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General research problem
How can space technology benefit society?

Since Sputnik was launched in 1957 (Kuznetsov, et al., 2015), humans have launched
over 8,000 space objects. Several have explored the Solar System and beyond (Garber &
Launius). Spaceflight is expensive, but space-based Earth observation is vital to weather
prediction, atmospheric monitoring, and other purposes (NASA, 2015). Satellites support
communication and navigation (Stromberg, 2012). Space-based scientific research and
development has contributed to many fields, including medicine, transportation, and public

safety (Coleman, 2012).

High-resolution imaging of atmospheric nitrogen dioxide
How can atmospheric nitrogen dioxide data in cities be precisely imaged?

This is a team capstone project in the Department of Mechanical and Aerospace
Engineering. The students enrolled in MAE 4690/4700: Spacecraft Design I/11, advised by Dr.
Chris Goyne, will develop a 3U CubeSat, a type of small satellite, that can image atmospheric
nitrogen dioxide levels of chosen cities with high spatial resolution.

Over 95% of the global population lives in areas with air pollution exceeding designated
health standards (Health Effects Institute, 2018). Pollutant distributions have shown substantial
intra-urban variability causing differences in health and life expectancy (Jerrett, et al., 2005).
NOg, a byproduct of combustion-related emissions, is a strong indicator of anthropogenic
pollution and is linked to adverse health effects, including cardiovascular and respiratory
problems (Brook, et al., 2007). Imagery of NO- levels over a city can provide knowledge about

pollution sources and inform policymaking to protect public health. However, NO; is a



chemically reactive gas, causing high spatial and temporal variability, and imagery from current
satellite sensors are of too low spatial resolution to be useful for local decision-making (Choi, et
al. 2014). Therefore, high-resolution NO2 imagery would allow for clearer links to pollution
sources and better-informed policy.

The primary objective of this project is to develop and use a high-resolution NO> sensing
satellite to collect spatial data for four major cities using a spectrograph developed by the U.Va.
Department of Astronomy. To improve on existing data, NO> distributions are to be imaged with
a spatial resolution of around 200m x 800m, requiring a spacecraft in Low Earth Orbit (LEO)
(Pusede, et al., 2018). The spacecraft must conform to the 3U CubeSat form factor with 1.5U
allocated for the spectrograph payload. It must meet the design and testing requirements given by
NASA’s CubeSat Design Specifications to be eligible for launch (The CubeSat Program, 2014).

Space-based remote sensing of NO> tropospheric columns from GOME (1996-2003),
SCIAMACHY (2002-2011), OMI (2004-), GOME-2 (2007-), and OMPS (2011-) have
contributed substantially to our understanding of regional and global NO- variability and urban
surface air quality (Richter, 2011). TEMPO (Tropospheric Emissions: Monitoring of Pollution),
a mission currently in development, will image NO2 columns over North America with a
resolution of 8km x 4.5km (Chance, 2017). However, while satellite data can provide spatially
continuous NO2 column maps across inter-annual periods, the current generation of sensors lack
the spatial resolution required to capture the fine-scale variability (<1 km?) relevant to fully
characterizing intra-urban NO- distributions.

Development of the CubeSat will be divided into the following component teams:
Program Management; Communications; Software and Avionics; Power, Thermal, and

Environment; Attitude Determination and Control System (ADACS) and Orbits; and Structures



and Integration. A Conceptual Design Review has been completed, and Preliminary and Critical
Design Reviews will be completed as development proceeds, after which assembly of the
CubeSat bus will begin. Testing will be conducted on the completed spacecraft bus according to
the CubeSat Design Specifications, including vibration/shock testing and thermal vacuum
bakeout testing. Following a Mission Readiness Review, the CubeSat will be delivered to the
launch provider for launch and deployment. The spacecraft will orbit and operate for at least one
year after deployment.

In the event of a successful mission, the CubeSat will provide the most informative intra-
urban NO2 measurements to date, with higher spatial resolution than other missions of similar
scope and over a greater timespan than is possible via aircraft or weather balloons. Findings from

this research may prove very useful to policymakers in minimizing pollution sources.

Discovery and Triumph: Promoting Space Exploration by Appealing to Values
How do space organizations appeal to values to promote space exploration?

Most public and private space organizations rely on public approval, so they engage in
public relations campaigns to promote their space ventures. Funding for public agencies, such as
NASA, depends on public opinion (Steinberg, 2011). NASA’s public relations budget for fiscal
year 2018 was $54.9 million (NASA, 2019). Private space exploration companies now compete
(Yuhas, 2018), and public approval of a company attracts talent and prestige. These groups
therefore invoke values, including a supposedly innate human yearning for discovery and
understanding, national prestige and exceptionalism, and the alleged interplanetary destiny of

humanity (Launius, 2017).



Billings (2007), in her examination of the history of spaceflight advocacy, writes that its
rhetoric “has sustained an ideology of American exceptionalism and reinforced long-standing
beliefs in progress, growth, and capitalist democracy” and “has tended to rest on the assumption
that the values of ‘believers’ are (or should be) shared by others as well.” Slobodian (2015)
discusses narratives of space colonization, finding promoters invoke “biological drives, species
survival, inclusiveness and utopian ideals.”

Bain et al. (2006) find that values considered central to human nature are viewed as more
important, and that “human nature beliefs” predict reactions to “value-laden rhetorical
statements.” Some values that are invoked to promote spaceflight implicate human nature.

Steinberg (2011) explores the responsiveness of American space policy to public opinion,
finding that “the public supports the idea of space exploration, while also feeling that spending
on space exploration is ‘too high’” and that spaceflight spending varies directly with public
tolerance for it. However, a 1997 poll showed that the average estimate of NASA’s share of the
federal budget was 20%, compared to the actual budget of less than 1% (Launius, 2003). Cobb
(2011) finds that “those who support space activities tend to be younger, male, Republican, and
have a higher level of education and socioeconomic status.”

Public space agencies aim to advance the aerospace capabilities and prestige of their
respective countries, though they also claim to seek the advancement of scientific knowledge.
NASA’s stated vision is “to discover and expand knowledge for the benefit of humanity” (Loff,
2015). Private for-profit space companies often invoke nobler objectives. SpaceX claims its
“ultimate goal” is “enabling people to live on other planets” (SpaceX, 2012). Aerospace
contractors depend on public agencies like NASA. Jacobs Engineering Group states that they

“share the commitment to advocate NASA’s deep space exploration program and endorse its



vision to pursue the benefits returned to our country from long-term national investment in space
exploration and scientific discovery” (Business Wire, 2018). The Planetary Society is the largest
of many nonprofits that promote space exploration, engaging in political advocacy, public
outreach, and research. Planetary Society CEO Bill Nye claims its goal is to “advance space
science and exploration for the betterment of humankind.” According to Nye: “We want
everyone everywhere to understand our cosmos and, importantly, our place within it” (Planetary
Society, 2014).

The general public is divided on government spending on space exploration. Critics of
space expenditures contend it diverts funds from more important needs. Professor Amitai Etzioni
writes: “What is needed are major technological breakthroughs that will allow for protecting
earth while sustaining a healthy level of economic activity... Hence, any serious Mars endeavor
will inevitably cut into the drive to save Mother Earth” (Etzioni, 2018). Proponents of space
exploration allege numerous social benefits, often invoking value-laden rhetoric similar to that of
organized advocates. Species survival is an important example. James Orsulak, in his blog post,
writes: “Space exploration is one of the most important endeavors our civilization will undertake.
... This is one movement that cannot end. It is the only way to ensure the continuation of our

species” (Orsulak, 2014).
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