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Short description of the App

The 3D-rone App is a drone web application being developed by six CS4760 class
undergraduate students and evaluated by two CS5760 class graduate students, in Team 1 at
Michigan Technological University (MTU). The idea of 3D-rone App came from scientist Dr.
Ricardo Eiris Pereira, Ph.D., an Assistant Professor in Construction Management at MTU.

A safe drone flight operation detects obstacles and prevents drone accidents in the environment
where a drone flies. Drones are built with capability to use satellite constellations such as GPS,
which enables autonomous drone navigation and provides spatial and temporal data for easy
drone tracking. For example, when a drone is guided by a user on the ground outside, it can be
tracked using this satellite-based geographic information. This aids in collision prevention and
correctly steer the drone to the exact target location. The trajectories of the drone must not
compromise the safety of the drone and the environment.

It can be understood that the Drone Pilots make a series of quick decisions when flying drones
to prevent accidents and achieve the flight goal. Moreover, the interior of large buildings
presents a heavy hazard for drone flights, not only due to the physical structure of the building
such as room corners, roof trusses, columns and ceiling lights; but also, to individuals using the
building.  However, indoor drone flights remove the option of using GPS and require expertise
of the user to safely fly drones in such a non-autonomous navigational environment. During
large building inspections, drone pilots must decide precise safe routes to reach to all critical
areas and collect required inspection data safely. That is why in building inspection, intensive
training is needed for novice pilots to understand how to fly drones safely. Drone users need a
system allowing a clear visual representation of how to safely perform flight operations and
interpret collected spatial and temporal data information for interior building inspections. A 3D
VR environment will be used to demonstrate the approach that experts use to novice when
inspecting large buildings using drones. .

The 3D-rone App is an interactive three-dimensional web-based application that enables 3D
visualization of indoor drone flight operations for large building inspections. This application
will be useful in demonstrating the decision-making approach used when piloting drones while
inspecting large buildings in a Virtual Reality (VR) simulated environment. This demonstration
will help in training the primary users of the 3D-rone application, novice pilots, on a safe and
successful method of indoor and non-autonomous drone navigation techniques used by expert
drone pilots. Moreover, the App will help to explain to the secondary users of the app, building
inspectors and construction managers, drone data path information such as accurate height and
distance for drone data analysis.



Identification of the UI domain and short description

UI Domain is a 3D non-autonomous drone flight visualization web-App.

The 3D-rone App will be primarily used by expert drone pilots to train novice pilots in
navigating 3D simulated indoor environments for interior building inspection training purposes.

Heuristic usability principles specific to the UI domain

The following 12 usability principles identified in this heuristic evaluation of the 3D-rone App
were guided by the findings from Mankoff et al., (2003). Information about the designed
3D-rone App can be found at Team 1 Developer website.

Sufficient information design

The 3D-rone App will be evaluated to ensure that the information provided is not cluttered but
adequate to guide both novice and expert drone pilots in replicating visualized drone
trajectories.

Consistent and intuitive mapping

The 3D-rone App will be evaluated to ensure it provides users with an intuitive approach in
understanding the displayed information and that it does not demand high cognitive load.

Match between system and real world

The 3D-rone App will be evaluated to assess if the provided experience gives users enough
knowledge to replicate drone inspections in the real world.

App state visibility

The 3D-rone App will be evaluated to ensure it enables users to easily perceive specific drone
transition routes from its departure to its arrival.

Aesthetic and pleasing design

The appearance of the 3D-rone App will be assessed to ensure it is aesthetic and pleasing to the
viewers.

Useful and relevant information

The importance of each displayed information at every sidebar will be assessed to ensure that
the 3D-rone App provides useful and relevant information to users.

Visibility of system status

http://www.csl.mtu.edu/classes/cs4760/www/projects/s22/group1/www/


The 3D-rone App will be evaluated to ensure it provides feedback to users to inform them what
is happening while they are using the system.

User control and freedom

The 3D-rone App will be evaluated to ensure it enables users to control and freely navigate the
system such as having options to undo and redo, skip a step, emergency exit, and save their
work to resume later.

Easy transition to more in-depth information

The 3D-rone App will be evaluated to check whether data information displayed allows users to
easily and quickly upload or analyze data at each level.

The “Peripherality” of display

The 3D-rone App will be assessed to ensure the displayed information is discreet, and draws
attention only to features of interest in a timely manner, to allow users to easily visualize the
display.

Error prevention

The 3D-rone app will be assessed to check if it provides messages that prevent errors from
occurring and provide users with smooth experience.

Flexibility and efficiency of use

The 3D-rone App will be assessed to ensure it is suitable for novice and expert users; and it
should provide various approaches for users to navigate the App.

Potential Usability Problems

Overall, the 3D-rone App is well developed and users are able to navigate the system and
visualize drone flights in simulated 3D-environment. However, to improve the user experience,
the following potential usability problems were identified:

1. Sufficient information design potential usability problem

The system does not provide enough information to users as they use the app. For example, the
Align Scene view asks users a question “Does this scene look aligned?” and the Pop up option
to respond to this question is “Okay”. This does not respect the principle of providing sufficient
information. I understand that the scene views expanded accordion provide users with options to
translate and rotate the scene, what if the user is not sure?



Also, the spatial coordinate arrow is only color coded “Green, Blue, and Red” and does indicate
which coordinate is X, Y, or Z. This violates the principle of providing sufficient information.

2. Consistent and intuitive mapping potential usability problem

Overall the system provides minimal and consistent information which is good, but I identified
a couple of potential mapping problems that would be encountered by the user while using the
3D-rone App.

The App uses “X” in the checkbox to indicate visible path but this can be misleading as it
demands additional cognitive load as users try to figure out what that means. This violates the
principle of consistent and intuitive mapping.

The color coding used in the App can be misleading. For instance, as mentioned in potential
usability problem 1,  the “spatial coordinate arrow” is color coded “Green, Blue, and Red”. The
“Point of Interests” are indicated by the “red” color in the viewer. “Path 1” is color coded “red”
and “Path 5” is “yellow” in the “Toggle Path”. A highlighted path turns “yellow” in the
“Viewer”. This violates the consistency and intuitive mapping principle.

3. Visibility of system status potential usability problem

The 3D-rone App does not provide feedback messages to users to inform them what is
happening while they are using the system. For example, when a user clicks on the visible or
not visible “checkbox”” in the “Viewer” they do not receive any feedback to inform them that
they have made a path visible or not visible. This violates the principle of visibility of status.

4. User control and freedom potential usability problem

The 3D-rone App offers options like Reset View, Stop, Pause, and Scrub the scene which is
good, but the system does not indicate clearly if users can save their progress, close the App and
resume the visualization from where they left without having to start from scratch. The lack of
save and exit, save and continue options violates the principle of user control and freedom.

5. Error prevention

The 3D-rone app does not provide messages that prevent errors from occurring. For example,
when a user hovers their mouse over a path in the viewer, they can make a mistake of
unchecking the visibility checkbox and the system does not display any message to ask users to
confirm if they are sure they want to make that Path Visible. This violates the principle of error
prevention.

Critical Usability Concerns

Only one critical usability concern was identified and that is the sufficient information design
potential problem. Align scene view misses more detailed information to guide users to respond



to the pop up question “Does the scene look aligned”. No other critical usability concern was
identified.

Critical Usability Concern Scenario

Jack is a novice pilot but he is not familiar with drone data. Jack’s supervisor uploaded the flight
data in the 3D-rone App and asked Jack to visualize path 1, 2, and 3 taken in the VR simulated
sports arena inspection, to ensure Jack is ready to accurately replicate the operation when he
sent him to inspect the Arena using a drone. Jack is excited when he opens the App, he sees
uploaded documents and selects Default. Then, at the next stage he saw a pop up question
asking “ does the scene look aligned”. Jack is confused and he is not sure of what an aligned
scene looks like. After a moment of conducting a visual search on the displayed information,
Jack noticed that the Align Scene accordion provides the Expand option with Position Offset
and Rotation Offset bars. Jack hovers the mouse over and as he clicks on each offset, he realizes
the building keeps rotating and translating, but he does not understand what is going on and
where to stop. He looked at the displayed information for Help Options or Tutorials in the
3D-rone App but he could not find any. He just decided to hit the “okay” button next to the
question. Jack was not able to align the scene and the space was not matching with the data
points. He got stuck and spent 30 minutes trying to figure out what to do. Jack got frustrated and
he decided to close the system and wait for his supervisor the next day to demonstrate to him
how to align the scene.

Feedback

Overall, the sequence of actions and displayed information per component when using the
3D-rone App are adequate to guide App users intuitively. The identified critical usability
concern can be overcome by intuition, although it might nor always be the case especially for
novice users. Apart from that, I like the system aesthetic and the way data displays. The upload
view allows novice users to use uploaded data by clicking on the “Default” option. The Analyze
view provides a well-structured collapsed view with five options Viewer, Drone Data, Toggle
Paths, Align Scene, and Mouse Data. I expect most users to be able to guide themlseves in
visualizing and analyzing paths, but as mentioned the system can be improved to provide better
user experience. Below I have provided a list of suggestions to solve the identified five potential
usability problems:

1. To respect the sufficient information design principle, I would suggest adding more
options such as allowing users to respond by clicking on “yes, no, or not sure” at the
Align Scene View. If yes, the user can be given the option to “click okay” to proceed to
the next stage. If not, the features to realign the scene, such rotation and/or translation,
can be obtrusively displayed to provide a stimulus to the user that they can pay attention
to these features to align the scene. Then, after the user aligns them, they can click to the
Okay button, then the same question can pop-up for the user to confirm if the scene
looks aligned. Similarly, when the user clicks on “not sure”, a window displaying an
aligned scene can be shown to demonstrate what an aligned scene looks like and guide
their response. At this stage, the user can be given an option to go either back to the



previous page or go to the “tutorial page” to learn more if necessary. When the user is
certain they know how to detect if the scene aligns or not they can click okay and
directly go back to the Align scene view where the same question can pop up again to
ask them if they find the scene aligned before the user proceeds to the next stage.

2. To respect the consistent and intuitive mapping principle, my suggestion is that colors
can be selected carefully and repetitive functions such as Points of Interests can be
assigned their own colors and these colors should remain the same and not be used
elsewhere. This will reduce the confusion and communicate the intended purpose
deliberately.

Moreover, when indicating the path visibility Checkbox instead of using X to make a
path visible, I would suggest using a different cue. For example, Users can fill the
checkbox with letters such as Y or N, for visible or not visible respectively.
Alternatively, adding  different luminosity to visible and invisible paths may clearly
indicate the visibility status of each path. The point here is to avoid using X or any other
confusing symbol.

3. To fulfill the visibility of system status principle at the Toggle Paths when indicating the
path visibility I would suggest adding feedback messages as the user navigates the
system. For example, when a user clicks on the visible or not visible “checkbox” in the
“Viewer” they should receive a feedback message informing them that Path 1 is visible
or Path 1 just turned invisible. The purpose here is just to inform the user that they have
made a path visible or not visible.

4. The time and repetition rate required for a novice user to navigate the system to reach a
safe flight replication level is non-specific. Some users may take long while others may
get it really quick. To provide more control and freedom to the user, additional tools
such as undo and redo, save and exit, or save and continue. See potential usability
problem 4 to understand for more detail.

5. To respect the error prevention principle, I would suggest, for example, when a user
hovers their mouse over a path in the Toggle Paths, a message should be displayed
asking users to confirm with yes or no whether they want to make a path visible or not.
This will prevent accidental clicks that will make paths invisible, especially when
novices are trying to learn how to use the App.
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