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The story so far: 
 
•  13.3.2017 Can you improve what you do not measure? 
•  6.3.2017 Big Data as new urban raw material, made useful with 

Information Architecture and with the Stocks and Flows concept 
•  27.2.2017 From smart houses to smart cities – emerging 

criteria for smart cities as urban systems 
•  20.2.2017 Cities are complex systems. Ideally, they are 

sustainable, resilient, livable, smart, and finally responsive – 
from production machines to human habitat 



Quote from „The Responsive City“ 
 
“I have a rule of thumb: if you can’t measure it, you can’t manage it” 
 
June 2014, Michael Bloomberg, Former Mayor of New York City 













Habitat Research 
Based on science à measurement and simulation 
Influenced by people à behaviour 
 
•  Building Research: Understanding Buildings and their interaction with 

people, cities, stocks and flows 
•  Urban Research:  Understanding Cities and their interaction with people, 

territories, stocks and flows à Complex Systems 
•  Territorial Research: Understanding regions, countries, and their 

interaction with stocks and flows à Complex Systems 

 



Smart Cities Criteria India - Europe 
•  Indian	Ministry	of	Urban	Development	

		
1  adequate	water	supply	
2  assured	electricity	supply	
3  sanitaEon,	including	solid	waste	management	
4  efficient	urban	mobility	and	public	transport	
5  affordable	housing,	especially	for	the	poor	
6  robust	IT	connecEvity	and	digitalizaEon	
7  good	governance,	especially	e-Governance	and	

ciEzen	parEcipaEon	
8  sustainable	environment	
9  safety	and	security	of	ciEzens,	parEcularly	

women,	children	and	the	elderly	
10  health	and	educaEon	

•  European	InnovaEon	Partnership	on	Smart	CiEes	
and	CommuniEes		

1  Sustainable	Urban	Mobility	
2  Districts	and	Built	Environment	
3  Integrated	Infrastructures	
4  CiEzen	Focus	
5  Policy	and	RegulaEon	
6  Integrated	Planning	and	Management	
7  Knowledge	Sharing	
8  Baseline,	Performance	Indicators	and	Metrics	
9  Open	Data	
10  Standards	
11  Business	Models,	Finance	and	Procurement	
12  General	ImplementaEon	Modes	



hDp://www.news18.com/news/india/know-the-criteria-for-selecEng-smart-ciEes-1195936.html	



Measurements for the Smart City:  
Danielle Griego  



Approach
Data analysis 
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Data	collecEon	

		

Data	selecEon		 Processing		 TransformaEon	 Machine	Learning	 VisualizaEon	&	InterpretaEon	

Typical	Knowledge	Discovery	Diagram	(KDD)		

What	do	we	want	to	know?	



Approach
Data collection/Selection
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Data	collecEon	

		

Data	selecEon		 Processing		 TransformaEon	 Machine	Learning	 VisualizaEon	&	InterpretaEon	

Typical	Knowledge	Discovery	Diagram	(KDD)		

Domain	specific	data	source(s)	



Approach
The time consuming, but essential part of data analysis
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Data	collecEon	

		

Data	selecEon		 Processing		 TransformaEon	 Machine	Learning	 VisualizaEon	&	InterpretaEon	

Typical	Knowledge	Discovery	Diagram	(KDD)		

Is	the	data	usable?	
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LocaEon	Wiedikon	Zürich	 14	survey	checkpoints	along	experimental	path	

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



Case study

Data	from	37	parEcipants	in	Zurich	to:			
-  InvesEgate	impact	of	constant	(urban	

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

	

ESUM- Analyzing trade-offs between Energy and  Social performance of Urban Morphologies
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Mobile sensor equipment
Sensor-backpack with environmental and position sensors
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Mobile Sensor equipment
Biofeedback wristband
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hDps://www.empaEca.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	qualiDes	in	smart	ciDes,	
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	qualiDes	in	smart	ciDes,	
proceedings	in	AINA	IEEE	31st	Conference			

Frequency reduction to integrate data from multiple sources



Data processing: ESUM Experiment
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	qualiDes	in	smart	ciDes,	
proceedings	in	AINA	IEEE	31st	Conference			



Data analysis: ESUM Experiment
Time-series sensor visualization: sound
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D.	Griego,	V.	Buff,	E.	Hayos,	I.	Moise,	E.	Pournaras	(2017),	Sensing	and	mining	urban	qualiDes	in	smart	ciDes,	
proceedings	in	AINA	IEEE	31st	Conference			



Data analysis: ESUM Experiment
Comparing data sources: Measured and perceived noise
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D.	Griego,	V.	Buff,	E.	Hayos,	I.	Moise,	E.	Pournaras	(2017),	Sensing	and	mining	urban	qualiDes	in	smart	ciDes,	
proceedings	in	AINA	IEEE	31st	Conference			

Measured	Ambient	Noise	

Perceived	Noise		Measured	Ambient	Noise	
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Measurements for the Smart City:  
Estefania Tapias 



Tapias, E. 2013. Shadow rage simulation 
and visibility analysis. Residential area in 
Altstetten, Zurich  

 

The transformation from data to information 

and knowledge is one of the most 

important activities in every society and are 

the elements that structure the Information 

Architecture concept. 

Data, Information and 
Knowledge  



Tapias, E. 2016. Weather data from mini 
portable weather stations.   

 

“We refer to data as the smallest entities of 

information, as values given to objects, 

expressions, functions or properties. Data 

becomes information by interpretation.” 
Gerhard Schmitt, Information City 

Data 



Readings from a weather station console 
showing weather parameters.   

 

Connections or relations of data results in 

information. 

Information 



Friedrich, E. 2013. An interactive tool for 
modelling Ethiopia’s energy future. 

 

The basic assumption here is that we can 

only improve the performance of a system, 

such as a city, if we know its present 

performance.  

 

Data collection 





Climate-sensitive Urban Adaptation
Measurement Network – Barranquilla Colombia 

OTC	



Climate-sensitive Urban Adaptation
Measurement Network – Barranquilla Colombia 



Climate-sensitive Urban Adaptation
Measurement Network – Barranquilla Colombia 



Data 
collection

Climate-sensitive Urban Adaptation
Measurement Network – Barranquilla Colombia 



Climate-sensitive Urban Growth 
Measurement Network – Barranquilla Colombia 

Outdoor
Indoor

Server

Data 
collection



Climate-sensitive Urban Growth 
Measurement Network – Barranquilla Colombia 

Data 
collection



Climate-sensitive Urban Growth 
Measurement Network – Barranquilla Colombia 

Data 
collection







Climate-sensitive Urban Adaptation
Measurement Network – Barranquilla Colombia 



Calculations & 
Correlations

Thermal sensation!

Location: UniNorte – stations 

TS!



Thermal sensation!

Calculations & 
Correlations

TS!



Thermal sensation!

Calculations & 
Correlations

TS!



Climate-sensitive Urban Adaptation
Crowdsourcing – Barranquilla Colombia 







INFORMATION ARCHITECTURE OF CITIES 
 

MOOC exercises 
Data collection  

 

Information Architecture 

Prof. Dr. Gerhard Schmitt 



MOOC	&	ETH	iA	course	



hDps://www.edx.org/		

hDp://ia.arch.ethz.ch/datamap/		



hDp://ia.arch.ethz.ch/datamap/		



Results	from	first	run	of	Smart	CiEes	MOOC	





Addi?onal	part	for	ETH	course:	
1. 	Select	two	places,	one	that	you	like	and	another	one	that	you	dislike.	Make	the	two	
data	entries	for	each	locaEon	in	the	web	map	and	make	a	screen	shot	of	both.	Describe	
the	two	places	you	selected	including	the	aspects	you	like	or	dislike	about	each	of	the	
places.	

2. 	Using	this	world	map	with	the	results	from	last	semester,	select	two	places	in	the	world	
where	parEcipants	added	data.	Look	at	the	data	measured	and	the	perceive	data	
(qualitaEve	and	quanEtaEve	data)	and	try	to	analyze	how	people	perceive	the	place	in	
relaEon	to	the	measured	data.	Please	make	screen	shot	of	the	data	from	both	places	and	
create	a	word	document	with	the	analysis.	

Please	use	the	same	document	for	both	parts	of	the	exercise.	
	
Upload	the	document	here	in	moodle	by	27.03.2017	



Summary	
•  Urban	research	requires	measurements,	resulEng	in	data.	If	data	are	

combined,	they	turn	into	informaEon.	If	informaEon	is	combined,	it	turns	
into	knowledge	

•  InformaEon	and	knowledge,	combined	with	observaEon	and	compliance,	
are	needed	to	improve	a	city	

•  To	understand	urban	systems,	measurements	are	important	on	all	scales:	
buildings	and	neighbourhoods,	districts	and	ciEes,	regions	and	territories	

•  Measurements	are	a	necessary	(but	not	sufficient)	acEvity	for	quanEtaEve	
and	qualitaEve	urban	improvements	

•  Ignoring	informaEon	and	knowledge,	or	not	having	access	to	it,	can	be	
deadly	à	transportaEon	à	Pompei	


