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PREFACE

Faculty's Preface

As we write this preface at the end of the five-week Southern Hemisphere Space Studies
Program, we have seen how a group of 39 participants representing five continents has
bonded into a team of promising space sector professionals. They have accomplished
the challenging mission of publishing this White Paper and are set to promote it through
conferences and communication channels around the world.

Participants were requested to research and report on the potential implications of the small
satellite revolution for the countries of the Global South. How can developing space nations
take advantage of this dramatic change to maximize the social and economic benefits
for their citizens? Starting with a pre-arrival assignment on the topic, and through on-site
lectures, workshops, individual research, brainstorming sessions, many group discussions
followed by long writing and editing hours, and a peer review, the team has produced what
we see as a comprehensive report with sensible recommendations targeted for a variety of
decision makers.

We believe that the paper will have a positive influence on thinking; we are very satisfied
with the “revolution” that has happened on the Mawson Lakes campus of the University
of South Australia; all program participants will return to their homes as ambassadors of
the vision set out by the founders of the International Space University in 1987: a peaceful,
prosperous and boundless future through the study, exploration and development of space
for the benefit of all humanity.

Author’s Preface

The Small Satellite Revolution will be a historic landmark due to its widespread impact on
almost every aspect of human life: work, education, health, security, and communication. It
offers the possibility for a better and more sustainable life for us all.

Small Sats, Big Shiftisa comprehensive and thought provoking White Paper that discusses the
benefits that small satellites can offer to the Global South. The White Paper was prepared by
a dedicated and multidisciplinary team of participants with diverse academic, professional,
and cultural backgrounds. This White Paper was the result of long hours of intensive research
and discussions, with the goal of producing an extensive overview of the small satellite
landscape in order to aid decision makers in socio-economic and policy matters. Local,
regional and national governments, private companies, non-government organizations,
universities, and entrepreneurs are invited to use this White Paper as a reference for future
projects and studies.

This White Paper was made possible through the dedication and support of our program
faculty, staff, teaching associates, host university, and sponsors. We are very grateful to you
all.
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The last two decades have seen a rapid increase
in the popularity of small satellites. In the next
five years, potentially 3000 small satellites will be
launched to replace or augment existing satellite
operations (Facchinetti et al,, 2016). The low cost
and capacity for mass production of small satellites
make them an ideal platform for emerging space
nations to build their capabilities in the space
industry. The versatility in small satellite applications
paves the way for improvements in education,
health, communications, agriculture, and disaster
management.

Small Sats, Big Shift addresses the potential of small
satellites to shape the socio-economic environment
of the Global South. The goal of this White Paper is to
inform decision makers of the benefits of harnessing
this small satellite revolution. Through the lens of
the Global South the issues of national security, crisis
management, telecommunications, and resource
management have been identified as key socio-
economic targets for small satellite applications in
this region.




Why Small Satellites?

The development of small satellites
represents a shift in the traditional space
industry model. Compared to conventional
large satellites, small satellites are
manufactured at a lower cost and within a
shorter time period. They provide not only
comparable services but also new functions
that larger satellites cannot perform. They
carry lessrisk per launch and can be updated
and replaced at a much quicker rate. Small
satellites also offer the opportunity to test
new technologies. Their rapid development
cycle enables operators to keep the latest
technology in orbit for a fraction of the cost
of launching larger satellites. These cycles
allow the pace of innovation to accelerate,
and for new and useful technologies to
be developed more cheaply. Low capital
requirements also allow owners and
operators access to alternative forms of
financing (Whitesides, 2015). Consequently,
small satellites are an ideal platform
for emerging space nations, capable of
delivering services similar to larger satellites
at a lower price and allowing nations of the
Global South access to space. While there is
no widely agreed upon definition for ‘small
satellite) for the purposes of this White Paper,
our definition is: any satellite with a mass of
less than 500 kilograms as per Facchinetti
et al, (2016). This definition encompasses
a variety of small satellite categories, as
outlined in Figure 1.

The Global South

In the context of this paper, the nations of
the Global South are defined as countries
lying on or below the Tropic of Cancer,
covering the four major regions of the
Southern Hemisphere: Africa, Asia, Oceania,
and Central and South America. Many of
these nations are considered emerging
economies and would benefit greatly from
small satellite industry services.

To encourage the nations of the Global South
to invest in the small satellite industry, this
White Paper provides real-world examples of
how players from the industry, government
and education sectors have successfully
leveraged the exponential growth of
this technology. The paper recommends
courses of action for members of academia,
governments, and private companies across
a range of budgets. Recommendations are
focused on promoting actions that may
result in socio-economic benefits, such as
the creation of jobs and businesses, enabling
innovation, supporting economic growth,
and promoting Science, Technology,
Engineering, and Mathematics (STEM)
education.

Figure 1. The different classes of small satellites.



SMALL SATS, BIG REVOLUTION

The small satellite industry is experiencing rapid and accelerated development across
ground, space, and launch segments; a phenomenon that is being called the Small Satellite
Revolution (White House, 2016). This revolution has seen 28 micro and nanosatellites
launched in 2008, 141 in 2014, and 3000 are predicted to launch between 2016 and 2021.
Since the 1990s the traditional space paradigm of large, expensive satellite projects, backed
by governmentinvestment, has shifted with the rise of commercial companies making access
to space cheaper and easier. While the number of large satellites (>500kg) being launched
each year has remained relatively constant, small satellite interest has increased with small
satellites constituting 48% of the 262 spacecraft that were launched in 2015 (Facchinetti et
al., 2016). No longer is space purely the domain of governments and large space agencies.
Off-the-shelf and miniaturized technologies have made it possible for small satellites to be
used by emerging space countries with modest financial resources or little satellite expertise
(Sandau, 2010).

The Small Satellite Revolution is being driven by several key trends across the various

segments:

« Atthegroundsegment,thereisgreaterinvolvementbetweenindustryandgovernmental
agencies as well as development of small ground station networks connected by rapid
data distribution methods.

+ In the space segment, miniaturization of electronic components and the development
of what is considered standard, off-the-shelf components, are allowing technologies
traditionally limited to large satellites to be flown on small satellites for a fraction of
the cost. Consequently, there is a shift from large satellites carrying multiple scientific
instruments for multi-purpose missions to targeted small satellite missions focused on a
single application or scientific mission.

«  Within the launching segment, increased commercialization of space is resulting in the
emergence of cheaper, smaller launching options for small satellites (Sandau, 2010) as
illustrated in Figure 2.

Small satellites are typically launched into Low Earth Orbit (LEO), an orbit which places

the satellites in a region of space susceptible to atmospheric drag (Kingsbury, 2015). As a

result, small satellite orbits decay quickly and this short lifespan drives rapid development

and replacement cycles. This generates continual demand for cheaper satellites and launch
vehicles, as well as ensuring the technology operating in orbit is up-to-date (Whitesides,

2015). The small satellite industry is seeing unprecedented investment, with development,

launch, and operation of small satellites rapidly increasing. Commercial space is helping to

redefine the industry and the increasing market is allowing mass reductions in unit costs

while improving the reliability and innovation of small satellite technology (Sandau, 2010).

Figure 2. Number of satellites currently in orbit and predicted to be in orbit by 2019 (Pham et al. 2015)
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The current state of the small satellite industry must be
well understood before action can be taken to harness
the Small Satellite Revolution for socio-economic
benefit. This section gives an overview of the economic,
technological, political and legal aspects of building
and operating small satellites. In addition the overview

outlines the current applications of small satellites.




ellite Market

Market research projects the small satellite
industry will grow at a compound annual
growth rate of 19.1% from 2016 to 2021.
Revenues are expected to more than
double from US$2.2 billion to US$5.3 billion
in the same period (Markets and Markets,
2016). 3000 micro- and nanosatellites are
predicted tolaunch between 2016 and 2022.
=% This will drive industry growth (Facchinetti
g et al, 2016). Figure 3. demonstrates the
segmentation of the space economy and
displays the many sectors that will benefit
from this growth.

Small Satellite Technology

Small satellites do not uniformly use
standard technology given their variations
in size and applications (see Applications
of Small Satellites). Typically, small satellites
use either miniaturized technology derived
from larger monolithic satellites or standard
off-the-shelf components (Sandau, 2010).
. However, this White Paper focuses on
launching technologies, standardization,
| and application of satellite constellations
rather than the specific technologies used
in-orbit to inform its case studies and
recommendations.

Launches

Small satellites are typically launched as
secondary payloads on large satellite launch
vehicles(LV),usingauxiliary payloadadapters
(Sandau, 2010). One example is Spaceflight
Launch Services, which offers rideshares into
LEO for small satellites for a cost of $35K/kg
for a 50kg satellite (Facchinetti et al., 2016).
However, the increase in demand of small
satellite launches is beginning to outpace
supply of free payload space onboard LVs.
In response, companies are beginning to
design dedicated launch services for small
satellites (Selinger, 2016). While these do not
significantly reduce the cost-per-kilogram

$60K/kg), they do allow a faster launch cycle
(Doncaster, 2016; Facchinetti et al., 2016).

CubeSat Standardization

An important small satellite class to
understand is the CubeSat. Developed
by California Polytechnic State University
(Cal Poly), the CubeSat standardization
provides design guidance for small satellites
to “reduce cost and development time,
increase accessibility to space, and sustain
frequent launches” (Cal Poly, 2014, p. 5). This
standard applies only to picosatellite class,
with dimensions of a 10cm cube, and a mass
up to 1.33 kg. Standardization of this type is
important to not only satellite design and
manufacture, but to the decision making for
support services, such as launch vehicles.

Constellations

While cheaper to develop and launch, the
reduced size and mass of small satellites
means that they cannot support the
sophisticated and often multi-instrument
payloads of larger satellites (Zhang and
Anvar, 2011). However, their reduced size
and cost makes them ideal for constellation
flight. Constellation flight means a set
of simultaneously orbiting satellites all
assisting the completion of a common
mission. The lower cost of small satellites |
makes constellations economically viable =
and opens up capabilities not available to |
larger satellites for a comparable budget. |
Small satellite constellations have a number 8
of benefits over single, larger satellites. The
temporal resolution of imaging satellites
directly increases with the number of
satellites in the constellation. While the
observing time for an imaging satellite in
LEO is only a small fraction of the orbital
time, utilizing a constellation of numerous
satellites can produce continuous imaging
capabilities. Constellations of small satellites
are also more resilient. If a single member of
the fleet is damaged it can be cheaply and
easily replaced. Additionally, failure in one
satellite does not significantly impact the
entire mission performance (Sandau, 2010).



Policies Relating to Small
Satellites

Policies are a nation’s framework for action.
They state precisely what must be done to
realize a solution and assign responsibility
for the action to a particular individual or
group. The generation of good policy is
crucial asitallows for efficient administration
and provides a clear direction towards a
given goal (University of Sydney, 2016).
Policy is therefore a key component when
decision-makers consider the small satellite
industry and how best to use it for socio-
economic gain.

Policies that address small satellites
tend to be implicitly defined by other,
broader policies, rather than explicitly in
their own policies. The Australian Space
Utilisation Policy, for example, stated that it
“recognise[d] the opportunities presented
by small satellites” but did not give specific
guidance towards their use (Commonwealth
of Australia, 2013, p.11).

Legal Considerations

International Laws and Treaties

International law is a set of rules that govern
the relations between different states
(United Nations, n.d.). Regarding the use

of space, there exist four treaties that may
affect small satellites activities:

« The 1967 Outer Space Treaty (OST)

« The 1968 Return and Rescue Agreement
« The 1972 Liability Convention

« The 1976 Registration Convention

The International Telecommunication Union
(ITU) and the United Nations Office on Outer
Space Affairs (UNOOSA) has produced
guidelines for small satellite operators to
ensure that international obligations are
met by new entrants into the space industry
UNOOSA, 2015, p. 2).

According to the Outer Space Treaty, a
launching state will bear liability for any
damage caused internationally by the space
object launched under their jurisdiction
(UNOOSA, 2015, p. 3). A launching state is
defined as a state who launches or procures
the launch of a space object, as well as the
state from whose territory or facility a space
object is launched (OST, Article VII, 1967,
Liability Convention, Article I, 1971). Due
to their need to share capabilities, small
satellite launches are often international in
nature and so there is often more than one
state that can be considered the launching
state. For these launches, the launching
states should decide which country shall
be the state that registers the launched

Figure 3. Segmentation of the Space
Economy (Sadlier et al., 2016)



object with the UN. Launching states will
be liable for the physical damage caused
by their space objects (OST Art. VI, Liability
Convention Art. Il)

The International Telecommunication
Union (ITU) regulations regarding frequency
coordination must be followed in order to
prevent interference with other operators.
The ITU suggests that this is normally
managed by a national frequency regulatory
agency (UNOOSA, 2015, p.11).

Domestic Law

Domestic law should be implemented in a
manner that ensures both government and
non-government space activities meet all
the state's international obligations under
international law. Carefully defined and
effective domesticlawalso givesreassurance
to other states in collaborative projects that
rigid and transparent procedures are in
place (Johnson, 2014, p. 16).

Other Considerations

Launch insurance is an important
consideration for any party interested in
using space. Before acquiring a launch
license, many states require that insurance
be obtained to “indemnify the state in case
international liability is incurred” (Johnson,
2017; p 74). The Third Party Liability Amount
is the maximum insurable amount provided
by the policy. A minimum amount is
required before a launch license is granted
by a particular nation, and this amount
varies from state to state. (p. 75).

The United Nations (UN) also has Remote
Sensing (RS) Principles that provide
recommendations relevant to small
satellites with Earth Observation (EO)
applications. These include recommending
that sensing activities of a foreign nation not
be used to the detriment of that state, and
that data obtained of a foreign state must
be made available to that state on a “non-
discriminatory basis and on reasonable cost
terms” (Johnson, 2014; UNOQOSA, 2017).

Applications of Small

Satellites

Telecommunications

The Satellite Telecommunications industry
is one that has been best serviced by large
satellites placed in geostationary orbits.
Telecommunications operators provide
coverage predominantly to areas of high
demand to generate the best profit (ITU and
Mehrotra, 2012).

Implementation of telecommunications
using small satellites is now shifting
this business model. Start-ups and
large companies, such as Fleet and
OneWeb, are looking to provide global
telecommunications solutions with socio-
economic benefit.

Emerging applications of global
telecommunications are directed at
the Internet of Things (loT), Tele-Health
and remote education. The IoT is the
interconnection of sensors, which produce
data and transmit from various locations
and devices, via the internet. The goal of this
is to provide easy access to data, reducing
disadvantages associated with geographic
location. Tele-health and remote education
have similar objectives, but will achieve
them by providing educational and health
resources.

Farth Observation and Remote
Sensing

EO and RS are generally used for urban
planning, disaster and coastline monitoring,
topographic mapping, mineral exploration,
measurements of ocean  dynamics,
atmospherics and weather, and land and
crop management.The National Aeronautics
and Space Administration (NASA) are
currently at the forefront of scientific EO
using small satellites, with five missions
planned to launch in 2017. Each mission is
based on the approach of using low-cost,
miniaturized instruments, while debuting
new measurement methods for EO (Sandau,
2008).




CURRENT ISSUES
IN THE GLOBAL SOUTH



Nations of the Global South share common challenges
thatreflect theirgeographical make-up andlocation.With
numerousislands and large bodies of water, these nations
are confronted with challenges in national security,
telecommunications, crisis management, and resource
management. More developed countries have addressed
these issues with large satellite systems, however such
systems are not generally accessible to most developing
nations in the Global South. High manufacturing and
operating costs serve as barriers to accessing these
technologies and the capabilities that they provide. Small
satellitespresentanalternativemethodofaddressingsuch
issues. Through extensive research and consultation with
relevant stakeholders in the Global South, the following
issues have been identified as key socio-economic areas
which can be addressed by small satellites.



National Security

The term ‘security’ has many definitions, one
of which is “the preservation of the norms,
rules, institutions, and values of society”
(Makinda, 1998). Many states in the Global
South share common security challenges
that directly impact their development.
Border protection and irregular human
migration are two of the most challenging
issueswe haveidentifiedin thisregion.These
issues have negative economic and social
implications and more importantly can lead
to putting lives at risk as a consequence of
those impacts (Isacson, 2014).

Border protection is crucial for national
stability and security. Inefficient border
protection allows criminals to traffic drugs
and arms for paramilitary activities, guerrilla
warfare, and large scale drug trafficking
operations. Table 1 shows that in 2014, the
International Organization for Migration
(IOM) reported the following estimates of
border-related deaths for regions in the
Global South (p.6).

Irregular migration, the uncontrolled border
crossing to migrate from or to a country,
presents a difficult challenge for nations, as
the number of migrants and related human
rights violations continue to increase. In a
2013 report, the United Nations Department
of Economic and Social Affairs (UNDESA)
stated that such migrants are “in danger
of being exploited by crime organizations
involved in human trafficking and migrant
smuggling” Refugees and asylum seekers
are also vulnerable to this danger.

Small satellites can serve as a key element in
addressing these security issues, as relevant
authorities and intelligence departments
can use them in addition to conventional
systems to retrieve information more
frequently. This can help nations in
executing their strategy of national
security by providing accurate and recent
information. The use of small satellites
would be even more effective if the relevant
nations cooperated on a system of satellites
that allowed shared access to regional data.

Region No.of deaths Period Source
Sshars 1,730 1996- 2043 Forirezz Eurcpe
US-Mexico border &, 023 {9598- 2(H3 U5 Border Patrol
Ausziralian walers 1,435 2000 - 2074 Auszirslian Eorder Desthe Dafsbsse
Hom of Africa 3, 104 2008 - 2044 UNHCR; 10OM for 2004
Esy of Bengal 1,500- 2,000 | 2012- 2014 UNHCR; Arskan Frofect
Canbbesn ig8 2012- 2094 UNHCR,; 100 for 2044

compiled by various sources. (IOM, 2014, p.6)

Table 1. Global South regional estimates of migrant border-related deaths as




Crisis Management

Natural disasters such as floods,
earthquakes, wild-fires, and typhoons cause
significant economic and social damage in
the Global South region. They devastate
infrastructure such as roads and buildings,
as well as farmlands and other agricultural
sites. More importantly, these disasters lead
to numerous human deaths and injuries
and affect the productivity and welfare
of societies (Ono, 2015). According to the
International Federation of Red Cross,
natural disasters affected around 107 million
people in 94 countries in 2014 (IFRC, 2015).

As seen in Figure 4, a significant majority
of the disasters that occurred in the last
decade happened in the Global South.
More than two-thirds of workers and more
than half of the region’s total income come
from the agricultural sector (Milkias, 2010).
Agriculture is highly sensitive to natural
disasters, as these could destroy crops and
farmlands in a short period of time, leading

to food deficiencies and widespread hunger.
Through remote sensing, satellite radio,
and geographic information systems (GIS),
small satellites can play a significant role in
transmitting early natural hazard evidence
with higher frequency than conventional
systems. The relevant disaster management
authorities would be able to detect warning
signs earlier, conduct near to real time
monitoring, and deliver more efficient post-
recovery services in a less costly and more
flexible manner.

Figure 4: Number of disasters by continent (2005-2014) (IFRC, 2015)



Telecommunications

Telecommunication networks like the
Internet offer several social and economic
opportunities. They provide connectivity
that enables nations to transition from being
resource-based economies to knowledge-
based (Deloitte, 2014). Yet, according to
the International  Telecommunication
Union (ITU) (2016), around half of the
world’s population lacks Internet access, as
shown by Figure 6. Emerging nations are
particularly affected, as they do not enjoy
the stable Internet connections available to
more developed countries.

The Internet is the primary enabling
technology of the connected age. It is
pervasive and ubiquitous in almost all areas
of life - including business, social, science
and research, and politics. Although internet
access is a staple in some parts of the world,
it remains a luxury for many and is virtually
non-existent for others.

Low internet access is highly correlated to
low family income, disability, remoteness,

and long term unemployment (Vinson and
Rawsthorne, 2015). Further, digital exclusion
is likely to worsen the trend towards
greater inequality, both domestically
and internationally. A 2016 report by the
Australian Council of Social Service (ACOSS)
stated that with the rapid and continuous
development of digital technology, the
ability to understand and take advantage of
these innovations is essential in sustaining
social and economic engagement (Walton
etal., 2013 cited in ACOSS, 2016).

Non-terrestrial telecommunication services
for remote areas are typically provided
by large satellite systems, which most
emerging nations in the Global South do
not possess. These countries are forced
to depend on international space players,
both governmental and private, for data
requirements and satellite applications.
Advancements in small satellites and their
constellations can offer these emerging
countries access to cheaper but equally
reliable telecommunication solutions.

Figure 5: Estimates of Internet penetration by region (Deloitte, 2014)



Resource Management

Current estimates state that approximately
15 million square kilometers of the Earth's
surface is covered by cultivated land, one of
themost prevalenttypesofland cover (Licker
et al., 2007). Feeding a rapidly increasing
population in the Global South poses a
major challenge to agricultural production,
food processing and distribution, and food
security.

Effective agricultural management must
address issues such as soil erosion and
drought. In Australia, the Queensland
State Government has highlighted the
importance of considering the impacts of
erosion. Soil erosion reduces the ability of
soil to accumulate the water and nutrients
needed to grow crops, and this in turn
reduces farmland productivity (Queensland
Government, 2016). In a study conducted
in rural Australia, approximately 40% of
farmers and farm managers interviewed
reported that drought had decreased their
output to significantly lower levels and
in some cases, completely eliminated it
(Edwards et al., 2008).

Land-based agricultural areas, forests, and
fisheries are three major resources available

in the Global South. The misuse of these will
result in hunger for the local population
and reinforce poverty, especially in times
of natural disasters. These would negatively
affect the economy as the production and
consumption of goods decrease. In addition,
poor resource management will lead to
the redirection of public funds from other
national priorities towards relief efforts.

Humans depend on the Earth’s natural
resources for survival and we must therefore
properly manage these assets. Small
satellite applications should be used to
monitor vegetation health and help identify
preventive measures to save crops, see
Figure 7. Small satellites offer cost-effective
solutions for resource management to
countries of the Global South that are highly
dependent on agriculture.
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Figure 6: Image captured by SH-SSP17 payload, launched from Mount Barker, Australia, 22nd January 2017
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Case Study:

High Altitude Balloon -
A Small Satellite Project
for Students

Background

The High Altitude Balloon (HAB) project
was conducted by the participants of the
Southern Hemisphere - Space Studies
Program (SH-SSP) 2017 of the International
Space University (ISU) in cooperation with
the Amateur Radio Experimenters Group
(AREG). Two balloons were designed and
launched in South Australia on the 22nd of
January 2017. The first was launched from
McLaren Vale and the other simultaneously
from Mount Barker.

The HAB design and launch experiment
demonstrated the possible socio-economic
benefits of real-time agricultural monitoring
using constellations of small satellites.
The main purpose of this project was to
illustrate how advanced crop monitoring
technology could help address common
agricultural challenges such as floods,
droughts, increased food demand, and poor
harvest. By equipping payloads with optical
or hyper-spectral sensors, HABs and small
satellites can provide spectral information
about crops and help farmers reduce losses
and maximize profitability.

Issue: Resource Management
Sector: University and Industry

Satellite Application: Earth Observation

Methods and Materials

A team of 36 participants of the SH-SSP
program spent eight days assembling
and executing the HAB project. They used
two large helium-filled latex balloons
capable of carrying payloads containing
scientific sensors to a maximum altitude
of 40 kilometers. The interdisciplinary
project spanned mechanical and software
engineering, electronics, image processing,
communication, and project management.
This project included two HABs developed
by AREG in collaboration with ISU students,
faculty, and staff.

The payload consisted of a Raspberry
Pi micro-computer powered by six AA
batteries, a Raspberry Pi Camera v2, and
a Logitech C920 webcam. The webcam
recorded images in the visible part of the
electromagnetic (EM) spectrum while the
Raspberry Pi camera had its infrared filter
removed and switched for a visible light
filter so that only infrared light could reach
the sensor chip. The payload was housed
in a polystyrene container attached with
a balancing system made of three carbon-
fibre rods, which were used to moderate



the rotation of the payload and prevent the
camera from taking blurry pictures.

The  experiment involved  payload
construction,  programing, launching,
retrieval, weather monitoring, flight path
calculation, and image processing. The
sensors and camera focus were calibrated,
adjusted, and synchronized pre-launch. The
downlink data was transmitted in real time
from the HABs over the Wenet telemetry
links with a speed of 115 kilobits/second.
The key parameters of this experiment are
shown in Table 2.

Results

Images tools were used to mosaic and
georectify the image data to produce an
overview of vegetation growth in the Murray
River region. The resulting map clearly shows
the irrigated region around the Murray River
and the northern coast of Lake Alexandrina.
Individual differences between plots of the
same species can be used to determine the
health of the crops.

Conclusion

Our HAB project illustrates the potential
of small satellite applications for resource
monitoring and management. It provided
us with an understanding of how to design,
launch, and operate a balloon and laid a
solid foundation to better understand small
satellite assembly, integration, launching,
and operation.

This project illustrated the significance of
small satellite technology for agricultural
monitoring. At present, there is a lack
of adequate data that provides farmers
with high spatial, spectral, and temporal
resolution information for early detection
of changes in vegetation. Small satellite
technology is a broad, largely untapped
market with great potential that can serve
as a promising tool to tackle these problems
more effectively.

Horus 42 — SHS #2

Flight Designation

Horus 41 — SHS #1

Launch Date

21/1/2017 23:44:50 UTC

21/1/2017 23:45:14 UTC

Landing Date

22/1/2017 02:36:40 UTC

22/1/2017 02:37:54 UTC

Flight Duration

2 Hours 51 Minutes

2 Hours 52 Minutes

Launch Site -35.2202° 138.5561° -35.07628° 138.85695°

Landing Site -35.3094° 138.9002° -35.14061° 139.0276°
Distance Traveled 32.7km 17.1 km
Maximum Altitude 34,136 m 36,059 m

Table 2. Key parameters of HAB flights
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Case Study:
Fleet - A Small Satellite
Startup

Background

Even in the 21 century, the lack of access
to communication is still prevalent in rural
areas where the vast majority of agricultural
production is located. With a predicted increase
in the human population to 9.6 billion by 2050
(UN News Centre, 2013), and a finite amount
of arable land that is already nearing complete
use, the agricultural sector needs to increase its
efficiency (Sali, 2012). To sustain the growing
population new technology needs to provide
detailed, near-real time information to farmers
to allow them to more effectively manage their
land.Linkingthese areasviathetraditional means
such as cable or fiber would be prohibitively
expensive. An affordable way of tackling these
issuesis by applying the opportunities presented
by the Internet of Things (loT) coupled with the
aid of the Small Satellite Revolution. loT is a
trend that is shaping the digital revolution by
connecting everyday objects with two-way data
transmission (Miorandi, et al., 2012). While most
of the developed world is already extensively
covered with cellular mobile networks, Wi-Fi
and Bluetooth, that level of coverage has not
been established in the majority of areas in the
countries of the Global South, as demonstrated
by Figure 9.

Proposed Solution and Business Plan

Fleet, an Australian space technology startup,
made it their mission to provide “Free Global
Satellite Connectivity for the Internet of Things”,
identifying the lack of telecommunications
coverage, and determining the availability of
the necessary commercial off-the-shelf sensors
(Fleet, 2016). The business plan is to fill the
coverage gap with 100 nano satellites, each
weighing 24 kilograms (Nardini, 2017). These
satellites will provide Machine-to-Machine
links to make the loT available to remote areas
(Appendix A).

Nanosatellites are the medium of choice
because they are low cost, scalable, agile,
and have quick production times (Fleet,

Issue: Telecommunication
Organisation Level: Industry

Satellite Application: Telecommunications

2016). In the case of Fleet’s satellites, they will
each take 3 months to construct, each cost
approximately $1.5 million AUD to produce,
and provide 4.5 million square kilometers of
coverage. (Nardini, 2017). Though the service
is free to the end-user, Fleet's business model
is to collect royalties from front-end licensing,
meaning that the company producing the
sensors and selling them to the user pays a
fee to Fleet to allow their sensors to use the
satellite-provided data link. For example,
already existing technologies such as Amazon

Dash may be integrated into agricultural
practices. Amazon Dash is a Wi-Fi connected
device that, with a push of a button, reorders
products. This data is instantly transmitted
to the supplier and may be delivered to
the purchaser, allowing the individual to
dedicate more time to their production
responsibilities (Adamczyk, 2015).

One of the targeted markets for Fleet is
precision agriculture. Data from the sensor
will enable farmers to identify variations in
the land to take necessary management
steps (Zhang and Kovacs, 2012). Countries
in the Global South rely strongly on
agriculture. For example, almost half of
Australia’s landmass is used for farming
(Australian Bureau of Statistics, 2016). This
provides a large potential market for Fleet,
as agricultural areas tend to be remote and




often lack digital connections. Currently, data
collection in these areas is still very reliant
on the work of humans instead of leveraging
technology that already exists. Other potential
markets are the mining and the defense
industry (Appendix A).

Similar to other countries in the Global South,
Australia does not have a space agency.
However more and more entrepreneurs are
breaking into the space sector, inspired and
encouraged by the Small Satellite Revolution.
The Australian government provides subsidies
to companies that are “international from
day one, digital, scalable, following massive
trends, and they want to see a great team”
(Appendix A). Fleet received 50,000 AUD from
the South Australian government under the
South Australian Micro-Finance Fund (SAMFF)

and raised further funds from venture
capitalists (Appendix A).

Flavia Tata Nardini is one of the co-founders
of Fleet. Through networking within the
tight-knit space community in Australia,
Flavia was able to raise close to 5 million
AUD within a week. Fleet was chosen as
an example of the enthusiasm within the
space industry and the accessibility of
space technologies to relative newcomers.
Space entrepreneurship is a growing field
and, with the support of government and
financial investors, many new jobs can be
created, directly stimulating the economy.
As with Fleet, their workforce currently
consists of three employees but seeks to
grow to 100 by the time that more than
half of their satellites will be deployed
(Appendix A).

Access to small satellite technologies
may be harnessed to fill gaps in
telecommunications for many purposes,
including agriculture. This will directly
sustain and stimulate the economy of the
host nation. The cheaper costs of small
satellites means that more entrepreneurs
may break into the space industry to create
their own companies, providing cheap
access tovastsamounts of data, stimulating
the economy through increasing the
efficiency of remote work sectors and
generating new jobs.
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Case Study:
Mexico - An Emerging
Space Nation

Background

Development of space technology may
not seem like the highest priority for many
developing countries seeking to supply
primary needs such as nutrition and
housing for their people, and to manage
their resources efficiently. For the case
of Mexico, this factor resulted in a lack of
interestin having its own space program and
therefore an absence of policies, enterprise,
or educational programs directed towards
the space sector, let alone an agency solely
dedicated to the development of the sector.

Efforts made in small satellite technology by
educational institutions such as the National
Autonomous University of Mexico (UNAM)
in coordination with the government,
other educational institutions, and private
industry, laid the foundations for the
creation of the Mexican Space Agency in
2010 (Mexican Space Agency, 2012a). Small
satellites have been the key technology
for space research and development in
Mexico because of lower cost, development
advantages, and simple manufacturing.
As a result, several projects for remote
sensing, natural resource management,
volcanic observations, climate monitoring,
and pollution measurement are currently in
development.

The Mexican Space Industry

Mexico created the National Outer Space
Commission in 1962 by Presidential Decree,
and made two successful rocket launches to
obtain atmospheric data and test propulsion
systems. Because of the country's political,
economic, and social situation, along with
the government’s disinterest in science and
technology, the Commission was closed in
1977 (Montano, 2015). The Commission's

Issue: Resource Management

Organization Level: Government,
Industry and University

Satellite Application: Interorganizational
Cooperation

personnel and resources were reassigned to
several different institutions that continued
their previous lines of work, mainly in the
areas of remote sensing and meteorology.
Over time, the expertise in rocket and space
technology was dispersed and lost (Pacheco
etal., 2009).

This loss of experience and knowledge
among decision makers and academics in
Mexico was a key reason for Mexico's late
reentry into space development. For over
five decades, universities and other groups
made several attempts to implement
educational or science and technology
programs, however the lack of economic
support prevented successful growth of
Mexican space development and ultimately
resulted in the cancellation of these
programs (Pacheco et al., 2009).

Despite the circumstances, there  were
several different efforts in Mexico to use
satellite technology. The first satellites
owned by the Mexican Government
were purchased from Hughes Aircraft
Company and launched into orbit from
the United States in 1985. Up until that
year the telecommunications capabilities
available in Mexico were rented from
foreign companies, meaning that it was
technologically dependent on other nations
(Robles, 2015).

The first indigenous development of
Mexican satellites was carried out by the
National Autonomous University of Mexico
(UNAM), which produced the UNAMSAT-A
and UNAMSAT-B microsatellites. The first
satellite was lost at launch however, the
second was put into orbit on September 5,
1996. Although contact with the satellite was
lost the mission demonstrated cooperation



with the private sector, which provided
financial contributions. It also demonstrated
international cooperation with Russia, who
made the launch possible (Directorate
General of Social Communication, 2017).

Mexico's New Space Approach

There has been an emergence of new small
satellite projects in Mexican organisations -
mainly at UNAM (Mendieta et al., 2012), the
Aerospace Development Center (CDA), and
the Autonomous University of Nuevo Leon
(UANL). This as well as the impetus of experts
and opinion leaders on the subject, resulted
in a proposal to the Mexican Chamber of
Deputies for the creation of the Mexican
Space Agency (AEM). The approval process
began in 2006, and the law creating the
AEM was enacted on July 13, 2010 (Mexican
Space Agency, 2012a).

Currently, AEM has agreements for
cooperation, technological development,
and academic exchange with NASA, JAXA,
and countries such as Ukraine, Russia,
Argentina, and Germany (Robles, 2015).

Different universities in six states of Mexico
already offer Bachelor's and Master's degree
programs in Aerospace Engineering. In
terms of industry, 249 national and foreign
companies have been established in 18
states, creating more than 31,000 direct
jobs, with an average annual growth of
17.2% since 2004, making it one of the
country's fastest growing sectors (Mexican
Space Agency, 2012b).

Small satellites play a fundamental role in
the space sector in Mexico due to their low
cost and rapid development (Directorate
General of Social Communication, 2017).
There are currently several projects being
developed for education using CubeSats
such as SATEDU, an initiative developed by
the Institute of Engineering of UNAM to
attract students to science and technology,
aswellastovalidate newsatellite subsystems
(UNAM, 2009). In addition, several small
satellites are under development in several
universities, financed by the Mexican
Government. Their purposes are to
collect data for research, such as climate
monitoring, (National Polytechnic Institute,
2016) air pollution measurement, (National
Autonomous University of Mexico, 2013)
and the monitoring of an active volcano
(Robles 2015). One of these projectsincludes
research for the first Mexican propulsion
system for small satellites, developed in
conjunction with Massachusetts Institute of
Technology (MIT).

Conclusion

Small satellite projects have played a
fundamental role in developing the space
sector of Mexico, being the drivers for
creation of the AEM. Small satellites are the
main field of research and development in
universities and research centres, fostering
international cooperationandthe creation of
companies that contribute to the economic
and social development of Mexico.
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Case Study:
Microsatellites for
Disaster Management in
the Philippines

Background

With natural disasters presenting a constant
threat to the population, the Philippines
are now employing small satellites to help
monitor the aftermath of such events and
provide a rapid means of communication
to emergency responders. Diwata-1
was a microsatellite developed by the
Philippines Government’s Department of
Science Technology as part of the three-
year Philippine Scientific Earth Observation
Microsatellite  (PHL-Microsat)  Program,
aiming to build the Philippines’ capacity in
space. This EO microsatellite was built to aid
in disaster monitoring by providing near
real-time satellite imagery of affected areas
(Marciano, 2016).

The Problem

The Philippines are plagued by natural
disasters; flooding, earthquakes, landslides,
storms, tsunamis, and volcanic eruptions
(PreventionWeb, 2014). A CNN report
released in 2016 listed the Philippines
as the 4th most disaster-prone country
in the world, with 274 natural disasters
affecting the Philippines over the past 20
years (Santos, 2016). Satellite imagery has
played a crucial role in the response of the
government of the Philippines in the past
(Daag, 2015); however, without a dedicated
satellite system, the cost of acquiring
relevant satellite imagery of the area is

Issue: Crisis Management

Organization Level: Government, Indus-
try and University

Satellite Application: Resource Manage-
ment and Crisis Management

enormous. In 2013 satellite imagery of the
aftermath of Typhoon Haiyan costs the
government approximately USDS$1.1 million
(Usman, 2016).

The UN has identified food security as one
of its Sustainable Development Goals for
developing nations.The majorissuesforfood
security of the Philippines are insufficient
technology adoption, overreliance on a
limited number of crops and the “impacts
of climate change and other environmental
hazards” (FAO, 2012). Therefore, the
Philippines face environmental pressures
of crops of limited diversity and a lack of
technical infrastructure to monitor them.

The Solution

In cooperation with the Japan Aerospace
Exploration Agency (JAXA), the Philippines
launched the Diwata-1 microsatellite
on 23 March 2016. Aimed at improving
post-disaster and resource management
capabilities, Diwata-1 was released into
low earth orbit (LEO) from the International
Space Station (ISS) through the Japanese
Experiment Module “Kibo” on 27 April 2016
(Marciano, 2016).

Diwata-1's remote sensing capabilities
help provide authorities with near real-
time satellite imagery, which is critical for
rapid disaster response, resource allocation,
and post-disaster damage assessment. It
also supports rehabilitation and recovery



programs. A second satellite Diwata-2, to
be launched in 2018 will provide a way for
emergency responders and people from
affected areas to communicate during
disasters when infrastructure get damaged
or destroyed (Marciano, 2016).

Benefits

The Diwata-1 satellite has already succeeded
in capturing images of the Philippines that
will aid in forestry, agriculture management,
and disaster monitoring. The provision
of resource management will allow the
government to better manage agriculture
and reduce the effects of climate change
on food security. The use of images will
allow government and emergency services
to better monitor and manage disasters,
resulting in the reduction in human
casualties and a quicker disaster response.

A secondary beneficial outcome of the
program was the partnership developed
between the various governmental and
academic institutions of both Japan and the
Philippines. This enabled Filipino university

students to undertake small satellite test
and evaluation courses at both the Kyushu
Institute and Tohoku University (National
Research and Development Agency, 2016).
This partnershipled to building international
relations and upskilling the Filipino
workforce. In addition, the USA was involved
in the launch, furthering the collaboration.
Another result of the collaboration is the
co-development of small satellite related
tertiary courses, which will help build the
capability of the Filipino space industry.
This will allow the Philippines a more
diverse workforce, which, for developing
countries, is the “driving force of economic
development” (Kaulich, 2012).

Conclusion

The PHL-Microsat program is an example of
an emerging space nation using satellites to
foster regional cooperation, encourage local
workforce growth, and address resource
and crisis management.

Figure 8: Diwata-1 microsatellite (Marciano, 2016)
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Case Study:
Governmental Use of
Small Satellite Data in
the United States

Several fields of satellite applications can
contribute to state security, particularly in
Earth Observation and PNT. Small satellites
can and are used in these fields to provide
a lower cost option with quicker response
times and faster technology iterations. Many
new commercialized Earth Observation
small satellite constellations have been
launched in the last decade, including
Skysat, by Google owned Terra Bella (Terra
Bella, n.d.), and Flock-1 and Flock-2 by Planet
(formerly Planet Labs), a satellite imaging
company started by former NASA personnel
(Spaceflight, 2017).

The National Geospatial-Intelli-
gence Agency (NCA)

The National Geospatial-Intelligence Agency
(NGA) is a division of the United States of
America (USA) Department of Defense. The
organization has the primary mission of
supplying information necessary to support
the needs of decision makers (National
Geospatial-Intelligence Agency, n.d.). NGA
accomplishes this mission by collating,
analyzing, and appropriately publishing
geographic intelligence from commercial
Earth Observation service providers (Gruss,
2015).

In the interests of improving the availability
of near real-time data for its purposes, NGA
has begun to leverage commercial satellite
imaging operations. As a consequence, NGA
has become one of the most important
customers for certain commercial space

Issue: Security

Organization Level: Government

Satellite Application: EO and PNT

companies. On the 21st of October, 2016,
the Office of Science and Technology Policy
(OSTP) announced the “Harnessing the
Small Satellite Revolution” initiative (Foust,
2016). This initiative outlines the goal of the
US government to use products from small
satellite companies, including a USD $20M
award from the Geospatial-Intelligence
Agency to Planet. Here both parties benefit
as the Agency is provided with global
imagery from the small satellite constellation
every 15 days and Planet is able to continue
development and operation of its satellite
constellation (Foust, 2016).

Until recently NGA’s primary commercial
imagery provider was DigitalGlobe (Gruss,
2015), which operates five large imaging
satellites with a mass of around two
metric tons each (DigitalGlobe, 2017).
The most capable of these achieves a
spatial resolution of 0.31Tm (Gruss, 2015).
This reliance on so few sources of data
gathering presents a potential security
and reliability risk, either at the level of the
supplying company or harmful acts against
the small number of expensive satellites.
Despite technology improvement, the cost
of replacing traditional satellites hinders
the replacement rate, and having a small
number of satellites limits the revisit rate for
monitoring particular sites.



The Use of Small Satellites

Recently, NGA has begun to purchase data
from small satellite providers including Terra
Bella, which currently operates seven small
satellites in orbit and has planned more
(Terra Bella, n.d.), Planet Labs with a flock
of 63 satellites (Erwin, 2017) and BlackSky,
who plans to have six small satellites in
orbit by the end of 2017 (BlackSky, 2016).
This is a combined result of the mentioned
initiative on small satellites (Foust, 2016)
and the aspirations of the new Director of
the agency, Robert Cardillo, who has said of
small satellites: “The skies — really space —
will darken with hundreds of small sats to be
launched by Skybox, Planet Labs, BlackSky
and others” and has appropriately involved
the agency in operations with small satellites
providers (Gruss, 2015).

Small satellites offer a number of benefits
to NGA’s mission and, by proxy to the USA.
The increased prominence and low cost of
small satellites, nanosatellites in particular,
has enabled a significant number of small
companies to enter the field with a relatively
small initial investment (Dillow, 2015).
The presence of governmental agencies
as potential customers of small satellites
companies greatly increases the addressable
market and present a considerable business
opportunity. Additionally, the potential
of and tendency for large constellations
of small satellites - offered by various
companies and in various orbits - provides
an unmatched capacity for redundancy and
reliability. These large constellations allow
for rapid revisit, potentially permitting a
daily update of changes to a site (Planet)
and even rarely interrupted real-time video
(Terra Bella) (Gruss, 2015).

With their recent branching into both
supporting, and relying on the small satellite
industry, NGA has recognized the value that
small satellites provide to national security.
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Recommendations

To properly harness the Small Satellite Revolution, decision-makers must consider effective
strategies to implement for the Global South. Following consultations with relevant
stakeholders regarding issues in the Global South, the White Paper Team developed a
series of recommendations for decision makers in the education, government, and private
sectors. These recommendations aim to facilitate taking advantage of the Small Satellite
Revolution for socio-economic benefit in the Global South, considering both the current
state and future trends of the small satellite industry. We considered the outcomes of the
case studies of small satellite usage explored earlier in this White Paper to support these
recommendations.

To support these recommendations, we describe a value chain for the small satellite industry,
following small satellite development from initial design through to final implementation.
The value chain is used to pair budget and capability requirements with appropriate entry
points into the small satellite industry for education, government, and private sector
stakeholders.

For each recommendation below, we will assign an entry point on the value chain. This will
help decision-makers understand the relative level of budget and capability required to
realize the ideas presented.

Figure 9. The small satellite value chain



In this section, we propose a framework
for changes to policy pertaining to small
satellites. We consider policy holistically
before addressing specificrecommendations
in the subsequent sections. This is to
highlight the importance of careful policy
implementation that will ensure the
controlled and sustained development of
the small satellite industry.

Domestic Legal Frameworks

Emerging and established space nations

must consider the domestic implications

of the international policies described in

Section 2.5. Each emerging space nation

should:

A - Consider becoming a signatory
to all relevant UN treaties on space, thus
demonstrating their intention to be a
responsible user of space.

B - Establish several domestic
regulations for space use. We recommend
that each nation implement:

« A national space policy to provide clear
direction and assign responsibility for
proposed space utilization, with specific
mention of intended small satellite use.

« A domestic register of space launches, to
allow state jurisdiction and control over
small satellites

« A domestic frequency coordination
agency to provide the interface between
the ITU and the small satellite industry

Tax Breaks and Financial Incen-
tives

Investment in the space industry “requires
thriving in a challenging environment”
(Gurtuna, 2013) and government financial
incentives should be introduced to reduce
the risk that industry carries.

C- Statesshouldimplementanational
policy regarding insurance, that scales
the Minimum Third Party Liability amount
depending on the size of the launch. This will
mean that small satellite launches will not
require the same insurance requirements as
larger satellite launches. Alternatively, the
state could provide subsidies or indemnities
to small satellite operators to reduce liability
to third parties in the case of fault.

D - States should also implement
policy whereby reductions in Minimum Third
Party Liability amount are granted in return
for risk reduction measures provided by the
operator. An example of these measures
could be additional orbit collision analysis,
or enforcing restrictions on proximity to
foreign owned critical space resources. The
reductions in the insured liability amount
would result in reduced insurance costs
for the small satellite operator, stimulating
growth in existing and emergent small
satellite applications.
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The current trend in small satellites is to provide more for less, which, in turn, has led to
the “Smaller, Cheaper, Faster, Better” model (Heidt et al., 2016). Thus, there is now more
opportunity forthe education sectortoaccess small satellite technologies. Recommendations
to the education sector are focused on engaging a wider portion of students at a variety of
education levels in small satellite Earth Observation & Telecommunications (EO&T)
technology. We also discuss improvement of the resources available to those students to

facilitate their engagement and learning.

Value Chain Entry: Design and Utilize

The technological and engineering industries are developing rapidly, and the need for
sustainable STEM education is vital. Broad and inclusive STEM education provides the skills
necessary to address future socio-economic issues, and small satellites could provide these
services as well as act as an educational tool to build skills. We recommend that both primary
and secondary institutions take advantage of small satellite technology by including it in
their curriculum planning, placing an emphasis on using EO&T in applications for social
good. Sandau (2010) highlights that small satellites are “natural means for education and
training” because “they allow direct, hands-on experience at all stages” of the satellite
development process.

There are already several initiatives in the industry to provide small satellite educational
solutions. One example is Launchbox, a space education start-up company based in
Adelaide, Australia. Their mission is to put space technology in the hands of primary and
secondary school students by providing kits that allow classes to build their own model
satellites and conduct real space experiments (Pearson, 2015). Launchbox also has a project
called‘LIFTOFF' that eventually plans to send students’ experiments into space.

The low cost of small satellites make it feasible for educational institutions to have access to
space. The skills developed in these programs will assist in addressing the socio-economic
problems of the future. The integration of small satellite technology and applications into
school curriculums will foster interest in the community and more engagement in STEM,
which has various positive social effects (Klimov et al., 2005).



Value Chain Entry: Design, Manufacture, and Utilize

The investigation of fundamental scientific problems is a core mission of universities
(Swartwout, 1997).With advancementsin technology making small spacecraft less expensive,
universities are able to offer their services in the area of spacecraft design and development.
Building on recommendation 1, tertiary level students should be provided with the skills
needed to address the socio-economic problems of the future using small satellites.

We recommend that universities implement courses designed for small satellite and EO&T
applications, with a research focus on “hands-on” projects. The practical component of the
course is particularly important as open-ended, discovery based learning has proved to be
more effective than lecture style presentation (Shiroma, et al., 2009). Outcomes of the HAB
Balloon Project and the satellite launch by UNAM have shown that this kind of education
has been successful in the past and could be readily implemented by new institutions. As an
outcome of their collaboration, the Philippines microsatellite program has begun to develop
their own tertiary courses on small satellites.

Value Chain Entry: Design, Manufacture, Operate, and Utilize

As small satellite technology improves and demand for their services increases (Heidt et
al., 2000), there will be a push for innovative solutions. This will require more collaboration
between academia and industry than ever before. We recommend partnerships between
universities and industry to exchange research facilities and human resources for grants
and funding opportunities. Placing emphasis on EO&T will foster benefits for both parties;
industry members can acquire innovative R&D that will enable them to remain competitive
in the market, while also building specialist skills in the university environment.

These industry-university partnerships should establish programs that integrate the best
resources of both parties, where the university provides research facilities and fellowship
opportunities, and industry provides access to the necessary resources to carry out projects
together. We recommend that students lead and develop viable small satellite projects
with the goal to encourage students to validate new technology and gain collaboration
development experiences. Industry can draw on studentinnovations to explore new markets.
Previously, these partnerships have provided positive benefits for both parties; for example,
the AREG, UniSA, and ISU collaboration allowed AREG to conduct its first ever simultaneous
balloon launch and provide a test scenario for its new communications technology. In return,
the ISU participants gained a wide range of skills. Such successful collaboration illustrates
that projects involving small satellites can foster beneficial partnerships between industry
and universities. University students gain experience within the industry environment, while
industry obtains publicity and positive feedback. Supporting innovative projects created by
young people fosters confidence in society, a profitable enterprise for industry.

The government sector is the key driver for harnessing the Small Satellite Revolution,
through its ability to affect and implement policy. The recommendations focus onimproving
partnerships among government, academia, and private sectors.



The government sector is the key driver for harnessing the Small Satellite Revolution,
through its ability to affect and implement policy. In addition to the general considerations
presented earlier, this section provides recommendations for various levels and sizes of
government. The recommendations focus on improving partnerships among government,
academia, and private sectors.

Value Chain Entry: Design

Innovation is a critical aspect to keeping the small satellite industry sustainable. The
encouragement of innovation on a small government level, with a focus on the emerging
small satellite industry, will ensure that EO&T technology remains cutting edge and is a
viable investment for private enterprise. We recommend that at a small government level,
public funding be put towards programs that nurture innovation in small satellite EO&T.
While a focus on EO&T is preferable for the purposes of this paper, innovation remains a key
driver of spin-in and spin-off technology, which benefits innovation.

We recommend that funding be directed into various innovation drivers such as grants or
public courses to maximize productivity. Financial support should be provided to start-upsin
the forms of grants or grant-matching, whereby government will match private investment
in EO&T start-ups. Public courses in innovation should be introduced to engage public and
private parties, thus reducing the risk of start-up failure. The case study of Fleet indicates
how important innovation is for building new capabilities.

These programs are a way for lower levels of government to influence higher levels of
government and position themselves to take advantage of applications of the small satellite
industry. Encouraging high growth innovation creates new job areas, which has been shown
to have a positive effect on the economy (Wong, Ho and Autio, 2005). With a focus on EO&T,
new applications of existing technology as well as the development of new technology will
occur, allowing countries to further take advantage of the Small Satellite Revolution.

Value Chain Entry: Design, Manufacture, Launch, Operate, and Utilize

Noteverystate canimplementitsown sovereignspaceindustrythatencompassestheentirety
of the small satellite value chain. Nevertheless, this should not be a factor that impedes a
nation from becoming involved in the space industry and being able to take advantage of
the applications that space based resources can bring. We recommend nations cooperate
regionally to develop a small satellite industry, with emphasis on EO&T. Cooperation with
neighbouring states has numerous benefits. It shares the cost of a potentially expensive



venture across the region and can foster positive political relationships. The socio-economic
issues of the region can be jointly addressed for the most effective results.

Sandau (2010) identifies that “countries taking their first steps in space need to learn relevant
techniques from more experienced space users.” Hence, cooperation between states should
be encouraged by implementing technology, expertise, and capability sharing agreements.
Governments should work together to produce policies that foster both national and
regional capabilities, and that allow smaller spacefaring nations to influence the global
space policy sector.

The Nigeria small satellite program (Aron, 2013) partnered with other nations and industry
to launch a small satellite that assisted with resource and crisis management (James et al.,
2013). In addition, the satellite coordinated with the Disaster Monitoring Constellation
to provide crisis monitoring to the region. The collaboration between the DigitalGlobe
Constellation and small satellite operators is a good example of how this recommendation
can be implemented at a local level. The case study of the Filipino micro-satellite program
has already generated regional cooperation, which has encouraged capability sharing. The
design, development, and launch of the program involved three different nations, and the
satellite has already begun to provide socio-economic benefits.

Collaboration with regional partners means that the benefits of EO&T applications can be
focused on relevant regional issues, while distributing the mission costs. This results in a
more specific effort that targets all the identified socio-economic issues, with greater overall
benefits to the participant states.

Value Chain Entry: Design, Operate, and Utilize

The key to promoting small satellite applications is to have a streamlined process for
stakeholders. Existing overheads that deal with multiple levels of government increase
the complexity of gaining access to space. Addressing these overheads reduces the cost of
implementation for small satellite providers and users.

We recommend that governments consolidate and establish a space EO&T agency that
combines the roles of multiple agencies. This should aid with all stages of the value chain,
including assistance with regulatory requirements and funding.

The case study on Fleet and its CEO (Nardini, 2017) shows that meeting regulatory
requirements can be complicated and expensive for a start-up. Streamlining this process
would allow more money to be diverted into actualization of the start-up capability.
The balloon launch case study also highlighted the difficulties of dealing with disparate
stakeholders. By simplifying this process, there will be a higher level of development in the
sector that will result in more innovative solutions.



Inthe private sector,innovationis realized and applied to provide a sustainable and profitable
service. These recommendations suggest sustainable and innovative markets for business
development in the small satellite industry that produce socio-economic benefits.

Value Chain Entry: Design and Utilize

With the expansion of the small satellite industry, itis crucial to effectively connect consumers
to EO&T data collected by small satellites. We recommend developing intermediary services
to bridge the gap between small satellites and consumers, using both professional and
publicly available software to allow users access to satellite services such as monitoring of
mining, crop growth, carbon emissions, and maritime services.

These intermediary services consist of both consulting and application services. Consulting
services can be used to assist customers by analyzing development trends. Application
services can provide a suite of specialized EO&T applications to integrate consumer needs
with the data available. These could be easily available through either web or phone
applications. For example, Google has developed a Google Earth Engine API that allows a
connection between geospatial data and a cloud based processor (Google, 2016).

By developing this class of technology, various stakeholders can be informed by relevant
EO&T data. Forexample, the public can be kept abreast of emergency situations disseminated
from disaster response agencies to ensure their safety. Private businesses, such as farmers,
can possess specialized technology that allows them to easily manage their resources. This,
in turn, leads to higher productivity and a corresponding profit increase. Other services, such
as the military, can be provided with innovative solutions that help secure the borders of the
countries they serve, providing a higher level of coordination and effective use of resources.

Value Chain Entry: Design, Manufacture, Operate, and Utilize

Telecommunications satellites have traditionally been owned and operated by large
multinational companies, taking advantage of the most profitable sector of the satellite
operation industry (The Tauri Group, 2016). This paradigm is beginning to shift because of
the Small Satellite Revolution. Advances in miniaturization technology and enhanced launch
capacities have made small telecommunications satellites more viable. Parties without the
means to enter into this multi-billion-dollar market now have new opportunities to do so
(Clark, 2006). We recommend that private entities with an interest in entering the manufacture
and operate sectors of the small satellite value chain do so in the telecommunications sector.
Small telecommunication satellites are beginning to emerge on the world market, with



various scalesand scopes. Fleetisan example of a start-up company already taking advantage
of this new trend. They are getting involved in the loT, which begins to connect our homes,
cars, and jobs via the internet. There are also larger companies like O3B that are looking to
use small satellite constellations to provide internet access on a global scale (Collar, 2016).
Tele-health and remote education are important applications of these technologies. Tele-
health has potential for significant positive impact on rural health (Gagnon, 2006) and remote
education has been identified as an enabler for human capital growth (Ally, 2009 p1). O3B, as
well as other developing projects such as One Web and internet.org, are pioneering larger
scale internet access to connect the world.

This sector has the potential to bring the standards of living enjoyed in developed nations
to some of the poorest and most remote communities in the world. The benefits to society
from investment in this sector are the many improvements in quality of life that a connected
world brings.

Value Chain Entry: Design, Manufacture, Launch, and Operate

With the small satellite revolution sweeping the globe, the need for launch services is in
high demand. It is necessary for the launch segment of the space industry to upgrade its
capacity to accommodate the upcoming increased demand in small satellites (Doncaster,
Williams and Shulman, 2017). At present, the global launch of small satellites relies mainly
on traditional Launch Vehicles (LV) companies, such as Arianespace, United Launch Alliance
(ULA) and Orbital ATK. With long launch cycles and high costs, this method cannot meet the
burgeoning needs for small satellite launch services in the future. We recommend investment
in research for the next generation launch services for small satellites from both technical
and operational perspectives. Investment in this technology development is tailored most
appropriately for parties interested in the Launch stage of the small satellite value chain. We
make recommendations here into two separate categories, Launch Technology and Launch
Operation.

With regard to Launch Technology, we recommend that LV providers use modular design to
leverage the standardization of small satellite sizes. Reusable or low cost first stages should
be used. To meet future demands, flexible and fast deployment methods are preferred. A
potential solution could involve the use of high altitude balloons as described previously,
yet on a much larger scale, to act as the first stage of the satellite launch. This would save
propellant costs as well as remove the need for dedicated launch sites. Innovative launch
operations could be addressed by recommending that venture capitalists and investors
invest in companies developing this technology.

As for Launch Operations, the policy for launch service pricing could be changed. In this new
business model, launch providers would charge according to the size of the small satellite
operator’s income. This would provide incentive for financing new technology, and improve
demand for launch services.

Investment in these next generation technologies acts as an enabler for innovation of EO&T

data in the future. This ensures that the future socio-economic needs of the Global South
can be addressed quickly and effectively by emerging technology and applications.
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The Small Satellite Revolution is here. Now
the countries of the Global South have more
opportunities to access the socioeconomic
benefits that small satellites can provide.

With a lowered barrier to entry, the nations
of the Global South that have been minor
players in the space industry thus far now
have the means to enter this market and
reap the benefits that the Small Satellite
Revolution can offer. The Global South
has a diverse range of people, culture, and
environments. Using the applications of
small satellite technology, every person -
from the sprawling cities of Shanghai to the
sparsely populated areas of Sub Saharan
Africa - can be part of The Revolution.

This White Paper has sought to bring
recommendations to, and stimulate
thought and discussions for, members of the
Global South as to how the Small Satellite
Revolution can promote socio-economic
benefit. These suggestions were broken into
four sections.

Policy Considerations: Emerging space
nations need to position themselves,
from a policy and governance standpoint,
to maximize the engagement of their
nation and region with the global space
community.

Education Sector: Educational
institutions are the backbone of the
age of innovation and are responsible
for preparing a sustainable and agile
workforce to meet future challenges.
Academic stakeholders need to engage
students at all levels of their institution
and provide the means for cutting-edge
technology development.

CONCLUSION

Government Sector: A nation’s
government is the binding force
between all stakeholders, and bears
the responsibility to lead with directed
and considered planning. Governments
need to focus on how they can promote
synergy with industry and academia for
socio-economic benefit.

Private Sector: Players in the private
sector are the global demonstrators of
how the technologies of the modern
age can be used for social and economic
benefit. Private companies need to
engage in markets that will stimulate
the next iteration of the Small Satellite
Revolution.

The issues and applications considered in
this White Paper provide the foundation for
countries of the Global South to harness the
Small Satellite Revolution to realize effective
change. The increased use of small satellites
canbringtheeraofgeographicdisadvantage
and inequality to an end. The time for social
and economic transformation is now. The
age of the Small Satellite Revolution is upon
us and it is time for the Global South to take
action.



Adamczyk, A. 2015. Amazon dash buttons let you
order products with the push of a button. Forbes,
[online] Available at: <http://www.forbes.com/
sites/aliciaadamczyk/2015/03/31/push-to-pay-
amazon-dash-buttons-let-you-order-products-
instantly/#e06961f3e91a> [Accessed 4 February 2017].

Mexican Space Agency. 2012a. Report on the rendering of
accounts of the federal public administration 2006 — 2012.
[pdf] Mexico: AEM. Available at: <http://www.sct.gob.mx/
fileadmin/_migrated/content_uploads/IRC_AEM_3.pdf>
[Accessed 4 February 2017].

Mexican Space Agency. 2012b. Orbiting plan: route map
of the Mexican space industry. [pdf] Mexico: PROMEXICO.
Available at: <http://www.gob.mx/cms/uploads/
attachment/file/73146/PLAN_DE_ORBITA_2013_ESP.pdf>
[Accessed 3 February 2017].

Agreement on the Rescue of Astronauts, the Return of
Astronauts and the Return of Objects Launched into Outer
Space, 22 Apr. 1968, 672 UN.T.S. 119, 7 L.L.M. 151, entered
into force 3 Dec. 1968 [hereinafter Rescue Agreement].

Ally, M., 2009. Mobile learning: transforming the delivery
of education and training. [e-book] Athabasca University
Press. Available at: <http://www.aupress.ca/books/120155/
ebook/99Z_Mohamed_Ally_2009-MobileLearning.pdf>
[Accessed 5 Febraury 2017]

Australian Bureau of Statistics, 2016. 7172.0 - Agricultural
commodities, Australia, 2014-2015. [online] (updated 13
December 2016) Available at: <http://www.abs.gov.au/
ausstats/abs@.nsf/mf/7121.0>

Australian Council of Social Service, 2016. Staying
connected: the impact of digital exclusion on people living on
low-incomes and the community organisations that support
them. [pdf] Available at: <http://www.acoss.org.au/wp-
content/uploads/2016/01/Digital-Divide-Policy-Snapshot-
2016-Final.pdf> [Accessed 4 February 2017].

BlackSky, 2016. Homepage. [online] Available at: <https://

www.blacksky.com/> [Accessed 3 February 2017].

California Polytechnic State University, 2014. CubeSat
design specification. [pdf] California Polytechnic State
University. Available at: <https://static1.squarespace.
com/static/5418c831e4b0fad4ecacibacd/t/56e9b623370
13b6c063a655a/1458157095454/cds_rev13_final2.pdf>
[Accessed 7 February 2017].

Clark, S.,2016. Falcon 9 rocket to give SES 9 telecom satellite
an extra boost. Spaceflight Now, [online] 24 February.
Available at: <https://spaceflightnow.com/2016/02/24/
falcon-9-rocket-to-give-ses-9-telecom-satellite-an-extra-
boost/> [Accessed on 4 February 2017]

REFERENCES

Collar, S., 2016. The O3b Networks story. [online] Available
at:  <https://www.o3bnetworks.com/about/our-story/>
[Accessed on 6 February 2017].

Commonwealth of Australia, 2013. Australia’s Satellite
Utilisation Policy. [pdf] Commonwealth of Australia.
Available at: <https://industry.gov.au/industry/
IndustrySectors/space/Documents/Australias-satellite-
utilisation-policy.pdf> [Accessed 29 January 2017].

Convention on International Liability for Damage Caused
by Space Objects, 29 Mar. 1972, 961 U.N.T.S. 187, 10 |.L.M.
965, entered into force 1 Sept. 1972 [hereinafter Liability
Convention].

Convention on Registration of Objects Launched into
Outer Space, 14 Jan 1975, 1023 U.N.TS. 15, 14 L.L.M. 43,
entered into force 15 Sept. 1976 [hereinafter Registration
Convention].

Daag, A.S., 2015, Utilizing GIS-based disaster information
for disaster Risk reduction in the Philippines. presented at
the Geospatial Information and the Data Revolution: ‘A Quick
Win'’ for Sustainable Development in Asia-Pacific, side event
at the Committee on Statistics, Bangkok, 25-27 March
2015 [online]. Available at: http://www.unescap.org/sites/
default/files/Utilizing-GIS-based-Disaster-Information_
Philippines.pdf [Accessed on 6 February 2017]

Deloitte, 2014. Value of connectivity: economic and
social benefits of expanding internet access. [pdf]
London: Deloitte.  Available at: <https://www?2.
deloitte.com/content/dam/Deloitte/ie/Documents/
TechnologyMediaCommunications/2014_uk_tmt_
value_of_connectivity_deloitte_ireland.pdf> [Accessed 5
February 2017].

DigitalGlobe, 2017. Satellite information. [online] Available
at: <https://www.digitalglobe.com/resources/satellite-
information> [Accessed 4 February 2017].

Dillow, C., 2015. Here's why small satellites are so big
right now. Fortune. [online] Available at: <http://fortune.
com/2015/08/04/small-satellites-newspace/> [Accessed 4
February].

Directorate General of Social Communication, 2017. The
UAMSAT-B university satellite was put into orbit. [online]
Available at:<http://dint.unam.mx/blog/index.php/
item/3201-el-satelite-universitario-uamsat-b-fue-puesto-
exitosamente-en-orbita/> [Acessed 6 Febraury 2017].

39



40

Doncaster, B., Williams, C.and Shulman, J., 2017.2017 Nano/
microsatellite market forecast. [pdf] SpaceWorks Enterprises,
Inc. (SEl). Available at: <http://spaceworksforecast.
com/docs/SpaceWorks_Nano_Microsatellite_Market_
Forecast_2017.pdf> [Accessed 1 February 2017].

Doncaster, B., Shulman, J., Bradford, J.,and Olds, J., 2016.
SpaceWorks' 2016 nano/microsatellite market forecast. In:
Utah State University, 30th Annual AIAA/USU Conference
on Small Satellites. Logan, Utah, 6-11 August 2016.
[online] Available at: <http://digitalcommons.usu.edu/
cgi/viewcontent.cgi?article=3336&context=smallsat>
[Accessed 5 February 2017].

Edwards, B., Gray, M. and Hunter, B, 2008. Social and
economic impacts of drought on farm families and rural
communities: Submission to the productivity commission’s
inquiry into government drought support. [pdf] Available
at: <http://www.pc.gov.au/inquiries/completed/drought/
submissions/sub092.pdf> [Accessed 3 February 2017].

Erwin, S, 2017. Space sector: remote sensing firms
frustrated by red tape. National Defense Magazine, [online]
Available at:  <http://www.nationaldefensemagazine.
org/archive/2017/January/Pages/
aceSectorRemoteSensingFirmsFrustratedbyRedTape.
aspx> [Accessed 3 February 2017].

Facchinetti, G., Sasanelli,N., Davis, M.and Cucinella, G.,2016.
Small satellites: sconomic trends. [pdf] Defence SA. Available
at:  <http://www.defencesa.com/upload/Facchinetti%20
G.%20Small%20Satellites%20Economic%20Trends%20
Dec%202016-FINAL.pdf> [Accessed 2 February 2017].

Fleet, 2016. Home. [online] Available at: <http://www.fleet.
space/t> [Accessed 6 Feb. 2017]

Food and Agriculture Organization of the United Nations.
2012. FAO Country Programming Framework 2012-2018 -
Philippines. [pdf] Italy: FAO. Available at: <http://www.fao.
org/3/a-bp580e.pdf> [Accessed 6 February 2017]

Foust, J., 2016. White House announces small satellite
initiative. Spacenews, [online] Available at: <http://
spacenews.com/white-house-announces-small-satellite-
initiative> [Accessed 3 February 2017].

Gagnon, M.P, Duplantie, J., Fortin, J.P. and Landry, R., 2007.
Exploring the effects of telehealth on medical human
resources supply: a qualitative case study in remote
regions. BMC Health Services Research, [e-journal] 7(6).
http://doi.org/10.1186/1472-6963-7-6

Google, 2016. Google Earth Engine API: Introduction.
[online] Available at: <https://developers.google.com/
earth-engine> [ Accessed 4 February 2017].

Gruss, M., 2015. Cardillo: NGA Must Be Primed for Boom in
Imaging Satellites. Spacenews, [online] Available at: <http://
spacenews.com/cardillo-nga-must-be-primed-for-boom-in-
imaging-satellites> [Accessed 3 February 2017].

Gurtuna, O, 2013. Fundamentals of Space Business and
Economics. New York: Springer.

Hassanabadi, B.S., 2014. Complications of the legal definition
of “launching state” The Space Review, [Online] Available
at <http://www.thespacereview.com/article/2588/1>
[Accessed 6 February 2017].

Heidt, H., Puig-Suari, J., Moore, A.S., Nakasuka, S. and Twiggs,
R.J., 2000. CubeSat: a new generation of picosatellite for
education and industry low-cost space experimentation. In:
American Institute of Aeronautics and Astronautics / Utah
State University, 74th Annual AIAA/USU Conference on Small
Satellites. Utah, 11-26 September 2000. Logan, Utah: Utah
State University.

International Federation of Red Cross and Red Crescent
Societies, 2015. World disasters report focus on local actors
the key to humanitarian effectiveness. [pdf] Available
at: <http://ifrc-media.org/interactive/wp-content/
uploads/2015/09/1293600-World-Disasters-Report-2015_
en.pdf> [Accessed 4 February 2017].

International Organization for Migration, 2014. Global
migration trends: an overview. [pdf] Available at: <http://
missingmigrants.iom.int/sites/default/files/documents/
Global_Migration_Trends_PDF_FinalVH_with%20
References.pdf> [Accessed 1 February 2017].

International Telecommunication Union, 2016. ICT facts
and figures 2016. [pdf] Geneva: ITU. Available at: <http://
www.itu.int/en/ITU-D/Statistics/Documents/facts/
ICTFactsFigures2016.pdf> [Accessed 2 February 2017].

Isacson, A., 2014. Mexico'’s other border: Security, migration and
the humanitarian crisis at the line with central America. [online]
Available at: <https://www.wola.org/files/mxgt/report/>
[Accessed 7 February 2017].

James, G., Shaba, H., Zubair, O., Teslim, A., Yusuf, G., Nufu, A.
and Nuhu, A, 2013. Space-based Disaster Management in
Nigeria: The role of the international charter * space and major
disasters . [pdf] Available at: <http://www.fig.net/resources/
proceedings/fig_proceedings/fig2013/papers/ts01c/TSOTC_
james_halilu_et_al_6539.pdf> [Accessed 4 February 2017].

Johnson, C., 2014. Legal and Regulatory Considerations of
Small Satellites Projects. In: W. Larsen, R. Qeder, V. Alonsoperez,
eds., 2014. Guidebook On Small Satellites. McGraw-Hill Space
Technology Series, CEl Publications.



Johnson, C. D., ed. 2017. Handbook for New Actors in
Space. [pdf] Denver, CO: Integrity Print Group. Available at
<https://swfound.org/media/205710/swf_handbook_for_
new_actors_in_space_2017_edition.pdf> [Accessed on 6
February 2017].

Kaulich, F, 2012. Diversification vs. specialization as
alternative strategies for economic development: Can
we settle a debate by looking at the empirical evidence?
[pdf] Vienna: United Nations Industrial Development
Organization. Available at: <http://www.unido.org//
fileadmin/user_media/Publications/Research_and_
statistics/Branch_publications/Research_and_Policy/Files/
Working_Papers/2012/WP032012_Ebook.pdf> [Accessed
on 6 February 2017].

Kingsbury, RW., 2015. Optical communications for small
satellites. Ph. D. Massachusetts Institute of Technology.

Klimov, S.I, Tamkovich, G.M., Angarov, V.N., Elisov, N.V,,
Grigoriev, Y.I., Grigoryan, O.R., Dobriyan, M.B., Nozdrachev,
M.N., Papkov, A.P, Pharnakeev, LV, Radchenko, V.V,
Vasiliev, S.I. and Zelenyi, L.M., 2005. Aerospace education
program realization by means of the micro-satellite. Acta
Astronautica, 56(1-2), pp.301-306.

Licker, R., Foley, J. A. and Johnston, M., 2007. Mind the gap:
how do climate and agricultural management explain
the ‘yield gap’ of croplands around the world?. American
Geophysical Union, Fall Meeting 2007, [online] Abstract
B41B-0453. Available at: <http://adsabs.harvard.edu/
abs/2007AGUFM.B41B0453L> [Accessed 4 February 2017].

Marciano, J., 2016, PHL-microsatellite program. Manila:
Department of Science and Technology - Philippine
Council for Industry, Energy and Emerging Technology
Research and Development.

Makinda, S., 1998. Sovereignty and global security in Security
Dialogue. [pdf] Sage Publications. Available at: <http://
journals.sagepub.com/doi/pdf/10.1177/09670106980290
03003> [Accessed 1 February 2017].

Markets and Markets, 2016. Small satellite market by
type (nano, mini, & microsatellite), by Application (Earth
observation & meteorology, scientific research & exploration,
surveillance & security, and others), by end-user, by geography
- global forecast to 2021. [online] Abstract only. Available at:
<http://www.marketsandmarkets.com/Market-Reports/
small-satellite-market-150947396.html> [Accessed 28
January 20171.

Mebhrotra, R., 2012. Regulation of global broadband satellite
communications. [pdf] International Telecommunication
Union. Available at: <https://www.itu.int/en/Pages/default.
aspx> [Accessed 7 February 2017].

Mendieta, F.J., Arvizu, A., Muraoka, R., Pacheco, E., Murrieta,
J.C,, Sanchez, J., Gallion, P, 2012. Optical communications
in the Mexican small satellite project. In: International
Conference on Space Optical Systems and Application.
Ajaccio, Corsica, France. 9-12 October 2012. Japan: National
Institute of Information and Communications Technology.

Milkias, P, 2010. Developing the global south a United
Nations prescription for the third millennium. [e-book] New
York: Algora Publishing. Available through: Google Books
website <https://books.google.com.au/books?id=bL_

Miorandi, D., Sicari, S., De Pellegrini, F, and Chlamtac, I.,
2012. Internet of things: Vision, applications and research
challenges. Ad Hoc Networks, 10(7) p.1497-1516.

Nakasuka, S., 2000. Micro satellite and space education.The
Journal of Space Technology and Science, 16(1), pp.1-8.

National Autonomous University of Mexico, 2009. SATEDU.
[Online] Available at <http://proyectos2.iingen.unam.mx/
SATEDU/start.htm> [Accessed 5 February 2017].

National Geospatial-Intelligence Agency, n.d.
Mission, [online] Available at: <https://www.nga.mil/
ProductsServices/Pages/default.aspx> [Accessed 4
February 2017].

National Research and Development Agency, 2016.
Successful deployment of DIWATA-1, first microsatellite
developed by the Republic of the Philippines, from ISS
Kibo: JAXA's first success of 50 kg-class microsatellite
deployment. [press release] 27 April 2016. Available at:
<http://global.jaxa.jp/press/2016/04/20160427_diwatal.
html> [Accessed 6 February 2017].

Ono, A.,2015. How do natural disasters affect the economy?
World Economic Forum [online] Available at: <https://www.
weforum.org/agenda/2015/02/how-do-natural-disasters-
affect-the-economy/> [Accessed 4 February 2017].

Pacheco, E. etal., 2009. Satellite and Space Communications
Research in Mexico: Contributions to a National Program. In:
AlAA (American Institute of Aeronautics and Astronautics),
AIAA Space 2009 Conference & Exposition. Pasadena,
California, USA, 14-17 September, 2009.

Pearson, M., 2015. Beyond the final frontier: Flavia Tata
Nardini talks about Australia’s future in space. Launchbox.
Available at: <http://www.launchboxspace.com/
news/2015/7/26/beyond-the-final-frontier-flavia-tata-
nardini-talks-about-australias-future-in-space> [Accessed
4 February 2017].

41



4?2

Pham, T.,, Sim, H., Perez Cano J.S., 2015. Small Satellite
Missions:  Capabilities and Challenges in Space
Communications. [pdf] Barcelona: International Academy,
Research and Industry Association. Available at: <https://
www.iaria.org/conferences2015/filesSPACOMM15/
SPACOMM2015_EXPERT_PANEL.pdf> [Accessed 6 February
2017].

PreventionWeb, 2014, Philippines Disaster & Risk Profile,
PreventionWeb, [online], Available at: http://www.
preventionweb.net/countries/phl/data/  [Accessed 6
Februaryl].

Queensland Government, 2016.Impacts of erosion. [online]
Available at: <https://www.qld.gov.au/environment/land/
soil/erosion/impacts/> [Accessed 3 February 2017].

Robles, T., 20152015a. Connect to the population: Satellite
Morelos 1. CONACYT Information Agency. [Online]
November 27. Available at: <http://www.conacytprensa.
mx/index.php/tecnologia/transportes/4428-conectar-a-la-
poblacion-satelite-morelos-ii-nota-para-el-27> [Accessed
6 Febraury 2017].

Sadlier, G., Flytkjeer, R., Halterbeck, M., Sabri, F, 2016.
Summary Report: The Size & Health of the UK Space
Industry. [pdf] London: London Economics. Available
at:  <https://www.gov.uk/government/uploads/system/
uploads/attachment_data/file/575784/Size_and_Health_
summary_report_2016.pdf> [Accessed 6 February 2017].

Sali, G., 2012. Agricultural land consumption in developed
countries, [pdf]. Available at: <http://ageconsearch.
umn.edu/bitstream/126431/3/IAAE_SALI_15593.pdf>
[Accessed 4 February 2017].

Sandau, R. and Brief3, K., 2008. Potential for advancements
in remote sensing using small satellites. In: CHEN, J,
JIANG J,, CHO, K., XXI ISPRS Congress. Beijing, People’s
Republic of China, 3-11 July 2008. The Netherlands:
Organising Committee of the XXI International Congress
for Photogrammetry and Remote Sensing.

Sandau, R, 2010. Status and trends of small satellite
missions for Earth observation. Acta Astronautica, 66(1-2),

pp.1-12.

Santos, E.P, 2016, Philippines among the world’s most
disaster-prone countries, CNN, [online], Available at: http://
cnnphilippines.com/news/2015/11/25/philippines-fourth-
most-disaster-prone-country.html, [Accessed 6 February
2017].

Selinger, M., 2016. Liberating cubesats. [online] Available
at: <http://www.aerospaceamerica.org/Documents/
Aerospace_America_PDFs_2016/February2016/Feature2_
Cubesats_AA_Feb2016.pdf> [Accessed 5 February 2017].

Shiroma, W.A., Akagi, J.M., Wolfe, B.L,, Lee-Ho, Z.K. and
Ohta, AT, 2009 Big potential for small-satellite students.
Proceedings of the AIAA/USU Conference on Small
Satellites, The Next Generation, SSC09-XII-07, Available
at: <http://digitalcommons.usu.edu/cgi/viewcontent.
cgi?article=1344&context=smallsat> [Accessed 2 February
2017].

Swartwout, M.A, 1997. The role of universities in
small satellite research. [pdf], Stanford University.
Available at:  <https://pdfs.semanticscholar.org/9852/
c0d83a89a9752ac2cec0a5e86759caabbb03.pdf>
[Accessed 5 February 2017].

Sweeting, M., 2017.ICT Business with Micro/Mini-Satellites.
[pdf] Tokyo: Ministry of Internal Affairs & Communications.
Available at: <http://www.soumu.go.jp/main_
content/000462909.pdf> [Accessed 6 February 20171.

Tata Nardini, F,, 2015. Beyond the final frontier: Flavia Tata
Nardini talks about Australia’s future in space. [online]
Launchbox. Available at: <http://www.launchboxspace.
com/news/2015/7/26/beyond-the-final-frontier-flavia-
tata-nardini-talks-about-australias-future-in-space>
[Accessed 4 February 2017].

Tata Nardini, F, 2017. ISU interview. [email] (Personal
Communication 6 February 2017).

TerraBella, n.d. Our Satellites, [online] Available at: <https://
terrabella.google.com/?s=about-us&c=about-satellites>
[Accessed 3 February 2017].

TheTauri Group, 2016. State of the Satellite Industry Report.
[pdf] Satellite Industry Association Available at: <http://
www.sia.org/wp-content/uploads/2016/06/SSIR16-Pdf-
Copy-for-Website-Compressed.pdf> [Accessed 4 February
20171.

The University of Sydney, 2016. What is Policy?. [online]
Available at: <http://sydney.edu.au/legal/policy/what/
index.shtml> [Accessed 6 February 2017].

The White House, 2016. Harnessing the small satellite
revolution to promote innovation and entrepreneurship
in space. [online] Available at: <https://obamawhitehouse.
archives.gov/the-press-office/2016/10/21/harnessing-
small-satellite-revolution-promote-innovation-and>
[Accessed 4 February 2017].

Treaty on Principles Governing the Activities of States in the
Exploration and Use of Outer Space, Including the Moon
and Other Celestial Bodies, 27 Jan. 1967, 610 U.N.T.S. 205,
6 I.L.M. 386, entered into force 10 Oct. 1967 [hereinafter
Outer Space Treaty].



UN News Centre, 2013. World population projected to
reach 9.6 billion by 2050 — UN report. UN News Centre,
[online] Available at: <http://www.un.org/apps/news/
story.asp?NewsID=45165#.WJfVxPI942x> [Accessed 4
February 17].

United Nations Department of Economic and Social Affairs,
2013. Irregular migration, human trafficking and refugees.
International migration policies: government views and
priorities. [online] Available at: <http://www.un.org/en/
development/desa/population/publications/pdf/policy/
InternationalMigrationPolicies2013/Report%20PDFs/k_
Ch_5.pdf> [Accessed 2 February 2017].

United Nations, n.d.. Uphold International Law. [online]
Available at: <http://www.un.org/en/sections/what-we-
do/uphold-international-law/> [Accessed 6 February
2017].

UNOOSA United Nations Office for Outer Space Affairs
and ITU International Telecommunication Union, 2015,
Guidance on Space Object Registration and Frequency
Management for Small and Very Small Satellites. [pdf]
Vienna: UNOOSA. Available at: <http://www.unoosa.org/
pdf/limited/c2/AC105_C2_2015_CRP17E.pdf> [Accessed 6
February 2017].

UNOOSA - United Nations Office For Outer Space Affairs,
2017. Principles Relating to Remote Sensing of the Earth
from Outer Space. [online] Available at: <http://www.
unoosa.org/oosa/en/ourwork/spacelaw/principles/
remote-sensing-principles.html> [Accessed 6 February
2017].

Usman, E.K, 2016, DOST says PHL joining Asian
50-microsatellite alliance of 9 countries, Manila Bulletin,
[online] Available at: http://2016.mb.com.ph/2016/01/15/
dost-says-phl-joining-asian-50-microsatellite-alliance-of-
9-countries/ [Accessed 6 February 2016].

Uy, J. R,, 2017. DOST pushes creation of a Philippine space
agency. Philippine Daily Inquirer, [online] 3 January.
Available at: <http://newsinfo.inquirer.net/858792/dost-
pushes-creation-of-a-philippine-space-agency> [Accessed
7 February 2017].

Vinson, T. and Rawsthorne, M., 2015. Dropping off the edge
2015 persistent communal disadvantage in Australia. [pdf]
Jesuit Social Services/Catholic Social Services Australia
Available at: <http://k46cs13u1432b9asz49wnhcx-
wpengine.netdna-ssl.com/wp-content/uploads/0001
dote_2015.pdf> [Accessed 4 February 2017].

Whitesides, G., 2015. Op-ed | Launching the small-satellite
revolution. [online] Available at: <http://spacenews.
com/op-ed-launching-the-small-satellite-revolution/>
[Accessed 31 January 2017].

Wong, PK., Ho, Y.P. and Autio, E., 2005. Entrepreneurship,
Innovation and Economic Growth: Evidence from GEM
data. Small Business Economics, 24(3), pp.335-350.

Zhang, C. and Kovacs, J., 2012. The application of small
unmanned aerial systems for precision agriculture: a
review. Precision Agriculture. 13(6) p. 693-712.

Zhang, L. and Anvar, A, 2011. Small-satellite propulsion
system modelling and simulation of orbital navigation
determination; A feasibility study. In: Modelling and
Simulation Society of Australia and New Zealand, 19th
International Congress on Modelling and Simulation.
Perth, Australia, 12-16 December 2011.

Image References

Euroconsult, 2015. 10 years of Small Satellites. Reproduced
in: Pham, T, Sim, H., Perez Cano J.S. 2015. Small
Satellite Missions: Capabilities and Challenges in Space
Communications. Barcelona: International Academy,
Research and Industry Association.

German Aerospace Center, 2017. FireBIRD Mission.
[image online] Available at: <http://www.dIr.de/dlIr/
desktopdefault.aspx/tabid-10893/#gallery/23522>
[Accessed on 6 February 2017].

London Economics, 2016. Segmentation of the UK space
economy.Reproduced in: Sadlier, G., Flytkjeer, R., Halterbeck,
M., Sabri, F,, 2016. Summary Report: The Size & Health of
the UK Space Industry. London: London Economics.

MyBroadband, 2016. What the world looks like in 2G, 3G,
and 4G.[image online] Available at: <https://mybroadband.
co.za/news/internet/172964-what-the-world-looks-like-in-
2g-3g-and-4g.html> [Accessed 5 Feb. 2017].

Planet Labs Inc, 2016. Cape Canaveral, Florida, USA
October 1, 2016. [image online] Available at: <https://
www.planet.com/gallery/kennedy-20160930/> [Accessed
4 February 2017]

43



ACOSS
AIAA
API
AREG
DESA
DOS
EO
EO&T
GIS
IADC
IFRC
IOM
ISU

TU

LV
MIFR
NASA
NGA
OST
PNT
RS
STEM
UN
UNHCR
UniSA
UNCOPUOS
us
USA

ACRONYMS

Australian Council of Social Service

American Institute of Aeronautics and Astronautics
Application Program Interface

Amateur Radio Experimenter’s Group

Department of Economic and Social Affairs

United States Department of State

Earth Observation

Earth Observations & Telecommunications
Geographic Information System

Inter-Agency Space Debris Coordination Committee
International Federation of Red Cross

International Organization for Migration
International Space University

International Telecommunication Union

Launch Vehicle

Master International Frequency Register

National Aeronautics and Space Administration
National Geospatial-Intelligence Agency

Outer Space Treaty

Position, Navigation and Timing

Remote Sensing

Science, technology, engineering and mathematics
United Nations

United Nations High Commissioner for Refugees
The University of South Australia

UN Committee on the Peaceful Uses of Outer Space
United States

United States of America



SUMMARY OF LIVE INTERVIEW App@ﬂdix A
WITH FLAVIA TATA NARDINI

What are the different fields using loT (the Internet of Things)? What is the
maturity of the industry?
The loT can be useful in almost any field. The industry is ready. There are lots of sensor
available for every field. The software infrastructure is ready (Amazon, Microsoft Azure) to
sort and treat the data. The communication infrastructure is ready too. Land communica-
tion infrastructure is already installed in cities dedicated to loT communications. (SigFox,
for example). Take transportation — in Australia at the moment, they track trucks on GPS,
but loT doesn't just track, it also monitors the maintenance for the whole fleet of trucks.
But this infrastructure is not available in remote areas, so that is where Fleet is filling a gap.
Fleet will provide communication solutions for sensors installed in remote areas with a
focus on loT.
Can you tell us more about the investment that you received so far?
The Australian government provides "Match Grants". You have to raise your own money
and the government matches it, 2:1. We had to raise 25.000 AUD, and the government
match it 2:1. So they gave us 50.000AUD. There are many matching grants, up to TMS.
Meaning that if you raise TM$ the government gives you additional 2MS$AUD. This consti-
tuted our seed investment.
What are VC (Venture Capitalist) firms looking at when investing in startups?
The requirements are that you have to be international from day one (same as for the gov-
ernment grants). They want to help you only if you have big plans. To be international you
need a big vision, you need to be able to sell everywhere What is important is to build a
team with complimentary skills. Investors appreciate to see a mix of expertise.
?IJ:?C” gm?cve you learnt between you first (Launchbox) and second venture
eet)?
| learnt that we are usually too scared of our ideas. Start big is the way to go. Don't try to do
something small to go to a big one, start with the big idea. If you start with the small ideas
you lose focus on your big goal. Pitch the big goal not the roadmap. It is fine to have inter-
mediary steps to reach your product, but one of my learning is to pitch the big idea.
How do you build your credibility as a space entrepreneur?
A space background is a plus, the space community will accept you. The more you have
done the better. If you enter the industry just pretending to have space background and
business background but you do not have, the community will not accept you. People
from outside the space industry who are very successful in business can bring very good
value to the space entrepreneurship community, and the Space community is learning to
accept business people.
What innovation you want to see in the satellites launching segment?
The big change | want to see is if companies like Zero2infinity that provide low-cost and
high frequency of launches can get funded and have an operating launcher. We need a
new launcher solution in the next 3 years. They are many companies trying, and eventually
one of them will succeed. We hope that they will succeed without too many failures be-
cause each failure affects our insurance costs. Therefore, reliability is a key aspect for those
launcher companies.
What do you think of university partnering with start-ups to give opportuni-
ties of internship in space startups?
The speed of startup is really fast. You don't want anything to slow you down. I'm open to
have student for internships, but they have to be the best, hardworking, independent and
fast. If the university could screen the students to make sure they have the right skills for
the space start up environment it would be great.
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Appendix b

Ceorectified IR map of the Murray-River region. Higher IR values,
associated with vegetation vigor, are shown at the red end of
the spectrum. (Bathgate et al, 2017).
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