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ABSTRACT 
In this position paper, we propose an approach for Web 
Observatories that builds on using social media, personal data, 
and sensors to build Persona for an individual, but also use this 
data and the concept of Focused Micro Blogs (FMB) for situation 
detection, helping individual using situation action rules, and 
finally gaining insights for obtaining insights about society.  We 
demonstrate this in a concrete use case of fitness and health care 
related sensors for building health persona and using this for 
understanding societal health issues. 

Categories and Subject Descriptors 
H.1.2  [Models And Principles]: User/Machine Systems – human 
factors, human information processing; H.3.5 [Information 
Storage And Retrieval]:Online Information Services – Web-
based services; H.3.4 [Information Storage And 
Retrieval]:Systems And Software – User profiles and alert 
services;  

General Terms 
Management; Design; Human Factors 

Keywords 
Persona; EventShop; Health and Fitness; Focused Micro Blogs; 
Situation Detection; Event Streams 

1. INTRODUCTION 
We are living in transformative times.  Our society is going 
through a major transformation both at the individual level as well 
as at the global level.  The most important factor in this 
transformation, the fuel powering this new engine, is the data; 
particularly the objective data collected using sensors.  However, 
data from only a specific sensor contains only partial truth about 
its environment.  Each sensor is designed to capture a particular 
attribute and most objects and events have several attributes that 
may change with time.  The fidelity of an object or an event 
improves with more diverse sensors to capture their attributes.  
These attributes are captured by sensors recording the attributes as 
a time-varying signal at specific locations.  Billions of sensors are 
now continuously measuring different physical attributes at most 
locations of interest in the world.  Increasingly, a good fraction of 
these spatial-temporal measurements are being made available on 
the Web, giving us opportunity to create Web Observatories. 

 

Each data stream observed by a sensor has valuable information.  
When two data streams are correlated it results in valuable 
insights.  As more data streams are correlated, better insights are 
created.  The fact that one can gain valuable insights by 
correlating multiple data streams collected for the same event or 
same person is well recognized, but tools and techniques for doing 
this easily have not been developed as well.  Currently, we are 
collecting increasing amount of such data leading to what is 
commonly called Big Data.  Data from different sensors is usually 
at different spatial resolution as well as at different frequencies.  
Moreover, the type of data is multi modal, making the semantics 
of the data very different.  This poses serious problems in 
correlating these data streams.  We need efficient tools to unify 
and correlate all such data streams to gain valuable insights. 

 

Before being able to perform any computational task on 
heterogeneous data streams, we have to unify the collected data. 
In this paper we propose events as unification mechanism.   We 
consider a case of such data being collected related to a person to 
create the persona that may be used in different contexts.  
Persona is the mask or appearance of a person presents to the 
world [2][7]. The persona models different relevant aspects of a 
person for interactions or for taking specific actions involving 
person’s characteristics, professional, social, health, preferences 
and interests (Figure 1). In this paper, we will consider health 
persona of using different data streams for a specific person.  The 
data streams that we use are related to many sensors now being 
used by people to collect fitness data, personal events, eating 
habits, sleep patterns, and every day activities using mobile 
phones, calendar, and social networks.  Our goal is to identify 
challenges faced in correlating data from all these diverse data 
streams and develop a computational platform that allows us to 
plug-in other data streams to include them in refining the persona. 

 

Such data collected for several individuals could then be 
aggregated to understand issues related to society.  In most cases, 
such individual data is a rich source to do research in many 
aspects of individuals as well as society.  We will discuss this 
aspect and propose an architecture to address collection and 
analysis of the data. 

 

We use EventShop [3] as the platform to aggregate different data 
streams relevant to specifics of persona and build this into 
situations that help individuals and identify global situations.  
These global situations are then used to advise individuals in their 
personal decisions.   

2. HEALTH-PERSONA 
Until recently and in most cases even now, all information about a 
person is very subjective.  Consider all information related to 
fitness and health about an individual.  We all had anecdotal
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Figure 1 Different aspects of a person 

information about how much exercise we do, how many hours we 
sleep, what we eat, and how our body is functioning.  The recent 
information technology revolution is changing that.  Using a 
myriad fitness and health related wearable sensors, combined with 
mobile phones, every minute of an individual’s activities are 
being recorded that may be analyzed. We have seen a revolution 
that allows capturing information about ‘self’ from many sources. 
What we are seeing is a major shift in how we got information 
about individuals.  In this area, we can characterize changing 
trends into specific stages of different types of information: 

2.1 Subjective Self 
All information about a person was totally subjective.  This 
information could be collected from several sources, but it was 
mostly subjective interpretation by a person, including self, about 
the state of health. 

2.2 Quantified Self 
People started collecting information using different sensors. 
Usually sensors don’t lie, they give fairly objective information. 
Also, many sensors could be collecting data 24/7 and storing this 
on a server where this data could be analyzed.  This data is 
collected using a sensor for a specific aspect of fitness or health.  
Such data could be visualized and some analytics could be done to 
help a person. 

2.3 Objective Self 
Using multiple wearable sensors, people collect 24/7, many 
different attributes related to fitness and health.  Mobile phones 
and other sensors also collect information related to travel and 
location of activities that could be converted into different events 
in their personal life.  Information from personal calendar, social 
networks and other similar sources is also used.  All this 
information can be correlated to analyze lifestyle, relate it to 
personal health, and help people in fitness and health. 
 
We address more detailed aspects of observing and analyzing all 
data sources to get objective self health information and identify 
needs to build a powerful platform to accomplish this.   A very 
thought provoking book [12] paints a very data oriented future of 
medicine.  Future of healthcare is likely to utilize an individual’s 
lifestyle information with personal genomics to provide 
individual-focused health services. 

3. BUILDING HEALTH PERSONA 
First step in building any user centered application is data 
acquisition on aspects of person’s daily life. Projects such as 
MyLifeBits [4][5] and many quantified self apps went in that 
direction. But they never go beyond collecting and storing data. 
Many lifelogging systems lack an explicit description of potential 
value for users, focusing instead on technical challenges (such as 
data capture and retrieval mechanisms) [15].we simply lack 
effective techniques for Analyzing information that involves 
examining it in ways that reveal the relationships, patterns, trends, 
etc. that would be valuable for enhancing user’s life.  
 
Our goal is building the health persona, by emphasizing on 
analysis and correlation of different data streams as different types 
of events occurring in person’s life.  In the following, we consider 
correlation among 4 different types of events: life events, food 
events, fitness events, and body parameters events.  For creating 
these 4  important event streams, multiple sensors may contribute 
to each of these streams.  As shown in figure 2, life events can be 
derived from different sources of information such as personal 
calendar, Facebook, LinkedIn and Foursquare accounts, smart 
phone apps and GPS.  Fitness event stream may combine data 
from NIKE Fuel, FitBit, Basis, programs like Moves on smart 
phones and other similar sources.  These sensors can detect events 
that are not perceived by humans, such as alteration of oxygen 
levels in the blood or the amount of carbon dioxide or dangerous 
pollens in the air. Once these data streams are collected, they can 
be combined and correlated to identify patterns: for instance, they 
might determine which environmental conditions worsen a child’s 
allergy or which geographical locations should be avoided by 
senior citizens at any particular time since they are more 
vulnerable to flu and other contagious diseases. This information 
would allow doctors to spot irregularities early, providing 
warnings before an illness becomes serious. Health Persona is a 
detailed ongoing health record which physician would have access 
to, and one would no longer have to think very hard to answer 
questions such as “How much exercise you had last month” or  
"When did you first start feeling this way?" 

 

Figure 3 shows the creation of 4 different types of events, 
mentioned in figure 2, in more details. We illustrate these events 
in different colors in each of these four streams.  The original 
signals for the stream are continuous signals as captured from a 
sensor.  Different types of events may be determined using a 
model to classify them and determine their time intervals. For 
example fitness events may be, no activity to vigorous activity. 
And each event may be determined by considering some activity 
per minute as determined by a specific sensor.  Moreover, any of 
these event streams may be the result of the combination of 
multiple sensor streams.  For example, activity level may be 
determined by considering Nike Fuel, Fitbit, BASIS [1], and 
Jawbone.  Each of these measures activities differently, but these 
measurements are correlated to actual activity levels and are 
aggregated to correspond to and segment the timeline according to 
physical activity by a person. 

 

With these data streams the health persona is determined by 
combining them over a long period to gain insights about 



 

 

Figure 3   Heterogeneous Events streams 

Figure 2 Building Health Persona from heterogenous sources  

a person by correlating these event streams and drawing insights 
about a person’s health.  One example of such insights could be: 

Calendar + GPS + Motion Sensors + Health Monitor Data 

A calendar contains planned events, some of which may not 
happen. With assistance of GPS and motion sensors, we can make 
better inference of events that really happened. For instance, 
calendar indicates that Mr. A has a weekly group lunch meeting at 
restaurant B on Tuesdays. GPS data shows whenever Mr. A 
attends these meetings, and during that the motion sensors 
measure A’s physical activity level, and health monitoring device 
BASIS records his heart rate and body temperature.  On analysis 
of the data over last several meetings it is observed that though 
during these meetings Mr. A is relatively inactive, his heart rate is 
high and his body temperature is above normal. This correlation 
from different event streams suggests that there is something 
unusual about the meeting, or the meeting place, or the food at the 
restaurant.  

3.1 Benefits of Health Persona 
The amount of money spent for health care in United States is 
extraordinary. The United States spends more on health care than 
Japan, Germany, France, China, the U.K., Italy, Canada, Brazil, 
Spain and Australia combined [16]. Yet the outcome is not 
extraordinary. As mentioned in section 2.3 with the emergence of 
wearable sensors that can measure most fitness and body 
parameters, new data is available to us. Knowledge derived from 
this data can be used in lowering the cost of health care systems. 
Today most of medicine is not evidence-based; but based on 
randomized clinical trials on a limited population. So decision 
making in today’s health care system is based on historical 
preferences of the physician as opposed to be data driven for each 
individual [21]. If physicians could have access to the history of 
all health related aspects of a person measured through time, the 
treatment process could be personalized and some costly tests and 
lab examinations could be waived. Here historical data is not only 
electronic medical records of the patient but also includes all body 
and fitness parameters, all the events happening in person’s life 

and all food intakes. Health persona provides a computational 
framework that makes this possible.  

 

Due to population growth, aging, and other factors; it is projected 
that demand for physicians will outpace supply by 2025. Simply 
educating and training more physicians will not be enough to 
address these shortages. Figure 4 shows the projected supply and 
demand [17]. So we need the tools, technologies and 
computational frameworks being developed in this space to be an 
extension of a physician. Health persona as a personal health and 
lifestyle platform helps individuals maintain a personal health and 
lifestyle record for their lifetime and obtain personalized, 
lifestyle-related recommendations to improve their health status. 
This has some life changing impacts that with only 3.9 average 
number of visits to medical services (physician, hospitals) [18] 
can never be achieved.  

 

 
Figure 4 Baseline physician FTE supply and demand 

projection (2006-2025) 

 

 



3.2 Ethical and Privacy Issues 
Today we are living in a data age. Millions of pieces of 
information are generated and used by organizations every day 
and developments in technology have helped to make the storage 
and manipulation of this information much easier. Personal data 
will continue to increase dramatically in both quantity and 
diversity, and has the potential to unlock significant economic and 
societal value for end users. 

Concerns for privacy are not new. The initial legal opinion on the 
right to privacy dates back to the late nineteenth century. The 
advent of a new technology that could permanently capture a 
person’s behaviors and actions was the impetus for this opinion 
since 1890 [19]. Fundamental questions about privacy, property, 
global governance, human rights – essentially around who should 
benefit from the products and services built upon personal data – 
are major issues emerging due to technological advances in the 
last few decades. Building the legal, cultural, technological and 
economic infrastructure to enable the development of a balanced 
personal data ecosystem is vitally important for improving the 
state of the world and is discussed in details in [20]. 

4. GOING BEYOND TWITTER 
Twitter data is so broad in scope that any topics can be found in 
tweets, but unfortunately all topics are mixed together. If we treat 
the relevant information as signal, and all others as noise, twitter 
data has very low signal-noise-ratio (SNR).  Use of tools like 
hash-tags help, but do not really solve the problem.  Given this 
about current Twitter like social network, we believe that they all 
suffer serious issue of low SNR and are less effective as 
information sources. Therefore, we propose the concept of 
Focused Micro Blogs (FMB).  FMBs are on a focused topic and 
are targeted to a specific source.  Since the topic is fixed, the 
information in a FMB could be easily structured and parsed.   
FMBs retain the important feature of sending brief real time 
information of Tweets, while overcoming their weakness of 
combining too many different topics in one place. This 
information is aggregated at a server designed for a specific task. 

 

Let’s consider one concrete example of FMB in a popular 
application for traffic – the Waze [14].  Waze is an application on 
phones that takes GPS data periodically from the phone and uses 
this to compute the speed of the device.  This is aggregated at the 
server to know traffic conditions in different areas.  A user may 
also do a micro-blog using specific input mechanisms so that the 
system knows about a stalled car or a police officer at a specific 
location.  By using sensor data from the phone and specific micro-
blog-inputs, a Waze server provides very useful information to its 
users.  This is an FMB in action. 

 

 Let’s consider a Flu application. With sensors on mobile phone, 
information like activity level and location is easily available. 
Physiological data such as heart rate and body temperature can be 
retrieved from wearable device, like BASIS. User’s overall 
feeling and some flu symptoms can also be collected from direct 
interaction between user and the application. The architecture of a 
system to collect different data streams and then combining these 
is shown in figure 5. In this architecture, Health Persona works as 
a server, collects and correlates health data from subscribed users. 
Different fitness and health related applications – like Flu or 
Allergy - running on user’s smart phone provide Health Persona 
server with accurate data. This data will be used to incrementally 

build and update health persona. The longer user subscribed to the 
system, the more information gets collected. 

 

Data from users gets collected in web servers corresponding to 
different apps. Each web server has a theme called Ti and a set of 
Situation-Action Rules (SAR). We will explain SARs in section 
5. Different applications act as different FMBs feeding data into 
specific servers. Applications running on the phone also feed this 
data to Health Persona Server which stores all health related 
events, as discussed above, for every user.  Health Persona Server 
not only helps an individual, but also collects community 
information that may be used to deduce societal health issues.   

 

 

Figure 5 Phone as a source of FMB for different applications 
to assist its owner in different situations. 

5. THINKING AT SOCIETAL LEVEL, 
ACTING AT PERSONAL LEVEL 
It has already been demonstrated that insights from individuals 
can be aggregated for the society to gain societal insights. For 
example Google Flu Trends [6] is a web service provided by 
Google uses aggregated Google search data to estimate flu 
activity. The idea is that certain search terms are good indicators 
of flu activity. But can search query trends provide the basis for 
an accurate, reliable model of real world phenomena? Scientific 
hindsight shows that Google Flu Trends far overstated this year's 
flu season [10]. A pair of new projects [8][11] track Twitter posts 
to determine flu rates. However, Twitter crowdsourcing is less 
effective than search-term efforts, because signal to noise ratio is 
very low and Twitter’s user-base tends to be younger and less 
reliable users.  

 

Another example is traffic apps using user-generated traffic data 
to draw conclusions about traffic flow. Waze, mentioned above, is 
the world’s fastest-growing community-based traffic and 
navigation app.  It allows user to not only get personal heads-up 
from other users on the road but also contribute to traffic reports. 
This crowdsourced platform is more reliable than apps dependent 
on Twitter posts such as TwiTraffic[13] that looks for traffic 
related words in tweets.  

 

Neither Google Flu Trends nor Twitter-based applications were 
successful enough in aggregating individual data to derive insight 
about a community. We need “Waze-like” platforms to collect 
and correlate accurate individual data and more importantly, 
aggregate these data for gaining community insights. The system 



in Figure 4 uses specific applications on a phone to supply 
information to a situation recognition system and uses the 
detected situation to help the owner of the phone.  It also creates 
health persona for the individual while creating health personas 
for several people that could be aggregated and analyzed for 
inferring societal health issues. As a result, we have two kinds of 
data aggregation. One that happens in each user’s Health Persona 
and the other one that happens in EventShop. 

 

EventShop [3] is a situation detection framework that makes data 
aggregation possible. It’s a generic approach to select, import, and 
combine real-time data streams and operate on them to detect real 
world situations for generating appropriate information and 
actions. EventShop supports data from different sources. Any 
sensor data can be associated to a stream based on its location and 
frequency of creation. Aggregated data can also be visualized on a 
map. As a part of EventShop, Situation Detection unit detects real 
world situations (e.g. flu activity in a region) and based on that 
provides SAR units with appropriate information. Based on that, 
SARs send personalized recommendations to end users.   

This approach doesn’t suffer from high noise to signal ratio in flu-
related tweets or flu-related search term indicators. More 
importantly, Users both contribute to the system and gets benefit 
from it. Precise community health insight naturally follows 
precise individual health insight.  

6. CONCLUSION 
Lots of personal data is being collected from various sources. By 
collecting and analyzing this data we can build effective personas 
that may in turn be used to help individuals.  Moreover, by 
aggregating this data, we can gain insights at the societal level.  
We are working towards this. Also, we introduce the notion of 
FMBs that may be very effective in collecting and analyzing 
meaningful data in Web Observatories. 
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