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O iOverview

1. Building Management and Energy 
Consumption

2. Cork Smart Building Cluster
3. Sensor Networks in Building Management
4. Selected Research Results

– Low power mesh networking
– Wireless design tool
– Wireless localisation and tracking in buildings



C k I tit t f T h lCork Institute of Technology
• Ireland’s second largest Institute of Technology
• Located in Ireland’s second largest city, Cork, in the 

South of Ireland
CIT ff B h l M t d PhD d i• CIT offers Bachelor, Masters and PhD degrees in 
Science, Engineering, Business, Art and Music

• CIT has ca. 12000 studentsC as ca 000 s ude s



The NIMBUS CentreThe NIMBUS Centre
• Focus on networked systems 

research
• Application Space – Energy 

Management, Security 
Vehicular/Traffic, Health

• 60+ researchers focusing on 

• Three research groups
Adaptive Wireless Systems

60 esea c e s ocus g o
applied research

– Adaptive Wireless Systems
• Wireless Network Design
• Algorithms & Protocols
• Real-time Localisation & Tracking

PDR

Map 
Filtering

GPS

– Smart Systems Integration
• Sensor Device Integration, 
• Miniaturisation and Embedding of Electronics
• Integral Sensing networks

– TEC Centre industry R&D group



Wh B ildi M tWhy Building Management 

• Enhanced living environment through the use of• Enhanced living environment through the use of 
“smart technology”
– We spend most of our life in buildingsp g

• Improved ambience in buildings
• Improved work environmentsImproved work environments
• Assisted living
• Reduced energy consumptionReduced energy consumption

– Major focus of research in the Cork Smart Building 
Cluster



F R d d E C tiFocus: Reduced Energy Consumption
• Energy used in buildings accounts for 

ca 40% of the total amount of energyca. 40% of the total amount of energy 
consumed in the EC today

• Fossil fuels are the primary energy 
sourcesource
– Building sector produces 22% of total 

CO2 emissions, more than the 
industrial sector

• Almost 85% of the energy used in 
buildings is for low temperature 
applications such as space and water pp p
heating

• Building Management Systems 
contribute to the efficientcontribute to the efficient 
management and energy reduction in 
buildings



C k S t B ildi Cl tCork Smart Building Cluster

ITOBO
7 PIs

20 Researcher20 Researcher
3 Technical Staff

5 industry partners

NEMBES
10 PIs

30 Researcher

BuildWise
4 PIs

8 Researchers30 esea c e
5 Technical Staff

8 Researchers
5 industry partners



R h F f ITOBOResearch Focus of ITOBO

FIRE

LIFTSSECURITY

LIGHTING
• ITOBO Building Management 

Framework

ACCESS 24/7 Monitoring

LIFTSSECURITY

To
ol

 L
ay

er

Maintenance 
Tools

Energy 
Simulation

Intelligent 
ControlDesign Tools Monitoring 

Tools

User

ENERGY HVAC

D
at

a 
La

ye
r

(N
ex

t G
en

. 
B

IM
) Building 

Product Model
(IFC)

Building 
Performance 

Model
(IFCext)

Data Warehouse

Building 
Process 
Model
(IFC)

MiddlewareBuilding

N
et

w
or

k 
La

ye
r

RFID Network Sensor & Actuation Network

Integrated Control Environment

Interfaces



Wireless Building Management Systems
• Existing technology largely based on g gy g y

wired networks, e.g. BACnet, ModBus, 
LON, etc.
– No simple retrofitting into existing buildings p g g g

possible
• 50% - 90% of retrofitting cost due to wiring

– Often sensor/actuator locations cannot adapt 
to building reconfiguration

• Possible solution - Wireless BMS
– More cost effective as retrofit

• If installation can be simple
– Easier to reconfigure

• Nodes can be moved
– Allowing for temporary installation

• Required by many facilities management 
companies



Wi l S N t k T tb dWireless Sensor Network Testbed

• ITOBO Sensor Network Test-bed
M h t k t l f i d– Mesh network topology for improved 
reliability

– Standards based
• IEEE 802.15.4 based MAC
• 6LoWPAN based network layer



Challenges Wireless Networks in Wireless C a e ges e ess e o s e ess
Building Management

• Monitoring and control based on Wireless Sensor and Monitoring and control based on Wireless Sensor and 
Actuator Networks
– Need for long term operation of standards based technology
– Need for simple, adaptive configuration and operation

R li bl i ti i h h i d di i t– Reliable communications in harsh indoor radio environments
Mesh Networking, Duty Cycle Management, and FEC for IEEE802.15.4

• Ease of installation and management 
Wi l k d i d d l i b ildi– Wireless network design and deployment support in buildings

– Effective infrastructure management and fault detection
Wireless Design Tool and Management Framework

O d ti it d t ti f ff ti b ildi• Occupancy and activity detection for effective building 
control
– Effective people localisation and tracking
– Inference techniques for occupancy/activity detection– Inference techniques for occupancy/activity detection

Opportunistic Localisation Systems



M hMAC f IEEE802 15 4
• Distributed beacon scheduling 

MeshMAC for IEEE802.15.4

operation
• Each node acts as router (FFD)
• Nodes transmit their beacon periods to 

i hbneighbours
• The transmission offset calculated in a 

distributed manner
• Nodes within 2 hop neighborhood do• Nodes within 2-hop neighborhood do 

not reuse the same slot

Node Direct neighbors
M1 M4,M5
M4 M1,M5,M9
M5 M1,M4,M9
M9 M4,M5,M13
M13 M9



Evaluation Results No of RoutesEvaluation Results – No. of Routes
• Evaluated in two scenarios

Real deployment of micaZ nodes• Real deployment of micaZ nodes
• 24 node deployment in AvroraZ

• The number of unique paths available from every node to theq p y
coordinator is plotted

13



Evaluation Results - Energy Efficiency

MeshMAC is evaluated with respect to a beaconless meshMeshMAC is evaluated with respect to a beaconless mesh
Avrora emulator is used for 24 node wireless sensor network.

N d d
80 % reduction

20 KJoules

Nodes spend 
less energy 
in Rx mode

R. de Paz, R. Spinar, P. S. Muthukumaran, D. Pesch, “MeshMAC: Enabling Mesh Networking over 
IEEE802.15.4 through Distributed Beacon Scheduling”, in Proc. ICST AdHocNets, Niagra Falls, Sept. 2009



Wi l Li k M tWireless Link Management

• IEEE 802.15.4 Adaptive Agentp g
– combining medium access with link adaptation and 

power control

W i ht i t

Application Requirements

Weight assignment

Link 
Adaptation

Power 
Management

Medium
Access
Control

Reward and penalties

Network measurements



P M DCLAPower Management: DCLA
o Employs the reinforcement Q-learning technique to find the optimal 

duty cycle (DC) during run time through trial and error interactions
o The technique has low computation and memory

req. and incurs minimal communication overhead.

WSN energy efficiency (bits/mJ)

DCLA average duty cycle 
selection

R. De Paz, D. Pesch, “DCLA: A Duty-Cycle Learning Algorithm for IEEE 802.15.4 Beacon-Enabled WSNs”, in 
Proc. of 2nd ICST Conference on Ad-hoc Networks, Victoria, BA, Canada, August 2010



Joint DC and Link Adaptation
• Rate (RA) and power (PA) adaptation are combined with

DCLA th t t l ti i i i i dDCLA so the total energy consumption is minimised.
• A multi-rate IEEE 802.15.4 based radio chip (Atmel

AT86RF231) was modelled in OPNET for its evaluation

R. de Paz, D. Pesch "Joint Duty Cycle and Link Adaptation for IEEE 802.15.4 Beacon-enabled Networks", ACM 
HotEmNetS Workshop 2010, Killarney, Ireland, June 2010



Wi l N t k D iWireless Network Design
• Network protocol design typically focused on 

lf fi tiself-configuration
– Assumption: Place node in desired location, switch 

on and node will configure itself and join a networkon and node will configure itself and join a network
• Typically, no real network design approach 

appliedpp
– Approach works for simple sensor networks that do 

not have mission critical requirements
– Proper design necessary for sensing in buildings

• Sensing location from a building physics perspective
• Sensing location to form reliable power efficientSensing location to form reliable, power efficient 

communication network



Indoor Wireless Network DesignIndoor Wireless Network Design 
Methodology and Tool

Fi t t l t t t ti d i d d l t• First tool to support systematic design and deployment 
of WSAN in buildings
– Integrates with IFC BIMs
– Reduces equipment costs by > 20%
– Order of magnitude reduction in design time for non-expert 

Wireless Network Design Process
PHASE 1 PHASE 2 PHASE 3 PHASE 4

Requirements 
Gathering

Automatic Design 
& Optimisation

Deployment Verification

• A. Guinard, A. McGibney, D. Pesch, “A Wireless Sensor Network Design Tool to 
Support Building Energy Management”, in Proc. of ACM BuildSys (in conjunction 
with ACM SenSys), Berkeley, CA, USA, November 2009



Automatic Design GenerationAutomatic Design Generation
• Step 1: Placing of sensors for data acquisition, placing of Actuators for control
• Step 2: Automatic design of required communication network to support data transfer.

Combines accurate propagation modelling with optimisation algorithms toCombines accurate propagation modelling with optimisation algorithms to
optimise number and location of wireless devices.

Utility Function – ordinal utility gives the agent ability to prioritise what action to take,
rational agent only takes action that maximise it’s utility

Initial Configuration
Addition of Intermediary NodesAddition of another sink node

g y y

oSink Node oSensor Node 

oIntermediate Node oIntermediate Node Communication 
Range

• A. McGibney, M. Klepal, D. Pesch, “Agent Based Optimisation for Large Scale 
oSink Node 
Communication Range

oSensor Node Communication 
Range

WLAN Design”, accepted for publication in IEEE Transactions on Evolutionary 
Computing, March 2010

• A. McGibney, M. Klepal, D. Pesch, “A Wireless Local Area Network Modeling Tool 
for Scalable Indoor Access Point Placement Optimization”, 43rd Annual Simulation 
Symposium (ANSS 10), Orlando, FL, USA, April 2010



Optimisation Output
• Number and position of p

devices
• Optimisation output mapped 

to floor plan layoutto floor plan layout
• 2D/3D visualisation of RSSI 

prediction
T l Vi li ti

Signal 
Level

• Topology Visualisation
• Output deployment plan for 

system integrator
Noise 
Level

y g
• Estimation of life time of the 

network with battery model. 
• Consideration of• Consideration of 

environmental changes (wall 
added/removed)



D i T l C St dDesign Tool Case Study
Experienced DesignerNovice Designer WSAN Design Tool

53% Sensor 
Traffic

47% Routing 
Traffic

78% Sensor 
Traffic

22% Routing 
Traffic 71% Sensor 

Traffic

29% Routing 
Traffic

3 Gateways 5 Repeaters 3 hops max 3 Gateways 1 Repeater 3 hops max 2 Gateways 2 Repeaters 2 hops max

Sensing Data 
Delivery Ratio

Data transmission 
cost (# packets)

Design 
cost

Cost 
Savings

Design 
Time Comments

Novice Designer 97.0 % 1.85 € 3300 € 0 4 h No previous WSN design experience, follows EnOcean Range 
Planning Guide

Experienced Designer 97.6 % 1.21 € 2940 € 360 30 min WSN Design Expert, Sun SPOT developer

• A. Guinard, M. Aslam, D. Pusceddu, S. Rea, A. McGibney, D. Pesch, “Evaluation 
of a WSN Deployment Support Tool for In Building Deployments”, submitted to 
IFIP/IEEE Wireless Days 2010, Venice, Italy, October 2010

WSAN Design Tool 98.2 % 1.46 € 2620 € 680 40 min WSAN Design Tool 



Localisation and TrackingLocalisation and Tracking 
MapUme is an opportunistic localisation system which fuses location related
sensor information that is readily available to localise people and objectssensor information that is readily available to localise people and objects

MapUmeMapUmeClients Server

MapUme – OLS ServerSmart 
Phone

GPS WiFi Tag
Sensor data

PDR

Map 
Filtering

• M. Klepal, M. Weyn, W. Najib, I. Bylemans, S. Basuki
Wibowo Widyawan B Sunarfri Hantono “OLS –Filtering Wibowo, Widyawan, B. Sunarfri Hantono, OLS 
Opportunistic Localization System for Smart Phones 
Devices”, in Proc. ACM SIGCOMM 2009 Workshop, 
Barcelona, Spain, 2009 



O t i ti L li tiOpportunistic Localisation
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Oth W k WSNOther Work on WSN

• Low power, low complexity forward error p , p y
correction coding for wireless sensor networks

• QoS routing for industrial applications
• WSAN in control for intelligent lighting
• Embedded middleware framework for 

management of WSAN
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