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ABSTRACT
We investigate how life-logs from commercial wearable track-
ers and smartphone sensors can be leveraged to automati-
cally provide patients with knowledge for self-reflection on
their disease. We present here: (1) An architecture for the
acquisition of life-logs, their fusion, and their storage; and
(2) A prototype GUI for the visualization of quality of life
indicators.
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1. INTRODUCTION
In the treatment of chronic diseases, patients can take

a great advantage from instruments that help them better
assess the disease impact on their quality of life (QoL). In
that respect, the acquisition of patients’ life-logs by wearable
trackers can become a low-cost alternative to more invasive
and expensive portable medical equipment and to clinical
questionnaires. The wearable trackers currently available on
the market1 are able to monitor variables as the number of
steps, the burned calories, the heart rate, and even the sleep
quality. However, life-logging these variables cannot replace
an elaborated clinical questionnaire asking the patients, for
example, to give an estimation of the disease impact on their
work or leisure activities.

Our research investigates how low-level data acquired from
commercial wearable trackers and smartphone sensors can
be leveraged in order to automatically infer more high-level
knowledge. In particular, we focus on the monitoring of four
indicators of the patient QoL: activities performed by the
patient; sleep quality ; level of fatigue; and mood. By pro-
viding the patients with an accurate picture of how these
indicators vary over time, the patients will be able to bet-
ter self-reflect on the effectiveness of therapies and therefore

1www.pcmag.com/article2/0,2817,2404445,00.asp.
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may improve their long-term adherence to medications, or
adopt healthier behaviors.

In our research we want to (1) build patients’ life-logs by
integrating the data continuously collected from wearable
trackers with those gathered from smartphone sensors; (2)
infer the values of the four QoL indicators from the acquired
life-logs, possibly through a chain of inferences; and (3) de-
fine a mobile GUI that allows the patient to easily visualize
the trend of the indicators.

At the best of our knowledge, no previous research has
addressed the above mentioned goals. Generic architectures
for the acquisition of life-logs from smartphones have been
proposed (e.g., [6]), but none of them integrates data from
smartphones with other streams. Smartphones have been
already used to measure the patients’ behavior and provide
feedback. For example: [2] provides an overview of how
smartphones can support the detection of mental disorders;
[1] shows how smartphones can be used for functional assess-
ments of the elderly and potentially substitute less objective
and unreliable self-reports by patients; and [4] presents an
approach for mood inference from smartphone usage pat-
terns.

2. LIFE-LOGGING ARCHITECTURE
The system we implemented (see Figure 1) automatically

acquires users’ data from Fitbit2 wearable trackers and An-
droid smartphones. While the tracker provides steps, burned
calories, covered distance, and heart rate, the smartphone
collects information as performed calls, sent SMSs, position,
or temperature. All the collected data are useful for the de-
tection of summary QoL indicators. For example: position
is strictly related to activities, as people usually work in a
place and do leisure activities in other places; temperature
can be used to infer if the user is indoor or in the open; phone
calls to/from colleagues/work partners are a sign that the
user is probably working; an increased number of steps in a
workday could mean that the person did not work in that
day but took a day off and did exercise.

The life-logs are aggregated and stored on a dedicated
server by two software components: a Lifelog App and a
server side Lifelog Aggregator. The Lifelog App runs on the
users’ Android smartphones, gathers the data from the sen-
sors and periodically uploads them to the server. The Lifelog
Aggregator interacts with the Fitbit server to download the
data collected from the wearable trackers and stores them
into the Lifelog Database.

2www.fitbit.com.

131

www.pcmag.com/article2/0,2817,2404445,00.asp
www.fitbit.com


Figure 1: Life-logging architecture.

Our architecture covers a wide range of usage scenarios.
For example, if the user is jogging she might not have her
smartphone with her. In this case, the data collected by
the Fitbit tracker at her wrist is stored locally and will be
uploaded on the Fitbit server only when she is back home.
The Lifelog Aggregator will then be notified that there are
new data and will update the user’s life-log in the Lifelog
Database. Since the data acquired by the Lifelog App on the
smartphone in the same period is not consistent with that
gathered from the tracker (i.e., the recorded position has
not changed), then the integrated life-log will not take into
consideration the smartphone data. However, a meaningful
integration of the two streams also poses challenges. For
example, a stable position, while the Fitbit tracker measures
an increase of the steps, is not necessarily an indication that
the user does not have the smartphone, as she might be
running on a trademill.

3. PRESENTATION OF QOL INDICATORS
The Life Meter Android application presents the QoL in-

dicators to the patients. The home screen (see Figure 2, left)
is organized in four views showing the weekly summary of
the indicators. A pie chart shows the time spent for various
types of activities. A gauge chart shows the sleep quality
of the week. Another gauge chart shows the fatigue of the
week. An emoticon shows the mood of the week. The de-
tails pertaining to an indicator are shown by clicking on the
corresponding view. For example, Figure 2, right, displays
the details of activities.

We are selecting the techniques for activity recognition
based on wearable sensors [3] most suitable for our appli-
cation scenario, where we need not only to recognize short-
lasting low-level activities but also to automatically create
summaries that quantifies the time spent every day by the
patients in doing different types of activities such as pro-
fessional or leisure activities. We will directly use the sleep
efficiency indicator provided by Fitbit to estimate the sleep
quality. In order to automatically assess if patients may be
physically fatigued, we will measure the variability of the pa-
tients’ heart rate in a day, calculated based on the hear-rate
logs collect by the wearable trackers.

Life Meter GUI 
When the Life Meter app is started by the user, it displays a splash screen for some seconds.                                                     

Then, the home screen is visualized. The splash and home screens of the Life Meter are                                               

illustrated  in  the  following  pictures.  

  

  

The home screen shows a weekly summary of the logged variables. The information is                                         

organized using a 2x2 grid layout. Each cell of the grid is allocated to a logged variable. The                                                     

four  logged  variables  are:  

● Activities :  the  cell  includes  a  big  pie  chart  that  shows  the  amount  of  hours  spent  for:  
○ Work  or  school  activities;;  

○ Social  or  leisure  activities;;  

○ Sleep;;  

○ Other  activities.  

Two small pie charts represent the amounts of the previous week and the global                                         

average  of  the  users  since  she  started  using  the  system.  

● Sleep quality: the cell includes a big gauge chart that shows the sleep quality of the                                               

week. Two small gauge charts show the sleep quality of the previous week and its                                            

global  average.  

● Fatigue: the cell includes a big gauge chart that shows the fatigue of the week. Two                                               

small  gauge  charts  shows  the  fatigue  of  the  previous  week  and  its  global  average.  

● Mood: the cell includes a big emoticon that shows the mood of the week. Two small                                               

emoticons  show  the  mood  of  the  previous  week  and  its  global  average.  

  

The week details for a variable are shown by clicking on the corresponding cell. The following                                               

figures  illustrates  the  details  for  “Activities”  and  “Sleep”.  

     

  

The screen for “Activities” shows two charts: “Professional and school activities” and “Social                                      

and leisure activities”. A chart has two lines: one shows the values of the variable in the days                                                     

of the current week;; the other represent the values of the variable in the days of the previous                                                     

week. On the right side, the global averages are shown. By clicking on the the section for the                                                     

two types of activities, a popup (not shown) appears. It contains details on the activities (e.g.,                                               

it  shows  the  time  spent  in  doing  activities  categorizes  as  “Professional  and  school”).  

  

The screen for “Sleep” contains the chart illustrating the quality of sleep over time. The chart                                               

has two lines: one shows quality of sleep on the days of the current week;; the other represent                                                     

the quality of sleep over the days of the previous week. On the right side, a gauge shows the                                                        

global  average  of  the  sleep  quality.  

  

The  following  figures  illustrates  the  details  for  “Fatigue”  and  “Mood”.  

  

  

Figure 2: Life Meter GUI.

4. CONCLUSIONS
We have presented an architecture for the acquisition,

fusion, and storage of life-logs from wearable trackers and
smartphones, and a prototype GUI for the visualization of
quality of life indicators to be inferred from the gathered
life-logs. In the future, we are going to introduce in our ar-
chitecture mechanisms to preserve the patients’ privacy and
we plan to integrate the results of this research into an ad-
visory system for allergic patients we have been developing
[5].
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as medical devices in mental disorder treatment: an
overview. Personal and Ubiquitous Computing,
19(2):335–353, 2015.

[3] O. Lara and M. Labrador. A survey on human activity
recognition using wearable sensors. Communications
Surveys Tutorials, IEEE, 15(3):1192–1209, Third 2013.

[4] R. LiKamWa, Y. Liu, N. D. Lane, and L. Zhong.
Moodscope: Building a mood sensor from smartphone
usage patterns. In Proceeding of the 11th Annual
International Conference on Mobile Systems,
Applications, and Services, MobiSys ’13, pages 389–402,
New York, NY, USA, 2013. ACM.

[5] T. S. Nguyen, F. Ricci, F. Zini, and M. Granconato.
Life-logging for healthcare proactive advisory systems.
In Posters, Demos, Late-breaking Results and Workshop
Proceedings of the 22nd Conference on User Modeling,
Adaptation, and Personalization (UMAP2014), 2014.

[6] R. Rawassizadeh, M. Tomitsch, K. Wac, and A. M.
Tjoa. Ubiqlog: a generic mobile phone-based life-log
framework. Personal and ubiquitous computing,
17(4):621–637, 2013.

132


	Introduction
	Life-logging Architecture
	Presentation of QoL indicators
	Conclusions
	References


 
 
    
   HistoryItem_V1
   TrimAndShift
        
     Range: all pages
     Trim: fix size 8.500 x 11.000 inches / 215.9 x 279.4 mm
     Shift: move down by 23.83 points
     Normalise (advanced option): 'original'
      

        
     32
            
       D:20150401080949
       792.0000
       US Letter
       Blank
       612.0000
          

     Tall
     1
     0
     No
     795
     352
     Fixed
     Down
     23.8320
     0.0000
            
                
         Both
         6
         AllDoc
         6
              

       CurrentAVDoc
          

     Uniform
     0.0000
     Top
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2 2.0
     Quite Imposing Plus 2
     1
      

        
     1
     2
     1
     2
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: all pages
     Trim: fix size 8.500 x 11.000 inches / 215.9 x 279.4 mm
     Shift: move left by 7.20 points
     Normalise (advanced option): 'original'
      

        
     32
            
       D:20150401080949
       792.0000
       US Letter
       Blank
       612.0000
          

     Tall
     1
     0
     No
     795
     352
    
     Fixed
     Left
     7.2000
     0.0000
            
                
         Both
         6
         AllDoc
         6
              

       CurrentAVDoc
          

     Uniform
     0.0000
     Top
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2 2.0
     Quite Imposing Plus 2
     1
      

        
     1
     2
     1
     2
      

   1
  

 HistoryList_V1
 qi2base





