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Introduction
This report describes the work done in the context of the Designing with Complex Sensors course in
2016 within the Industrial Design masters program at TU/e. The aim of the course was to understand
and apply social rules as defined in the paper by Bellotti et. al. [1] to the design of a complex sensing
system. To do so, the goal was to make a proper use of available sensing technologies into a proposal
for a new product in a well-defined context - all through prototyping and testing with users in order to
address the key aspects of the design.
If we are to design products with which users can interact under the principles of social rules, some
kind of ambient intelligence needs to be present in those products. Ambient intelligence is based on
the concept of context awareness, i.e., it assumes that the systems that surround us have access to
information about identity, position, activity, etc. of the users that are present and of events that occur
within the environment. Ambient Intelligence hence requires the use of complex sensing systems that
are capable of capturing and making sense out of users’ actions. In this project, we used Leap Motion
as a state of the art example of complex sensors in the market.
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Concept
Why?
The context we chose for our work is the activity of storyboarding. We decided to work on it since it is
a very illustrative scenario in which collaboration between multiple individuals is usual. Collaboration
becomes easy and comfortable when all participants are in the same location, but difficulties emerge
when working remotely with people located in different places is needed - something that is essential
nowadays. In the light of this, we thought that providing a tool for storyboarders to collaborate regardless of the distance in between them would be likely to make an impact on their practice. More
to the point (and precisely because of that), it would help us explore the potential of current technologies that could contribute to remote collaboration, while learning the value and complexities of the
many aspects related to Human-Computer Interaction.
What?
That is why we designed a desktop tool to empower people to produce and discuss about collaborative storyboards over distance. A big challenge in doing so emerged: the tool had to incorporate digital
properties (i.e. shared displayed data, real-time interaction) while not losing the critical analogue properties of creativity-oriented tools that are normally used in storyboarding processes. The emphasis on
remote communication made it important for us to design a tool that builds around aspects such as
feedforward and feedback - taking into account both the human’s and system’s points of view.
How?
From a technical perspective, we used a leap motion, a projector, a webcam, a proximity sensor, and
a screen. In order to make an optimal use of all those resources, we made quantitative and qualitative
data collection in a way that we could make the best compromise we could between human needs
and technical constraints. From a design perspective, we based our work on research on social interaction by Bellotti et. al., as well as on our own user-centered design methods learnt at the University
of Southern Denmark.
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Design process
Overview
This section illustrates the design process we followed, including the major design decisions taken at
all stages and their justifications. Furthermore, it presents the methods we used in order to address
the obstacles we encountered during the development of the tool for augmented storyboarding both during the rather conceptual and the more prototyping-driven stages of the project.
As shown in Figure 1, the first task in this project was choosing a context. Even though the choice of
a specific application was not an important part of the assessment, we decided to use this project to
address a real issue of our concern. From then on, it would be more compelling to focus on a proper
design process by taking both parties -human and machine- into consideration. We settled with the
remote creative collaboration scenario since it was rich in space for exploration and knowledge acquisition.
Choosing a context

User research

Social interaction
principles

System performance

Prototyping

Final design

Figure 1 - Design process over time.

Phase 1: defining functionalities & user flow diagram
Once clear about the context and the issue to address, we identified the most relevant functionalities
that our tool had to present. We later organized them hierarchically in three levels of importance (as
illustrated in Figure 2):
• The green functionalities are the “easy-to-handle” (from the system perspective) and most important ones (from the user perspective). They would help us explore and understand the concept on a concrete level when testing the prototype.
• The yellow functionalities are the ones that “can be handled but with more difficulties” (from the
system perspective) but are still relevant (from the user perspective).
• The red functions are the ones that are “difficult to handle” (from the system perspective) and
difficult to prototype in the given time frame, and at the same time not key to the tool we were
designing. In other words, we considered them add-ons.
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Design process
Start
Aspect ratio
Browse and open project

Discuss

Discard

Duplicate
Scale
Add footnotes

Idle

Share

Digitalize

Reposition
Rotate

Store

Have/not have a frame

Position the frame

Bring back to drawing pad

Talk to other location
ÒCtrl + ZÓ
Draw

Stop

Save project

Proposals box
Figure 2 - Hierachy of key functionalities.

By establishing such hierarchy, we could shape our design process in a way that we could focus thoroughly on a rather affordable amount of functionalities - it helped us narrow down our goals and
therefore be more efficient in our process.
Those functionalities were later put together in the form of a user flow diagram (Figure 3). The user
flow diagram illustrates the potential user interactions during while working with the system. However, it does not fully cover the system’s point of view. We built the diagram on the basis of the green
functionalities, unfolding them into what interactions do they empower users to undertake. Interaction-wise, the diagram shows only what the user might do during each state.
RETURN

START

DRAW

CAPTURE

SHARE

DISCUSS

MOVE

CORRECT

STOP
Figure 3 - Initial user flow diagram.
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Design process
Phase 2: implementing the social interaction framework
In order to start addressing the system perspective as well, we later mapped out the user interactions
by reflecting on how users possibly would interact with the it. We analysed the essential functionalities
by going through the social interaction principles presented in the paper by by Bellotti et. al. [1]. The
social interaction principles in this context have a noticeable impact in interactive systems, especially
with complex sensors. Therefore, we took into account the five A’s rule, mentioned in the paper by
Bellotti et al. [1], as a source of direction towards designing a robust system. The five A’s are as following:
• Address: Directing communication to a system.
• Attention: Establishing that the system is attending.
• Action: Defining what is to be done with the system.
• Alignment: Monitoring system response.
• Accident: Avoiding or recovering from errors or misunderstandings.
In order to do so, we used the Mirrored Perception-Cognition-Action diagram to visualize all the communication aspects related to those interactions. Figure 4 shows an example of that work - the complete set of diagrams can be found on the Section 1 of the Annex.

Figure 4 - Example of a MPCA diagram.
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Design process
Design decisions based on social interaction principles:
• While drawing, the system should not do anything.
• We try to reinforce the haptic value of all interactions in order to increase the natural feedback
(i.e. touching the surface to drag instead of hovering a drawing).
• The camera and the leap motion will be up well above the user.
• We use regular A4 paper.

Phase 3: user research
After diving deep into the details underneath the interactions our tool had to allow for, we created a
rough low-tech prototype in order to get users to imagine how would they actually interact with it. By
acting out the interaction with the system, some potential users provided us qualitative data that we
could later on use to justify the average user’s preference. That process had a remarkable impact on
our design, providing us with great knowledge about the most intuitive interactions from the users’
point of view.
Following the user-centered design methods [2] learnt at the University of Southern Denmark, we
discuss the functionalities we envisioned for the system with users. At the same time, we asked them
to act out the interactions they found appropriate to perform the given functionalities. Setting up
scenarios for the user to act out was a great facilitator towards getting a better explanation on how
they would prefer to interact with the system. Additionally, it provided some context that wouldn’t be
present in conventional interviews - they are not as rich in qualitative data as the method we used.
The user research was documented by video, and later analysed by discussing the actions undertaken
by all participants. Through developing a table with all the findings, we were able to find correspondences between the user’s suggestions - we encountered many similarities in the way they intuitively
interacted with the prototype.
A video illustrating an example of a functionality most users approached in a similar manner can be
found on the following link: https://youtu.be/S6eulL5M9YQ
Figure 5 shows the table illustrating people’s actions for all functionalities examined. The three shades
of yellow indicate the degree of similarity on interactions they performed in a similar manner - the
darker the colour, the stronger the similarity. It is important here to note that we participated in the
user test as well.
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Design process

Figure 5 - Mapping out findings from user research.

Design decisions based on user research:
• Turn on and off automatically by approaching the table.
• Move drawing by dragging with 2+ fingers.
• Point at drawings to talk about them with 1+ finger.
• Correcting mistakes does not have intuitive, but users seem open to learn an arbitrary one if it is
simple.
• Highlight a frame when the other user acts on it.
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Design process
Phase 4: system performance analysis
With the users’ preferences addressed, the next step had to be exploring the system’s point of view including both its limitations and its potential for intuitive interaction. Once starting to test the Leap
Motion in a bottom-up position (hence above the surface), we realized that the SDK v2 wasn’t good
enough in tracking the hands. We therefore decided to use the SDK v3, which was only available for
PC and didn’t have a library for Processing at that time. That is why we concluded that our development would be using the SDK v3, JavaScript, and a Windows computer to run the code.
With this in mind, we conducted a series of quantitative data collection sessions, testing the Leap
Motion’s performance in different settings. That would allow us to design a suitable solution for the
system, all by making reasonable compromises between system and user. Since this is essential in
making robust products, we tried to be as thorough as possible at that stage.
The tests would be useful to elaborate on the system’s point of view, hence obtaining a realistic
overview of the system’s performance. Since the test was meant to illustrate the Leap Motion’s performance according to a series of different environment variables, quantitative data would visualize
where things could potentially go wrong, as well as how probable that would be. We performed two
tests, focusing on informing our choice on the surface material for the table and the position of the
Leap Motion in relation to the table. A complete report on the tests can be found on the Section 2 of
the Annex.

Design decisions based on the system performance tests:
• We are using SDK v3 and implementing it with JavaScript.
• We are using a black surface.
• The Leap Motion will be 50 cm above the surface.
• The Leap Motion work well with a small angle, so we can place it in a position that does not interfere with projection.
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Design process
First test: Surface material
Two alternatives of surface materials were compared: blank white paper against black matte cardboard. The aim of the test was to determine which of the surfaces had a smaller negative impact on
the performance of the Leap Motion.
Test methodology: Three test samples of 30 seconds each were taken for each material. The Leap
Motion was placed 60cm above the surface, centered in the XY axis. Intentional hand removals have
not been considered into the comparison. Figures 6 and 7 illustrate the results from a quantitative
analysis perspective.
Additional to those findings, some qualitative analysis considerations were observed:
•With the white surface, for the leap motion to start detecting the hand it had to be placed significantly above the surface.
•The significant decrease in % of absence shown in Figure 7 can be explained by fact that we
started lifting the hand above the surface to get the Leap Motion to recognize it.
Conclusions: The tests indicate that the black matte cardboard surface allows for a more robust hand
tracking performance.
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Figure 7 - Graph illustrating the percentage of time
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Design process
Second test: Sensor Z position
The performance of the Leap Motion was examined, placing it over the surface table in four different
distances (40, 50, 60 and 70cm). The aim of this test was to determine which was the furthest distance
from the sensor to the surface table that would still present a reasonably good detection performance.
Test methodology: This test was conducted to determine the optimal distance from the Leap Motion
sensor to the area where the hands need to be tracked. Four distances were tested: 40, 50, 60 and
70 cm. Three test samples of 30 seconds each were taken for each distance; one with no intentional
hand removals (IHR), one with one IHR, and one with two IHR. The Leap Motion was centered in the xy
axis. Intentional hand removals have not been considered into the comparison. Figure 8 illustrates the
results from a quantitative analysis perspective.
Additional to those findings, some qualitative analysis considerations were observed:
• Some IHR were not detected: even when out of the designated area, the Leap Motion still detected the hand. That is not a problem for us since we can limit the boundaries of the “active
area” with our code.
Conclusions: The test indicates that the Leap Motion is capable of tracking hands in a robust manner
when those are within 50 cm from it. Thus, we should not place the sensor higher that 50cm above
the working surface.
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Figure 8 - Graph illustrating the percentage of time with no detection.

Ferran Altarriba and Mirzel Avdić
Eindhoven University of Technology
November, 2016

12

DESIGNING WITH COMPLEX SENSORS

Augmenting storyboarding for remote collaboration

Design process
Phase 5: prototyping and testing
With solid information from both the system’s and the users’ needs and limitations, we were ready to
start developing a prototype that would allow us to dig deep into the details of the design. By prototyping the concept and testing it (both ourselves and with other people), we could uncover further
flaws in the design - prototypes always help understand the interaction with the system at a deeper
and more graspable level, which is useful in revising wrong assumptions and findings during the conceptual and user research phase.
Prototyping was a crucial step in our design process since it helped us discover tricky interactions that
remained hidden during the conceptual design phase. Moreover, the prototype allowed us to test the
interplay between the various interactions allowed by the system, and simultaneously confirm how
well the sensors performed at detecting those interactions.
The prototyping phase consisted of three tasks: 1) building physical infrastructure (including the supports for the sensors), 2) programming the functionalities, and 3) user testing.
The structure we built consisted of two parts: one for the Leap Motion (see Figure 9), and the other
for the camera (see Figure 10). Designing the stand for the Leap Motion only had a single important
aspect, which was to adjust the angle for the Leap Motion in order to to capture the optimal amount
of visual data in front of it in a way that it would optimally interpret the hands’ position and orientation. A digital version of the blueprints for both structural elements can be found on the Section 3 of
the Annex.

Figure 9 - Structure to hold the Leap Motion.

Figure 10 - Structure to hold the Camera.
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Design process
The camera stand was only applied after the prototype tests with a user were conducted. Since we
had difficulties managing to position the camera above the user for it to become efficient in capturing
high quality images, we decided to place it on a corner of the surface. Hence the revised position of
the camera, finally way closer to the surface (in the Z axis) and far away the user (on the Y axis). The
decision of moving the camera to a corner and really close to the surface implied that it would only
cover the small area below itself. That had an impact on the interaction - the system wouldn’t be able
to automatically capture a drawing, it would rather be the user who would have to manually place his
piece of paper below the camera. However, we agreed that such interaction was actually much better than the one presented by an automatic system - by using such an intuitive action as placing the
drawing on an area marked for capturing, the user would have a high control on when to capture his
drawings.
Parallel to the infrastructure, we also developed a working prototype - as mentioned in earlier
sub-sections of this report, we used JavaScript and the Leap Motion SDK v3. While obviously not being
as robust and efficient as a final product, the prototype performs all the functionalities determined as
part of the design. Specific interactions could be developed more robustly (i.e.: the dragging functionality), but this is rather a matter of a more robust code than an issue with the sensing capabilities of
the system. That is why, considering the short time we had for the development and the fact that this
project was rather focused on the design aspects, we decided not to spend a huge time improving the
robustness of the code.
A video demonstration of the working prototype can be found here: https://youtu.be/L8TSlq5dlLw
Finally, as mentioned earlier in this section, we had a user testing our prototype with the intention of
determining the hand positions while drawing. Additionally, we wanted to learn how the functionality
of capturing the image would play in a realistic scenario with a proper setup. A detailed description
of the test can be found on the Section 2 of the Annex. The test illustrated that the user would draw
most of the time on the center-left side of the surface, which led us to assume that the left side was
the optimal for the drawing area of our tool. Figure 11 illustrates the percentage of time the user’s
hand spent on each position of the surface, divided in 10 equally sized sections.
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Figure 11 - Percentage of time spent on each of the sections of the surface when drawing (average of 3 samples).

Ferran Altarriba and Mirzel Avdić
Eindhoven University of Technology
November, 2016

14

DESIGNING WITH COMPLEX SENSORS

Augmenting storyboarding for remote collaboration

Design process
Design decisions based on the prototype testing:
• One single hand (right hand) is easier for the system to handle.
• The white paper makes its surroundings hardly recognizable, so no tracking should happen
there.
• We therefore use a smaller paper (A5).
• Capturing as a physical action with an own space, with the camera placed right above the capture corner.
• Deleting frames is necessary.
• There should be a limit of frames in use.
• Feedback and feedforward! When capturing, when deleting, when hands are not detected, when
interacting with a frame.

Phase 6: refining the design
Once the prototype was ready, we run a presentation with the rest of the class in order to communicate our concept and do a final user test with the group. This time, we tried not to influence testers
with our advices - it was rather a test in the wild in order to figure out possible flaws in the design,
especially in terms of feedback and feedforward. Besides the dragging functionality not being robust
due to a rather little developed coding (as mentioned in the previous sub-section of this report), we
encountered some situations in which our design could do better in terms of communicating with
users.
Some of the issues had to do with the bin functionality. Firstly, most of them suggested that they
would like the chance to undo when they hypothetically deleted a drawing. That is why we decided to
implement a new functionality: by holding the hand above the bin, the user would be able to recuperate the last drawing deleted. In that way, users would be able to recover from unintentionally deleted
drawings - both due to a bad performance of the system and due to a bad choice by the user. We also
decided to include a feedforward message next to the bin icon informing users that there was a drawing to recuperate. Further user tests might illustrate wether that new functionality would be enough
to solve the issue, but due to time constraints we consider that they are out of the scope of this project.
Still related to the bin functionality, some users were questioning the decision of having it on the lower-right corner position of the surface - they thought the system might detect the dragging better on a
rather centered position. That is why we ran a system performance test in order to determine wether
the system would perform better if the bin was placed in a more centered position on the X axis. A
detailed description of the test can be found on the Section 2 of the Annex. The results indicated that
there were no significant differences in the performance of the sensor: having the bin on the current
position would actually make for a slightly better performance. That is why we decided to keep the bin
at the lower-right corner position of the surface.
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Design process
Further issues had to do with the awareness of being recognised by the system. Firstly, some users
found it hard to notice when the system would inform that they weren’t recognised (by showing a sign
on the top-right corner of the surface) - the message wasn’t present enough for them to notice, it was
too far away from their point of focus. That is why we decided to enhance the message by 1) turning
it from white red, and 2) changing the color of the whole surface frame to red when the user was not
recognised. In that way, users would easily realize that something was wrong when they weren’t being
recognised by the system. Furthermore, we realized that users didn’t know what to do in order to
make sure the system would be able to start recognising them again. In order to address that, we decided to include a feedforward message suggesting users to shake hands in the center of the surface.
As we mentioned related to the new bin functionalities, further user tests might illustrate wether that
new functionality would be enough to solve the issue, but due to time constraints we consider that
they are out of the scope of this project.
Additionally, users mentioned the possibility of having the chance to bring a drawing to the top when
it was overlapping with another drawing. Our initial prototype didn’t include that, so we decided to
implement it - a drawing would always come to the top when a user would select it.
Finally, users suggested that the system should highlight more strongly when a frame was successfully
being selected - that would give a better sense of feedback to useres. Even though we had already implemented that functionality, we decided to make it more visually evident in order to achieve a better
feedback and, therefore, a better communication between the system and the users.
Design decisions based on the final user tests:
• An “undo” functionality for the bin is needed.
• That functionality requires a feedforward message to inform users that there’s a drawing to
recuperate.
• Tests show that the bin is already placed in an optimal position (lower-right corner)
• Stronger feedback is required to inform the user that he is not being recognised. The message
on the right corner will turn red, the whole surface frame will do as well.
• That feedback needs to be complemented with a feedforward message indicating users that
they should wave their hands on the center of the surface in order to be recognised again.
• The drawing selected by a user needs to be above other drawings.
• The highlight of a drawing when it’s being used (pointed at/dragged) needs to be stronger for it
to provide noticeable feedback.
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Final design
The final design decisions made for the concept are illustrated in Figure 12. As highlighted, the two
most important states are ‘draw’ and ‘discuss’ which means that the system should listen, however
not necessarily do anything, since drawing and discussing can be done without the system taking any
action. A detailed description of the system under the principles of social interaction can be found on
the Section 3 of the Annex, including an overview of the MPCA framework for all of the functionalities
that the system presents.
A video demonstration of the final design can be found here: https://vimeo.com/190705466
The source code of the final prototype can be found here: https://goo.gl/rP1JBn
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Figure 12 - Final user flow diagram.
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Annex
The five sections of the annex can be found on four attached files: annex_section1.pdf, annex_section2.pdf, annex_section3.pdf, annex_section4.pdf, and annex_section5.pdf (reflections).
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