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1. Infrastructure Overview

The objectives for the sensor infrastructure:

1. Easy integration of different sensors (and implementation hiding)
2. Different interfaces and their evaluation 
3. Using web services, WSDL
4. Implementation of clients, especially for mobile devices
5. Intelligent connection decisions: save costs and time
6. Predict values, use heuristics, “sensor paths”, Bayesian Networks

f b b l d7. Proxy for web service access via mobile devices
8. Independence from Hardware, OS and Programming Language
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1. Infrastructure Overview

The main issues and solutions:

Demand, Problem Solution

D t C ll t S B d (ESB) ) S ti tData Collector Sensor Board (ESB),
reduce the COM data transmissions

a) Sensor access timestamp, proxy
b) Only the collector has access to sensor board data

Server ServiceAccess DB, reduce the read 
d h d b

Internal static member variables for caching,
l l h d f l dand write operations to the database class can control the update of internal data

Client (mobile) Web Service, reduce the 
requests/transmissions

a) Transmission of data collections (Integer array)
b) Prospective calculations (estimate)

Client (mobile): save online time and costs
Intelligent decision logic for the mobile client: can decide  
if it is necessary to update the data cache

Different clients, different platforms
Various connection possibilities: Web Service, Bluetooth, 
TCP/IP, etc. but the same methods (interface)

CPU time extensive XML parsing, especially Concept: proxy service provides translation and parsing p g, p y
with mobile clients

p p y p p g
service separate protocol
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I t d ti B i N t k2. Introduction: Bayesian Networks
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2. Introduction: Bayesian Networks

Probability theory (statistics):Probability theory (statistics):

– Our objectives in general: j g
calculations and predictions with sensor data

D t l l ti– Data pre-calculations:
– Classify and group the sensor values (time slots)
– Build average values, use arithmetic means, probability distributionBuild average values, use arithmetic means, probability distribution
– handle divergent values (detection difficult)
– Interpolation of values

Estimate prospective values
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2. Introduction: Bayesian Networks

Overview of the Steps That Compose the Knowledge Discovery Process:Overview of the Steps That Compose the Knowledge Discovery Process:

Reference: Kensas State University, adapted from Fayyad, Piatetsky-Shapiro, and Smyth (1996)
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2. Introduction: Bayesian Networks

Methods for machine learning:Methods for machine learning:

– Neuronal Networks, Fuzzy Logic, Hidden Markov Models (HMM), y g
building Simulations

– Recommended: Bayesian Networks
P i l– Process in general:
1. Building network
2. Training/learning phase (known values, examples)2. Training/learning phase (known values, examples)
3. Inference, requests

– Applicable to: computer vision, speech recognition, determination of 
errors, predicting values and other fields of Data Mining
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2. Introduction: Bayesian Networks

Components of Bayesian Networks [Murphy]:Components of Bayesian Networks [Murphy]:

– Can build abstract representations for 
l i t i th l ldcomplex circumstances in the real world 

(with probabilities)
– Directed, acyclic graph (DAG)
– Nodes: 

– Discrete variables or true/false
– Variables of interest: feature of an object, j ,

state, capacity, occurrence of an event
– Edges: 

– Informational or causal dependenciesInformational or causal dependencies
– Dependencies are quantified by conditional 

probabilities for each parent node
– Build a network of conditional probabilitiesBuild a network of conditional probabilities
– Conditional independence

Research project  Sens-ation
Nicolai Marquardt
CSCW Computer Supported Cooperative Work
Prof. Tom Gross, Tareg Egla

Research project  Sens-ation
Nicolai Marquardt
CSCW Computer Supported Cooperative Work
Prof. Tom Gross, Tareg Egla

12



2. Introduction: Bayesian Networks

Advantages of Bayesian Networks: Disadvantages of Bayesian Networks:Advantages of Bayesian Networks:

– Usable for complex simulations 

Disadvantages of Bayesian Networks:

– Less exactly than neuronal p
of the real world

– Networks can hold knowledge 
in a form of collections of

y
networks, but more efficient

– It is difficult to examine the 
solutions of the networkin a form of collections of 

probabilities, and so they can 
simulate human intuition and 

l i

solutions of the network
– It is also difficult to get the 

probability knowledge
conclusions

– Easy to apply for model and 
simulation tests

– Readable by humans (in 
contrast to neuronal networks) 
P k l d f t– Preserve knowledge of experts
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2. Introduction: Bayesian Networks

Deduction (top-down reasoning):p g
– Conclude from the given event to all 

conditional events in the graph structure
– Use conditional probability:
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Induction (bottom-up reasoning):
– Conclude from an observed event to all the 

possibly generating events in the structure 
( i i )(uncertain assumption)

– Bayes Theorem:
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2. Introduction: Bayesian Networks

Querying the Bayesian Network; InferenceQuerying the Bayesian Network; Inference 
[Koch] [Hackerman] [Murphy]:

– Definition: input variables, discrete values,Definition: input variables, discrete values, 
mapping of continuous values 

– Probabilistic inference
– Input: set node property values to true orInput: set node property values to true or 

false (or discrete value)
– Observe the changing effects in the 

network

– Methods:
– Exact methods: use graph structureExact methods: use graph structure
– Statistical methods: Gibbs Sampling, 

Markov Chains Monte Carlo, other 
Monte Carlo calculations
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2. Introduction: Bayesian Networks

Compactness of the network/Inference [Koch] [Hackerman] [Murphy]: :Compactness of the network/Inference [Koch] [Hackerman] [Murphy]: :

– In each probabilistic network we can calculate the resulting full joint p g j
distribution of a graph with complete edge occupation
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+ =
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y
Networks

– This is called the compactness in Bayesian Networks; Markov Condition
W l d l l i th b bilit t bl

( ) ( )( )
1i=
∏

– We also need less values in the probability tables
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2. Introduction: Bayesian Networks

Example:Example:
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2. Introduction: Bayesian Networks

Building networks:Building networks:

1. Create the nodes for the discrete variables
2. Connect with edges, and set values (probabilities)
3. The properties of each node are discrete variables 

/f lor true/false
4. Fill values in probability tables (expert knowledge)

Reference: [Horvitz 2004]

Learning process:
– EM algorithm: Expectation Maximization

Re e e ce [ o t 004]

g p
– Definition: input variables, discrete 

values/segments, layers
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2. Introduction: Bayesian Networks

Learning in Bayesian Networks [Pearl, Russell]:

– Local score metrics: Optimization problem where a quality measure of 
the network structure needs to be maximized
Update conditional probabilities using gradient based EM methods– Update conditional probabilities using gradient-based EM methods 
(Lauritzen, Binder)

– Works similar to the adjustment of weighting factors in a 
neuronal networks

– Learning structure of the network: trade off network complexity to fit 
the data (Friedman)the data (Friedman)
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2. Introduction: Bayesian Networks

Optimization example –Optimization example 
Multiply connected networks:

– Several ways to perform this task
– Clustering technique:

Combination of nodes until the resulting
Figure a), Reference: [Charniak]

– Combination of nodes until the resulting 
network graph is singly connected (Fig. b)

– Values of node [b c] are the cross product of 
th b d lthe b and c values

– There are also mathematical calculations to 
determine the values of b and c again

– Lauritzen, Spiegelhalter (’88), Jensen (’89)

– Various other algorithms try to simplify the 
graph structure to apply the commongraph structure to apply the common 
Bayesian Network solution finding algorithmsFigure b), Reference: [Charniak]
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3. Using Bayesian Networks 
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3. Using Bayesian Networks

ToolkitsToolkits 
– Microsoft MSBNx [MSBNx b]

– XML, COM API, ActiveX Controls, GUI Editor, , ,
– JavaBayes [JavaBayes]
– jBNC [jBNC]
– Bayesian Networks in Java [BNJava], WEKA

– Kansas State University
8 network formats: XML BIF (Bayesian– 8 network formats: XML-BIF (Bayesian 
Network Interchange Format), XBN, Ergo ENT, 
etc.

– Data formats: Excel, WEKA, etc.
– Exact and approximate inference algorithms
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3. Using Bayesian Networks

Bar graphs at leaves 
represents, from top to 
bottom likelihood ofbottom, likelihood of 

high, 
medium, 
and low 

cost of interruption.

Reference: 
[Horvitz 2003]

Research project  Sens-ation
Nicolai Marquardt
CSCW Computer Supported Cooperative Work
Prof. Tom Gross, Tareg Egla

Research project  Sens-ation
Nicolai Marquardt
CSCW Computer Supported Cooperative Work
Prof. Tom Gross, Tareg Egla

23



3. Using Bayesian Networks

Example: Determine the current availability andExample: Determine the current availability and 
the predicted availability in one hour
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3. Using Bayesian Networks

Research project  Sens-ation
Nicolai Marquardt
CSCW Computer Supported Cooperative Work
Prof. Tom Gross, Tareg Egla

Research project  Sens-ation
Nicolai Marquardt
CSCW Computer Supported Cooperative Work
Prof. Tom Gross, Tareg Egla

26



3. Using Bayesian Networks

Software Demonstration I:Software Demonstration I:
Bayesian NetworkBayesian Network

JavaBayes: Network Exampley p

Start tool:Start tool:
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M bil I t f Vi li ti4. Mobile Interface, Visualization
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4. Mobile Interface

The application scenarios (last week):The application scenarios (last week):
Awareness: Nicolai

In his office
Busy
Talking

1. Awareness information
2. Connect context information with the availability 

service of mobile phones

Talking
Meeting

service of mobile phones
3. Room profile
4 Notification service threshold4. Notification service, threshold

5 Availability/usage patterns5. Availability/usage patterns
6. Workgroup scheduling assistance (because of 

working room awareness)g
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4. Mobile Interface, Scenario

R t f ( bil ) li tRequests of (mobile) clients:
(this list will be extended; it is an first attempt for the Web Service methods)

1. Current activity and prospective activity in the lab for the next three hours 
(transmission: 30 minute slots, 1+6 values, probabilities, int 00 - 99)p

2. Current probabilities for some kind of events: 
working, telephone, face-to-face, meeting, presentation, discussion 
(transmission: 6 values with probabilities or 1 value with an index of the most(transmission: 6 values with probabilities, or 1 value with an index of the most 
probably activity at the moment)

3. Room profile of the day/week (half-hour slots, 48 values)
4. Activity in a public room at the moment and the next hour (5-minute slots, 

12 values, probabilities 00-99)
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4. Mobile Interface

Di lDisplay awareness 
information on mobile
devices (J2ME Platform):

Design concepts for awareness 
visualization (not yet implemented):

– Text or graphic usage depends 
on information volume
C t i f ti– Compact information on one 
screen

– Detail on demand; from 
general to specificge e a to spec c

– Overview and context
– Histogram-like graphs (Begole, 

SUN Research)
Awareness: Nicolai

In his office
Busy

Graph plot engine for J2ME, 
Library
Display Manager

Busy
Talking
Meeting

Display Manager
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4. Mobile Interface

Design concepts for awareness visualization (not yet implemented):

Awareness: Nicolai

In his office
BusyBusy
Talking
Meeting
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5. IR Control, Interface
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5. IR Control, Interface

The acquired data:The acquired data:

Anonymous information: location, rooms, 
area office

Sensor data: temperature, movement, 
vibration light intensity area, office

Personalized: software usage patterns, 
working time with software

vibration, light intensity

Interaction with devices, 
computer software IM etc working time with software

Personalized: exact location, availability time 
at locations rooms

computer, software, IM, etc.

RFIDs
at locations, rooms

Meta information: current project, group 
members, override heuristics, etc.

Special interaction device:
Hardware controls, PDA Interface
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5. IR Control, Interface

First approach: Use an handheld device (Palm) to– First approach: Use an handheld device (Palm) to 
interact with the ESB IR receiver/transmitter.

– Infrared Communication: ESB and protocol
– Uses RC5 remote protocol

IR Codes: RC5 (Phillips) Sony Pulse Width Sony 12– IR Codes: RC5 (Phillips), Sony Pulse-Width, Sony 12, 
Sony 15, Daewoo, Panasonic, Onkyo, JVC

– Instruction set: 2048 commands, divided into 32 
dd ith h 64 i t tiaddresses with each 64 instructions

– RC5 Technical specifications: [De Vleeschauwer] 
and the ESB websites [ESB IR] [ESB Term]

– Link collection for IR: [Engdahl]

IR development for palm size devices: PPC [DevNet] and IR development for palm size devices: PPC [DevNet] and 
Palm [PalmSource], devloper kits (C++, eVC, eVB)
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5. IR Control, Interface

– Prototype using existing Palm remotePrototype using existing Palm remote 
software, training mode for application 
to learn RC5 commands

– Communication with the ESB
– ESB commands: sir xxxx, rir

Add C d F– Address 00 + Command: 0001 – 000F
– Combination of two bytes (hex coded)
– These commands are used for 

P l PC i iPalm <> PC communication

– Received IR bytes available via  rir, rsr and the 
ll d

y
polling mode saf 32 Parser

– [IR: C(3) A(0)] 
\\[IR:\\sC\\([0-9]*\\)\\sA\\([0-9]*\\)\\]
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5. IR Control, Interface

Software Demonstration II:Software Demonstration II:
IR Control, ParserIR Control, Parser

Ecplise: Sensor Project, IR Controlp j ,

Start tool:Start tool:
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5. IR Control, Interface

The various concepts:The various concepts: 
– IR communication with Palm or PocketPC
– Wired connection between device and server
– Real physical buttons and display [Begole 2004]

– WLAN/Bluetooth connection

Wireless network connection advantages: Reference: [Begole 2004]Wireless network connection advantages:
– Visual feedback is possible
– Control of command transmission

Reference: [Begole 2004]

– Also usable as client?

Research project  Sens-ation
Nicolai Marquardt
CSCW Computer Supported Cooperative Work
Prof. Tom Gross, Tareg Egla

Research project  Sens-ation
Nicolai Marquardt
CSCW Computer Supported Cooperative Work
Prof. Tom Gross, Tareg Egla

38



ToDo

Assignments for the next week:g k
1. Working with various Bayesian Networks, discover the different 

toolkits and API (group?)
2. Extend the console application for ESB 
3. Bluetooth tests (Nokia Apple)
4. Tests for the J2ME mobile graph toolkit, especially to display 

awareness information in CSCW and UbiComp context 

Furthermore:
Prototype of interaction interface (PocketPC); if we need such an– Prototype of interaction interface (PocketPC); if we need such an 
application

– “Sensor” Plug-in and (W)LAN communicationSensor  Plug in and (W)LAN communication
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