's world
(0S, virtual reality). Instead, computers should become
invisible and ubiquitous (disappear in background) in our
physical world.

* Already computers in light switches, thermostats, stereos
and ovens help to activate the world.

+ For such a technology, localization & scalability are
critical (Location-aware devices, Wireless communication,
Micro-kernel OS, Distributed computing).
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Proactive computing....

* Moving from human-centered fo human-supervised

computing
+ 150 million PCs versus 8 billion embedded computers
+ Only 2% of computers are PCs

* Geftting physical

+ embedded computers

* Getting real

* Real-time, fast responses from computers need to be
arbitrated

University of East London. April 2008
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Technology Push

Advances in:

+ Complementary metal-oxide-semiconductor (CMOS)
miniaturization.

* Micro-sensors (Micro-Electro-Mechanical Systems
(MEMS) technologies, Materials, Circuits):

- acceleration, vibration, gyroscope, tilt, magnetic, heat, motion,
pressure, temp, light, moisture, humidity, barometric

- chemical (CO, €CO2, radon), biological, micro-radar

- actuators too (mirrors, motors, smart surfaces, micro-robots)
+ Communication:

- short range, low bit-rate, CMOS radios
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Design Space

Technology Push

Power
- batteries remain primary storage, fuel cells 10x
- solar, vibration, flow

Smaller battery powered devices

- 1 cm3vibrational micro-generators can be expected to yield up
to 800 pyW/cm3 from machine-induced stimuli. This is orders
of magnitude higher than what provided by currently available
micro-generators

I.F. Akyildiz, W. Y. Lee, M.C. Vuran and S. Mohanty,

"NeXt Generation/Dynamic Spectrum Access/Cognitive Radio Wireless
Networks: A Survey,” Computer Networks (Elsevier) Journal, Vol. 50,
pp.2127-2159, Sept. 2006.

University of East London, April 2008
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Design Space Design Space
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Design Space Challenges in Sensor Nets

Energy constraint: Nodes are battery powered

Unreliable communication: Radio broadcast, limited
bandwidth, bursty traffic

Unreliable sensors: False positives

Ad hoc deployment: Pre-configuration inapplicable

Large scale networks: Algorithms should scale well

Limited computation power: Centralized algorithms
inapplicable

Distributed execution: Difficult to debug & get it right

University of East |ondon April 2008
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Design Space Challenges in Environmental - -
Sensor Nets (ESNs) "

Micro and Nano Sensors
Distributed Sensor Networks
Surveillance and Monitoring
Sensor Fusion and Tracking
Scheduling and Optimisation
Machine Intelligence

Uiversity of East London, April 2008
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Wireless Standards
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+ Characteristics of LBSs:

-Scalability:

Ability of a location-aware
Positioning server to provide real-time

responses to a large number

of continuous, concurrent

spatio-temporal queries of

different types.

-Complexity:
Spatial comparisons may
Mobile require complex geometric
Sapvides algorithms.
Efficient algorithms are
required to avoid unnecessary
complex computations.

Convergence of mobile technologies location aware technologies
(positioning) with the Internet and GIS to create LBSs.

Location Based Se

+ LBSs integrate information related to geographic position
of a mobile device with other information such as
* mapping,
* routing,
+ searching,

+ multimedia content and

- address location functionalities
to provide added value to a user with specified profile and
content.

* LBSs applications approaches are:
v person/device oriented

v push/pull services.
InfoLab, Agricultural University of Athens

Location-aware Computing Environment
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Location Based Services

* Location-aware context:
- A key point in the design of a location-aware services is o provide
fast query responses.
Queries
o Snapshots: Queries that can be answered using data that is already
collected, either in one of the fixed regional servers or in a large
repository serer.
o Continuous: Queries whose responses depend on data progressively
accumulating into servers.
=A report of accumulated results at a regular time interval.
=A report about the results when a certain event happens.
To a large number of continuous, concurrent spatio-temporal
queries of different types it is required to provide:
v Efficient data structures.
v'Query optimization techniques.
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Location Based Services

+ Classification of Spatio-temporal queries:
- Queries based on the time of the query
v Historical spatio-temporal queries.
Queries that ask about past data (stored at the repository servers).
“Find the locations of a certain object between 10 - 11 am today.”
“What was the humidity 2 hours back in a certain region of the farm?”
Continuous version:
“Continuously, find the locations of a certain object in the last hour."
= A location-aware server stores only the locations of the moving
objects at different times.

= Once a location of moving object is updated the old location is
sent to the repository server along with the time the old
location was reported.

= Access methods include: TB-tree, MV3R-tree, and SETI.

InfoLab, Agricultural University of Athens

Location Based Services

+ Classification of Spatio-temporal queries:
- Queries based on the time of the query

v Current (one-time) spatio-temporal queries.
Queries interested only on the current location of moving objects.
This type of queries provide the instantaneous view of the network.
Continuous version:
“Based on my current location, where is the nearest gas station?”
"What is the humidity in a certain region how?"

= To answer "now" queries, a location-aware server keeps track of the
latest location of all moving objects.

The query friggers a single query response, (data traffic generated by
one time queries is the least).

A warning message that informs the user of some unusual activity in
the network (one-time query response that is time-critical).

These are usually time critical as user wants to be notified
immediately about the current situation of the network.

Access methods: Hashing, VCI-index, Q-index, and the LUR-tree.

Location Based Services

+ Classification of Spatio-temporal queries:
- Queries based on the time of the query
v Future spatio-temporal queries.

Queries interested in predicting the locations of moving objects
(additional information, e.g., velocity, or destination, need fo be set
from the moving objects to the servers.)

Continuous version:

"What is going to be the temperature for the next 2 hours in a certain
region?

“Alert me if a moving object is going fo cross a certain region in the next
30 minutes?”

The “alert” is sent before the actual event happens.

= A persistent query generates maximum query responses in the network
depending on it's duration.

= The purpose of the persistent query is to perform periodic background
monitoring.

= Access methods: R-tree (e.g., TPR-tree, RExP-tree, TPR*- tree, and
quadtree-based structures.




Location Based Services

+ Classification of Spatio-temporal queries:
- Queries based on the mutuality of both objects and queries.
v Stationary queries on moving objects.
Query regions are stationary while objects are moving.
Continuous version:
“How many tracks are within the city boundary?”
"Find the nearest 5 taxes to a certain home."

= The query regions (city boundary and home neighborhood) are fixed,
while the objects of interest (trucks and cars) are moving.

= To support continuous fixed queries the following approaches may be
used:

> Index the moving object with R-tree based structures (e.g., TPR-
tree, REXP-tree, TPR*-tree) access methods.

Index the fixed queries with Q-index and Q+Rtree access
methods

UNIvErsily o1 ©usi LOnuon, Apri cuuo
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Location Based Services

+ Classification of Spatio-temporal queries:
- Queries based on the mutuality of both objects and queries.
¥ Moving queries on stationary objects.
Query regions are moving, while objects are stationary.
Continuous version:
"As I am moving in a certain trajectory, show me all the gas
stations within 3 kms of my location.”
= To organize the fixed objects traditional methods are employed
by the queries (e.g., fractals or R-trees).
= Efficient algorithms that utilize the R-tree are proposed for
the continuous single nearest-neighbor queries and the
continuous K-nearest neighbor queries.

University of East London, April 2008
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Location Based Services

+ Classification of Spatio-temporal queries:
- Queries based on the mutuality of both objects and queries.
v Moving queries on moving objects.
Both query regions and objects are moving.
Continuous version:

"As a farmer is moving in a certain ftrajectory, make sure that the
number of collecting trucks within 3 kms of his location is more than a
certain threshold."

= The query region is moving.

= The objects of interest (collecting trucks) are moving.

= To support moving queries in a location aware server, moving objects
need to be indexed using a TPR-tree like structure (e.g., TPR-tree, REXP-
tree, TPR*-tree) access methods. Then, special algorithms are
developed to process moving queries in TPR-tree like structure.

University of East [ondon, April 2008
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Location Based Services

* Routing (Directed Diffusion)
- Protocol initiated by destination (through query)
- Data has attributes; sink broadcasts interests

- Nodes diffuse the interest towards producers via a sequence of local
interactions

- Nodes receiving the broadcast set up a gradient (leading towards the
sink)

- Intermediate nodes opportunistically fuse interests, aggregate,
correlate or cache data

- Reinforcement and negative reinforcement used to converge to
efficient distribution

University of East London, April 2008
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Location Based Services

Routing (Directed diffusion)

{a) Tnterest propagation {b) Initial gradients set up (&) Data delivery along re-

inforced path

Intanagonwiwat, Govindan and Estrin,

"Directed diffusion: a scalable and robust communication paradigm for
sensor networks"

6™ conf. on Mobile computing and networking, 2000.
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Location Based Services
Routing (Directed diffusion)

Interest
Gradient

Source
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Location Based Services
Routing (Directed diffusion)

Interest
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Location Based Services
Directed diffusion
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Location Based Services
Routing (Directed diffusion)
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Location Based Services
Routing (Directed diffusion)
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Location Based Services
Routing (Directed diffusion)
Reinforcement
=P Gradient
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Location Based Services
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Location Based Services
Routing (Directed diffusion)
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Location Based Services
Routing (Directed diffusion)
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Location Based Services
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Location Based Services
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Location Based Services
Routing (Directed diffusion)

Data
— Gradient
Reinforcement
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Location Based Services
Routing (Directed diffusion)
Reinforcement
Gradient
Data
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Location Based Services
Routing (Directed diffusion)
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Enabling Technologies
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Sensors Everywhere - Applications

Applications

University of East London, April 2008
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Applications
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Applications
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Applications
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Applications
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Applications
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The FruitFlyNet applica’rior;

University of East London, April 2008
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Olive fly

The olive fly (Bactrocera (Dacus) oleae) (Gmelin)
(Diptera: Tephritidae)

bR |

ViMYei sy Ui Lusi unuun, nprn euvo
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Socio-economic Motivation

IOBC wprs Bulletin Vol. 25, 2002
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Agro-environmental Information Systems
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Agro-environmental Information Systems

meteorological,
climatic daj
biological data

e
|:|— Agro-environmental I

User - centired

development; method
(farm activities, AmL scenarios)

Middleware
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Agro-environmental Information Systems

InfoLab, Agricultural University of Athens

Monitoring Olive fly population

bf East London, April 2008
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Control: Spray application from the ground

Unsprayed olive free__ /Sprayed olive tree

Tracking path
f/ ¢ GPs
- WiFi

University of East London, April 2008
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Fij

Spray application from the ground

University of East London, April 2008
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Optimal Design of the Dacus oleae
Wireless Sensor Network

e

Cluster-head

Cluster

-:_FTer_ Zone.1

Dacus
server
ERLE

4

GPBSV#SHY of East London, April 2008

Infol
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Communication Module
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Simulation and Results

Fz.d _— Field-Zone

=2 _~Cluster

Service
Request
—
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Problems to be solved (1)

University of East London, April 2008
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Problems to be solved (@)

University of East London, April 2008
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The Dacus oleae application
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Queries (1)

Queries ©3)
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Queries (@

Testing and Evaluation ()
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Testing and Evaluation (®

University of East London, April 2008
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WSN characteristics (1/2)
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WSN characteristics (2/2)

University of East London, April 2008
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Example WSN architecture
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GA-system objectives

University of East London, April 2008
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WSN design parameters

University of East London, April 2008
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Genetic Algorithms

InfoLab, Agricultural University of Athens

GA Fitness function

University of East London, April 2008
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Application-specific parameters

UNIVErSTTy 01 cdsT Conaon, Aprit 20Uo
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Connectivity parameters
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Energy related parameters

InfolLab, Agricultural University of Athens

Energy related parameters
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Evolutionary approach
Final fitness function

Algorithm flow ¢

Create initial random
population of WSN designs

Evaluate characloristics of each
wsN ign in current
population using (1)-(7)

Assign a fitness value to each
W SN design using (9)

Selectparent
designs

Porform genetic oporalors
(crossover & m utation) to
produce offspring

Replace old population
with new offspring to
form currentpopulation

pUimal_W SN _
individualof curr

= best
pulation

InfoLab, Agricultural University of Athens

rts
)

Initiate new measuring cycle using
current Optimal_W SN_design

Evaluate battery
capacities atthe end of
currentcycle, using (8)

® o v
capacities using (8)

Ts current
measuring cycle
completed?

Waitfora specific time delay

Evolution process - Results

WSN designs comparison

InfolLab, Agricultural University of Afl

"GA1" "6A2" "GA3" Rand1 Rand2 Rand3 Rand4
MRD (uniformity) 0.0840 0.1018 0.1141 0.5513 0.3333 0.1815 0.1541
SDE (spat. dens. error) 0 o] o 0.0944 o o o
OE (operational energy) 5.0086 4.6827 4.9711 2.5276 3.4021 6.5550 8.2474
CE - 10° (comm. energy) 1.4323 1.6422 1.4965 1.3882 8.8816 1.7896 0.9610
Out-of-range sensors 0o 0] [} 29 5 (] [}
Over-connected clusters o o o 4 2 o o
Active sensors 699 602 622 163 378 591 679
CHs 133 105 117 9 39 161 248
HSR sensors 275 222 247 78 167 224 209
LSR sensors 291 275 258 76 172 206 222
CHs / Active 0.19 0.17 0.19 0.05 0.10 0.27 0.36
HSR / Active 0.39 0.37 0.40 0.48 0.44 0.38 0.31
LSR / Active 0.42 0.46 0.41 0.47 0.46 0.35 0.33
Fitness value 0.0137 0.0136 0.0131 - - - -
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MA-system objective(*)

‘Apply original GA (5] to
obtain intal optimal WSN
Load iital values of
batery level Thresholds
Initate new measuring cycle
using current optimal WSN
Evaluate battery levels at
the end of current cycle

Update battery capacities

9
Apply MA to sensors with
updated battery levels to obtain
new optimal WSN
Update Threshold values according
to some reduction scheme

s current measuring
cycle completed?

o)

Wait for a specific time delay

m o

University of East London, April 2008
InfoLab, Agricultural University of Athens

metic algorithm -
GA hybridization

=S
ey

University of East London, April 2008
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MA - an example

InfoLab, Agricultural University of Athens

MA - an example

University of East London, April 2008
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Network characteristics Energy saving

——Dbattery >= 98% (GA system)
—o—battery >= 98% (MA system)
—o—battery >= 95% (GA system)
- —o— battery >= 95% (MA system)
MA system —— battery >= 90% (GA system)
—=—battery >= 90% (MA system)
—a—battery >= 70% (GA system) [
—=— battery >= 70% (MA system)

°

Oper. Energy
PO

°

percentage of sensors
°

Energy
o
8
s

Comm.

measuring cycles measuring cycles

University of East London, April 2008 University of East London, April 2008
RESULTS: Sensors above specific
battery levels

Results: GA vs. MA
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Energy saving

Energy saving

o
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RESULTS: Sensors below SPeC'f'C InfoLab, Agricultural University of Athens RESULTS: . 0
battery levels Usage of available sensors s




saving

HSR sensors

measuring oycles

LSR sensors

measuring oycles

Al active sensors

| |
S e

measuring cycles

RESULTS - Average bat. levels
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Conclusions (1) - Middleware
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Conclusions @) - Middleware

University of East London, April 2008
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Conclusions®) - Optimization

InfoLab, Agricultural University of Athens
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Future Work 4 - Optimization

+ Experimentation and fine tuning of the parameters
that could improve even more the performance of
the MA:

+ Initial values of the battery-level thresholds for
each operating mode of the sensors

+ The nature of the reduction schemes of those
thresholds.

University of East London, April 2008
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See you all in Athens, Greece

Call for papers

4th HAICTA Conference on ICT in
Bio and Earth Sciences

September 18-20, 2008.

Paper submission deadline:
April 21,2008

T

Vi sity o1 cusi vonuon, Apru cuvo

, 1o d
\\__ _)‘,«fab, Agricultural University of Athens

26



