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Lecture 4: Data Processing



What we’ll cover today

-  A bit of theory & background!
-  Example: ESUM Project!
-  Start thinking about final project!
-  2nd programming assignment!
!
!

Data Processing
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Background
How can data mining be creative? 
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Data collection!

		

Data selection ! Processing ! Transformation! Machine Learning! Visualization & Interpretation!

Typical Knowledge Discovery Diagram (KDD) !

What do we want to know?!



Background
How can data mining be creative? 
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Data collection!

		

Data selection ! Processing ! Transformation! Machine Learning! Visualization & Interpretation!

Typical Knowledge Discovery Diagram (KDD) !

Domain specific data source(s)!



Background
The not-so creative, but essential part of data mining
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Data collection!

		

Data selection ! Processing ! Transformation! Machine Learning! Visualization & Interpretation!

Typical Knowledge Discovery Diagram (KDD) !

Is the data usable?!



Data Quality
“Garbage-in, garbage-out”
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http://www.marksgroup.net/blog/zoho-crm-garbage-in-garbage-out-its/!



Data Quality

Dirty data is…...!

inaccurate, imprecise, unreliable, incomplete, 
inconsistent, irrelevant, invalid, ambiguous, 
redundant, or faked!

!

What is dirty data?
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Varun Ojha, (2015) A Computational Intelligence Perspective of Modelling and Data Analysis (Knowledge 
Discovery)!



Data Quality 

-  Accurate!

-  Precise !

-  Reliable !

-  Complete!

-  Consistent!

-  Relevant!

-  Sufficient (size)!
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http://blog.extensionengine.com/accuracy-precision/!



Data Processing 

Data cleaning!
•  Fill in missing values, smooth noisy data, identify or 

remove outliers, and resolve inconsistencies!
Data integration!

•  Integration of multiple databases, data cubes, or files!
Data transformation!

•  Normalization and aggregation!
Data reduction!

•  Obtains reduced representation in volume but 
produces the same or similar analytical results!

Data discretization!
•  Part of data reduction but with particular importance, 

especially for numerical data!

Major tasks in data preprocessing 
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https://www.mimuw.edu.pl/~son/datamining/DM/4-preprocess.pdf!



Data Processing 

-  Data acquisition and metadata!

-  Fill in missing values!

-  Unified date format!

-  Converting nominal to numeric!

-  Identify outliers and smooth out noisy data!

-  Correct inconsistent data!

-  Convert data to a standard format (e.g. csv)!

Cleaning Tasks
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Varun Ojha, (2015) A Computational Intelligence Perspective of Modelling and Data Analysis (Knowledge 
Discovery)!



Data Processing 

-  Look out for redundant data when integrating multiple 
databases!

-  The same attribute may have different names in 
different databases!

-  One attribute may be a “derived” attribute from another!

-  Careful integration of the data from multiple sources!

Data Integration
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Varun Ojha, (2015) A Computational Intelligence Perspective of Modelling and Data Analysis (Knowledge 
Discovery)!



Data Processing 

-  Smoothing: remove noise from data!
-  Aggregation: summarization, data cube construction!

-  Generalization: concept hierarchy climbing!
-  Normalization: scaled to fall within a small, specified range!

-  min-max normalization!

-  z-score normalization!
-  normalization by decimal scaling!

-  Attribute/feature construction!
-  New attributes constructed from the given ones!

Data transformation
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Varun Ojha, (2015) A Computational Intelligence Perspective of Modelling and Data Analysis (Knowledge 
Discovery)!



Data Processing 

-  Feature Reduction (Feature Selection or Feature Extraction)!

-  Feature Selection!

-  E.g. Correlation-based feature selection, Stochastic feature 
Selection.!

-  Feature Extraction!

-  E.g. Principle Component Analysis. Feature Analysis!

Data reduction
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Varun Ojha, (2015) A Computational Intelligence Perspective of Modelling and Data Analysis (Knowledge 
Discovery)!
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Location Wiedikon Zürich! 14 survey checkpoints along experimental path!

Example
ESUM- Analyzing trade-offs between Energy and  Social performance of Urban Morphologies



Example

Data from 37 participants in Zurich to:  !
-  Investigate impact of static (urban morphology) 

and dynamic features (environmental sensors) 
of the built environment on perception (using 
surveys and biofeedback data)!

!

ESUM- Analyzing trade-offs between Energy and  Social performance of Urban Morphologies
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Mobile sensor equipment
Sensorbackpack with environmental and position sensors
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Mobile Sensor equipment
Biofeedback wristband
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https://www.empatica.com/e4-wristband!



Mobile Sensor equipment
Biofeedback wristband
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Experimental data-set
ESUM- Analyzing trade-offs between Energy and  Social performance of Urban Morphologies
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Device	 Sensor/	Measurement	 units	 Measurement	range		 Measurement	frequency	 Accuracy		 Response	9me	
WaspCity	 Sound	Pressure		 dB	 50-100	dB	 0.4	Hz	 ±2.5	dB	 Not	Given		

Luminosity	 %	 0-100%	(400-	700	nm)	 0.4	Hz	
ResisEve	sensor	20MOhm	(Darkness)	5-20	
kOhm(Light)	 Not	Given		

Dust	 mg/m3	 Typical	0.5V/(0.1mg/m3)	 0.4	Hz	 OperaEng	supply	voltage	5±0.5V	 10±1ms	
WaspGas	

Temperature		 C	 -40	~	125	C	 0.25	Hz	 ±2	C(0-70	C),	±4	C(<0	C,	>70C)	 1.65	seconds	
Atmospheric	Pressure		 kPa	 15	-	115	kPa	 0.25	Hz	 <±1.5%	V	 20	ms	

Humidity	 %RH	 0-100%	RH	 0.25	Hz	
<±4%	RH	(a	25C,	range	30-80%),	±6	
%RH(range	0-100)	 <15	seconds	

Meshlium	Scanner	AP	

Wifi	Scanner	 MAC	address	
Wifi	Scanner	(50-200m)	Bluetooth	
Scanner	(20-30m)	 push	values	@	0.016	Hz	

Measurement	range	depends	on	he	antenna	
and	line	of	sight	to	the	device	 60	seconds	

Wifi	Scanner	 AP	 		 push	values	@	0.016	Hz	 		 		

Wifi	Scanner	
RSSI	(Received	Signal	Strenght	
Indicator)		

-40	dBm	(nearest	node)	to	-90	dBm	
(marthes	nodes)	 push	values	@	0.016	Hz	

distance	of	10m	~=(50dBm),	50m	
~=(75dBm)	 		

Mobile	Device		

GPS		 Lat/Long	 outdoor	only		
variable,	dependent	on	device	satellite	
connecEon		 		 		

Survey	 12	quesEons,	scale	-2	to	2	 NA	 At	checkpoint	 		 		
GPS	

GPS		 Lat/Long	 outdoor	only		 1	Hz	 		 		
Biofeedback	Wristband	

PPG	(Photoplethysmography)		
Sensor	output:	Blood	Volume	
Pulse	(BPV)	 		 64	Hz	 0.9	nW/Digit	 		

EDA	(Electrodermal	AcEvity)	 		 0.01	mSiements	-100	mSiemens		 4	Hz	 		 		

Skin	Temperature	Infrared	
thermopile	 C	 -40-115	C		 4	Hz	 ±0.2	C	within	36-39	C		 		
3	Axis	accelerometer	 x,	y,	z	 		 32	Hz	 		 		



Data Processing: ESUM Experiment
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D. Griego, V. Buff, E. Hayos, I. Moise, E. Pournaras (2017), Sensing and mining urban qualities in smart 
cities, proceedings in AINA IEEE 31st Conference  !

Data cleaning: unified date/time, convert WGS84 spherical coordinates to  
CH1903 planar coordinates 



Data Processing: ESUM Experiment
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D. Griego, V. Buff, E. Hayos, I. Moise, E. Pournaras (2017), Sensing and mining urban qualities in smart 
cities, proceedings in AINA IEEE 31st Conference  !

Data integration and reduction: frequency reduction and and integration 
from multiple data sources



Data processing: ESUM Experiment
Data integration and reduction: Geo-referencing data to specific locations
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D. Griego, V. Buff, E. Hayos, I. Moise, E. Pournaras (2017), Sensing and mining urban qualities in smart 
cities, proceedings in AINA IEEE 31st Conference  !



Data processing: ESUM Experiment
Data integration and reduction: Geo-referencing data to specific locations
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D. Griego, V. Buff, E. Hayos, I. Moise, E. Pournaras (2017), Sensing and mining urban qualities in smart 
cities, proceedings in AINA IEEE 31st Conference  !



Data processing: ESUM Experiment
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Data reduction: feature extraction 



Course Schedule
Start thinking about your final projects
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Semester Project

1.  Formulate 1-2 specific question(s) of interest to you !

2.  State your hypothesis/expected outcome based on supporting 
literature (minimum one source) your expertise, and intuition !

3.  Answer that question through your analysis, for this: !
•  Select the best available data sources for your question (min. of 2 data sources)!

•  Include a time series and/or clustering analysis !

4.  Summarize your results!
•  Show a clear conclusion, does your analysis answer your question(s)?!

5.  Conclusions & lessons learned!

6.  Include motivation and references!

!
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2nd Conceptual Homework

For next class: !

1.  Prepare 1-3 slides to describe what you would like to do for 
your final project!

•  This includes a specific hypothesis, possible data sources, and what you’d like 
to know (research question)!

•  Come up with questions for us, have fun and be creative!

Project Ideas
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2nd Programming assignment 

Transform survey response data from each ESUM 
participant by survey question:!

à(12 questions, 14 check points) per participant to 
a single matrix for each question ( 32 participants, 14 
check points) !

àHeaders from participant data files: ["Date-Time", 
"path-point", "like-dislike", "familiar-unfamiliar", 
"ordered-chaotic", "quiet-noisy”, "public-private", 
"interesting-boring", "empty-crowded", "secure-
insecure", "beautiful-ugly”, "spacious-narrow", "open-
enclosed", "light-dark”]!

!

Data Processing: data transformation
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Questions? 13| 03 | 2017
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Lecture 4: Data Processing
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One example from last year

Final project from Jochen Aarts and Stéphane	de	Weck	Crea0ve	Data	Mining	FS2016!



Another example 
Interactive data visualization from Boston metro

13-Mar-17  |! 31!Creative Data Mining | L04 | Danielle Griego |!

http://mbtaviz.github.io/!


