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Wireless Sensor Network

o A wireless sensor network (WSN) consists of
spatially distributed autonomous sensors to
monitor physical or environmental conditions,
such as temperature, light, sound, pressure,
etc. and to cooperatively pass their data
through the network to a main location.
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http://en.wikipedia.org/wiki/Autonomous
http://en.wikipedia.org/wiki/Sensor
http://en.wikipedia.org/wiki/Temperature
http://en.wikipedia.org/wiki/Sound
http://en.wikipedia.org/wiki/Pressure

Advantages of VWSNs




Advantages of VWSNs

® Cheap
® Small-sized

® Wireless Communication

{ -L...:-A'..:?“: ~:.. ~/:\,-'-’ = .;‘;.' R Rt e .‘:'.‘_‘ .‘_" A '..‘l.,...‘_ ) - R : '::"_.4"___ O



VVhat are they good




Applications

Structural Health Monitoring




Bridges

e According to a 2009 estimate by the U.S. Society of
Civil Engineers, more than one in four U.S. bridges are
either structurally deficient or functionally obsolete.
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(Minneapolis, 2007) 13 people dead and 145 injured




Power Stations

® More than 10% of the 422 nuclear power
stations in the world are located in areas
vulnerable to earthquakes and tsunamis.



http://en.wikipedia.org/wiki/Fukushima_I_Nuclear_Power_Plant
http://en.wikipedia.org/wiki/2011_T%C5%8Dhoku_earthquake_and_tsunami

Energy Management
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Costs of Ultility Prices

e Electricity Price Index

e Gas Price Index
e \Water Price Index

e Coal Price Index

Cost of utilities in the UK



Data Centers

® Data centers use 38GW of power per year!
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Project Genome

® 20-70% of total energy for cooling

® [ ack of visibility in operating conditions




Agriculture
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ealth and Safety
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Flexible wireless ECG sensor by
imec



Bl University of UNIVERSITY OF University of
BE BRISTOL  Southampton @ Reading :

SPHERE

a Sensor Platform for HEalthcare in a Residential Environment

EPSRC Interdisciplinary Research Collaboration (IRC)

TOSHIBA _ {ﬁi,

Leading Innovation ——

irc-sphere.ac.uk pristol.ac.uk




Bl University of
LI BRISTOL

“The vision of this proposal is not to develop fundamentally-new sensor
technology specifically for individual disease conditions but rather to impact a
range of healthcare needs simultaneously by employing data-fusion and
pattern-recognition from a common platform of largely non-medical/
environmental networked sensors in a home environment”

pristol.ac.uk
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AL BRISTOL

analysis, pattern extraction,
feature extraction

base-station,
+social media,

temperature, light
levels, humidity, air-
quality

activity monitoring
via accelerometers
(&others)

water consumption,

: electrical consumption
Video P

Emotion, gait, activity,
interaction

bristol.ac.uk




Bl University of
AL BRISTOL

* The SPHERE bid was fully-funded in April 2013.
Director Professor lan Craddock, University of Bristol

* £12M over 5 years (plus £3M from industry and the Universities =£15M)

In collaboration with Southampton University (Health Sciences), Southampton University
(Electrical Engineering), Reading University (Cybernetics), the Elizabeth Blackwell Health

Research Institute, Bristol Vision Institute, Department of Experimental Psychology,
School of Social and Community Medicine, School of Oral and Dental Sciences, the Centre
for Medical Ethics, the Centre for Public Engagement, School of Clinical Sciences,
Communications Systems & Networks Group, Intelligent Systems Group, Bristol Heart
Institute, Interaction & Graphics Group, Bristol Health Partners, ALSPAC (Children of 90s),
Bristol City Council, Knowle West Media Centre, Bristol NIHR Biomedical Research Unit in
Nutrition, Diet & Lifestyle, Bristol NIHR Biomedical Research Unit for Cardiovascular
Disease, IBM and Toshiba.

* Average number of people on project = 60.
Project commenced in October 2013

pristol.ac.uk
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Bl University of B
B BRISTOL

Next steps

* Answering emerging clinical questions from the Medical Faculties (e.g. Social
and Community Medicine) and industry/NHS via a pre-proposal proof-of-
concept requires data.

This has all been done in lab environments already — the interesting questions
are what we observe at home.

SPHERE has acquired a small house in
central Bristol in August.

The house is being fitted with the version
1.0 of our sensor infrastructure.

There will be people living in the house
from Jan 2015.

bristol.ac.uk




E‘é University of
LI BRISTOL

Conclusions:

* SPHERE will advance the state of the art in:

* ultra low power communications

* on-body energy harvesting

* video analytics in unconstrained environments

* extraction of meaning from complex uncertain data sets.

* the understanding of user/technology interaction in the home for healthcare.
* SPHERE’s team will connect:

* clinical need to engineers and computer scientists

* emerging clinical research to evolving new technology.

pristol.ac.uk




Constraints of VWSNs

® [imited Energy Capacity
® [ow Processing
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Existing Solutions

® Highly-Coupled Operating Systems

® Application-specific programs

e No multi-tasking support
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Features:

® Agent-Based Model
® Adaptable to application requirements

e Applying Dynamic changes at Runtime

® Muti-Tasking support
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Sun Spot

ANATOMY OF A

SuNSPOT

SUNROOF

SENSOR
BOARD

PROCESSOR

BATTERY




Sun Spot

Sensors

I/O 4 ;" « : SensomaX
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Architecture

Application A | | Application B | | Application C
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Middleware

SENSOMAX

OS / Hardware APIs

Squawk / Sun Spot APIs

Hardware Resources

Resources

Hardware Resources

Sensomax Running on

Other Java-enabled Sensor Platforms

Sensomax Running on
Sun Spot




User Interface

Base Station

IEEE ADDRESS : 00148197 0000 1400 -



Hardware Resources Hardware Resources
Resources

Layer - S —
(Abstraction) o Globa _oca | Global |

Agent Execution

Profile Assignment Profile Assignment
Server/Free/Client Server/Free/Client

Execution
Layer

Application
Repository Layer

Agent Layer

Local  Global
Admission Layer Agent Examiner

Agent Buffer Space Agent Buffer Space

ent t
Deployment Layer adilly AEent.....

Agent
Transmission/Reception




Concurrency

Application
1
Application
2
Application
3

Application 3

Application 2
U Cluster-Head . Cluster-Member




Operational Paradigms

Agent flowing
Agent Layer from Cluster-Head/Member .

‘ agent layer
To . Gateway Cluster-Head l

execution

Profiler javer S Global —

gent Filter 7 Agent gets
prepared for
execution by
assigning their
required
functionalities
based on
node’s profile

suonoun4

9914
suonoun4
suonoun4

Agent flowing
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execution
v engine for
execution
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agent's
operational
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High-Level Architecture

User

= Web App on a Server



Concurrent Applications
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APPLICATION 2

Base Station Base Statlon

Cluster

Network/Region A Network/Region B



User Interface
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User Interface
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User Interface

Tasks tab3

Clusters

B Network
@ Cluster-1
B 0014.4F01.0000.8784
B 0014.4F01.0000.7849
B 0014.4F01.0000.8828
B 0014.4F01.0000.2976
V]

@ Cluster-3
B 0014.4F01.0000.2049
B 0014.4F01.0000.6825
B 0014.4F01.0000.7749

Listen

=y Port : [

Command | Fibe Cluster

Deploy

Broadcast Send

) | exeCuTE

Accessed From Diagnostics
IEEE ADDRESS : 0014.4F01.0000.6088



User Interface
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User Interface

Edit File

Clusters

B Newwork
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Summary

® Decentralized operation/Task Execution
® Multi-Tasking Support
e Serving Multiple Applications

| | |
-~ e Dynamic Operational Paradigm
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Storage Estimation

Application Repository Layer & Resources
Execution Layer —

Resources
Applications | | Application ﬁ

Register Processes Local System

~

Poisson Binomial
pre ¥

P(x) = x!

———
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Application /,_Application
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2 10%

b Y
Estimation| |Allocation ' Application

Storage Trigger Scheme Free 2
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Storage Estimation

« Estimation
with
Probability
Distribution

Actual
Required
Storage

Storage (%)
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with
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Storage (%)
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Detecting Anomalies in
Data Streams




Concurrent Applications
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APPLICATION 2

Base Station Base Statlon

Cluster

Network/Region A Network/Region B



Sensory Data (Light)

Recording

Light and Temperature
for 36hrs

Sensory Data (Temperature)

|2 Sensors Storing
Light and Temperature

every|0 second




Change point Detecting Subspace Tracker (CD-ST)

AN algorithm designed to monitor multiple data streams In parallel and addre the problem ot
o e

detecting significant change points or ‘points of interest’ in multiple data streams in an unsupervised
setting.

The algorithm uses dimensionality reduction to construct a reduced representation of the
data (a subspace), which is then iteratively updated as new data points arrive.

A key property of the CD-ST algorithm is that the changes it detects are relative changes "
across all data streams, rather than separate changes based on each data streams
individual history




Results

Standardised Data
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Standardised Data

ingle Sudden Change Point

Residual Error
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Time Steps

Multiple Simultaneous Change Points




Results

Standardised Data
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Non-recursive change points

Residual Error
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Recursive change points




ealth Monitoring

Segment

Upper arm*
Forearm and hand*
Thigh*

Foot and leg*
Trunk-head-neck

Definition

Glenohumeral axis/Elbow axis
Elbow axis/ulnar styloid
Greatertrochanter/femoral
Femoral condyles/medial

Greater trochanter/glenohumeral




Concurrent Applications
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APPLICATION 2

Base Station Base Statlon

Cluster

Network/Region A Network/Region B



Synchronisation
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8 10 12 14 16 18 20 22 24 26 28 30
Data Portions (x1000)

1 Subject (9 Clusters, 14 Sensors) =2 Subjects (18 Clusters, 28 Sensors)
3 Subjects (27 Clusters, 42 Sensors) =4 Subjects (36 Clusters, 56 Sensors)




Dynamic Data Storage Estimation
{o]
Multiple Concurrent Applications

.
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Objectives

® Decentralized data storage estimation for each
application locally by each node (Local Storage)

® Exploiting popular statistical data analysis that are easy
to implement using Java and do not impose high
footprint on resources.
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Methodology

Apply New
Allocation

|

Initial Storage
Allocation

Application
running

Calculate Extra Storage
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Gaussian
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Binomial
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Previous Allocatio
reapplied




(
I
|
I
I

Methodology

Application Layer

Applications | | Application

Register

Processes

N

Resources

. Global

ﬁ Rosourges

Resources | ﬁfms

Gaussian

1 -3le-w)/ol’

- e e e

|
I
I
I
I
I
I
I
\

Storage

Estimation| |Allocation
Trigger Scheme

Re/Assessment
Register

DB Read/Write

~

1
10%

Application
2
30%




Benchmarking

Node-level Estimation Accuracy

Estimation
with
Probability
Distribution

Storage (%)

“ Actual
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Benchmarking

Cluster-head Estimation Accuracy

Estimatation
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(Cluster)
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Storage
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Benchmarking

Total Estimation Error Rate
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Benchmarking

Confidence Values vs. Accuracy
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Probability Distribution Results As Confidence Thresholds for Allocation (%)

« Average Estimation Accuracy vs. Probability Value (SunSpot)

“ Average Estimation Accuracy vs. Probability Value (Simulation)




Large-scale Simulation!?

® Memory Constraints
® [ack of Concurrency-Modeling
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Large-scale Simulation!?

Sensomax Companion Simulator
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SXCS

1) Thread-based and FSM-based combined operation

2) Common communication protocols: TCP/IP, UDP

3) Command line and graphical user interfaces

4) Object-oriented deep modular nesting

S) Debugging tools for displaying components interactions
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S

SXCS

Virtual Data Cluster
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Instance of Environment
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Operational Paradigms

Query-driven
Data-driven
Time-driven




Isolated Simulation/Execution Spaces
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Paradigm-based
Simulation

1) Allowing more realistic interactions between multi-operational applications
2) Allocating tailored execution model to optimize/analyze behavioral patterns
3) Enabling individual/collective virtual environments simulations

4) Faster interactions between environments and the applications
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SXCS

Component Combination/Composition

Usern
User 2 |
User 1

QNode.java QCluster.java QComp.java

How Many? Which Nodes? QSesnor.java? QAlg.java?

Network

Lifetime? + Custer-Head? + QActuator.java? & On Intput?

Type? Environment? Type, Min, Max On Output?

QRegion.java QTiming.java

Which Cluster? Continuous? Resource?

Ratio/ Region? it Periodic? 2 Condition?

Application

Environment? Specific? Computation?

Virtual Environment A

QEnvironment.java Modulated

Random/Real Data? = Simulation
mm Environment
SimEnv.java

Resources/Variables

Timing/Conditions




Benchmarking

Remaining Energy Estimation
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Benchmarking
Memory Usage
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Dynamic Data Storage Estimation for
Multiple Concurrent Applications using
- Probability Distribution Modeling in VWSNs







