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Introduction 
Bradley University is bringing forth an adept interdisciplinary team whose members study in some of 
the Midwest's most innovative technology departments. Together, we seek to optimally utilize the 
most cutting-edge, contemporary, and emerging technologies. Through our Interactive Media, 
Engineering, and Computer Science departments' collaboration and resource, we look to create an 
augmented experience that guides the user through space, missions, and procedures. 

Our University already has quite a bit of experience incorporating mobile devices and common 
platforms within aerospace environments. We are actively, or have previously worked with NASA on 
the following projects: 

● 3D-Printed Habitat Challenge
● “LUMPI’s Space Adventure” Web Game (NASA USIP SFRO Grant)
● MOCSat: Cube Satellite Tracking Mobile App (NASA USIP SFRO Grant)
● NASA SUITS 2018 and 2019 Challenges

In addition, we are a Microsoft HoloLens Certified Developer thanks to the two first generation 
HoloLenses that we purchased through a NASA USIP Grant. 

Technical 
Abstract 
The Bradley University team has begun iterating on our previous build based on our past versions' 
feedback and the new additions that this year's challenge brings. Our primary focus is to implement 
the navigation and science gathering functions into our build, while maintaining the ease and 
efficiency of our experience. 

Our build will keep the design fundamentals of times past but with vast iterative improvements from 
previous years. We hope to receive a Halolens 2 from Microsoft and NASA to implement a gaze 
feature and functionality. Additionally, we will continue to have our build acquire procedures and data 
from a dedicated web server, and our vision is for the user to interact with our interface through voice 
commands and/or eye-gaze, allowing their hands to be free during the experience. We plan to 
incorporate these philosophies into the navigation and science sampling solutions. 
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Navigation 
We will use our server to get data on navigation. This information would include a heading, elevation, 
bearing, ETA, points of interest, and PET (The counter of which would start on user command). This 
acquired data will be fed into our interface and displayed to the user through intuitive displays, 
guiding the user to their destination with access to all the information they need. 

Science Sampling 
Like the navigation solution, the science sampling task will obtain the necessary instructions from our 
web server. The display of which would be identical to any other procedure the user would interact. 
Also, we will be adding the commands “Take Photo,” “Take Video,” “Record Voice” to allow the user to 
use the HoloLens 2 to take videos, photos, and field notes during the sampling process. 

We will dive further into our implementation of these solutions in the CONOPS section. 
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Design Description

Figure 1 • Onboarding 

Our NASA SUITS Project will be improved through new features and functionality and improvements 
to previous interactions. Our team aims to alleviate stress and cognitive overload by using object 
recognition and an adaptive, intuitively designed heads-up display (HUD). These elements include 
visual cues, adaptive layouts, transparency for optimizing on-screen focus and field-of-view, headset 
networking for efficiently sharing information, gaze eye-tracking controls for easy interfacing, and 
navigation features mini-map of the user’s location. Overall, in all of our HUDs, high contrast bright 
colors against dark backgrounds are used throughout the HUD so that no matter what the lighting or 
background is for the user, it is easily readable and legible.  

As shown in Figure 1, the application opens with the on-boarding screen. This screen is primarily used 
for user testing and new user training, as astronauts will have previous training when utilizing the 
HUD during their missions. 
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Figure 2  •  Vitals 

A smart and practical vitals display, shown in Figure 2, will display important information in a discreet 
and customizable way. All vitals will be continuously tracked and can be viewed with a voice 
command. The astronaut will be able to choose which elements they want to “pin” to be omnipresent. 
Another customizable option for the vitals screen is a minimized view. This option allows the 
astronaut to prioritize the environment around them instead of the user interface details. For greater 
ease-of-use, astronauts see dynamic icons that change simultaneously with their vitals. The use of 
color is also utilized to efficiently display meaningful information, such as green for full/almost full, 
yellow for the middle range, and red for when vitals are low. These colors aid the astronaut in 
detecting important information, such as if oxygen levels are low.  
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Figure 3  •  Navigation 

We will use our server to get data pertaining to navigation. This information would include heading, 
elevation, bearing, ETA, points of interest, and PET (The counter of which would start on user 
command). This acquired data will be inserted into our interface and displayed to the user through 
intuitive displays, guiding the user to their destination with access to all the information they would 
need.  

As shown in Figure 3, the design elements are minimal but informative on tasks needed to be 
completed. Green arrows will be displayed to show the quickest route for each objective. Clear icons 
will be used to show the astronauts what tools are necessary for each job.  
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Figure 4  •  Science Sampling 

Like the navigation solution, the science sampling task will obtain the necessary instructions from our 
web server. The display of which would be similar to any other procedure the user would interact. 
Also, we will be adding the commands “Take Photo,” “Take Video,” “Record Voice” to allow the user to 
use the HoloLens to take videos, photos, and field notes during the sampling process.  

As shown in Figure 4, objective markers are used to display the nearest and most important 
objectives. The shorter the stem of the objective, the closer it is. The larger the circle around the icon, 
the more critical the task to complete. Each objective is given an icon to resemble what tools are 
needed for the job. Instructions will be fed automatically to the user with more detailed information 
on the astronaut's aim.  

By utilizing each element, astronauts will be much safer and will have an easier time completing 
tasks. Our mission is to design a HUD with the well-being of the astronauts as its focus. We plan to 
accomplish our mission through the use of object recognition, adaptive and customizable UI layouts 
with immediate access to critical information. 
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Flowchart 
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Concept of Operations (CONOPS) 
While on a Lunar Mission, astronauts have many different goals that demand their attention. Our 
design takes a minimalistic approach, so astronauts are not overstimulated when using our interface. 

Our display is organized such that the astronaut has access to the most critical information, such as 
vitals data, from a single command. More detailed information such as step-by-step instructions for 
tasks and navigation can be shown by navigating through intuitive HUD menus. Also, any panel can 
be pinned to the astronaut's environment or field-of-view. Voice commands and/or eye-gaze can be 
used to navigate our interface, allowing the total astronaut control, even if their hands are busy.  

We will be using the Unity game engine as our development platform. We chose Unity because it 
offers native integration with the Hololens, the wide variety of libraries, and our team's experience 
with the engine. 

Navigation between sites will be started with a voice command. If the astronaut knows where they 
are going, they can immediately begin to navigate. If not, a map will be pulled up where the astronaut 
will select their destination. Navigation will be done via dead reckoning and will use the provided 
heading and distance to lander data for corrections. After the navigation has been started, the 
astronaut will be shown a combination of heading and approximate distance to destination. 
Navigation can be exited at any time and reentered later without losing information.  

The current heading and distance to lander data will be streamed into the application via REST API as 
it calls to a central server. The server will be polled at a rate of twelve times per minute to avoid 
causing bandwidth problems but still keep the navigation accurate. In between poles, we will dead 
reckon based on a combination of the previously streamed data and readings from the Hololens' 
built-in IMU. 

Once at their destination, the astronaut can pull up an instruction screen for their task. The task 
screens can be navigated step-by-step using voice commands. Also, the steps can be read aloud to 
the astronaut. A table of contents will be available if the astronauts need to skip to a specific stage in 
the process. The instructions panel can be closed at any time and reopened later without the current 
step being lost. 

Step-by-step instructions will be streamed via a server, with requests for data occurring on 
application startup via the same navigation data process. The procedures are read in as a JSON and 
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parsed into what the user will see on screen. The instructions' current state is saved when closed by 
disabling the procedures screen, which closes it without losing any data. 

Should anything go wrong during operations, an alert will be displayed to the astronaut describing the 
issue. The astronaut may close the alerts, but they will remain present until the issue is resolved. The 
astronaut may view all alerts, including closed ones, at any time. 

Human-in-the-loop testing (HITL) 
Human-in-the-loop testing is an essential part of our design process. Our team plans to do HITL 
testing multiple times during the design process to improve our UI and software. We will be testing 
the experience and interface designs in a virtual setting due to these unprecedented times. If 
restrictions due to COVID-19 are lifted, we also have a plan to incorporate in-person usability testing. 
Testing and outreach events will allow us to iterate the development of the software using feedback 
and provide our audience with STEM and NASA Exposure. 

Our team will gather both qualitative and quantitative metrics by using a proctor. We want to focus on 
the time it takes for the users to get through certain checkpoints and their ability to run through the 
process we create for them without the proctor’s help. We will also gather information about the 
overall experience the user had. 

To gather these metrics, our HITL test will follow a general protocol described below: 

1. Inform the user that data will be recorded and that they will be asked questions regarding
their experience after the test is done.

2. The proctor will help immediately if the user is having trouble with the hardware (e.g.,
keeping the HoloLens on or if the app accidentally closed.)

3. The proctor will offer minimal help using the software to see our design flaws with autonomy
and iterate.

4. The proctor will mark down the time it takes for the user to get to certain checkpoints and
when the user finishes.

Our subject pools will vary from depending on the given outreach events. We chose to keep our 
subject pool variable because it allows us to reach and gather feedback from multiple demographics. 
We will employ additional testing for different demographics. For example, we will have specific 
builds for younger audiences, which will show the ease of use of our build because their 
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comprehension skills may not be as developed as older users. We also plan to use these HITL tests 
to inspire these users to become more involved in STEAM areas and NASA. 

Team Project Schedule

Our team will implement agile development and work based on month-long sprints. 
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Outreach 

Public Relations 
Bradley University has a dedicated public relations team that has agreed to arrange and execute a 
marketing plan to release this project on all University platforms. Also, the department and the 
university have various social media outlets (i.e., blogs, newsletters, Twitter, Facebook, etc.), which 
they will use to update the public on our progress and status on this project. 
 

Social Media 
BU EARTH will be utilizing social media to showcase accomplishments, team members, and 
experiences through the NASA SUITS Challenge. Through Twitter and Instagram, Bradley’s team will 
be marketing to their audience the journey they are embarking. Using an automation technique, the 
Tweets will be scheduled to be published at opportune times and retweeting relevant material. 
 
On average, our Twitter has at least one post every week, with various retweets from NASA-affiliated 
accounts and additional relevant information. Our team also has access to the University’s Snapchat 
account, @BradleyBound, which we used during our last visit to NASA. 
 

Events 
Adapting to the Ongoing COVID-19 Pandemic 
We are committed to having a fluid and adaptable approach to our events this year, planning events 
easily adapted for a virtual or in-person environment. In cases where we hold in-person events, we will 
follow strict CDC guidelines to ensure our team and the community's safety.   
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Local Public Schools (VIRTUAL) 
During our development cycle, we plan on periodically reaching out to K-12 local schools for outreach 
opportunities. For these events, we will present information about our development process, our 
project's goal, and how we are implementing our ideas into reality to their students. After our 
presentation, we will have an interactive virtual activity that engages our community in STEM. This 
activity will be adaptable to meet the technology available to the students. Example activities being 
Kahoot games based on our presentation and run-throughs of augmented reality activities. 
Demographic: Grades 6-12 
Projected Participates: 50 
 
COVID-19 Adaptations (IN-PERSON) 
Suppose we can host in-person events for our community. In that case, the event's activity portion will 
be hands-on, and we will employ our Outreach build. This build will allow the user to select a run 
through outreach activities such as our popsicle stick or origami build, or allow them to run through 
our NASA procedures. We will maintain CDC guidelines and ensure that students and our team are 
socially distanced. The HoloLens 2 will be thoroughly cleaned before and after each student. 
Demographic: Grades 6-12 
Projected Participates: 100 
 
Peoria Academy (VIRTUAL) 
We plan to present what this year's challenge is to a K-8 school during October. In doing so, we will 
have Doug and Zach discuss their experiences on the project, as well as their involvement in STEM. 
This event will consist of roughly 150 students within the greater Peoria area. 
Demographic: Grades K-8 
Projected Participates: 150 
 
COVID-19 Adaptations (IN-PERSON) 
Assuming we are able to hold this event in-person, the format would be identical— a presentation on 
our team's experience in SUITS and careers followed by open questions. CDC guidelines will be 
strictly enforced and social distancing will be maintained 
Demographic: Grades K-8 
Projected Participates: 150 
 
 
 
Horizon (VIRTUAL) 

 18 



 
 

 Improving Reality Through Augmentation  
 

Bradley University NASA SUITS 
We plan to present to Peoria public schools through Horizon— a local STEM program in the greater 
Peoria area. Our structure for this form of outreach will be similar to our local school outreach. 
However, we will focus on providing students with a more rounded understanding of STEM careers. 
Given that these students are already STEM inclined, our activities through the Horizon will be more 
complicated. We hope to inspire students to get involved in STEM extracurriculars at their schools 
and eventually pursue a STEM career. 
Demographic: Grades Grades 8-12 
Projected Participates: 200 
 
COVID-19 Adaptations (IN-PERSON) 
An in-person variation of this would consist of the same structure alongside hands-on activities for a 
more engaging outreach form. We will follow strict CDC to ensure that students and our team are 
socially distanced. 
Demographic: Grades Grades 8-12 
Projected Participates: 200 
 
Bradley Admissions (VIRTUAL) 
In the fourth quarter of 2020, we plan to host an outreach event collaborating with Bradley University 
Admissions. This event will promote STEM and careers to prospective students as well as current 
Bradley students while also giving us crucial  feedback from these students on both our design and 
our development. 
Demographic: Grades Grades 10-12 
Projected Participates: 300 
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Administrative 
Institutional Letter of Endorsement 
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Statement of Supervising Faculty 

 

 21 



 
 

 Improving Reality Through Augmentation  
 

Bradley University NASA SUITS 
 
Statement of Rights of Use 
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Budget 

Item Quantity Price Per Total 

Outreach Materials N/A N/A $500 

HoloLens 2 1 item $3500 $3500 

Shipping 1 item $100 $100 

   $4100 
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