








Fig. 1: Basic Program Structure

Fig. 2: Application Flow

they will also be able to view data recorded from these sensors.
By further selecting the Multi-Circular Day View [4d] the
clinician can compare data across several days. While seeing
this view the clinician may be able to find events such as
bed times as well as general patterns in the patient’s weekly
schedule.

With the ability to set alerts, the clinician can also find
patterns based on predetermined points of interest. For ex-
ample, the clinician may want to see when a patients heart
rate is over 180 bpm. Through setting alerts, general patterns
can be discovered on different time intervals. Furthermore, by
examining each hour the clinician may note the exact point in
time of the event, in this case a heart rate elevated beyond 180
bpm. This can be useful when a clinician needs to analyze the
data leading up and following a point of interest in the data.

III. RESULTS AND DISCUSSION

A. Choices and Reasoning

The combination of both web and an native app granted
the full capability of smart device’s on-board sensors such as
gyroscopes and magnetometers communicating through wire-
less connection systems such as Bluetooth, while minimizing
common functions in graphing used in the display. Since the
web portion can be accessed independently, it means any
device which has web browser support is already minimally
supported. This allows users of the application to find the same

Fig. 3: Clincian and Patient Use Case

familiar interface available no matter where the application is
accessed. Furthermore it minimizes development needed for
supporting new platforms.

The application includes 3 primary levels of resolution. Data
can be considered over months (long term), days (short term),
and hours. The general flow of the program points in order
of higher resolution Data across months is most easily seen
in the initial Continuous Month [4a]. When the user goes
to the next view they can then see data in detail across a
single day or neighboring days through the Continuous Day
[4b] or the Multi-Circular Day [4d]. These two views allow
data comparison between multiple days or hours in a single
setting. The last level of the resolution is the Circular Day,
where the user can focus on hourly data for a single day,
including detailed hourly summaries [4c]. Although these two
views span time at a similar resolution, they do so while
displaying data in a different manner. In the Continuous Day
View, only one day is visible at a time, with the ability to easily
access others by scrolling the web page. Data is concurrently
displayed for each hour, showing how multiple dimensions of
the data vary with time. The Multi-Circular Day View displays
multiple days in a single screen with each day represented with
24 slices of a circle visible for each day through a color pallet.
The concurrent use of both views allows the Continuous Day
View to handle the comparison of multiple data sets while
having the Multi-Circular Day View handle the comparison
of a single data set at a time. Incorporating multiple sets of
data in the Multi-Circular Day view would likely pollute the
interface and cause confusion to the user, taking away from
the simplicity of the design.

The alert system adds another factor to aid in visualization
and understanding. Typically threshold based alert systems
exist but are typically used in a stand-alone manner without
significant visualization. Such methods do not simply show the
user recurrence patterns in the data. Within the application,
alerts are used to map out regions of data on the various
resolutions present in each display. By having the alert system
select regions at which a certain threshold of interest is
achieved, the user may spot patterns and behaviors present
in the data with greater ease. This alert system can notify the
user about time periods of interest from weekly down to hourly
intervals so that patterns in the data can be discovered across
various resolutions.
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Fig. 4: Graphing and visualizing example data. Showing features of visualizations in Android app implementation.

IV. CONCLUSION AND FUTURE WORK

Data visualization with integration into an IoT environment
should allow real-time data to be better utilized by clinicians
through visual inspection. With the proposed system clinicians
may be better able to manage vast quantities of data generated
from numerous patients. Most importantly, patient health can
be strictly monitored while optimizing the clinicians time.

In the future several more features could be added to further
aid usage and deployment of the application. Firstly, visualiza-
tion is the primary objective in the near term, with additional
views such as and improved polar area and sunburst diagrams.
Data management is also an important aspect requiring further
development. Storage solutions can be put into place which
manage both real-time incoming data as well as long term
archived data. A possible solution to such a problem includes
taking the continuous received data and averaging it over the
course of different time intervals such as hours, months, and
weeks. This is similar to how the application manages data
as it is input currently and would allow seamless transition to
this type of database.

For further work and validation, the application could be
used with sensors in real time to see its use and performance
in a real-life setting to determine its effectiveness in various
situations. Furthermore, clinical trials could be done with this
application to see its performance in a real scenario, which
is planned to be done in the future. During this period the
clinicians would be able to record feedback based on their
experience while using the application.
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