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Lecture 1: Introduction



What we’ll cover today

-  Background!
-  Course Structure !
-  Data Mining for Architects and Urban 

Planners!
-  Semester project!
-  Learning objectives & Course schedule!
-  Discussion!
-  Homework !
-  Install Python and PyCharm!
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Background
What is Data Mining?
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Data collection!

		

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

Typical Knowledge Discovery Diagram (KDD) !



Background
It is an exploratory and iterative process 
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Data collection!

		

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

Typical Knowledge Discovery Diagram (KDD) !



Background
What is machine learning?
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Data collection!

		
ML	

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

Supervised 
Learning!

Unspervised 
Learning!

Regression! Classification!

Linear! Non-Linear! SVM!

SOM! Clustering! Nerural 
Networks!



Background
Data mining does not always include machine learning, for example in 
many time-series analysis and geo-referenced data visualization 
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Data collection!

		

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

Typical Knowledge Discovery Diagram (KDD) !



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?!



Background

Original data sources:!
-  Images (pixels)!
-  Categorical (labels) !
-  Numeric (integers and floats) !
-  Binary (0/1) - useful for yes/no, true/false…!
-  Metadata - data descriptors for multi-dimensional 

data sets!
-  ….!

Processed for analysis!
!

Types of data
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Background
Types of analysis, visualization & interpretation: Time Series and geo-
referenced data visualization
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Background
Types of analysis, visualization & interpretation: Hierarchical clustering  
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Zünd D. (2016). A Meso-Scale Framework to Support Urban Planning (Doctoral dissertation)!
!



Background
Types of analysis, visualization & interpretation: SOM- Self organizing Maps
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SOM clustering map of participants (indicated by numbers)! Changing of participants behavior – biofeedback responses!
Preliminary data analysis:!

Ojha V. ESUM-Analyzing Tradeoffs between Energy and Social Performance of Urban Morphology!
 !



Course Structure 
Integrating the “creative aspects” of data mining
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Analysis visualization & 
interpretation!

Manual!
!

Automated!

D
at

a 
So

ur
ce

!

Manual! (OPTIONAL)!

Automated ! BLOCK 1! BLOCK 2!



Course Structure
Elaborating on the traditional architectural process
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http://www.stamfordbuildingandconstruction.co.uk/our-services/architectural-drawings!
!

Analysis visualization & 
interpretation!

Manual!
!

Itera3ve		
evalua3ons	

!

Automated!

D
at

a 
So

ur
ce

!

Manual!
!

Hand-drawn	
sketches	

!

Automated !



Course Structure 
Process taught in previous semesters 
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Analysis visualization & 
interpretation!

Manual!
!

Automated!
	

Machine	Learning:	
SOM	

D
at

a 
So

ur
ce

!

Manual!
	

Hand-drawn	
sketches	

!

(OPTIONAL)!

Automated !

Final Project from Moritz Berchtold, Creative Data Mining FS2015!
!



Course Structure
Block 1: Time-series & geo-referenced data visualizations
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Analysis visualization & 
interpretation!

Manual!
	

Time-series	&	geo-
referenced	data	
visualiza3on	 !

Automated!
	

D
at

a 
So

ur
ce

!

Manual!
	
!

Automated!
 !

Sensor	data		
!

BLOCK 1!

ESUM project experimental equipment set up and data analysis techniques  !
!
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Analysis, visualization & 
interpretation!

Manual!
	
!

Automated!
!

Machine	Learning	
Techniques	
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!
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Course Structure
Block 2: Machine Learning 
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ESUM project experimental equipment set up and data analysis techniques  !
!



Data Mining for Architects and Urban Planners?
A few examples
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National data collection project
Geo-referenced sensor data visualization
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Singapore’s National Science Experiment
43,000 Students Exploring Their Personal Data
The Singapore University of Technology and Design facilitated an ambitious large-scale science experiment 
in September and November 2015 which saw over 43,000 students carrying sensors designed to measure 
temperature, humidity, pressure, light, noise, among other physical parameters in a project supported by 
the National Research Foundation and carried out with partners from the Ministry of Education and the 
Singapore Science Center. The sensors were designed to be able to localize themselves in their environments 
using a radio-map of Singapore, and to be able to identify which transportation mode was being used during 
the participant’s daily travels. This talk will center on the massive data set which the SUTD is in the process 
of analysing and sharing, and how it can be leveraged to learn things about Singapore’s built environment. 

Erik Wilhelm is an assistant professor in the Engineering Product Development Pillar at the Singapore 
University of Technology and Design. He earned his PhD from the ETH-Zurich while studying multi-criteria 
vehicle design, data analytics, and control optimization. While in Zürich, Dr. Wilhelm co-founded a start-up 
in the area of vehicle telematics for reducing on-road energy use. His post-doctoral research was performed 
at the Massachusetts Institute of Technology in the Field Intelligence Lab.

Erik Wilhelm 

Wednesday, 3 February 2016
12 (noon) – 1 pm 
Value Lab Asia
Singapore-ETH Centre
#06-01, CREATE Tower
1 CREATE Way
Singapore 138602

FCL Lunch Talk



Image extraction from Googlemaps Streetview
Geo-referenced data extraction and visualization
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Tryer L. LUCI application at the Chair of Information Architecture !



Chicago OpenGrid
Geo-referenced data visualization
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http:///chicago.opengrid.io/opengrid/#!



Newcastle University Urban Observatory
Geo-referenced and time-series data visualization  
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http://uoweb1.ncl.ac.uk/!



Urban Morphology meets big data
Urban network classification using nearest neighbor clustering 
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https://vahidmoosavi.com/2017/01/20/gitpitch-sevamooroadsarereadmaster/!



Data canvas project: Sense your city
Geo-referenced and time-series data visualization  
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http://datacanvas.org/sense-your-city/!



Data Canvas project output
Nearest neighbor clustering with images and time-series/geo-referenced weather 
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https://vimeo.com/nikolamarincic/it-feels-like/!



Data driven buildings
Clustering and anomaly detection
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Miller C., & Schlueter A. (2015, April). Forensically Discovering Simulation Feedback Knowledge from a 
Campus Energy Information System. In Proceedings of the Symposium on Simulation for Architecture and 

Urban Design (SimAUD). (pp. 136-143). Society for Computer Simulaiton International. !
!

datadrivenbuilding.org!



Other Examples?
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Analysis visualization & 
interpretation!

Manual!
!

Automated!

D
at
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!

Manual!

Automated !



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!

!

Something to start thinking about
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Location Wiedikon Zürich! 14 survey checkpoints along experimental path!

Semester Project
Potential Case Study: ESUM- Analyzing trade-offs between Energy and  Social performance of Urban Morphologies



Semester Project

Use data set from a case study of 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)!

!

Potential Case Study: 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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Final project from Jochen Aarts and Stéphane	de	Weck	Crea0ve	Data	Mining	FS2016!



Learning objectives

1.  Become familiar with programming and integrating new 
tools in your work!

2.  Come up with an interesting “research” question and 
learn how to answer it by:!

•  Selecting appropriate data source(s)!

•  Applying the relevant analysis and visualization 
techniques!

•  Interpreting and refining your results!

We encourage you to be creative!
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http://ac297r.org/!



Course Schedule
What to Expect
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Short discussion 
Your expectations?
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Homework

1.  Install Python from https://www.python.org/downloads/!

2.  Install PyCharm from 
https://www.jetbrains.com/pycharm/download/!

3.  Research other examples of urban data mining and 
make 2 slides about the most interesting project/
application/research group(s) that you find.  This will 
be presented at the beginning of next lecture!

You can stick around and install the programs now if you’d like 
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Resources for the course

Course Material Posted to:!
-  http://www.ia.arch.ethz.ch/category/fs2017-creative-data-mining/!
!
Tutorials:!
-  https://www.tutorialspoint.com/python/python_basic_operators.htm !
-  http://www.informatics.indiana.edu/rocha/academics/i-bic/lab1/Python

%20review.pdf !

References:!
-  “A Byte of Python” https://python.swaroopch.com/ !
-  Coelho, Luis Pedro; Richard, Will. Building Machine Learning Systems 

with Python, Packt Publishing (Adobe Editions Library)!
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THANK YOU

?
20 | 02 | 2017

Dr. Daniel Zünd, zuend@arch.ethz.ch
Danielle Griego, griego@arch.ethz.ch
Artem Chirkin, chirkin@arch.ethz.ch

Lecture 1: Introduction

“Science without philosophy is blind, and philosophy without science is paralyzed”!
(Paul Cilliers, Complexity and Postmodernism) !

!


