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•  Course	structure	&	background	info	
•  State	of	the	art	for	Urban	planning	
•  Related	Research	at	the	chair	(ESUM)	
•  Semester	project	

•  Learning	objec%ves	
•  Course	schedule	
•  Homework/grading	
•  Discussion	
•  Install	RStudio	

What	we’ll	cover	today:	



What	is	Data	Mining	and	how	can	it	be	Crea%ve?		

Knowledge	Discovery	Diagram	(KDD)		

Encyclopedia	of	Database	Systems,		
h6p://link.springer.com/referenceworkentry/10.1007%2F978-0-387-39940-9_1134	
!



What	is	Data	Mining	and	how	can	it	be	Crea%ve?		

Knowledge	Discovery	Diagram	(KDD)		

Data	Source	

Encyclopedia	of	Database	Systems,		
h6p://link.springer.com/referenceworkentry/10.1007%2F978-0-387-39940-9_1134	
!



What	is	Data	Mining	and	how	can	it	be	Crea%ve?		

Knowledge	Discovery	Diagram	(KDD)		

Analysis,	visualiza%on,	interpreta%on	

Encyclopedia	of	Database	Systems,		
h6p://link.springer.com/referenceworkentry/10.1007%2F978-0-387-39940-9_1134	
!



What	is	Data	Mining	and	how	can	it	be	Crea%ve?		

Knowledge	Discovery	Diagram	(KDD)		

What	we’ll	prepare	ahead	of	%me	

Encyclopedia	of	Database	Systems,		
h6p://link.springer.com/referenceworkentry/10.1007%2F978-0-387-39940-9_1134	
!



Types	of	Data	

•  Pictures			
•  Plans	
•  Text	
•  Categorical		
•  Numerical	
•  Time-series	
•  Mul%-dimensional	

•  	Encoding	For	Machine	Learning	



Data	Mining	and	Self	Organizing	Maps	

Types	of	Analysis,	visualiza%on,	interpreta%on	



Time	Series	Analysis		

Types	of	Analysis,	visualiza%on,	interpreta%on	



Shading	analysis	using	heatmaps	



Monthly	performance	evalua%on	using	line	graphs		



Sensor	measurements	from	residen%al	buildings		



Model	valida%on	with	sensor	measurements		



Overview	
COURSE	STRUCTURE	 Analysis,	visualiza%on,	

interpreta%on	

Manual	
	

Automated	
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Manual	

Automated		



Typical	Architectural	Process		
Analysis,	visualiza%on,	

interpreta%on	

Manual	
	

Automated	

Da
ta
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e	

Manual	

Automated		

h6p://www.stamfordbuildingandconstrucKon.co.uk/our-services/architectural-drawings	
!



Manual	data	input,	automated	analysis		

Data	Mining/
Machine	Learning

	 	 			

BLOCK	1	 Analysis,	visualiza%on,	
interpreta%on	

Manual	
	

Automated	
	

Data	Mining/
machine	learning	

Da
ta
	S
ou

rc
e	

Manual	
	

Hand-drawn	
sketches	

	

Automated		

Final	Project	from	Moritz	Berchtold,	CreaKve	Data	Mining	FS2015	
!



Automated	data	collec%on,	manual	data	analysis		
BLOCK	2	 Analysis,	visualiza%on,	

interpreta%on	

Manual	
	

Time-series	and	
geo-referenced	

analysis	

Automated	

Da
ta
	S
ou
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e	

Manual	

Automated		
	

Sensor	data		
	

Place	holder	for	my	figure	



Automated	data	collec%on,	automated	analysis	&	visualiza%on	
FUTURE	WORK	 Analysis,	visualiza%on,	

interpreta%on	

Manual	
	
	

Automated	
	

Data	Mining/
Machine	Learning	

	

Da
ta
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Manual	

Automated		
	

Sensor	data		
	



Examples	

Data	Mining	for	Architects	and	Urban	Planners?	



Na%onal	data	collec%on	project	 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



Chicago	OpenGrid	

h6p:///chicago.opengrid.io/opengrid/#	



http://uoweb1.ncl.ac.uk/!

http://uoweb1.ncl.ac.uk/!
!



http://map.datacanvas.org/!



Data Canvas project output




Extrac%ng	data	from	Googlemaps	Streetview	



Evaluate	density	percep%on	
Analysis,	visualiza%on,	

interpreta%on	

Manual	
	

Automated	

Da
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Manual	

Automated		



Comparing	Geometries	–	Meaning	of	Form	



Comparing	Geometries	–	Meaning	of	Form	
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Spatial Perception 
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Water Consumption 

Structural Integrity 



What can we do with building data?


!
Database!

!!
Building !

Management
 System   !

 !

Demand Control      !

Benchmarking!

Prediction!

Visualization!

“user-behavior” sensors!

Research: 


a) Develop user-behavior energy demand profiles from 
high frequency time-series data of 1500+ “user-behavior” 
and energy sensors/meters in mixed-mode buildings


b) Evaluate value of information dissemination (user-
behavior energy demand profiles) to building occupants 


User-engagement!

ia.arch.ethz.ch/danielle-griego!



A source of inspiration


Clayton Miller, Arno Schlueter. "Forensically Discovering Simulation Feedback Knowledge from a Campus Energy Information 
System." Symposium on Simulation for Architecture and Urban Design (SimAUD). Washington DC, USA: Society for Modelling 
and Simulation International (SCS) , 2015 !

-Prediction!
-Diagnostics!
-Fault Detection !

By Clayton Miller, PhD at ETH-ITA


datadrivenbuilding.org!



Building	Energy	Database	
EnerNOC	dataset	of	100	buildings	from	2012		

Source:	h6p://www.datadrivenbuilding.org/100-EnerNOC-Commercial-Buildings	



Other	examples	or	projects?			
EXAMPLES	 Analysis,	visualiza%on,	

interpreta%on	

Manual	
	

Automated	
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Modeling	methods	–	Other	Perspec%ves,	Abstrac%on	and	Highlights	



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

•  Inves%gate	rela%onships	between	energy	
performance	of	urban	structures	and	the	
percep%on	of	a	city	by	its	inhabitants		

•  Case	studies	of	urban	morphology	in	
Zurich	and	Weimar			

	



ESUM:	Ini%al	analysis	and	results	
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Ini%al	Case	Study:	Zürich	Orelikon		



“Measuring”	Percep%on	



Ini%al	Findings:	percep%on	quali%es	



Ini%al	Findings:	2D	Isovist	Analysis	



Intermediate	Conclusions	

Nega%ve	Response	

Posi%ve	Response	

•  A	Geographically	Weighted	Regression	
(GWR)	was	used	to	correlate	the	measured	
percep%on	and	the	2D	isovist	analysis	

•  The	GWR	showed	an	ini%al	indica%on	for	
nega%ve	response	

•  However	we	need	a	larger	sample	size,	and	
addi%onal	measurements	to	determine	
other	externali%es	which	may	impact	
percep%on	in	the	urban	environment			



Next	steps	

•  Change	case	study	loca%on	to	Alt-
Wiedikon	

•  Perform	a	3D	Isovist	Analysis	
•  Include	addi%onal	dimensions	in	

the	correla%on	model		
–  Sound,	light,	dust,	temp.,	etc.	

•  Gather	more	par%cipants	
•  Add	the	energy	analysis	of	the	

built	environment		
	



How	will	you	be	involved?		
Crea%ve	Data	Mining	Semester	Project!	



Manual	data	input,	automated	analysis		

Data	Mining/
Machine	Learning

	 	 			

BLOCK	1	 Analysis,	visualiza%on,	
interpreta%on	

Manual	
	

Automated	
	

Data	Mining/
machine	learning	

Da
ta
	S
ou

rc
e	

Manual	
	

Hand-drawn	
sketches	

	

Automated		

Final	Project	from	Moritz	Berchtold,	CreaKve	Data	Mining	FS2015	
!



Automated	data	collec%on,	manual	data	analysis		
BLOCK	2	 Analysis,	visualiza%on,	

interpreta%on	

Manual	
	

Time-series	and	
geo-referenced	

analysis	

Automated	
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Manual	

Automated		
	

Sensor	data		
	

Place	holder	for	my	figure	



Automated	data	collec%on,	automated	analysis	&	visualiza%on	
POTENTIALLY	 Analysis,	visualiza%on,	

interpreta%on	

Manual	
	

Geo-referenced	
Analysis	

	

Automated	
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Sensor	data		
	



You	are	Encouraged	to	Explore	Addi%onal	Techniques!		

h6p://ac297r.org/	



Learning	Objec%ves	

•  Gain	confidence	to	work	with	
different	types	of	data	and	
relevant	tools		

•  Learn	how	to	select	appropriate	
data	sources	for	your	projects		

•  Learn	relevant	analysis	and	
interpreta%on	techniques		

•  Set	up	and	run	an	urban	sensing	
“experiment”		

h6p://ac297r.org/	



YOUR	EXPECTATIONS?	



Schedule	



Requirements	



1. Install R from http://cran.r-project.org/ 
 
2. Install RStudio from http://www.rstudio.com/products/rstudio/download/ 
 
3. Research other examples of urban data mining and make 3 slides about the most interesting 
project/application/resarch group(s) that you find. Will be presented at the beginning of next lecture. 

Homework	



Resources	for	the	course	

Video	Tutorial	
•  hCps://www.youtube.com/watch?

v=aB7MVpUSHjo	
Interac%ve	(try	the	1st	one!):	
•  hCp://tryr.codeschool.com/levels/1/challenges/1	
•  hCps://www.datacamp.com/courses/free-

introduc%on-to-r	
References:	
•  hCp://www.tutorialspoint.com/r/	
•  hCp://www.cyclismo.org/tutorial/R/	
Addi%onal:	
•  hCp://shiny.rstudio.com/tutorial/	
•  hCp://sape.inf.usi.ch/quick-reference/ggplot2	
•  hCp://tutorials.iq.harvard.edu/R/Rgraphics/

Rgraphics.html	



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

	

?	


