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GOALS - OBJECTIVES - OUTCOMES

• DATA FROM SENSORS 
What part does data play in the ecosystem of the 
smart city? 

• BIG DATA 
How does Big Data fit into a “Sensored Smart City” 

• BALANCE 
balance the practical, nuts and bolts aspects of data 
with the conceptual and philosophical 
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ASSIGNED READINGS FOR TODAY
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• THE REAL-TIME CITY? BIG DATA AND 
SMART URBANISM 
GEOJOURNAL 

• BIG DATA BASIC CONCEPTS AND 
BENEFITS EXPLAINED 
TechRepublic 
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SMART CITY DATA - CONCEPTS (KITCHIN ARTICLE)

4-6-15

• OPEN DATA VERSUS CLOSED DATA 
Informing internally versus opening to the public 

• RAW VERSUS VISUALIZED DATA 
What exactly are you sharing?  How useful is it? 

• HISTORICAL CHALLENGES — QUANTITATIVE DATA AND QUALITATIVE DATA 
relied on samples, are generated on a non-continuous basis, the number of variables are quite small, are aggregated 
to a relatively coarse spatial scale, and are often limited in access. 

questionnaire surveys, case studies, city audits, inter- views and focus groups, and ethnographies—that capture a 
relatively limited sample of data that are tightly focused, time and space specific, restricted in scope and scale, and 
relatively expensive to generate and analyze, t 

• DEFINITION 
big data consists of massive, dynamic, varied, detailed, inter-related, low cost datasets that can be connected and 
utilized in diverse ways, thus offering the possibility of studies shifting from: data-scarce to data-rich; static 
snapshots to dynamic unfoldings; coarse aggregation to high resolution; relatively simple hypotheses and models to 
more complex, sophisticated simulations and theories 
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SMART CITY DATA - CHALLENGES (KITCHIN ARTICLE)

4-6-15

• POLITICS OF BIG URBAN DATA 
“raw data is an oxymoron” - Data inflected by social privilege and social values 

• TECHNOCRATIC GOVERNANCE AND CITY DEVELOPMENT 
“It’s not me , it’s the data” (Haque). 

• CORPORATIZATION OF CITY GOVERNANCE AND CORPORATE LOCK-IN 
“smart cities are currently more vendor push than city government pull based” (Shaffers) 
The comparison to US auto industry and urban development.  

• BUGGY, BRITTLE AND HACKABLE CITIES 
“What if the seeds of smart cities’ own destruction are already built into their DNA? What if the smart 
cities of the future are buggy and brittle? What are we getting ourselves into?” 

• THE PANOPTIC CITY 
Big Brother? 
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BIG DATA - SEVEN V’S
4-6-15

• VOLUME 
90% of all data ever created, was created in the past 2 years. 

• VELOCITY 
Velocity is the speed at which the data is created, stored, analyzed and visualized.  

• VARIETY 
The wide variety of data requires a different approach as well as different techniques to store all raw data. 

• VERACITY 
Is the data reliable - accurate - actionable - correct 

• VARIABILITY 
Meaning is changing (rapidly) 

• VISUALIZATION 
Making all that vast amount of data comprehensible in a manner that is easy to understand and read 

• VALUE 
What’s it worth? The value is in the analyses done on that data and how the data is turned into information and eventually 
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• VOLUME 
…the amount of data in the world will double every two years. By 2020, we will have 50 times the 
amount of data as that we had in 2011. The sheer volume of the data is enormous and a very 
large contributor to the ever expanding digital universe is the Internet of Things with sensors all 
over the world in all devices creating data every second. The era of a trillion sensors is upon us. 

If we look at airplanes they generate approximately 2.5 billion Terabyte of data each year from 
the sensors installed in the engines. Self-driving cars will generate 2 Petabyte of data every year. 
Also the agricultural industry generates massive amounts of data with sensors installed in 
tractors. Shell uses super-sensitive sensors to find additional oil in wells and if they install these 
sensors at all 10.000 wells they will collect approximately 10 Exabyte of data annually. That again 
is absolutely nothing if we compare it to the Square Kilometer Array Telescope that will generate 
1 Exabyte of data per day. 

In the past, the creation of so much data would have caused serious problems. Nowadays, with 
decreasing storage costs, better storage solutions like Hadoop and the algorithms to create 
meaning from all that data this is not a problem at all. 
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• VELOCITY 
The Velocity is the speed at which the data is created, stored, analyzed and 
visualized. In the past, when batch processing was common practice, it was 
normal to receive an update from the database every night or even every 
week. Computers and servers required substantial time to process the data 
and update the databases. In the big data era, data is created in real-time or 
near real-time. With the availability of Internet connected devices, wireless or 
wired, machines and devices can pass-on their data the moment it is created. 

The speed at which data is created currently is almost unimaginable: Every 
minute we upload 100 hours of video on Youtube. In addition, every minute 
over 200 million emails are sent, around 20 million photos are viewed and 
30.000 uploaded on Flickr, almost 300.000 tweets are sent and almost 2,5 
million queries on Google are performed. 
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• VARIETY 
In the past, all data that was created was structured data, it neatly fitted in 
columns and rows but those days are over. Nowadays, 90% of the data that 
is generated by organization is unstructured data. Data today comes in 
many different formats: structured data, semi-structured data, unstructured 
data and even complex structured data. The wide variety of data requires a 
different approach as well as different techniques to store all raw data. 

There are many different types of data and each of those types of data 
require different types of analyses or different tools to use. Social media 
like Facebook posts or Tweets can give different insights, such as 
sentiment analysis on your brand, while sensory data will give you 
information about how a product is used and what the mistakes are. 
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• VISUALIZATION 
This is the hard part of big data. Making all that vast amount of data 
comprehensible in a manner that is easy to understand and read. With the right 
analyses and visualizations, raw data can be put to use otherwise raw data 
remains essentially useless. Visualizations of course do not mean ordinary 
graphs or pie charts. They mean complex graphs that can include many variables 
of data while still remaining understandable and readable. 

Visualizing might not be the most technologically difficult part; it sure is the most 
challenging part. Telling a complex story in a graph is very difficult but also 
extremely crucial. Luckily there are more and more big data startups appearing 
that focus on this aspect and in the end, visualizations will make the difference. 
Visualizations help organizations answer questions they did not know to ask.  
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BIG DATA - SEVEN V’S
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• VERACITY 
Having a lot of data in different volumes coming in at high speed is 
worthless if that data is incorrect. Incorrect data can cause a lot of 
problems for organizations as well as for consumers. Therefore, 
organizations need to ensure that the data is correct as well as the 
analyses performed on the data are correct. Especially in automated 
decision-making, where no human is involved anymore, you need to be 
sure that both the data and the analyses are correct. 

If you want your organization to become information-centric, you should 
be able to trust that data as well as the analyses. accountability.  
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• VARIABILITY 
Big data is extremely variable. Brian Hopkins, a Forrester principal analyst, 
defines variability as the “variance in meaning, in lexicon”. He refers to the 
supercomputer Watson who won Jeopardy. The supercomputer had to “dissect an 
answer into its meaning and […] to figure out what the right question was”. That 
is extremely difficult because words have different meanings and all depends on 
the context. For the right answer, Watson had to understand the context. 

Variability is thus very relevant in performing sentiment analyses. Variability 
means that the meaning is changing (rapidly). In (almost) the same tweets a word 
can have a totally different meaning. In order to perform a proper sentiment 
analyses, algorithms need to be able to understand the context and be able to 
decipher the exact meaning of a word in that context. This is still very difficult. 
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BIG DATA - SEVEN V’S
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• VALUE 
All that available data will create a lot of value for organisations, societies and 
consumers. Big data means big business and every industry will reap the benefits 
from big data. McKinsey states that potential annual value of big data to the US 
Health Care is $ 300 billion, more than double the total annual health care 
spending of Spain. They also mention that big data has a potential annual value of 
€ 250 billion to the Europe’s public sector administration. Even more, in their well-
regarded report from 2011, they state that the potential annual consumer surplus 
from using personal location data globally can be up to $ 600 billion in 2020. That 
is a lot of value. 

Of course, data in itself is not valuable at all. The value is in the analyses done on 
that data and how the data is turned into information and eventually turning it 
into knowledge. The value is in how organizations will use that data and turn 
their organization into an information-centric company that relies  on insights 
derived from data analyses for their decision-making.
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SENSOR DATA - LIGHT
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• LUX 
The primary sensor data type for ambient light sensors is illuminance in lux 
(lumens per square meter). The principles outlined in this topic are based on 
taking lux values as input and reacting to that data in a program. 
Lux readings are directly proportional to the energy per square meter that is 
absorbed per second. Human perception of light levels is not so straightforward. 
Human perception of light is complicated because our eyes are constantly 
adjusting and other biological processes are affecting our perception. However, 
we can think of this perception from a simplified perspective by creating several 
ranges of interest with known upper and lower thresholds. 

The following example data set represents rough thresholds for common 
lighting conditions, and the corresponding lighting step. Here, each lighting step 
represents a change in lighting environment. 
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HOW DO WE STORE AND PROCESS BIG DATA?

• APACHE HADOOP 
Wikipedia definition 

• STORAGE 
Hadoop Distributed File System (HDFS) 

• PROCESSING  
Map Reduce 
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BIG DATA - IMAGES AND INFOGRAPHICS
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ASSIGNED READINGS FOR NEXT LECTURE

• WIRELESS SENSOR NETWORKS – AN 
INTRODUCTION.GEOJOURNAL 

INTECH 

• SMARTSANTANDER – THE CITY OF 
SANTANDER’S SENSOR NETWORK FACILITY 

Smart Santander 
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THIS WEEK’S LAB

• MAPPING YOUR LOCATION SENSOR DATA 
Run Keeper 
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