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Introduction

As part of the final project for this course, I used CRAIVE (Collaborative-Research
Augmented Immersive Virtual Environment Laboratory) space to create an interactive immersive visualizations based on human motion inside the space. As shown
in Figure 1, CRAIVE lab has a 360 degree screen equipped with 8 projectors along
with 6 overhead cameras used for tracking. The floor space enclosed within the
screen is rectangular with curved corners and has a length of approximately 12
meters and width of 10 meters. The screen is approximately 5 meters in height.

Figure 1: CRAIVE lab specs. Design by Jeff Peckerman, 2013
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The primary objective of this project is to create interfaces and visualizations
that showcases illustrations of an interactive immersive environment that can be
created using the technology available in the lab. In this regard, I have created
three different visualizations, each having different applications in the immersive
scenario. First one is a simple ”person follower”, which allows a person walking
inside the enclosed space to be followed by a simple object on the screen. This is
implemented mainly as part of the proof of concept of the overall system which
includes tracking, communication of tracking results and projection or visualization. Besides this, two other scenarios are considered. One of the ideas is ”smart
presentation”, where multimedia on the screen reacts by playing or pausing automatically to the spatial position of a subject walking around the space. This was
implemented in order to study the scope of making presentations based on simple
interactions in an immersive environment. For the third scenario, I implemented
a google map based interface which allows a user to interact with the big screen
using any device such as cell phones or tablet. Here, a user is able to click on any
points in google maps and based on the user input, and the spatiotemporal data
of the user in the space, it is able to automatically zoom, toggle to the street view
and move along a certain direction to provide for a truly immersive experience. A
snapshot of each of the scenarios after final implementation can be seen in Figure
2, 3 and 4.
The motivation behind this work is to develop instances where non-invasive
interaction can be used to create an immersive space. For instance, in all of the
implementations mentioned above, none of them involve having a user to wear
sensors or active interactions such as mouse click on the big screen. Just by
being within the space which understands where you are, it is able to produce
visualizations that can aid the user in multiple ways. For example, in case of
”smart presentation”, a user simply has to stand close to the multimedia and that
allows the room to understand that you are interested in the video and thus plays
it for you. Once you step away from the media, it automatically stops it. This lets
a user have control of the content and thus helps to create an interactive immersion
experience rather than just being exposed to a nice video or image being projected
onto the 360 screen at the CRAIVE lab, which might still be considered immersive
but the user has no control over it. So, the goal of this project is to experiment
with illustrations that fulfill the objective and motivation mentioned above in the
context of the CRAIVE lab.
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Figure 2: Snapshot of ”person following”Figure 3: Snapshot of ”smart multimeinterface. The circles on the screen followdia” interface. The videos on the screen
the person walking in the space. Basedplay/pause based on whether a user is
on the proximity of the person to thestanding close to the media or not.
screen, the corresponding circles change
their size.

Figure 4: Snapshot of google maps interface. The user is moving inside the space
and the streetview is also moving accordingly.
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Related Work

Large display technologies have a lot of interesting applications such as presenting
high resolution imagery of geospatial data, scientific visualization, control centers
and others [1]. In cases, where these large displays enclose a space to create an im-
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mersive environment, it is not viable for users to interact with the interface using
traditional communication tools like the mouse or a keyboard. The scale of the
environment makes it very complicated to carry out even basic task such as clicking on a certain part of the screen very difficult. In addition, even if visualizations,
imagery or multimedia can be efficiently presented onto the large screen, exploring them without using invasive technologies such as wearable sensors is rather
difficult. Work on this project is centered around creating interactive interfaces in
the CRAIVE lab by effectively and automatically using the spatial and temporal
positions of the user. A similar research supporting natural interaction in a large
screen display environment was done by Zabulis et. al. [2].
Bradel et. al.[3] study how multiple users can collaborate and interact using
large high resolution displays. The displays in this work relate to setting up a large
display for text analysis and others and do not offer an immersive environment.
However, it is useful to understand how large displays affects collaboration and
this can be translated to our work as well. Study on user experiences based on
virtual reality and immersive environments was presented by max M. North and
Sarah North [4], where empirical studies were carried out to find factors that affect
the sense of presence and immersion in virtual or immersive environments. One
of the major contribution of this study is the conclusion that having immersive
systems provides a user with a heightened sense of presence. This was one of the
motivation for the work presented in this writeup; to create interfaces that aid
towards creating meaningful virtual reality experiences.
Ardito et. al. 5 present a survey in relation to interaction with large displays.
However, the test bed for the survey conducted in this paper are related to simple
large screen displays rather than the one presented in this writeup. Regardless,
some of the interaction techniques and state of the art presented in the paper can
be used to used as part of future work for the interfaces presented here.
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Visualization Design and User Study

As per my interest in exploring visualization and interaction in large human scale
environments, my original idea was to explore the technologies available at the
CRAIVE lab to produce interactive visualization interfaces that provide a sense
of immersion to users. With this in mind, I designed three use cases; Person Following, Smart Multimedia and Google Maps Interface. All ideas were based on
creating human scale interactive visualizations in the context of CRAIVE lab.
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3.1

Person Following

As shown in figure 2, the idea was to provide a visual cue to the user who is walking inside the space. What this visual cue would be and how to present it were
the two primary questions that were intiailly explored. In this regard, I created
a simple visualization consisting of lines that appear on four sides of the screen
that follow the user inside the space based on the (x,y) coordinate returned by
the tracking algorithm. With this initial idea, it was easy to see the lines moving
in accordance to the movement of the user. However, all four lines were the same
and thus didn’t provide any cue as to which screen was the user closest to. So,
I changed the visualization artifacts from lines to circles with variable size where
the size of the circle appearing on a certain screen is proportional to the proximity
of the user to that screen. A visual illustration is presented later in 9.
In order to validate, I performed a simple user study on three users 1 . None of
the users belong to the class. The following questions were asked;
• Which visualization among the lines or circles with variable sizes provides a
better visual cue to show that you are being tracked in the space?
• Would you prefer just one object across the screen instead of the four that
currently exist?
For the first question, all users preferred circles with variable sizes. For the
second, two users recommended using a single object instead of four. However,
using varying circles instead of lines forced them to reevaluate that decision. So,
for the context of this project, I stuck with circles for the first part and four objects,
one on each side of the screen for the second part.

3.2

Smart Multimedia

This design was an extension to the ”person following” idea to provide an illustration on how the existing technology could be used. Since we know the tracking
coordinates and their corresponding mapping to screen coordinates as discussed in
the technical implementation section later, I designed a multimedia system which
is controlled based on the spatial information of the user. The idea is to have 2 to 3
videos on the screen. Each video plays only when the user is in spaces whose coordinate map to the screen coordinates at which the video is placed. This allows the
user to move around the space while controlling the content on the screen without
making any active conventional interactions such as mouse clicks. An illustration
of this idea is shown in figures 2 and 10.
1

Aritra Bose, Chowdhary Siddique and Srikrishna karanam
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Since the scope of this project doesn’t allow for any gesture recognition , I
strongly feel that this is a major area on which efforts can be made to improve
the user experience and make it even more intuitive and rewarding. This was also
one of the major recommendations that I received from the users. In addition to
that, another recommended improvement was to control the multimedia elements
in the screen using voice controls. This would also significantly improve the user
experience as it would provide more tools to the user to control this immersive
space.

3.3

Google Maps Interface

In order to provide an immersive user controlled interactive environment, I wanted
to use both the spatial and temporal data that can be collected using the tracking
algorithm. Initially I wanted a user to select an interest point in the map that is
shown in the screen as shown in figures 4 and 11 based on the spatial information
collected from the tracking algorithm. However, based on the input from the users,
it was increasingly difficult to move around the space to select a certain interest
point in the map. The scale of the map can be changed so, it makes mapping
the floor coordinates to map coordinates increasingly difficult. For example, if
the zoom for the map is set to 1, which means the map on the big screen is the
entire map of the world, then in this case, if a user wants to choose RPI location
as an interest point, it becomes nearly impossible to do it. So, in order to solve
this problem without having the user to click on the big screen itself, new overall
design including mobile devices was conceived.
With this design, a user is able to select an interest point by simply loading the
html client that connects to the nodejs server running in the tracking computer.
This html page allows the user to select any interest point on google maps and
that information gets translated onto the big screen. Technical implementation
of this is discussed in the section below. Here, after choosing the interest point,
based on the temporal data i.e if the user continues to stand in the same place for
a certain time, the map on the screen automatically zooms to the interest point
and eventually toggles to streetview. After this, if the user starts to move, then
the street view also starts moving along the closest street. Due to the scale of the
360 screen and the user being located inside the enclosed space, this street view
provides a sense of virtual reality and immersion to the extent that, it is a close
experience to being in the same place physically or at least that was the goal of
this design.
The visualization within this scope can be developed much further to include
things such as directions from one point to another or virtual tours. For example,
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a user could select two interest points A, B and the space could be used to provide
a very close representation of how the driving scenery would look like from A to B.
With better rendering techniques, this could be improved to create an experience
that is very close to reality.

4

Technical Implementation

The technical problem can be broken down in three parts; Tracking, Communicating tracking results to Projector and Visualization, all of which are discussed
in further details below. A simple design of the overall architecture can be seen in
figure 5

Figure 5: The cameras provide a live feed to the tracking code. The tracking code
returns (x,y) coordinates, which in addition to binary trigger events or flags are
sent to Nodejs server using WSClient. Nodejs can communicate back and forth
with the projector computer as well as any other html client such as mobile devices.

4.1

Tracking

As part of the research at the CRAIVE lab, this is already in place. The tracking
algorithm can track upto seven people walking around the space quite well but the
algorithm is not as robust as I would like it to be.
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4.2

Communication

The tracking and projector computer are not the same. So, in order to provide
a real time interaction, communication is vital so that interactivity can be as
seamless as possible. I used websockets and Nodejs to communicate and transfer
relevant data between the computers. The Nodejs server is hosted in the tracking
computer. The tracked results are processed per need and sent to the client,
which in this case is the projector computer running the javascript code to carry
out visualizations.

4.3

Visualization

Visualization for this project can be broken down into 4 parts. The first part
is calibration and the other 3 are the different interfaces or use cases; Person
following, Interactive multimedia and Interactive Google Map interface.
4.3.1

Calibration:

As per my objective to use spatial and temporal motion of an user in the space
to drive the interactive visualization on the screen, a correct mapping of floor
coordinates to the screen coordinates is required. Mapping is done so that the
visual cues on the screen that aid the user in showing where he is on the floor vs
where that points to on the screen is intuitive and correct. For example, if the
user is standing in the middle of the space, the correct map on the screen should
be the middle of the screen as well. For this calibration is needed as the first
step. This is not a simple linear map as the screen is curved around the corners.
Additionally, projectors that are side by side overlap a lot on the screen space.
CRAIVE lab handles this overlap using a software called ”PixelWarp” but this in
effect creates artifacts where most of the objects on the screen appear squished
then they would normally appear. Due to these different variables, I used a simple
visualization by drawing lines on the screen and stood next to it to get the ground
truth relationship of where coordinates on the floor map to the screen.
As shown in figure 6, floor space is covered by 6 overhead cameras and the final mosaic from where the tracking coordinates are obtained form an image of size
1080x960 pixels i.e X coordinates range from 0 to 960 whereas the Y coordinates
range from 0 to 1080. Now, the X and Y coordinates returned by the tracking
algorithm have to be mapped to the screen pixel coordinates. Please note that the
numbering on the screen shown in the image above is only for illustration. In the
actual space, all four sides of the screen act as a single one with 1200 pixels high
and 14500 Pixels wide.
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Figure 6: CRAIVE lab space. Each screen is approximately 5m tall and the floor
space is approximately 12m X 10m. The floor X and Y coordinates shown in the
figures are the coordinates returned by the tracking algorithm. (0,0) coordinate
returned by the tracking algorithm is at the upper left corner and increase as
indicated by the arrows.

Movement of a person in x-coordinate direction has to be mapped to Screen 1
and Screen 3 whereas movement in y-coordinate direction to screen 3 and screen
4. First, I drew lines on the screen at 200 pixels intervals in a clockwise direction.
So, I have around 72 lines spread around the screen. This serves as the ground
truth of the pixel positions on the screen. Due to the overlap between the projectors, as well as the curves on the corners, the pixel position distribution is not
linear and this is the reason to establish the ground truth as the first step. An
illustration is presented in 7. After establishing the pixel positions on the screen,
I run the tracking algorithm and stand in front of each line to determine exactly
what coordinates returned by the algorithm map to these lines pixel position. As
an illustration, lets say I am standing in the exact middle of the space such that I
have the (x,y) coordinate reported by the tracking algorithm as (480,540). Also,
in this particular position, lets say that that the corresponding pixel positions in
screen 1, 2, 3 and 4 are 800, 3800, 8000, 12000 respectively. With this information
we can infer that when x = 480, corresponding pixel positions for screen 1 and 3
9

Figure 7: Non-linear distribution of pixels due to projector overlap and curved
surface. As you can see in the figure, the interval between the line at pixel position
800 and 1000 vs 1200 and 2000 is roughly the same and some pixels position have
just disappeared in the overlap.
are 800 and 8000. And similarly, for screen 2 and 4, it would be 3800 and 12000.
Based on this, I created a mapping for each screen which is presented in figure 8.
Now, using the model for all four screens as shown in figure 8, we can easily
map the coordinates returned by the tracking algorithm to corresponding screen
pixel coordinates by using a simple interpolation method. Looking at the graph
above, we can see that relationships between floor coordinates to each screen is
generally linear. However, considering the large space and how things get scaled,
using a simple linear model, brings about errors that get magnified and makes the
experience not very pleasant.

4.3.2

Person Following

An illustration of this visualization is shown in Figure 2. For this implementation, I
used the live tracking coordinates. The tracking algorithm running in the CRAIVE
lab returns the (x,y) coordinates of person 0. This is sent to the Nodejs server using a matlab client written by Michal Kvasnica (michal.kvasnica@stuba.sk). The
tracking code is based on C#, but due to various dependency issues, I was not
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Figure 8: Floor coordinates vs pixel coordinates for 4 screens in the CRAIVE space.
Top left: x coordinates vs screen 1 pixel coordinates. Top right: y coordinates vs
screen 2 pixel coordinates. Bottom left: x coordinates vs screen 3 pixel coordinates.
Bottom right: y coordinates vs screen 4 pixel coordinates.
able to directly send the tracking coordinates from the C# code to the Nodejs
server. So, the tracking algorithm writes to a common .txt file from where the
matlab client reads the coordinates, maps it to screen coordinates and sends it to
the Nodejs server.
The server code is setup to send the received message to the projector computer
where the visualizations are projected onto the screen. The javascript code on the
projector computer receives the screen coordinates and projects blobs at each of
the sides of the screen based on the mapping function discussed in the calibration
section. For each coordinate, a circle appears at 90 degrees onto all the sides. An
illustration is shown in figure 9.
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Figure 9: Illustration of circles that are drawn at 90 degrees of where the person
is in the space. A overhead camera view of the space is shown with a person in
the left side. Four circles on each of the sides of the screen are drawn. Also, the
screen to which the person is closest has the largest circle.
As shown in figure 9, in order give the user a correct visual cue of how the
room is reading his/her position, the size of the circles in each of the screen is
proportional to the proximity of the user. The closer the user is to a certain
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screen, the circle grows bigger and vice versa.
4.3.3

Smart Multimedia

For this use case, the implementation is an extension to the ”person following”
scenario. In this case, I could not use the live tracking data as when the multimedia
is playing on the screen, the illumination in the floor changes significantly and the
tracking algorithm which is based on background subtraction fails. So, I created
synthetic data of a person moving about in the space. In this scenario, there
are three videos lined up horizontally in the screen as shown in figure 10. Now,
once the (x,y) coordinate of the person is known, the mapping function from the
calibration section is used to find the corresponding screen coordinates. If these
screen coordinates lie within the coordinates of a certain video on the screen then
that particular video is played while the other two are stopped. This allows the
person to move around the space and only have the content close to him/her play.

Figure 10: Snapshot of a user moving away from the video 1 (on the left), to video
2 (on the right). In this case, video 1 pauses while video 2 starts to play.
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4.3.4

Interactive Map Interface

As mentioned in the user study earlier, this idea stemmed from recommendations
on how interactivity and immersion could be showcased effectively. Similar to the
earlier section, I used synthetic data for this as well due to the same problems
stemming from illumination changes to the tracking algorithm.
In this setup, the html file containing the javascript code runs on all the clients
be it a cell phone or a computer. The same html file is running in the projector
computer as well. Once the user enters the space and uses a cell phone to load
the html page, it connects to the Nodejs server running in the tracking computer.
Now, the user can click anywhere in the map using a phone. This results in
automatically creating a marker on the google map on the big screen and the
user is able to see it in his/her cell phone as well. This is implemented using the
google maps API. Now, once the user creates a marker, the latitude and longitude
position of the marker are sent to the Nodejs server using the websocket client,
which communicates these locations to the projector computer. The html file
running in the projector receives the latitude and longitude coordinates created
by the user in the mobile device and based on this information creates a marker at
the same place in the map on the big screen. This allows the user to immediately
view the created marker on both screens; mobile and CRAIVE screen. This is
basically the initialization for this visualization where the user is able to choose
a interest point and see it appear in the screen. An illustraction of this setup in
shown in figure 11
Now, once the interest point has been decided, temporal data of the user is
considered to process or present further visualizations. The initial map view on
the big screen is zoomed out but if the user continues to stand at a certain position for a long time, for example more than 5 seconds, then the tracking computer
sends a trigger to the Nodejs server which is basically a binary flag to carry out the
next step. The Nodejs server communicates this information to the projector computer. The accompanying visualization once a positive flag is received to indicate
that the user hasn’t moved for a certain time is that the map automatically zooms
towards the interest point. Again, the code for all these in the projector computer
is primarily based on the google maps API, which allows for zoom controls. After
it zooms in, it now toggles to the street view, if it is available at the interest point
chosen by the user. The result after toggling to street view is what gives a truly
immersive experience as it almost gives a sense of being in that exact place. Figure
4 shows an illustration of this.
During this time, the tracking computer is continuously evaluating whether
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Figure 11: User has selected a interest point which is automatically communicated
to other clients including the screen in CRAIVE.
the person has moved from the original position. If there is a movement, then it
sends another trigger to the server which communicates that information to the
projector computer. Since, we are already in the street view mode, this new information is used to create a virtual sense of movement in the street view of google
maps. This is done by moving along the closest street to the interest point. The
motivation behind this is to give a sense of virtual walk along the streets around
the interest point. This is implemented using a library made available by Achal
Aggarwal (aggarwal.achal@gmail.com http://ach.al).
The major challenge in terms of implementation and technology for this part
was the rendering of google maps street view when moving forward along the
street. I wanted a smooth transition to provide for an experience closer to reality
but due to rendering issues, the movement is abrupt.
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5

Conclusion and Future Work

Overall, this project provides illustrations and ideas on creating human scale interactive visualizations. On the context of the CRAIVE lab, which offers very unique
technologies, all the visualizations discussed in this project can be expanded much
further to create truly immersive interfaces. In this project, lot of visualizations
were driven using synthetic data or triggers, but improving the tracking algorithm
or making it more robust can eliminate this problem altogether and lead to having
a truly interactive setup. In addition, adding technologies that can understand
natural human gestures along with voice control would provide more control to
the users and also help in expanding on visualizations that are possible within the
space.
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