REMOTE-SENSING-ENHANCED NON-DESTRUCTIVE EVALUATION OF
ROADWAY INFRASTRUCTURE
INDUCED TORPOR IN LONG DURATION SPACEFLIGHT
A Thesis Prospectus
In STS 4500
Presented to
The Faculty of the
School of Engineering and Applied Science
University of Virginia
In Partial Fulfillment of the Requirements for the Degree
Bachelor of Science in Aerospace Engineering
By
Khamal-Karim Saunders
November 2, 2020

On my honor as a University student, I have neither given nor received unauthorized aid
on this assignment as defined by the Honor Guidelines for Thesis-Related Assignments.
Signed
Date: 10/28/20

Approved:
Date:
Chris Goyne, Department of Mechanical and Aerospace Engineering
Approved:
Date:
Catherine D. Baritaud, Department of Engineering and Society

Engineering is something we see everywhere in our lives. Whether it be houses, cars, or
electronics, we are surrounded by and familiar with many different kinds of technology. One
aspect of technology that is usually overlooked, is the engineering that happens for outer space.
Spacecraft can take the form of a satellite that performs different operations, a rocket that carries
things to space, or a habitable station like the ISS. Satellites are crucial in collecting data for
large areas of Earth. This can be seen in weather satellites, GPS, or cell phone service satellites.
Rockets and space stations are needed to expand our knowledge of the universe. These reasons
are part of the bigger motivation for research, which is discovering more about space. Any
research in the topic will aid in the use and exploration of space, increasing our understanding of
it.
The two topics to be discussed are related to spacecraft. The technical project is to design
a non-destructive, remote-sensing test for Virginia road infrastructure. The STS research will
investigate the current diffusion process of induced sleep or hibernation in astronauts during long
spaceflights. As the technical project will focus on a space-based solution, these topics are
loosely related through engineering in space. Technologies in space may vary in what they do,
but they all need to have similar components and teams to deal with space related problems. For
the technical project, the UVA team consists of undergraduates Isaac Burkhalter, Andrew Curtin,
Cooper Dzema, Shane Eilers, Kevin Fletcher, Jalen Granville, Dorothea LeBeau, Colin Purcell,
Anisha Sharma, Naja Tyree, Bailey Roe, and myself. Chris Goyne of the MAE department at
UVA is overseeing the project as the technical advisor. Cj Rieser and Michael A. Balazs of the
MITRE Corporation are also helping in the design solution. In regards to the timeline for the
technical project, the solution requirements, identification of data streams, and solution
approaches will be completed by November 4, with a presentation given to MITRE on
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November 11. The needed systems and technologies for the solution will be chosen next
semester, along with possible prototyping and further refinement. For the STS deliverables,
further research and refinement will continue through the end of this semester, with the final
paper due the following term.
REMOTE-SENSING ENHANCED NON-DESTRUCTIVE EVALUATION OF ROAD
INFRASTRUCTURE
According to the Virginia Department of Transportation (2019), there are over 57,000
miles of roadways that need to be maintained in the state of Virginia. These roadways are crucial
for transportation efficiency and the daily lives of the public. Currently, national regulations only
enforce the inspection of roadways every 5 years and the inspection of bridges every 2 years
(Gee, 2007). Current methods such as visual inspection, acoustical techniques, and infrared or
thermal imaging of roadway infrastructure inspection are inefficient inspection processes. These
methods use ground-based systems which have drawbacks, including traffic buildups, lane
closures, and intensive labor (Vaghefi et al., 2012). They have limitations such as invalid
assessment of interior infrastructure, inaccurate testing, and limited usage (McGuire, 2020, para.
1-3). To improve the inspection process, a new solution that includes remote-sensing enhanced
nondestructive evaluation through the combination of the state-of-the-art that includes
spacecraft, aircraft or a combination will be designed. With an advanced evaluation solution, a
satellite could send data to VDOT and allow them to focus on maintaining worn roads instead of
repairing broken roads. This will create a more efficient system for the state’s roadways with
cheaper cost, less labor, and fewer transportation infrastructure delays.
Maintaining transportation infrastructure is vital for the wellbeing of the state and public.
The collapse of bridges is extremely dangerous, as shown by the death of 13 people when I-35W
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collapsed in Minnesota in 2007 (Vezner, 2015). Although the collapse has led to reform in how
infrastructure is inspected, those methods are outdated and could be improved for more efficient
and less costly methods of inspection. Research indicates that as road conditions deteriorate,
there are more collisions and accidents tend to be more severe (Alhasan, 2018, Crash Records
section). By remote sensing transportation infrastructure continuously, it would be possible to
identify which roads are deteriorating faster. This would allow more time and effort to be put
into these problematic areas.
There are a variety of remote sensing options available on either drones or satellites that
allow sensing from air and space. A paper published by Devin Harris, a Civil Engineering
Professor at the University of Virginia, and other contributors, mentions that remote sensing is
already used in non-destructive evaluation methods when inspecting bridges, and it has proven to
be more efficient (Vaghefi et al., 2012, p. 887). The paper discusses the wide variety of sensors:
Synthetic Aperture Radar (SAR), Interferometric Synthetic Aperture Radar (InSAR) on
satellites, and a sensor called Light Detection and Ranging (LIDAR) on drones (Ma, 2019).
Another popular sensor is three-dimensional optics, which is a technology that can provide depth
and height information that cannot be obtained from one image. This can be done by overlapping
two images of an object at least 60% from different angles.
There are several examples of remote sensing technologies being used for road
infrastructure. Different Uninhabited Air Vehicles (UAVs) used include the tethered blimp, a
small imaging quadcopter, a micro quadcopter, and a hexacopter. Drones are being sent into
areas that might be dangerous for human inspectors, or in areas with moving heavy machinery
(Danielak, 2019, Drones Support Workforce Safety section). Satellite systems, like InSAR, are
being used to monitor the sinking of the Millennium Tower in San Francisco (Hsiao, 2015).
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These examples and the research on the specific technologies will serve as a starting
point for the final design solution. Designing a system that will be able to see all Virginia roads
and accurately determining which roads and bridges have damage will come with various
challenges. Satellites are limited by the resolution they are able to detect, as more resolution
leads to higher costs. Current and affordable technology might not be within reach and an outside
company may be required to fund the project. Drones are also limited by Virginia laws requiring
them to be manually piloted, which greatly decreases the range they can cover in a day. Despite
these challenges, camera systems installed in ground vehicles through companies like MobilEye
and Tesla could provide insight into transportation infrastructure usage and quality. The hope for
the final solution is to design a system with an overarching satellite that collects daily
information on Virginia roadways with drones or UAVs that can be used in areas to increase
detail. The use of ground systems will be utilized when UAVs need more coverage. This will
cover the greatest area in the most effective way.
Figure 1 on page 5 illustrates how each part of the solution will be connected. The larger
arrows show the order of detail a user would get from the three technologies, with satellites
being the broadest and ground systems the most detailed. Each of the technologies will collect
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transportation data and
give that information back
to whoever is using the
system, in this case
VDOT. The user can then
use that data to send out
the technologies
accordingly.
Aside from the
project hopes, the team
expects to learn the
process of designing a
solution to a real-world
problem. There are different

Figure 1: Remote Sensing Flow Diagram with Connectivity.
Shows the flow in technology based on detail, starting with
the least detail in satellites. Data is sent to user and user
decides which technology to send. (Saunders, 2020)

stakeholders who want
different designs and there are many constraints imposing certain ideas. In a conference-like
paper, the research and final solution will be presented in a way to appease the stakeholders as
much as possible.
The following research takes a step away from infrastructure, and focuses on a problem
about spacecraft.
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INDUCED TORPOR
This paper focuses on the possibility of inducing sleep in astronauts as they travel long
distances in space, otherwise known as induced torpor. Scientists have been trying to land people
on Mars for long time. This hope has been revitalized with NASA’s new Artemis program. The
plan is to first land people on the moon again, and then start looking towards Mars (Loff, 2018).
Elon Musk is also planning to send people to colonize Mars and is focusing a lot of SpaceX’s
research to that topic (SpaceX). Reaching Mars may seem like an unimportant desire that wastes
money, but in reality, it could be quite vital. Humans may need a new planet to live on in the notso-distant future. With climate change, carbon emissions, and nuclear weapons threatening
civilization, it makes sense to have a back-up plan (Fecht, 2017, para. 1-2). Mars is the planet
most similar to Earth, thus it is designated as the back-up, although this landing will likely not
happen in our lifetime.
The problem with travelling to Mars is that it is extremely difficult to reach, and it has
never been done with humans on board. Mars is about 67.77 million km from Earth which means
it would take about eight months for a space vehicle to reach it (Mars One, para. 2). This is
where the challenge lies; astronauts have never spent that amount of time in space. They will
have to keep themselves entertained for eight months in a confined area with limited
communication which leads to mental and physical health concerns. Induced torpor is a possible
way to combat this challenge by having the astronauts sleep the majority of the journey.
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This is a relatively new area of research, as an official outline on the possibilities of this
was reported by the company SpaceWorks in 2018 (Bradford et al., 2018). Because this is an
active area of research, there isn’t much information on induced torpor in space flight. Most of
the research is in the medical or aerospace field, with a lack in an analysis from an STS
perspective. NASA has already rejected SpaceWorks’ initial proposal for induced torpor as a
way to get to Mars, and a possible reason for this is a lack of research (Emmett, 2017). They
have decided to look at other ways to get humans to Mars. Figure 2 shows some of these
alternative solutions and gives a sense of where they are in development. In the figure, red

Figure 2: Alternate Solutions to Reaching Mars. Shows other possible ideas for reaching
Mars and where they are in development phase. (Saunders, 2020)
depicts the furthest from development with no research being done. Yellow signifies that the
topic is being researched with no testing, and a green box means the technology is being tested.
A technology in green means it is the closest to being implemented. Induced torpor is in the
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intermediate stage which means it isn’t necessarily close to being used, but it is still has a chance
to be a viable option in the future. More research, and studies in STS fields could help this
technology begin testing. This would bring it one step closer to the alternate solutions.
There are several objectives the research will look for. The first is to find out where
torpor is in the development process. This will directly correlate to figuring out how soon this
technology can be implemented. This will be important to discover because if the completed
technology is not ready by the time major space agencies plan to go to Mars, then they will look
at other options. If this becomes the case, then the companies developing torpor technologies
would be losing a lot of money and research would stop. Another research objective is to find out
if the technology can actually be implemented. Due to the early stages of research, it is unknown
whether it is possible to induce torpor in humans in a safe manner. This is clearly important, as it
will never be used by companies if there is no guarantee in safety. The third objective of the
research will examine if the technology should be used in traveling to Mars and other longdistance space flights. Induced torpor is not the only solution to the challenges of reaching Mars,
and it is important to look at these alternatives. Each solution has its benefits and drawbacks. If
using torpor has significantly more drawbacks than another method, torpor should not be used.
The STS approach taken will be Diffusion of Innovation by Everett Rogers (2003). The
reason for this approach is due to the fact that this technology is still in early stages. A major
objective of this research is to see how soon induced torpor can be used, and diffusion of
innovation incorporates time as one of its major factors. Already, technological homeostasis is
seen with fear of the unknown through NASA’s rejection of SpaceWorks’ proposal. The
adoption process will be analyzed and research into the technology will clarify where in the
process induced torpor currently is and what needs to happen for it to diffuse. The process
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includes awareness, interest, evaluation, trial, and finally adoption. Figure 3 shows a handoff
model of this process.

Figure 3: Current Adoption Process for Induced Torpor. This shows where torpor is in the
adoption process and gives examples. The trial and adoption steps are empty because the
technology is not in those phases. (Saunders, 2020)
The fact that the idea has been introduced and research has occurred shows an awareness
and interest in the topic. There is little testing that has occurred, and the only evaluation that can
be considered is an example of hypothermia being used to treat and save patients (Nordeen &
Martin, 2019, para. 5-6). More evaluation in the field will lead to trial and adoption in the future.
The social groups will be analyzed and placed in the adopter categories mentioned in the
diffusion theory: innovators, early adopters, early majority, late majority, and laggards. Specific
qualities mentioned in the diffusion theory will guide the research in the analysis of the spread of
innovation. The qualities to be analyzed include the relative advantage, compatibility with
existing values and practices, simplicity and ease of use, trialability, and observable results.
Combining the analyses of the adoption process, adopter categories, and mentioned research
points will shape the diffusion of induced torpor.
The anticipated and hoped-for outcomes come directly from the objectives. It is expected
that this technology will not be ready to use for quite some time. With COVID hitting this year,
additional delays are expected to set this technology back. SpaceWorks has done a decent
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amount of research and it seems like testing is to happen soon. If the tests are successful, it is
possible induced torpor can be used by the end of the decade, which is the set timeframe for
reaching Mars. STS research hopes to discover that the technology will be safe enough for
humans to use and that it is a good solution for long distance space travel. Traveling in an
enclosed area for months at a time cannot be great for the astronauts physical or mental health.
Sleeping the majority of the way can help alleviate these problems. If there are not any major
problems then this would seem like a great option.
This will be a research paper that outlines a background on induced torpor and studies the
benefits and drawbacks. Possible alternatives will be studied and compared to the chosen
technology. The STS discussion on diffusion will be a different, non-technical study on torpor
that will cover holes in the current research. By the end of the paper, it is anticipated that induced
torpor will be researched enough to decide if it is a possible and beneficial solution to reaching
Mars.
TECHNOLOGY IN SPACE
Space-based technology impacts our everyday lives. It is present through the internet,
cellphones, and GPS, some common things in the world today. This usefulness is why spacebased solutions are becoming popular. Virginia has a large road system, and only using grounded
technology to assess the infrastructure is inefficient. A solution using satellites with
supplemental drone and ground systems will improve roadway evaluation. Still related to space
is the goal of reaching Mars. Mars is difficult to get to because of its distance, and innovation is
required to solve this. Induced torpor is a viable option, but it is a new idea so it is far from being
used. With a diffusion of innovation study, the development of the technology can be analyzed.
It is unclear if torpor will be a legitimate option for reaching Mars, but research into the
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background and development of it will clarify this problem. Any research into space-based
solutions will further the technology, leading to new possibilities and opportunities in our future.
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