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Abstract

ABSTRACT
AMBIEnT aims to connect the Brazilian Amazon people to the world and to save the
Amazon Rainforest. The United Nations identifies the internet as a tool facilitating freedom
of expression and to facilitate access to human rights.
AMBIEnT advocates internet connectivity and environmental monitoring to be achieved
through a constellation of 12 microsatellites (plus two spares) in Low Earth Orbit (LEO)
along with ground infrastructure to provide access to a market hardly viable in the Brazilian
Amazon. The provision of internet will increase access to tele-education and telemedicine.
AMBIEnT’s mission also includes environmental monitoring via fixed and mobile ground
sensing, with the goal of reducing deforestation in the world’s largest oxygen contributor.
Environmental monitoring will be a combination of static and mobile sensors engaging the
Brazilian population through crowdsourcing which will involve them directly in monitoring
their own environment. Policy and law considerations are included for frequency
management, network and system licensing, and registration, space debris mitigation, and
the use and reuse of data and its constraints.
The Amazon rainforest is important to everyone on the planet giving this project a global
appeal. The project will be financed through a combination of government support
requests and industry contributions. Additionally, funding by private corporations will be
invaluable to the AMBIEnT project and to companies themselves. We will ensure that
AMBIEnT is sustainable for its duration through partnerships with private corporations to
offset carbon emissions, and carbon credits from the Reducing Emissions and Deforestation
and Degradation (REDD+). This project will provide significant socioeconomic benefit to the
country of Brazil and will connect a new market to the world.
Not everyone has equal access to information and opportunities in Brazil. AMBIEnT aims to
ameliorate inequalities between rich and poor by increasing their access to information,
health care, and education. AMBIEnT project seeks to overcome the digital divide between
the wealthy urban areas and the poorer and unconnected areas in the Brazilian Amazon
and to be a best practice example for future projects all over the globe.
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Faculty Preface

FACULTY PREFACE
“A designer knows that he has achieved perfection not when
there is nothing left to add, but when there is nothing left to take away.”
(de Saint-Exupery's Law of Design)
Team Project AMBIEnT arose from the urgent need to connect people living in remote
areas while preserving their environment. In Brazil this need is greatest in the Amazon
Region, but we can see similar situations around the world.
Many remote regions on Earth still do not have internet access, even though it is
recognized as a legal right by several countries. Internet Protocol (IP) is suitable for carrying
both basic communications services and environmental monitoring data. Environmental
monitoring is an invaluable tool for efficient natural resource management. It aids
sustainability, wildlife preservation and natural infrastructure maintenance.
Several companies offer satellite internet services to those who can pay, but seldom
provide suitable, affordable coverage in sparsely populated areas. This is not seen as
commercially interesting. AMBIEnT considers a low-cost microsatellite constellation system
that could provide IP services to remote locations.
Sometimes, introducing modern communications and connectivity may seem detrimental
to the preservation of the environment and traditional lifestyles. We believe, however, that
when every individual can have a fair education and a decent standard of living,
communications technology will have the opposite effect, protecting the environment and
traditional lifestyles.
Since many locations on Earth face similar situations, our first idea was to address the
problem via a grass root effort. Therefore we proposed this Team Project at the
International Space University’s 2013 Space Studies Program.
The engineering effort posed by sketching an effective AMBIEnT solution is quite
challenging since the project scope has to be constantly reviewed and narrowed down
against the deadlines. That is why the de Saint-Exupery's Law of Design is particularly
relevant to this project.
We sincerely wish this report will convey a sense of the team’s efforts, their nights of deep
discussions, their brilliance and their dedication to addressing a real problem facing a
considerable portion of our fellow human beings.
Truly Yours e muito obrigado!
Dr. Marco Chamon (Team Project Chair)
Dr. Walter Abrahão Dos Santos (Team Project Co-Chair)
Mr. Dag Evensberget (Team Project Emerging Chair)
Mr. Raycho Raychev (Team Project Teaching Associate)
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Team Preface

TEAM PREFACE
AMAZON OF BRAZIL
Approximately 5% of households in the Brazilian Amazon region own a computer with
internet access. Up to 34% of the Brazilian Amazon population uses the internet in public
locations and schools. AMBIEnT wants to extend this service.
MOTIVATION
What motivates us are the technical, social, and financial challenges this project addresses.
The motivation comes from the opportunity to change people’s lives in the Amazon by
giving them access to information and preventing deforestation.
BENEFITS
AMBIEnT presents socioeconomic benefits for the people in the Brazilian Amazon by
increasing access to telemedicine and tele-education. Environmental monitoring will help
prevent deforestation and preserve biodiversity.
3 I’S
AMBIEnT respects the ISU philosophy of the three I’s: International, Interdisciplinary and
Intercultural. Science, business-financial, policy, law, social, and space application’s aspects
are examined by team members from 19 different countries and many different disciplines.
We had to adapt to different communication styles, expressing ideas, and getting the work
done.
EXPERTISE
All the members of the AMBIEnT team are experts in their own field; however, we also
gathered a combination of open-minded, hard-working, and passionate international
experts around it.
nICHE
AMBIEnT targets a market underserved. It has an inability to pay for commercial services.
AMBIEnT provides a free service in exchange for assistance in preserving the Amazon
Rainforest.
TEAM
AMBIEnT is all about a team that worked hard together during nine weeks. It was a
passionate team which had a unique goal: deliver, on time, a quality product to answer our
mission statement. We voted on every major decision throughout the project. We
organized various social events and met on a daily basis to agree on decision taken. We put
the focus on having the team involved in all stages of the project. AMBIEnT came to life
because of its team.

AMBIEnT – Connecting the Brazilian Amazon
International Space University SSP 2013
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Introduction

1 INTRODUCTION
Citizens of today are in constant contact with their peers on a global scale. Worldwide
connectivity via the internet has enabled international trade and telecommunications that
could only have been dreamed of just decades ago. People’s daily lives are transformed by
technology and their ideas can be shared with millions of people almost simultaneously.
People connect to the internet for business opportunities, education, medical information,
and to keep in touch with their families and friends. Internet connectivity transforms
communication and allows remotely obtained environmental data to be relayed around the
globe. Who can imagine what future developments may include?
As an emerging country, Brazil’s economic growth is accelerating. With the 2014 FIFA World
Cup and the 2016 Olympic Games both scheduled to take place in Brazil, the country will be
seen by billions of people around the world over the next three years. With the
international attention, Brazil is in the position to place itself as a country of change to the
socioeconomic situation of its people.
The United Nations (UN) identified internet as a tool for freedom of expression and to
facilitate access to human rights such as education and health care. In Brazil, there is
unequal distribution of internet access. Wealthy citizens, primarily in the southeastern
region of the country, have access while residents of the Brazilian Amazon lack affordable
internet services and infrastructure.
Technology enables the collection of environmental data in order to preserve the world’s
resources for future generations. One of the areas in need of environmental protection is
the Amazon rainforest that spans South America. The Amazon rainforest is home to unique
biodiversity and is a prominent source of the world’s oxygen. Sixty percent of the Amazon
rainforest is located in Brazil, where illegal deforestation has a detrimental impact on the
environment. Although remote sensing data exists, illegal deforestation is not identified in a
timely matter. AMBIEnT proposes a solution to these problems.

1.1

Why AMBIEnT?

AMBIEnT stands for Affordable Micro Satellite Based Internet Access and Environmental
Monitoring. AMBIEnT offers a solution to internet access in the Brazilian Amazon aligning
with Brazil’s National Broadband Plan to expand internet coverage. Furthermore, AMBIEnT
includes a ground sensor network to enhance current environmental monitoring. AMBIEnT
proposes a microsatellite constellation allowing affordable internet access through the
municipalities in the Brazilian Amazon.
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1.2

Introduction

Mission Statement

To offer sustainable and affordable internet access and environmental monitoring via
microsatellites by 2018, as a means to provide socioeconomic benefits to the Brazilian
Amazon Region with a future capability for global expansion to other remote areas.

1.3

Report Outline

AMBIEnT is a project concept to provide affordable internet access to people in
unconnected areas of the Brazilian Amazon. The internet will be targeted at municipalities
with an emphasis on increasing access to tele-education and telemedicine. The second
chapter of this report describes the Brazilian Amazon region and its people including
geographical distribution of income and internet access. The third chapter defines the
scope and target users for AMBIEnT. The requirements for the target users and system are
listed. The fourth chapter provides an overview of socio economic benefits and impact. The
fifth chapter discusses project deliverables. Internet enables tele-education and
telemedicine applications. Environmental monitoring includes static and mobile ground
sensors. The sixth chapter shows the overall design of the microsatellite constellation and
the ground infrastructure. The seventh chapter presents the financial plan, introducing key
investors for the project, and methods to achieve sustainability. The eighth chapter
demonstrates how AMBIEnT will comply to applicable international, federal, and state laws.
The ninth chapter addresses the social, financial, and technical risks and their
countermeasures for the AMBIEnT project. The tenth chapter displays the implementation
plan required to turn AMBIEnT into a reality. The eleventh chapter summarizes and
provides recommendations for the AMBIEnT team to move forward. AMBIEnT be used as a
template which can be applied to other unconnected regions around the world.

1.4

Why should you read this report?

You are an educational institution, a development aid agency, or an international
organization: You want to promote education and access to technologies in remote areas
for the empowerment of the population and for its welfare. AMBIEnT will provide you with
answers about how to provide affordable tele-education and telemedicine in remote areas.
You are an environmental organization, a non-governmental organization: your mission is
the protection of the environment, the protection of the Amazon forest, and you fight
against global warming. AMBIEnT provides a space-based solution to monitor the
environment and to get the data directly to the end users.
You are in the space industry: you are looking to expand your network. Brazil is an
emerging country in the space industry. By contributing to AMBIEnT, you can identify new
business opportunities and expand your network in a growing market.
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You are a potential investor: you are looking for a new market. Giving access to the
internet to over 26 million inhabitants of the Brazilian Amazon opens up a world of
opportunities. You want to be the first to seize them. As the Global Positioning System
triggered a dramatic change in navigation system applications, AMBIEnT will provide new
business opportunities in the Amazon and in other unconnected areas.
You are a policy maker: you are looking for a new idea to implement the Millennium
Development Goals. AMBIEnT provides telemedicine, tele-education and environmental
monitoring that can support the eight Millennium Development Goals of the United
Nations, which is a global anti-poverty push (UN, 2015).
You are a future user: you want to be informed about the future program. AMBIEnT will
change the lives of thousands, maybe even millions, of people. Be the first to read about it
and to prepare yourself for game-changing space applications.
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2 BRAZIL AND THE AMAZON
This chapter studies Brazil, its inhabitants, and internet coverage. It identifies the current
population distribution, economic situation, and internet availability. The project highlights
the lack of commercially viable solutions in the Brazilian Amazon. Brazil is chosen as the
target area since it is an emerging nation with many internet users who are concentrated in
wealthy areas. The Government of Brazil expressed interest in extending internet to users
who cannot afford services through the government’s National Broadband Plan
(Government of Brazil, Decree 7175, 2010). Brazil has an active space agency so a solution
using this industry would be beneficial – not only for the users of the end product but also
in the development of project AMBIEnT’s constellation which would provide local jobs.
Finally, the connection of Brazilian citizens to the global community comes at an
appropriate time because Brazil will be highlighted globally as the host for the FIFA World
Cup in 2014 and Rio de Janeiro’s hosting of the Olympic Games in 2016.

2.1

An Overview of the Brazilian Amazon

The Amazon Rainforest is the largest rainforest in the world, providing approximately 20%
of the world’s oxygen (World Wildlife Fund, 2013). The Amazon Rainforest is found within
the Amazon Basin, which covers 40% of South America and is crossed by the Amazon River
(WWF, 2013). Apart from its importance as a producer of oxygen, the Amazon Rainforest is
one of the largest ecosystems on the planet, home to 2.5 million insect species – a
significant number of the estimated global total of between 5 and 30 million insect species,
as well as to thousands of plants, animals, and birds (WWF, 2013; Espírito-Santo and
Fernandes, 2007).
The Amazon Basin covers approximately 650 million hectares, over 60% of which is located
in Brazil, with the remainder of the basin stretching through Bolivia, Colombia, Ecuador,
Guyana, Peru, Venezuela, Suriname, and French Guiana as shown (ACEER Foundation,
Fauna & Flora International). As of the most recent census data, from the year ending 2012,
Brazil had a population of 193.9 million people making it the fifth largest country by
population and landmass (Instituto Brasileiro de Geografia e Estatística – IBGE, 2012), and is
the leading global exporter of soybeans and orange juice; the country also exports 35% of
the world’s raw cane and refined sugars (Trading Economics, 2013a). In 2012, the gross
domestic product (GDP) of Brazil was US$2,435.2 billion. Significantly less than the United
States which was US$15,684.8 billion but far greater than Peru at US$197 billion (Trading
Economics, 2013b).
Figure 1 shows the outline of the states in Brazil on the South American continent. The
Amazon rainforest reaches into the nine states highlighted in red. The AMBIEnT project will
focus on these nine states: Amazonas; ACRE (AC); Pará (PA); and Maranhão (MA) and as of
2012 was home to 26.1 million people (IBGE). Brazilian states are divided into
municipalities. Each municipality has a mayor and a legislature that are elected every four
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years. Municipalities are responsible for the finances (from both the state and federal
government), as well as setting laws and levels of taxation; however, judicial matters are
handled by the state (Brazil, 2011).

Figure 1: Amazonian Region of South America

Figure 2 divides the municipalities of the Brazilian Amazon into categories based on the
population size. These divisions are based on a case study of the region. The municipalities
with over 500,000 residents already have internet coverage. There are a limited number of
ground stations that the AMBIEnT project can provide. Municipalities with over 30,000
residents are the next largest population category since AMBIEnT wants to target the
largest number of users.
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Figure 2: Distribution of Municipalities

The population of the Brazilian Amazon is mainly concentrated around large urban centers;
however, approximately 30% of the population lives in more rural and remote areas (IBGE,
2011).

2.2

Internet Distribution and Income in Brazil Amazon

To identify the needs of the users, the current conditions of internet coverage, access to
internet, income, education, and health are examined (Figure 3). Colored symbols
represent different states. Target symbols show municipalities of more than 30,000
inhabitants without wireless internet.
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Figure 3: Map of Brazilian Amazon Showing Wi-Fi Hot Spot Distribution
2.2.1

Internet Distribution

In the Brazilian Amazon, the internet is available through fiber optics, Wi-Fi, and 3G. Fiberoptic internet relies on cables and wired infrastructure. For Wi-Fi internet there is an access
point which any Wi-Fi -enabled computer or smart-phone can connect without wired
infrastructure. 3G is a cellular phone network for mobile devices through satellite and
ground stations. Fiber-optic internet is available across the southern and eastern portion of
Brazil as well as in major cities across the country. In 2013, the 3G coverage in Brazil is 89.5 %
(Telecom, 2013). The existent 3G antennas in the Brazilian Amazon region are shown in
figure (Figure 4).

Figure 4: 3g Ground Stations Existent in Brazil Amazon Region
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In order to reduce the number of the citizens who do not have access to the internet, the
Brazilian Government created one initiative called Plano Nacional de Banda Larga –
Nacional Broadband Program (Government of Brazil, Decree 7175, 2010) to provide
broadband internet access mostly in non-metropolitan areas. For private citizens, the price
is low for a minimum broadband service, 256 mbps or less.
Figure 3 shows the municipalities with Wi-Fi hotspots (free and paid) in each state. The
different colors identify the different states. The target symbols represent municipalities
with more than 30,000 inhabitants and no Wi-Fi hotspots. Providing services to these
remote areas would not be commercially feasible as the residents there cannot afford to
pay (Hilbert, 2010).
Residents of southeastern Brazil are wealthier on average than their Amazonian
counterparts. There is significant inequality between the privileges of these wealthy citizens
and the living conditions of the poorer people of the Brazilian Amazon. In the South,
because of their wealth, people can afford internet access. Internet access contributes to
their economic prosperity, further magnifying the gap between the rich and the poor. This
gap in access to technology and digital information between people of different socioeconomic statuses is known as the digital divide (OECD, 2001).
As of 2009, only about 5% of households in the entire Brazilian Amazon region owned a
computer with internet access (Paiva da Motta, 2012). Between October and December
2011, approximately 34% of Brazilian Amazonian people aged 10 years and over used the
internet according to data collected by the IBGE. This 34% includes people with personal
computers with internet access, as well as those who accessed the internet at public
institutions and schools (IBGE, 2011). Another consideration for the feasibility of AMBIEnT
is the reliability and distribution of electricity supply in the Brazilian Amazon. Currently the
distribution of power is 96% (Luz Para Todos, 2006).
2.2.2

Income in the Brazilian Amazon

Across the nine states cited above, income per household ranged from US$116 to US$219
per month in urban and suburban areas in 2011 (IBGE, 2011). The median monthly income
in the Brazilian Amazon region ranged from US$40 to US$145 according to the different
states, in the same reference period (IBGE, 2011). According to Hilbert, “the poorest 20% of
the population counts on merely US$9 per year to spend on information and
communications technology (ICT) (US$ 0.75 per month), implying the necessity to reduce
current ICT prices down to 4% of their current level of US$ 220 per year” (2010, p.3). For
these people, the majority of communication outside of face-to-face contact is by post or
telephone.
2.2.3

Access to education and health care

Restricted access to health care and education is another challenge resulting from the
lower incomes in Brazilian Amazon. Medical services are available for communities living
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along the banks of the Amazon (Napra, 2013). AMBIEnT will provide internet capabilities to
facilitate a year-round, continuous service that could improve access to health services.
In the Brazilian Amazon states, approximately 35% of the population is enrolled in school or
daycare and 49% have attended school or daycare in the past. There is an unequal access to
education in Brazil (particularly in poor and rural areas) as well as racial and ethnic
inequalities (UNESCO Office in Brasilia). Providing online services will help reduce these
inequalities.

2.3

Threats to the Environment

The people of the Brazilian Amazon are surrounded by the rainforest. They rely on it for
hunting, agriculture, and other activities. It is their home and neighborhood. Local
inhabitants clear sections of rainforest to facilitate agriculture, like cattle farming and
growing soybeans. Studies of the region are divided on the impact of small-scale and largescale farming or similar. Some of them blame these small scale farmers for the major part
of deforestation in the Amazonian region while others attribute it to similar large scale
operations performed by corporations (Anderson, 1997; Walker, R. et al., 2000; Bowman et
al., 2012). Two main causes of deforestation are for agriculture and grazing land (Bowman
et al., 2012). Future threats to the environment include mining and oil extraction (Napra,
2013).
In the Amazon, clear-cutting and burning of trees, especially for commercial use, leads to
habitat loss. While species do not become extinct immediately after deforestation, the
cumulative effects over time can lead to species extinction (Castro, 2012). Trees protect the
forest floor and prevent soil erosion from rain. Additionally, the trees enable the return of
water to the atmosphere and the removal of greenhouse gases such as CO2 (National
Geographic, Deforestation).
Profits from cattle ranching and soybean farming, that produce two of Brazil’s most
important exports, are more important economically than protecting the rainforest
(Trading Economics, 2013a; WWF Global). The financial reality of soy’s profitability for
biofuel and the price of beef make it very unlikely that a change will happen in the near
future without intervention.
Incentive based projects such as Bolsa Floresta (Forest Allowance), established in 2007, give
families committed to stopping deforestation a monthly payment. Certain activities the
families have started include honey production, fish farming, and forest management.
About 35,000 people are currently protecting 100,000km². The program also promotes
health, education, transportation, and communication (Fundacao Amazonas Sustentavel,
Bolsa Floresta Program). Financial rewards, unfortunately, are only available from
Automated Teller Machines (ATMs), and since not all municipalities have these machines,
the journey to collect payment can be long, difficult, and expensive.
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AMBIEnT’s Motivation

The AMBIEnT project focuses on the Brazilian Amazon region because of its commercially
unattractive market, the remoteness of its rural municipalities, its physical and economic
constraints on connecting rural municipalities with wired internet access, and its
widespread social inequality. The idea of free internet connection in Brazil is not entirely
new. A municipality in southern Brazil funded a Wi-Fi access for its residents. Sud
Mennucci, in the state of São Paulo implemented a free wireless program for its citizens.
Sud Mennucci saw an increase in exchange with other municipalities and hard-to-find items
like car parts were far more accessible. Additionally, residents saw notable decreases in
phone bills (Josgrillberg, F.B., 2009; Canônico, M.A., 2005).
Basic services will be free of charge for those in the target regions because all people, no
matter how remote their residence, have the same human rights. The internet is an
important tool to exercise these rights, according to the report of the Special Rapporteur on
the promotion and protection of the right of freedom of opinion and expression (La Rue,
UN, 2011).
AMBIEnT aims to provide internet access but not to determine its use. The internet is a
tool, which the people can choose to use to benefit their communities. Certain examples
could include, but are not limited to: telemedicine, tele-education, and access to
information and goods that have been historically difficult or impossible to find in the
Brazilian Amazon.
An additional attractive feature in providing satellite internet access in the Brazilian
Amazon region is a contribution towards the goal of the federal government, expressed in
its National Broadband Plan, to mitigate the current digital divide. In 2010, the government
announced the National Broadband Plan, which provides a financial incentive of US$600
million per year, to extend broadband internet services to 4000 municipalities (or 68% of
the country’s population) at a minimum speed of 1 megabit per second and at a cost of less
than US$20 per month per link (Broadband in Brazil). The implementation of the National
Broadband Plan is the responsibility of Telecomunicações Brasileiras (Telebrás), a stateowned entity, which has sought input from the private sector (Mari, 2011).

2.5

Target Beneficiaries

AMBIEnT will provide internet access and environmental monitoring to citizens of the
Brazilian Amazon. AMBIEnT aims to target users living in municipalities with over 30,000
residents who are currently not connected to internet. The users in these regions have a
monthly income ranging from US$40 to $145 and can devote less than US$1 per month to
communication (IGBE, 2011). For this reason, AMBIEnT’s basic internet services will be
provided at no cost for the user.
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AMBIEnT will, in addition, provide environmental monitoring services to the federal, state,
and municipal governments of Brazil, non-governmental organizations (NGOs), and
academic institutions that have an interest in protecting the Amazon rainforest. Currently,
this natural habitat is being destroyed by illegal deforestation; people and animals are
losing their homes and the environment that sustains them.
There are some ethical considerations in providing internet protocol and environmental
monitoring services to the Brazilian Amazon. Providing outside services may be viewed as
unethical or imposing with respect to the distinctive Amazonian way of life. AMBIEnT’s
services, including telemedicine and tele-education, will be made available to Brazilian
Amazonian citizens; however, it will be up to them to decide if they would like to avail
themselves these services. Additionally, AMBIEnT will not infringe upon the lifestyle of the
896,000 native members of the 238 tribes that currently exist in Brazil (Survival, 2013).
AMBIEnT seeks to serve the remote and rural citizens of the municipalities, but will not
force an unwanted system on anyone.

2.6

Summary

The target area comprises the municipalities with over 30,000 people in the nine Brazilian
states of the Brazilian Amazon Rainforest. The government of Brazil has expressed interest
in providing internet to its population through the National Broadband Plan. The target
beneficiaries of the internet either cannot afford available internet services or these
services do not exist in their (unconnected) areas. By providing internet to low-income
regions, AMBIEnT can decrease the digital divide. Internet services could provide job
opportunities and greater access to health care and education. Deforestation and
degradation threaten the Amazon Rainforest, which is vital to providing oxygen and
removing atmospheric carbon dioxide globally. AMBIEnT hopes to provide timely
environmental monitoring to help mitigate rainforest damage.
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3 SCOPE OF THE PROJECT
In this section we will describe the end-users of AMBIEnT’s system and the fundamental
project’s requirements in order to achieve AMBIEnT’s mission statement.

3.1

Mission Requirements

The mission requirements are reflected directly from the mission statement given in the
introduction. These are high level requirements, and function as the project’s guidelines.
M01: AMBIEnT’s system shall provide internet access to municipalities with greater than
30,000 people in the Brazilian Amazon region.
M02: AMBIEnT’s system shall enhance the capabilities of environmental monitoring in
these municipalities.
M03: AMBIEnT’s system shall be operational by 2018.
M04: AMBIEnT’s system shall be sustainable for at least 5 years.
M05: AMBIEnT’s system shall be expandable to other remote areas.

3.2

User definition and Requirements

3.2.1

Targeted End-users

The system end-users are defined through two levels of interface with AMBIEnT’s system.
End users: 129 municipalities in the nine Brazilian Amazon states.
Beneficiaries: The individual people living in the targeted municipalities without the
possibility to afford an internet service and/or people having no access to an internet
infrastructure.
3.2.2

User Requirements

U01: Municipalities shall be responsible for the distribution of the IP services.
U02: AMBIEnT’s services shall be provided at an affordable cost to the individual people.
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System Requirements

S01: AMBIEnT’s system shall include space, ground, and user segments.
S02: AMBIEnT`s IP services shall be continuously available.
S03: AMBIEnT‘s infrastructure shall be compatible with other major internet services
providers.
S04: AMBIEnT`s space segment shall consist of a microsatellite constellation.
S05: AMBIEnT’s total number of satellites in the constellation shall be minimized to reduce
cost and production time.
S06: AMBIEnT’s microsatellite constellation shall be deorbited within 25 years of the end of
mission to comply with the space debris mitigation guidelines.
S07: AMBIEnT`s satellite coverage shall allow capability for global expansion in
unconnected areas.
S08: AMBIEnT’s system cost shall not exceed US$300 million.
S09: AMBIEnT’s data rate capacity shall be at least 128 kpbs per link.
S10: AMBIEnT shall comply with international, national, and regional legislation.

3.4

Summary

AMBIEnT will provide internet protocol (IP) services to 129 municipalities in the Brazilian
Amazon, which are not connected to the internet. The main beneficiaries from the system
are individual people living in urban and rural areas, who cannot afford the services
currently available.
Additionally, AMBIEnT will provide environmental monitoring services to the federal state,
and municipal governments of Brazil, non-governmental organizations (NGOs), and
academic institutions that have an interest in protecting the Amazon rainforest.
A set of requirements has been defined to ensure that the AMBIEnT system will provide the
described services to the targeted users.
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4 SOCIOECONOMIC BENEFITS AND IMPACTS
4.1

Human Benefits and Impacts

The AMBIEnT project could be life-changing for people in the remote regions of the
Brazilian Amazon. Internet access will provide these people with a platform to exercise
their human rights, as suggested by the UN (UN, 2011). Apart from providing internet
access, AMBIEnT can provide telemedicine capabilities to enhance the overall health
services access for the population. Furthermore, AMBIEnT aims to provide tele-education
resources to increase access to education. A more educated society will be able to take
advantage of more economic opportunities, aiding in reducing the current digital divide and
wealth disparity.
The Brazilian Amazon people will increase their level of social cooperation. People will be
able to work with others to organize collective human resources to complete tasks, and
they can benefit from sharing ideas. Connecting people will also make this sector of society
more visible to those within and outside of Brazil: they will have better access to
government information, allowing them to become more vocal in obtaining services from
state and federal governments. Connecting people will initiate stimulating social interaction
and entertainment (Bughin et al., 2011; World Directory of Minorities and Indigenous
People: Brazil Overview).
The Amazon Rainforest has a unique culture with long-standing traditions. These are being
threatened by environmental degradation. The environmental monitoring services of
AMBIEnT will help to decrease deforestation enabling the preservation of culturally
significant land. The internet services provided by AMBIEnT will give the Brazilian Amazon
population a voice, allowing them to share their values and opinions with people from all
over the world. Each of these impacts in turn will lead to an improved quality of life and
potentially a higher sense of self-worth and autonomy. (Bughin, Jacques et al., 2011; World
Directory of Minorities and Indigenous People: Brazil Overview).
Unfortunately, there are negative implications that result from providing internet services.
There is potential for discrimination, hostility, violence, and illegal activity, or users could
fall victim to phishing scams due to a lack of awareness of cybersecurity. Provision of
internet services could also have the opposite effect to the one intended regarding the
preservation of culture and heritage - the internet would allow access to tools that facilitate
daily life, or impose different ideals on this unique population. There are also technical
issues associated with AMBIEnT’s provisions: repairing and maintaining infrastructure in
rural regions would be costly and time-consuming. Determining equal distribution among
the citizens in each municipality will be a daunting task.
AMBIEnT will take into consideration the design of the implementation plan to educate
users on internet security and conduct. Since AMBIEnT is not targeting native tribes it is
unlikely that this technology will have a direct negative impact on the preservation of
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culture and heritage. These citizens already have access to electricity and modern
appliances. AMBIEnT’s implementation process will include a training segment on system
maintenance and repair in order to employ local residents and reduce technical problems
of repairing and maintaining infrastructure. To make access available to as many residents
as possible, internet room operators could impose time limits.
Consideration will be taken when designing the implementation plan to educate the users
on internet security and conduct. Since AMBIEnT is not targeting native tribes it is unlikely
that this technology will directly negatively impact the preservation of culture and heritage.
Those who will benefit from AMBIEnT already have access to electricity and modern
appliances. AMBIEnT’s implementation process will include a training segment on system
maintenance and repair in order to employ local residents and reduce technical issues of
repairing and maintaining infrastructure. In order to make the access available to as many
residents as possible, time limits may be imposed by the community computer rooms.

4.2

Economic Benefits and Impacts

This project aims to change the current situation, in which there is a lack of job prospects
for people in remote regions in the Brazilian Amazon (Napra, 2013). AMBIEnT hopes that
connecting these communities will lead to a surge of entrepreneurial opportunities
developing the local economy. New direct and indirect employment opportunities will also
result from enhanced market access. Furthermore, the implementation of infrastructure
and maintenance of internet and environmental services will provide job opportunities in
the Brazilian Amazon. A population’s purchasing power is the biggest booster for local
economies. This economic improvement will also make the region more visible to public
administrators and service providers in other fields.
There is a downside to sudden economic growth. There is a risk to local businesses if online
shopping options offer cheaper and easier shopping. If the region is not equipped with
necessary infrastructure to deal with such growth, power outages or limited internet
dispersion within communities could result. Illegal economic activity could also increase
because the population will have more disposable income and more access to outside
influences. Additionally, wealth that is created through economic growth may not be
distributed equally among each municipality’s citizens (Sexty, 2011).
AMBIEnT’s requires the cooperation of the municipalities and they would be responsible for
mitigating economic risks. Despite the risks, the economic gains that could result from
AMBIEnT would be a driving factor in moving forward with the project.

4.3

Environmental Benefits and Impacts

The benefit of this project concerning to environment will be to enable the rural population
to preserve it for coming generations. The AMBIEnT project is also an attractive
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sponsorship opportunity. This will not only affect the region itself but will have a worldwide
impact. This project will aid in preserving the world’s most prominent source of oxygen
(WWF, 2013). The more regions that can be connected with this project, the larger the
effect.
Environmental monitoring data will be useful in enabling governing bodies to impose fines
and regulations on those who are operating illegally. This data and subsequent action will
help preserve the rainforest and maintain its biodiversity.
There are also some issues related to providing internet and environmental monitoring
services. Major exports to the Brazilian economy include bio-fuel and beef. Farming and
mining cause deforestation, yet have a positive economic impact. (Anderson, 1997). The
data obtained from environmental monitoring could have a dual use and could be
damaging depending on the users. In addition, the data will need to be in a user friendly
format. But this is time consuming and requires significant resources.

The global impact of preserving the rainforest is an important consideration for future
generations. If an economically viable alternative is developed, the negative economic
implications could be mitigated. The access to environmental data will be limited to
reputable organizations, additionally, security features such as encryption could aid in
the protection.
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5 ARCHITECTURE
5.1

Introduction

AMBIEnT’s system provides the infrastructure to 129 municipalities in the Brazilian Amazon
to improve the life of the local population, through access to internet services. The main
services that AMBIEnT’s system will provide are telecommunications and environmental
monitoring, as described below:
1.

Telecommunications:
Our system will improve the lives of these people by providing basic telemedicine and
tele-education services, and access to fundamental internet services, like email.

2.

Environmental monitoring:
Our system will provide the Brazilian government, municipalities, and NGOs the ability
to monitor different changes in the Amazon area, like illegal deforestation.

This chapter defines and describes in detail the architecture of the AMBIEnT system, and
the ways we intend to implement these services.

5.2

Provision of Internet

The system is designed to provide internet to 129 municipalities with the aim of improving
education and healthcare services in the Amazon region, as follows:
Telemedicine Center - The goal is to connect the existing local healthcare provider to a
reference center. The local healthcare provider may be a hospital, a pharmacy, or any
other kind of healthcare facility. Telemedicine allows the collection and sending of
patients’ data, such as vital signs, to a reference center for evaluation.
Tele-education Center - Local schools, libraries, and the wider community can benefit
from the installation of tele-education centers where educational content can be
provided. Material can be accessed via the internet from any internet-capable device.
Public Computer Rooms – In order to enhance and support the prioritized services
(tele-education, telemedicine and environmental monitoring), the AMBIEnT project
envisages the provision of public computer rooms. A public computer room is a place
where those services will also be used. We anticipate these will be created in each of
the 129 municipalities. Secondary to these primary services, computer rooms will have
the ability to access different internet services like e-mail, website browsing, and
online commerce.
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The unique selling point of AMBIEnT is that we will enable internet connectivity, which may
prove beneficial to local businesses and thus will benefit the local economy.
The following figure (Figure 5) shows the telecommunications system architecture that
supports the products. The final services configuration shall be defined according to the
specifics of each municipality.

Figure 5: Telecommunication System Architecture

The services described are connected to a common hub. The hub is a device that expands a
single port to several ports and combines data from multi-ports to a single one. The hub is
connected to the satellite’s ground station, which transmits data in both directions through
the AMBIEnT satellite constellation to the main ground station. The main ground station is
the internet gateway that provides the connection to the worldwide internet services.
The system has two links: the downlink to transmit data from the remote locations in the
Amazon to the rest of the world and the uplink to receive data in the Amazon. The
described data flow is symmetric, from the rest of the world to the remote locations and
the other way around. For example, basic health diagnostic data can be transferred from a
remote municipality to a telemedicine reference center where a physician can examine the
information to prepare a diagnosis and order a treatment.
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The distribution of eligible remote municipalities, 129 areas in total, is shown according to
the following map (Figure 6). Black dots represent the municipalities with over 30,000
inhabitants without Wi-Fi hotspots where we propose to place ground stations.

Figure 6: Internet availability in Brazil as of 2013

The bandwidth capacity is unfortunately limited and needs to be shared among the users.
The system will therefore be configured to accommodate prioritization regarding the
available capacity and bandwidth. The order of access priority is telemedicine, teleeducation, and only then the individual user services.
All products are complemented with local wireless network connectivity (Wi-Fi). This allows
individual users to benefit from these points of access using wireless connections to access
the internet for their own private usage.
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Technical requirements

Technical requirements are defined according to three main topics: data rate, number of
users in parallel using the services and the desired availability of the system. The minimum
requirements are those requirements necessary for the proposed products to work, as
shown in Table 1.
The most important driver for the system requirements is the telemedicine product. The
system must support store and forward telemedicine data. A period of six hours per day is
considered reasonable for transmitting the necessary data. The telemedicine reference
center can then examine the data to produce a diagnosis and communicate it back. The
whole process could be completed in one day. It is not necessary to provide continuously
internet access in order to provide the infrastructure for basic telemedicine. Second most
important is tele-education, to enable supported users access to web browsing. Third is
environmental monitoring.
Table 1: Data rate telecommunication requirements
Minimum
requirement

Medium requirement

Nice to have

Services

Telemedicine
Tele-education
requirements

Telemedicine, Teleeducation,
Email,
Browsing, Low quality
video

Medium requirements
and
Downloads,
Instant
messages,
High quality Video
Streaming

Data rate (downlink)

128 kbps

384 kbps

2 Mbps

Number of users
supported

50,000
(or
80
stations)

100,000
(or
100
stations)

200,000
(or
150
stations)

Availability

6 hours a day (25%)

Parameters

and

Ground

Ground

12 hours a day (50%)

Ground

24/7 (100%)

The telemedicine service is considered the most important and therefore the minimum
system requirements match the telemedicine requirements.
The nice to have requirements refer to the best-case scenario, where our system can
provide a very good level of internet connectivity and real-time continuous services, such as
voice over internet protocol (such as the application, Skype).

5.3

Environmental Monitoring

The AMBIEnT environmental monitoring platform is based on the deployment of groundbased sensors in the remote municipalities considered. The system architecture relies on
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the AMBIEnT telecommunication infrastructure for the creation of an Amazonian region
wide network of ground sensors at a marginal cost.
The ground-based sensors are a combination of fixed and mobile devices. In addition to the
ground-based sensors network the system includes a data processing center where the
AMBIEnT sensor data is stored and combined with remote sensing data collected by third
party Earth observation satellites. The architecture of the system is shown in Figure 7:

Figure 7: Environmental Monitoring System Architecture

Our system’s output will be data. Ground sensors readings will be verified and validated by
comparison with existing maps and third party remote sensing data. The processing and
analysis of this information will provide results for use by the municipalities.
Data Flow
The environmental monitoring system makes use of different sources of information:
1. Fixed ground sensors - specific sensors located in the remote municipalities
2. Mobile ground sensors - mobile devices provided to individual people. The devices
can be used to take pictures and location coordinates in the municipality and its
surroundings
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3. External satellite data - collecting free or affordable information from existing
remote sensing satellites available online
The data processing center gathers raw data in two ways:
Data from remote sensing satellites can be obtained through the internet
straight to the processing center.
Data from the AMBIEnT fixed and mobile sensors is transmitted from the
sensors to the remote municipality ground station using local network
connectivity and by gathering data manually. AMBIEnT’s telecommunication
satellites will bring data from sensors to the main ground station. The standard
internet will then transfer data from the main ground station to the processing
facility.
5.3.1

Current Status of Environmental Monitoring

The Amazon forest is surveyed widely by satellites and ground-based weather stations
deployed by National Organization of Environmental Data (SONDA). Due to the frequent
cloud cover in some regions and problems processing raw data, satellite monitoring is not
fully reliable in the real-time frame resulting in delays for disaster management operations
and deforestation warning applications (Figure 8).

Figure 8: Ground sensor network (Credit: SONDA)
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In addition to the remote sensing data, Brazil also owns a network of ground sensors. The
ground sensors include weather stations. These data are collected via satellite. Officers will
transport the weather stations, the solar panels, and the telecommunication antennas by
truck, and install and calibrate the sensors. The critical environmental elements to monitor
in the Amazon region are:
●

Land cover and its changes - forest, wetlands, erosion

●

Land use - deforestation, crops, livestock meadow

●

Wildfires

●

Precipitation and water cycle - water level, flooding

●

Various Essential Climate Variables, mainly terrestrial and atmospheric such as
ground temperature or CO2 level

●

Population distribution and illegal urbanization

These elements form four general categories:
●

Land cover and land use

●

Water management

●

Urbanization

●

Disaster Management

AMBIEnT seeks to provide environmental monitoring, including phenomena linked to
deforestation, such as illegal urbanization, roads, livestock areas, and wildfires.
Additionally, thanks to a timely response we can also contribute to disaster management
measures. The system will distribute environmental data to the Brazlilian Government,
municipalities and NGOs. Ground sensing data will be provided directly to the local
authorities for a time-effective interception of illegal activities.
To accomplish this purpose a combination of different types of sensors will be used. The
first type is ground sensors, which can be divided into two kinds, fixed and mobile. Fixed
ground sensor will be installed in each inhabited remote. A selected group of people from
every remote area will be equipped with mobile sensors. This group of people will function
as ground-truthing team. The exact parameters that each type of ground sensor collects
will be explained in detail here.
The second type are satellite sensors, which are located on existing Earth observation
satellite constellations (such as the ones on Copernicus [formerly GMES] Sentinel satellites
or the ones on Rapid Eye constellation). There are different types of technical
requirements according to the different purposes, and data has been collected from every
kind of sensor.
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Satellite Remote Sensing Technical Requirements

For the purposes of our project, the following requirements have been derived in terms of
spatial, spectral, and temporal resolution for remote sensing data (Table 2):
Table 2: Remote sensing requirements per target usage
Target usage

Spatial
Resolution

Spectral
Resolution

Temporal
Resolution

Land cover and land use

5m

optical

weekly

Urbanization

10m

optical

weekly

Water Management

5m

optical

weekly

As the Amazon is often cloudy, it is necessary to use high-resolution radar data, being both
weather and daylight independent which will complement the information obtained
through free satellite data.
According to the desired environmental monitoring information, AMBIEnT will provide the
suitable output format, for example: maps (deforestation, legal register), change detection
(temporal analysis), trends analysis (how data is changing over time) and a Geo-Information
System (GIS) platform.
5.3.3

Ground Sensor Network

AMBIEnT proposes a network of sensors at ground level where data is stored locally on the
device or connected to the internet. Sensors with Wi-Fi connection are directly connected
to the cloud network. When a connection is not available data is stored and later sent when
the connection is re-established. This ensures a mobile and flexible surveillance of critical
areas compared to the present constellations of satellite monitoring. With access to
internet connectivity, the local population can effectively monitor the threats.
Ground sensors can be divided into two branches: fixed and mobile. Fixed sensors are those
installed in inhabited areas and the mobile sensors are those deployed or carried by people.
Mobile ground sensors are lightweight and can be positioned in different configurations in
the terrain like by rivers and trees. Power can easily be provided by solar panels or they
may be recharged by the power grid. Both types of sensors can be directly connected to
AMBIEnT’s network by Wi-Fi or Bluetooth, providing data at a chosen schedule. Based on
our research (Table 3), project AMBIENT offers a proposed selection of sensors for a
municipality.
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Table 3: Ground Sensors

Sensors

Battery life

Cost [US$]

Distribution

Gas sensors
Humidity
Temperature
Pressure
US$99 CO2 add-on

Hours to weeks

99.50
(+ 99)

1 static
3-4 mobile

Microphone

Solar powered

0 – 50,
15 for
Solar panels

Radius = 500 m
Depending on
Wi-FI distribution

Cameras

Hours to days

0 – 50

2-3 mobile

Temperature
Pressure
Humidity

Solar powered

0 – 50,
15 for
Solar panels

3-4 mobile to be
implemented in
the future

Soil quality
sensor

Moisture
Temperature
Nitrates
Phosphor
Turbidity
Oxidation-Reduction
potential

Hours to days

300

1 mobile

Water quality
sensor

Total dissolved solids
pH
Water depth
Dissolved oxygen

Hours to days

300

0-1 mobile

Multipurpose
sensor:
Sensordrone

Smartphone

Ground sensors for environmental monitoring can be purchased off-the-shelf, but many are
expensive. Open-source products, however, are considerably cheaper when purchased in
bulk, down to approximately US$25 per sensor. Using a mobile platform device like a
smartphone, data can be collected directly by Wi-Fi, radio or Bluetooth.
A smartphone itself could be a powerful tool. Data can be collected in this way as an
effective sensing device and can support, for example, deforestation awareness campaigns
on the internet. The built-in cameras of smart-phones can take detailed pictures of illegal
activities, which can be sent to alert the authorities once connected to the internet. One
can use solar-powered smartphones with some modifications such as adding new sensors,
for example, to listen and send alerts when hearing chainsaw frequencies (Rainforest
Connection, 2013).
Sensordrone is a tool that can turn a smart-phone into a multisensory environmental
device. The responsive sensors of the Sensordrone will be able to detect smoke from fires.
With the CO2 add-on module the Sensordrone can detect the surplus of CO2, an indicator of
deforestation.
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Smartphones can also be a great way of crowd-sourcing the weather. Crowd-sourced
environmental monitoring can be used for high resolution weather mapping parameters.
Smartphone sensors today show accuracy limits. The GPS system in most smartphones
exhibit errors averaging 10-30 meters depending on the confinement applied by the
surroundings, which is considerably less than a dedicated GPS navigational device (Blum et.
al. 2013). In addition, analyzing weather reports with respect to temperature readings from
smartphones has shown them to be within an accuracy range of ± 1.5 °C (OpenSignal,
2013). For these measurements the Sensordrone should be used with the support of
smartphones, as the developing sensors get more accurate.
A soil quality sensor will help the local people in assessing the quality of the soil for planting
new trees and organize farms. Additionally, deforestation and toxic spills can be detected
in rivers further down the river stream.
Remote sensors based on existing different constellations of Earth observation satellites
can be used. AMBIEnT’s design will yield the ability of free or affordable data from these
remote sensors, and use it with the raw data collected from ground sensors.

5.4

Services Segment

Although AMBIEnT’s main product is internet connectivity, we also provide a business case
to complement the system. The range of products includes telemedicine, tele-education,
public internet access points, and environmental ground-sensors. All products are modular
and scalable and shall be deployed according to each municipality’s needs.
5.4.1

Telemedicine

Telemedicine can be provided with the help of consulting professionals and doctors
through the examination of patients remotely while the diagnostic information is collected,
reviewed and transmitted accordingly.
AMBIEnT has considered two options to support telemedicine: a company who can provide
a platform to fit within our proposed infrastructure, and AMBIEnT’s own basic telemedicine
platform.
Telehealth is a company which delivers health-related services and information via
telecommunications technologies. AMBIEnT has identified Telehealth as a potential partner
for providing telemedicine in the Amazon region within our proposed infrastructure. The
Telehealth program was created in 2006 by the Brazilian Health ministry in partnership with
public universities, state and local health secretaries and also their representations - the
National Council of State Health Secretaries (CONASS) and the National Council of
Municipal Health Secretaries (CONASEMS). The main objective was to offer teleconsultation
and support for professionals working in primary healthcare, especially in remote locations,
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where they had no access to training courses and continuing education. Thus, the
Telehealth network was established acting in tele-education and tele-assistance, expanding
the use of information and communication technologies applied in the Brazilian National
Health System (SUS) (eSAC Interview, 2013). AMBIEnT intends to partner with Telehealth
whenever possible.
The Telehealth program faced many challenges. The issues related to infrastructure and
connectivity are still a problem in some localities. There are issues related to professional
training in the use of information and communication technologies, as well as the need for
political and institutional support at various levels so that professionals can review and
change their working process to incorporate Telehealth. The challenges have been
overcome by seeking partnerships to share infrastructure and connectivity (Brazilian
Ministry of Science and Technology, Education, Communication), promoting the training of
professionals and sensitizing the managers about the results and positive impact of the
program implementation. The unique selling point about AMBIEnT is that we will provide
both the infrastructure and connectivity. The program has yet to be extended to the
Amazonian rural region, thus opening up greater relevance and attractiveness to
collaborate with the AmBIEnT initiative.
The AMBIEnT Telemedicine Platform:
In the event that a partner organization cannot deliver health-related services, we propose
a simple platform which involves using a handheld device. For example, a smartphone with
text, voice, and low-resolution video capabilities can be compatible with AMBIEnT internet
connectivity data rates. A package of third party sensors for measuring temperature, heart
rate, a 1-lead electrocardiography (ECG) and a digital stethoscope are included. The overall
cost of the package is estimated to be US$900 (SanaMobile, 2013). The platform will rely on
the SanaMobile open-source electronic medical records platform for data exchange. Frontend software would need to be created by AMBIEnT for facilitating the use of the platform
while collecting the data from the third party sensors. The software interface would be
designed for use in remote locations by trained non-expert users. Basic training for
healthcare providers would require only a couple of hours. The software platform on the
medical expert side would then be provided by the manufacturer in the form of a web
service.
5.4.2

Tele-education

Tele-education (also known as e-learning) is all forms of electronically supported learning
and teaching systems. The information and communication systems implement the learning
process (Telereach, 2013). Tele-education is a learning tool especially suited for remote
regions and serves as an excellent medium to develop capacity building; promoting wellbeing and development (Digital Learning, 2007).
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AMBIEnT proposes the installation of tele-education centers distributed as a web-service.
The web-services will have video materials, either downloadable or in portable digital
media.
Local populations can access workstations, tablets and educational materials at their local
tele-education centers. The tele-education center total cost depends on the number of
workstations and tablets. The cost for each unit shall be no more than US$200. An
alternative to buying new workstations and tablets is using secondhand refurbished
computers capable of internet access.
The objectives of the tele-education program are to complement the existing school system
and to provide useful tools. Tele-education will enlarge the knowledge of people in remote
areas, and bring education to areas lacking this capacity. Through tele-education, these
people will be able to acquire a variety of information from the rest of the world, currently
inaccessible.
As a successful example, AMBIEnT could implement The Khan Academy, which has free
educational content. This has been translated into Portuguese by the Brazilian Leman
foundation. The current content available in Portuguese is limited to mathematics and
sciences, but the content will serve as a model for the development of additional content
by the local users and for sharing local knowledge. A system of rewards will be part of the
tele-education program in order to stimulate the end-users to learn using the platform and
to produce content.
5.4.3

Public Computer Rooms

As defined earlier, public computer rooms can be a place which will enhance and support
the prioritized services, as well as enable the connectivity for secondary services such as
web browsing and e-mail.

5.5

Data Processing and Storage

AMBIEnT will provide pre-processed (raw) data and processed data, for environmental
monitoring. One of the unique functions of AMBIEnT's environmental monitoring system is
the ability to enable a thorough analysis based on information collected from various types
of sensors, explained below.
AMBIEnT system includes a data processing center, which will provide the government and
municipalities the exact information, and initial conclusions on desired environmental
monitoring, such as the current status of deforestation in the Amazon. Both ground and
remote sensors will send raw data to these centers.
The system will use an open-source software, such as GIS (Geo-Information System),
SPRING or TerraLib, and modify their data according to our unique needs and
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environmental monitoring requirements. For example, GIS would help us provide
consolidated data from external sources, with healthcare or economic information added
to the environmental information.
INPE is the greatest supporter of free-ware based on the Brazilian policy of free
information. INPE use a number of GIS platforms that are readily available to use on our
remote sensing data. Some software outlined below:

1. SPRING: state-of-the-art and remote sensing image processing system with an
object-oriented data model which provides for the integration of raster and vector
data representations in a single environment. SPRING is a product of Brazil's
National Institute for Space Research (INPE/DPI-Image Processing Division) with
assistance from other organizations and technological companies, such as Brazil's
Agricultural Research Agency, IBM Brazil, Computer Graphics Technology Group,
PETROBRAS/CENPES, and K2Sistemas.

2. Opendatakit: Free and open-source set of tools which help organizations manage
mobile data collection solutions (ODK tool website, 2013).

3. TerraLib: GIS classes and functions library, available from the internet as open
source, allowing a collaborative environment and its use for the development of
multiple GIS tools. Its main aim is to enable the development of a new generation
of GIS applications, based on the technological advances on spatial databases.

4. TerraAmazon: Developed by INPE and FUNCATE to be a multi-user editor of
geographic vector data. It was developed to improve the corporate production of
geographic data in order to provide accurate measurement of deforestation, forest
degradation, land use and land cover change and similar applications. The data
accessed by TerraAmazon is stored in a TerraLib model database.

5.6

Training

The AMBIEnT system will promote internet use in the Amazon. As mentioned in the
humanities section, a large part of the target population does not have the basic knowledge
necessary for accessing the internet and the services it can provide. The AMBIEnT team
sees that the most logical step is to building access to education on telemedicine, teleeducation, and remote sensing through our infrastructure.
The tele-education center shall also offer basic internet usage training courses. The basic
training shall comprise the use of email, internet browsing, the tele-education platform,
which will be provided and the telemedicine service. More advanced users can be
incentivized to teach the newcomers.
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The AMBIEnT team has assessed the risks associated with internet services, such as
unwanted, unsuitable, or illegal content, and how users can protect themselves from these
threats.

5.7

Maintenance

The AMBIEnT ground segment requires minimal maintenance. A plan shall be devised for
training local inhabitants so that the equipments can be serviced locally, minimizing the
need for sending experts to remote locations.
Training is provided by the AMBIEnT technicians to a number of chosen locals and it should
allow them to solve technical problems that may occur during the system lifetime. This will
expose the population to the variety of technical risks in the system infrastructure (both
hardware and software), and suggest different approaches to those problems.

5.8

Summary

In this chapter we have demonstrated the system architecture behind the AMBIEnT project
and how this is designed to provide connectivity to remote municipalities in the Amazonian
region. We discussed the focus of primary services and how they will be implemented,
including a range of services like telemedicine and tele-education via telecommunications.
We also showed how environmental monitoring will form an important part of our project;
ensuring critical environmental factors are monitored via mobile and ground sensors.
AMBIEnT’s proposal gives a clear insight into how these fit into the network, and how the
data will be managed, stored, and processed. Finally, we demonstrate how the inhabitants
of the rainforest can best make use of this data via open-source software, which can be
modified according to their requirements.
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6 SYSTEM DESIGN
6.1

Introduction

The AMBIEnT system offers 24 hours, 7 days a week (24/7) internet access that can reach
110,000 users with 1,161 low-cost ground terminals divided into 129 municipalities, and
reduces costs by taking advantage of economies of scale and using off-the-shelf
components. The communication link between the end user and the satellite and vice versa
is the main drivers for the design of the system. These links constraint the constellation
design and defines the payload and the bus.

6.2
6.2.1

The Constellation Design
The Choice of Orbit Type

The Equatorial Amazon is the constellations target region, so a low inclination orbit is
useful. The Amazon area is located at 10 degrees southern latitude to 5 degrees north
latitude, and is suitable for selecting circular orbit constellations with low orbit altitudes
and low inclinations near to zero degree. We choose an orbital height of 600 km to avoid
the Van Allen inner belt, at 1,500-2,500 km and to mitigate atmospheric drag perturbation
and atomic oxygen damage.
6.2.2

Selection and Design of Constellation

We decided to use a constellation where 12 satellites (plus 2 spares) have the same orbit of
600 km with zero degrees inclination and are equally distributed over the orbit plane.
Satellite power correlates directly with the mass of the satellite, and microsatellites have
tight mass constraints. Here an orbital altitude of 600 km results in an acceptable
compromise between transmitter power on the satellites and ground station cost. Figure 9
shows the constellation designed with Systems Tool Kit (STK) (AGI, 2013). The red and
green ellipses represent ground tracks of the area of the two antennas. Antennas cover the
whole Amazonian region.

Figure 9: AMBIEnT Constellation with coverage area (green and red)
International Space University SSP 2013

31

AMBIEnT Project

System Plan

This constellation provides complete coverage of the Amazonian region for 24 hours over
seven days, giving continuous coverage. Further all satellites are in one orbit, which
simplifies the deployment of the constellation and the communication system.

6.3

Launching and Deployment

We chose Sea Launch to launch microsatellites from a Zenit-3SL vehicle (Sea Launch, 2013).
Sea Launch is an international organization which launches the Zenit-3SL rocket from an
equatorial launch site. Sea Launch is a consortium of four companies from Norway, Russia,
Ukraine and the United States, managed by Boeing, and with participation from the other
shareholders. It has so far assembled and launched 31 rockets, with three failures and one
partial failure. Sea Launch is preferred because of the following advantages over the landbased systems. Table 4 shows also a comparison of launch cost:
It can provide an equatorial launch site, which is ideal for targeting our 0° orbit
inclination.
It reduces the risks related to launching over populated areas, providing better
safety.
Absence of range conflicts with other launch systems.
Launch cost is lower than land based launch system.
Table 4 : Launch cost comparisons

Sea launch cost:

US$6,000 / kg payload

(Koelle, Janoysky)

Land based launch system:

US$25,000 / kg payload

(Sat News)

6.3.1

Launch Operators

The ship Sea Launch Commander is the control center for the launch. In here, the launch
controlling team manages the preparation and launch phase and it has ultimate
responsibility and authority.
6.3.2

Requirements for the Sea Launch system and its Characteristics

The technical specifications related to launch activities are shown in Table 5. More
information about the characteristics of the bus will be given below. The specifications and
capabilities of the Zenit-3SL launch vehicle are shown in Table 6.
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Table 5: Technical specifications of the AMBIEnT satellites relevant for launching
Description

Communications satellites

Orbit

LEO

Altitude [km]

600

Inclination [deg]

0

Eccentricity [-]

0 (circular)

Injection altitude accuracy [km]

< 10

Injection angle accuracy [deg]

< 0.25

Number of satellites

12(+2 spares)

Mass of each satellite [kg]

98

Total payload [kg]

1,372

Mission life [years]

6

Table 6: Specifications and capabilities of Zenit-3SL rocket (Blau, 2013; Bieler, n.d.)
Stages

Total
length
[m]

Launch mass
[kg]

Payload to
LEO [kg]

Launches
[-]

Success
ratio [%]

Fairing
Diameter
[m]

Fairing
Length [m]

3

58.65

465,800

13,500

35

91.4

11.39

4.15

6.3.3

Deployment Strategy

The AMBIEnT constellation will be deployed in a staged and systematic format. The idea is
to deploy the constellation progressively depending on the size of the launcher. This
method has been effectively used to deploy many satellites in orbit, such as the OrbComm
constellation (Lutz, Werner and Jahn, 2000). In each rocket, multiple satellites are launched
at the same time (Cluster Launch). The Zenit-3SL rocket is capable of launching more
satellites at one time in to LEO orbit because of its payload capacity of seven tons.
Our deployment strategy is to launch the satellites in a phased manner. The planned
number of launches is four. In the year 2017, two launches are planned which will carry
four satellites each. Four then two satellites are launched in the year 2018 in two launches.
Afterwards the satellite constellation will be tested for performance in the orbit.
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Operations of the constellation will start in end of 2018. All these details are shown in the
implementation plan. Normally, the number of launches per year carried out by the Zenith
3SL vehicle is four, which meets the requirements of a constellation deployment. The
launches will be done in collaboration with other satellites developers to reduce the launch
costs further. This staged method of deploying a satellite constellation is used to reduce
risks and to prove the functionality of the system before rollout. This method also allows a
decision-making process about whether to move to the next stage of the deployment
process or to abort the project. Alternative launchers are planned in case of any problem
with a sea launch in the view of launch window dates. Possible systems include those from
ESA (Vega) and SpaceX.

6.4

Spacecraft Design

Overall 12+2 microsatellites are required for the constellation to provide continuous
internet access with high reliability. The payload, bus design and coverage areas drive this
number. From the definition of the payload, the requirements for the bus can then be
derived, as determined in the following step.
6.4.1

Payload

The application requirements dictate the requirements for the payload, as described above.
AMBIEnT uses an X-band based communication system. This system shows most
advantages compared to other options with considering the mass and power requirements
of microsatellites. Two X-band helix antennas are used, which provide an acceptable
antenna gain over a large coverage area. Two antennas are used to provide a larger
coverage area, but the data transmitted is the same. To avoid interference the antennas
have different polarization.
It is necessary to have a link from the satellite to the main ground station which controls
the satellite and which acts as gateway to the rest of the internet. This is done with the
same antennas and the same receiver, which means that the gateway can be seen as
another participant in the IP network, but with higher priority, because the link must have
higher uplink and downlink data rates. The availability of the system can be scaled down by
using fewer satellites, but this would mean that the end users would have internet access
for 40 minutes if the number of satellites is halved with an orbit period of approximately 94
minutes.
The link budget is a major driver for the AMBIEnT satellite. In the project, overall four link
budgets have been calculated for X-band downlink (satellite to end user), X-band uplink
(end-user to satellite), X-band downlink (satellite to gateway) and X-band uplink (gateway
to satellite). The satellite includes a receiver and a transmitter, which makes an
independent first design of the links possible. The static link budget (Table 7) is calculated
as described in (Wertz et al. 2011).
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Table 7: X-band Uplink and Downlink (End user to Satellite)
End user to satellite

Satellite to end user

Uplink frequency [GHz]

7.145

Downlink frequency [GHz]

7.632

Ground gain [dBi]

18

Satellite gain [dBi]

-1

Transmit power [W]

20

Transmit power [W]

10

Backoff and line loss [dBi]

2

Backoff and line loss [dBi]

2

EIRP [dB]

29.01

EIRP [dB]

7.00

Atmospheric loss [dB]

10

Atmospheric loss [dB]

10

Net path loss [dB]

175.1

Net path loss [dB]

175.7

Satellite gain [dBi]

-1

Ground gain [dBi]

18

System noise temperature [dBK]

20.00

System noise temperature [dBK]

20.00

G/T [dB/K]

-21.00

G/T [dB/K]

2.00

Receiver C/N [dB-Hz]

59.52

Receiver C/N [dB-Hz]

59.93

Data rate per user [dB-Hz]

41.46

Data rate per user [dB-Hz]

51.07

Eb/N0 [dB]

18.06

Eb/N0 [dB]

4.86

As shown in Table 7, the link margin is positive, which makes a successful establishment of
the link possible. A binary phase shift keying (BPSK) modulation enables the efficient use of
the bandwidth, and a forward error coding method is used to improve the bit error rate.
Signal fading due to rain is of some concern as there is 65 mm/hour rainfall (ITU, 19921994) in the Amazon 0.1% of the time and X-band experiences up to 4 dB attenuation
(Hausman, 2009). To mitigate this, antennas at each user terminal are provided enough
power to compensate.
Two helix antennas are used on the satellite, each having a roll angle of ±1.5 degrees to
cover a broader area. The footprint is shown in Figure 10. The total coverage area is big
enough to comply with the requirements. To have some redundancy in the gateways to the
internet, two ground stations are considered. One gateway is located on the far west and
the other on the far east of the Amazonian region.
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Figure 10: Footprint pattern of antennas. Each antenna has a roll angle of 1.5°.

In addition to the two X-band antennas, a receiver and transmitter is required for each
antenna. Table 8 summarizes the mass, power, and cost budget. These are the basic
payload requirements for the bus. The cost and mass of the helix antennas are not stated
independently, because they are provided as part of the bus system.
Table 8: Summary of payload, and requirements for the bus

Power (W)

Mass (kg)

Cost (US$)

X-band Helix (2x)

0.0

Included in bus

Included in bus

X-band Downlink
Transmitter/ Uplink
Receiver

182

3.6

2,000,000

Sum

182

3.6

2,000,000

An additional GPS unit onboard must take care of switching on the transponder only once
the satellite is in a line of sight with a gateway ground station. This saves power and also
ensures spectrum compliance in countries where spectrum clearance has not been
obtained.

6.5

Bus Design

We chose a bus in line with the system requirements dictated by the payload. The
fundamental decision is whether the bus is developed or bought. The Fastsat, Phoenix,
Myriade, SSTL-100, SSTL-150, and PROBA bus system have been evaluated against the
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requirements. Since the development will introduce a factor of uncertainty in the concept,
a readily developed bus is considered as baseline.
The trade-off analysis showed that the PROBA and the SSTL-100 bus are most suitable for
our purposes, because they fulfill the requirements of the payload and can be considered
microsatellites. For the final design of the payload, the amount of power provided by the
bus system is the limiting factor and is an optimization criterion for bus and payload
selection. The PROBA can provide an average amount of power that is slightly higher than
of the SSTL-100 bus, but it is also more expensive. Power for the communication system has
to be provided during 17 minutes of operational time, which is stored in a battery during
the rest of the orbit. In the current design not all of the payload capacity is needed, but this
margin is preferred, because it allows adding additional batteries and components, if
necessary. The SSTL-100 bus has the following specifications (Table 9) and a picture of a
typical SSTL-100 bus in shown in Figure 11.
Table 9: Specifications SSTL-100 bus (Surrey Satellite Technology US LLC)

Cost [US$]

10.0 million

Payload Power[W]

33 Orbit Average Power Supply

Mass [kg]

83

Payload mass [kg]

15

Dimensions [m]

0.664 x 0.691 x 0.632

Pointing Control/ Knowledge 2880 / 2520
[arcsec]
Memory [Gbyte]

16 dual redundant

Command and Data Handling Dual-redundant Controller Area Network (CAN) bus
Bus Architecture
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Figure 11: The SSTL-100 bus in its basic configuration (Surrey Satellite Technology US LLC)

The current baseline considers buying the SSTL-100 bus, but there is still the possibility to
reduce costs of the system by developing a new bus, which can reduce the building costs to
approximately US$ 4 million per satellite. A preliminary design of such a bus was conducted
during the AMBIEnT project and can be used as baseline for a new development, details can
be found in the appendix. In addition to low costs it would result in capacity and knowledge
building.

6.6

Concept of Operations

The satellite has to operate its payload over the Brazilian Amazon region, but during this
time it requires a lot of power. During its lifetime each satellite can run in different modes:
Operational mode (Standard)
The operational mode is the standard mode for the satellite during most of its life. Because
of its importance, the different top level states of this mode are described below in more
detail.
Launch mode
The satellite is in this mode during launch. The mode complies with the launcher
requirements.
Deployment mode
After launch the satellite gets into deployment mode. During the deployment phase of the
satellite, the communication payload is tested and verified for the operation of the satellite.
Emergency mode
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In an emergency situation, the system switches to emergency mode, which limits power
consumption of non-critical components and supports debugging and monitoring of the
satellite.
De-orbiting mode
After its lifetime, the satellite is de-orbited. The orbit is reduced through atmospheric drag
and this mode keeps minimal communication online till the satellite is de-orbited.
The operational mode of the satellite is divided in the following top level states:
Idle state
During eclipse and when the satellite is not over the Brazilian Amazon, the system enters
the idle state to conserve power as much as possible.
Power generation state
When the satellite is in sunlight and not over the Amazon, this state tries to minimize
power consumption while loading the batteries for payload operation.
Active communication state
In this state, the communication payload is switched on.

6.7

Safety and Orbit Mitigation

As stated, the orbital height of the AMBIEnT constellation is 600 km. Figure 12 shows that
the de-orbiting time is approximately 16 years, calculated with the program DRAMA
(Martin, et. al., 2005) (Parameters: Cross Sectional Area: 1.05 m2; Dry Mass: 98 kg; Drag
Coefficient: 2.2; Solar Radiation Pressure Coefficient: 1.2). We can fulfill the space debris
mitigation guidelines (Inter-Agency Space Debris Coordination Committee, 2007) without
an active de-orbiting system.
Perigee Altidude Evolution
650
600

Perigee Altidude [km]

550
500
450
400
350
300
250
200
2018

2019

2020

2021

2022

2023

2024

2025

2026

2027

2028

2029

2030

2031

2032

2033

2034

2035

Time [years]

Figure 12: Orbit mitigation from a 600 km orbit
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Collision probability per impactor diameter increment

We conducted a space debris analysis (Figure 13) with the tool MIDAS in the DRAMA
package. A tumbling plate was selected as a reference object, because its cross section has
the same radius as a sphere with the same volume as an AMBIEnT satellite. Overall the
collision probability is relatively high. The overall probability of an impact is approximately
2.2% in the year 2020 for one satellite of the constellation and there are 12 operational
satellites in orbit plus two spares. Hence, AMBIEnT places two additional satellites as spare
satellites in orbit for providing a reliable service.
Collision probability space debrix/ meteoroids vs impactor diameter
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Space Debris
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Figure 13: Collision probability with meteorites or space debris of an AMBIEnT satellite over a six
year operational lifetime

The International Space Station (ISS) is currently in an orbit of approximately 412 km
height, which is typical (Chris Peat, 2013). An AMBIEnT satellite will fall to this orbit height
in 2032 and then crosses the current ISS orbit on two points only for a short period of time.
However, there are no concrete plans for the ISS after 2020. The AMBIEnT constellation is
no immediate danger to the ISS.

6.8

Ground Segment

The ground segment consists of a control segment and a user segment. The control
segment is AMBIEnT’s connection to the rest of the World Wide Web. The user segment
consists of small fixed satellite terminals distributed throughout the Amazon and connected
to AMBIEnT’s users and ground sensors.
6.8.1

Control Segment

Two ground control stations are placed on the far east and far west of the Amazonian
region, and will be used for telemetry, tracking, and command and to act as a gateway to
the internet. One station is located in Tabatinga and the other is in Macapá, the capital of
the state of Amapá, where internet access exists.
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Communication with Satellites

A pair of parabolic dishes, each three meters in diameter, will be required at each teleport.
Each dish tracks the satellites in an alternating fashion. Commercial LEO tracking motors
such as AXYOM with three degrees/second velocity can be used, which to track across the
whole sky in as little as one minute (each satellite pass is approximately ten minutes). While
one dish is tracking a satellite, the other dish would have enough time to return to its initial
position.
6.8.3

Connection to Wired Internet

The satellite signal is demodulated and decoded via an off-the-shelf satellite modem, then
interfaced with the internet via a high-performance line that can provide 150 mbps or more
throughput. Domestic internet Service Provider (ISP) can provide this line.
6.8.4

User Segment

The user segment consists of 1161 small ground stations, divided into 129 municipalities.
Thus in each municipality nine low cost ground stations can be distributed. For each ground
station costs of US$2,600 are planned. The ground station consists of antennas, a satellite
modem and a router.
For terminal antennas, three sets of fixed helix antennas are used, which together cover the
120° degrees elevation angle. They do not need to track the AMBIEnT satellites because the
X-band antennas on-board the satellites are helix antennas and provide similar gain over a
broad elevation range. As there are two polarization possibilities, they do need to
automatically tune to the AMBIEnT satellite signal that is strongest.
Radio frequency signals from the terminal antenna are demodulated and decoded via small
satellite modems. A router acts as connection to the end user devices, via an existing wired
or wireless network. If no network exists, the router can be connected with a wireless hub,
such as the BRCK (BRCK, 2013). The BRCK is a rugged Wi-Fi and cellular (3G) hub that can
share the satellite internet wirelessly with multiple users in the vicinity. An internal eighthour battery allows the unit to function in case of low-power conditions.
AMBIEnT delivers devices to existing computer rooms. For example Android smartphones
such as the MicroMax Smarty A65 (Flipkart.com, 2013) cost US$80 per unit and have
multiple functionality. But also other computer systems are possible. For tele-education,
tablets such as the XO-Tablet (One Laptop per Child), costing US$149 per unit, can connect
wirelessly to the hub and to the internet via the AMBIEnT system.
For ground based sensors, AMBIEnT wants to provide a low cost solution. For example, the
remote sensor Sensordrone (SENSORCON, 2013) connects wirelessly to the AMBIEnT hub
and collects temperature, light, humidity, pressure, proximity, and gas composition data in
real time. Additionally, deforestation will be monitored from the ground by users reporting
illegal logging activity via smart-phones, or via unmanned smart-phones running Rainforest
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Connection’s application that monitors audible frequencies for chainsaw sounds (Rainforest
Connection, 2013).
6.8.5

Power Supply to the Ground Station

Ninety-four of the Brazilian regions are connected to the power grid (Luz Para Todos).
Nevertheless power supply of the ground stations has been considered as part of this work
because AMBIEnT wants to provide internet to remote areas and the six percent without
power supply will not be neglected by the service. Solutions exist to provide power to
remote areas, divided into different ways of how to generate energy:
-

Solar Power
Wind power
Fuel cells

The purchase decision has to be made with respect to the actual place of the ground
station and the service, which will be provided.

6.9

Summary

This section has shown how the AMBIEnT project is technically achieved. The core of the
system consists of 12 microsatellites in an orbit of 600 km height. Through an X-band
communication link, distributed ground stations in the Amazonian region are connected via
gateways to the rest of the world. The design of the system focuses on reliable and mature
components and on the optimization of the power consumption of the space segment and
the costs of the ground segment.
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7 FINANCIAL PLAN
7.1

Introduction

This section contains information related to the business and finance portions of the
AMBIEnT project, presents the business case and marketing strategy, and provides details
on specific financial partners, overall operational budget for startup and sustainability costs
also provided.

7.2
7.2.1

Current Market Situation
Social and Political Movements

Brazil is among the top 10 countries worldwide in terms of total number of broadband
internet users, and telecommunication revenues in Brazil are expected to exceed US$120
billion in 2013 (Reuters, 2013). With the upcoming 2014 FIFA World Cup and 2016 Olympic
Games both being held in Brazil, the country can expect further growth in the coming years.
To meet the expected increase in demand for fixed and mobile broadband, and mobile
telephony, both domestic and international investments and operators are rushing into
Brazil to expand the current telecommunication infrastructure. The Brazilian government is
also in the process of implementing reduced tariffs for mobile and fixed broadband
operators, and offering tax breaks for new telecom investments to stimulate growth. These
movements suggest that Brazil’s telecommunication and internet infrastructure will greatly
expand during the next few years (Vasdev, 2013). Brazil will be in the spotlight in the near
future, and expanding its communication to remote users would show its commitment to
socioeconomic change in these peoples’ lives.
7.2.2

National Broadband Plan

The Brazilian government launched its national broadband initiative, Plano Nacional de
Banda Larga (PNBL) in May 2010 (Government of Brazil, Decree 7175, 2010) to lower prices
and improves service levels, which have been deemed unsatisfactory by the government.
The main objective of the program is to broaden the access to broadband-based internet
services by covering over 40 millions households (68% of the population by 2014), which
includes the roll-out of nationwide fiber networks which will eventually reach 3,045
municipalities which do not currently have access to fiber-based internet (Vasdev, 2013).
The state-owned telecommunication operator, Telecommunicaçoes Brasieiras (Telebras)
has been revived to implement the program. With Telebras operating as the prime
operator, regional broadband operators can join the program to offer internet services via
PNBL, making use of Telebras’ telecommunication infrastructure and network capacity. As
of 2013 more than 600 providers have registered (Broadband Strategies Toolkit, 2011).
Through PNBL, the Brazilian government is looking to enforce minimum speeds of 1 Mbps
with prices starting at around US$15 per month, based on a field research which indicated
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that the 70% of the Brazilians that are still offline are willing to pay. Based on the income
level presented in the second chapter, this price is still too high for the poorest segment of
the population. The possibility of a government subsidy for the poorer communities was
mentioned by the government. However, the government has no plans to provide internet
service for free.

7.3

Internet Services Industry

7.3.1

Internet Services

Brazil’s internet service industry consists of: 1) fixed-line broadband, 2) mobile broadband
(3G), and 3) satellite-based internet. The internet service providers (ISP) typically provide
one or a combination of these three internet services.
7.3.2

Fixed Broadband Providers

Fixed-line broadband service refers to internet capability offered through ground-based
fiber optic network. The users can access the internet using their computers. There are over
2,500 fixed broadband providers in Brazil - however, the market for fixed-line services is
dominated by the four main players: Oi, NET Servicos (Embratel), Vivo, and GVT. This fours
control about 95% of the market. Because of the limited distribution of the fiber optic
network, the fixed-line services are offered only to certain cities within the Amazon region.
The services provided by all the companies are focused on middle to upper class
commercial users and their pricings and service capacities are summarized below (Table
10):
Table 10: Fixed Broadband Services
Company Name

Market Share
%

Service Capabilities

Price (month)
US$

Oi

36

300 kbps - 10 Mbps

17 - 30

NET Servicos

26

1 - 100 Mbps

24 - 186

Vivo (N/A in Amazonas)

24

N/A

28

GVT

8

15 - 150 Mbps

37- 173

Other

6

Variable

Variable

7.3.3

Mobile Broadband Providers

Mobile broadband internet uses a “wireless network”, typically the 3G or 4G network to
bring internet services to its users. Customers can use their mobile devices or computers to
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receive wireless data via a modem. As of 2013, there are four major players which hold 97%
of the market share - Vivo, Claro, TIM, and Oi. Compared to fixed broadband, mobile
broadband has much larger coverage, reaching out over 90% of the population in 2012. Like
their fixed-line counterparts, the services are focused on the commercial sector with middle
to high income earners (Table 11).
Table 11: Mobile Broadband Services
Company Name

Market Share
%

Service Capabilities

Price (USD/month)

Vivo

29

500 MB - 20 GB quota

16 - 70

TIM

26

500 MB - 10 GB quota

15 - 44

Claro

24.5

300 MB - 20 GB quota

13 - 70

Oi

18.5

100 MB - 5 GB quota

4 - 39

2

Variable

Variable

Other

7.3.4

Satellite Internet Providers

There are three main Internet Service Providers - Star One, Telesat Brasil, and Hispamar.
Ozonio Telecomunicaçoes is planning to enter the market after signing an agreement O3b
Network, which stands for “Other 3 billion”, and plans to provide fiber-speed internet
service to emerging markets using a constellation of medium Earth orbit (MEO) satellites.
The partnership is yet to deploy its service. However, it is designed to provide internet and
telecommunication services across the remote areas and cities in Brazil’s Amazonas. The
services are targeted at government agencies and corporate entities, but the general public
of the Brazilian Amazon region has not been mentioned as part of their clientele (O3b
Networks, 2011).
Pricing for satellite-based internet service has not been standardized and quotations are
made to customers on an individual basis. For example, the pricing of a regional satellite
internet service, ViaSat, which operates in Rio de Janeiro and São Paulo, varies between
US$43 and US$172 for connection speeds ranging from 2 mbps to 18 mbps (via Sat Brazil,
2013).
7.3.5

Community-based, Satellite-Internet Projects

Several community-based, humanitarian internet projects have already been deployed in
the remote areas of Brazil, and successfully the internet truly accessible to people from all
social classes. One example is the GESAC project, launched in 2002 to educate the lowincome population in computer use and the internet. The project uses Star One and Gilat’s
VSAT satellites constellation to provide IP-based services. Enabling users to gain from
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broadband internet access, Voice over Internet Protocol and video multicasting services. At
presents the project serves 3,300 sites in 2,200 municipalities with a connection speed of
256 kbps (Gilat Satellite Networks, 2012; M2 Communications Ltd., 2007).

7.4

Uniqueness of AMBIEnT

Analysis of the current internet service providers (ISPs) identified that all of the companies
are commercially-oriented, and targeted at middle to high income earners. The data
presented earlier has indicated that this is not affordable for most people in the Amazon
region (Hilbert, 2010). The analysis also found a community-based internet program similar
to AMBIEnT; however, it does not fully address the socioeconomic aspects that underline
Brazilian’s current internet provision.
To combat this trend, the AMBIEnT system is equipped with the following unique
advantages:
Microsatellites can be deployed more rapidly then GEO satellites, and the
components do not need to go through as much testing because of the shorter
lifetime (7 years) of the system compared with a GEO system (15 years).
Offers both affordable internet service and environmental monitoring using
purchased data combined with ground sensors, which has not been demonstrated
by any other satellite system.
Is a microsatellite-based system that is cheaper to launch and operate, compared
to conventional GEO satellite-based IP services.
Is aimed at inducing socioeconomic change in the Brazilian Amazon region by
proposing definitive strategies in implementing internet-based healthcare and
education schemes and community engagement activities through provision of
internet access and the complete packaged system.
Incorporates alternative financing strategies to reduce the overall infrastructure
costs.

7.5

Product Deliverables

To summarize the information presented in the previous chapters and achieve the
competitive advantages identified in the previous section, the product and services
provided by the AMBIEnT project and the target users are summarized below:
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Space Segment
o 14 microsatellite constellation in 600 km equatorial LEO with mass of 100
kg
o transfers internet signal and environmental monitoring data
Ground Segment
o ground towers, comprised of 3m receiving antenna and signal distribution
system
o Individual ground stations with helical antennas
o transmission hub that distributes the internet transmission and
environmental sensor data between the users
o ground-based environmental monitoring sensors
User Segment
o One internet center for the public consisting of 50 computers for every
municipality
o Implementation strategy on introducing simple, text-based telemedicine
and tele-education services to the computer terminals currently owned by
hospitals and schools
o Environmental data from remote sensing and ground sensors consolidated
with other relevant information (like health care or economic statistics)
Service Support
o Training scheme on internet use and its related services
o Strategies for community engagement activities, carbon offsetting schemes
and corporate partnerships/sponsorships
Lower income groups in the Brazilian Amazon region cannot afford to purchase and
maintain electronic equipment, especially due to the taxes that are charged on these goods
(Vasdev, 2013). Thus, AMBIEnT will provide community internet centers for public use using
current infrastructure in the municipalities. Some handheld devices will also be provided to
take images of the surrounding forest to provide mobile ground sensing data and to satisfy
requirements from carbon offsetting initiatives.
Residents who access AMBIEnT’s internet in suburban and urban areas (for the US$10
monthly fee) will be responsible for providing their own access devices. AMBIEnT will work
with electronics providers to source handheld devices at a reduced rate.

7.6

Finance Strategy

Infrastructure pertaining to AMBIEnT’s space, ground, and user segments will be financed
through a combination of fundings from the Brazilian government, NGOs, corporate
partnerships, and carbon offsetting projects. The role and contribution of each funding
source is summarized in Figure 14 below:
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Space Segment
- Microsat constellation

Ground Segment
- Ground towers
- Transmission hubs
- Ground-based env.
monitoring sensors

• Initial construction and operational costs
are paid by:
• Brazilian government
• NGOs

• Initial construction and operational costs
are paid by:
• Brazilian government
• NGOs
• Corporate partners

User Segment
- Community Internet centres
Tele-medicine & teleeducation platform
- additional IT devices

• Procurement, distribution and operational
costs are paid by:
• Corporate partners
• Carbon offsetting scheme (REDD+)

- Service Support

Figure 14: Space, Ground, User segments
7.6.1

Brazilian Government

The Brazilian government has prioritized the expansion of existing internet infrastructure
and launched the National Broadband Plan (PNLB) (Government of Brazil, Decree 7175,
2010) with Telebras as the main contractor, to offer US$400 millions per year to support
development of new internet infrastructure until 2014. The AMBIEnT project proposal will
be submitted to the Brazilian government as a contribution to the PNLB, to partially finance
the initial construction and operational costs of the ground processing facility.
7.6.2

Non-Government Organizations

The World Bank Group offers numerous loan schemes to support the construction of public
infrastructure for developing countries, and Brazil is eligible for such a loan scheme. Within
the World Bank organizational framework, there is the International Bank for
Reconstruction & Development (IBRD) and the International Development Association (IDA)
offering IBRD Flexible Loans, and the IFC-World Bank Sub-national Finance Program, which
lends up to US$350 millions. These loans would benefit AMBIEnT because of their low
interest rates compared with private loans from investors.
The Reducing Emissions from Deforestation and Degradation (REDD+) framework is an
international attempt at preserving the world’s rainforests by providing incentives to
governments to preserve forests and land cover. This framework is aimed at limiting
greenhouse gas emissions from deforestation.
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Information listed in Figure 15 (Global Canopy Programme, 2008) outlines financial pledges
to the REDD program by countries across the world focused on preserving the rainforests.
The program has approximately US$4 billions allocated for worldwide rainforest
preservation.

Figure 15: Financial contribution by country

The International Telecommunications Union (ITU) conducts a program called the ITU
Smart Sustainable Development Model (SSDM), and it supports deployment of crucial
telecommunications infrastructures to foster economic and social development and
assistance in case of natural disasters (ITU, 2013). AMBIEnT’s mission objectives align with
SSDM’s program philosophy through providing education, health access, and
environmental monitoring. Each of these services will contribute to awareness and
preparedness for disasters and will aid in communicating weather and disaster warnings.
AMBIEnT plans to partner with the ITU for assistance in funding the project from a
sustainability perspective.
In conjunction with Brazilian government funding, the above NGO-based funding sources
can partially finance the initial construction and operational costs of the space and ground
segments. Funding from these sources only requires the municipalities to verify they are
halting deforestation, and in some cases show progress towards reversing the effects of
deforestation.
Additional Funding Sources considered are presented below:
Brazilian Space Budget (exceptional funding decided and voted at federal level
years in advance)
Local government for expenditures related to healthcare and primary education
Federal budget for environmental monitoring
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Partnerships opportunities with organizations currently involved in REDD+ for cost sharing:
Imazon – Amazon Institute of People and the Environment
IBAMA – Instituto Brasileiro do Meio Ambiente e dos Recursos Naturais Renováveis
Coordinating Commission for the National Forestry Program (Comissão
Coordenadora do Programa Nacional de Florestas, CONAFLOR)
Commission for Public Forest Management (Comissão de Gestão de Florestas
Públicas, CGFLOP)
National Environmental Council (Conselho Nacional do Meio Ambiente, CONAMA)
Interministerial Working Group—Action Plan for Prevention and Control of
Deforestation in the Legal Amazon (Grupo de Trabalho Interministerial do Plano de
Ação para Prevenção e Controle do Desmatamento na Amazônia Legal, GTI–
PPCDAM)
National Program for Environmental Management in Indigenous Lands (Programa
Nacional de Gestão Ambiental em Terras Indígenas, PNGATI)
National Program for Community Forestry Management (Programa Nacional de
Manejo Florestal Comunitário, PNMFC)

7.7

Corporate Partnerships

Commercial companies that have an interest in the Amazon region will be approached for
possible partnership in financing the construction or procurement, and distribution of the
necessary ground infrastructure and user terminals.
Telecommunications companies can significantly benefit from such a partnership as they
would be the first to enter a completely new market. The companies will have direct access
to previously untouched markets to conduct valuable market research, product
development, and to establish a commercial presence without interference from
competitors. This will give them the advantage to enter the new market for devices that
could be implemented once the remote regions start developing their economy.
The Brazilian government has placed very stringent regulations in the recent years to
ensure high standards of corporate social responsibility and environmental sustainability
are achieved amongst the energy and mining companies. The companies are required to
engage the local communicites and contribute to improving their living standards by
generating new jobs and building new infrastructures for the region. Companies are also
required to take countermeasures to rehabilitate the land that they have affected as part of
their operation to ensure that the environment is preserved. These requirements placed on
the energy and mining companies aligns well with the service provision of the AMBIEnT
project, and there are opportunities for potential partnerships (Global Business Reports,
2013).
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Furthermore, opening up a new market will require an increase in energy consumption.
Increased commerce to the region will require trucks to ship items to these remote regions,
increasing oil demand for product exchange. Goods purchased through the internet will
require a demand for a higher standard of living, and open up the energy market to new
customers which in turn brings in more revenue.

7.8

Business Model

Figure 16 shows a simplified business model of the costs and income portions of the
AMBIEnT project. A more detailed version can be found in the Appendix.

Figure 16 : Simplified Business Model

The simplified business model breaks down the business plan into either cost or income
which could be in the form of an investment or revenues. The primary cost drivers in
AMBIEnT are the satellite constellation and the launch costs. These two account for the
majority of the program budget. Secondary sources for program costs come from the
ground infrastructure, deployment of the terminals, and recurring operations and
maintenance costs. A detailed cost breakdown can be found in the budget section of this
report.
The government investment will provide the start-up costs, and be allocated for satellite
development, ground station infrastructure, education terminals, telemedicine terminals,
and costs associated with the AMBIEnT processing facility.
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Program sustainability is possible with enough sources outside of Brazilian government
investment. Financial partners with an interest in exploring developing this new market
(telecommunication and energy) were considered for long term cooperation with AMBIEnT
to assist in achieving adequate revenue to sustain the project.
To maintain and stay on track to reduce current levels of deforestation, AMBIEnT will work
with municipalities to meet the REDD+ (Reducing Emissions for Deforestation and
Degradation) and ITU SSDM program guidelines to obtain carbon offsetting funds that will
go directly into paying for maintenance and training costs for the community terminal
stations.
The REDD+ Program is an international attempt at preserving the world’s forests by
providing incentives to the governments of rainforest areas to preserve the natural land
against illegal deforestation. AMBIEnT will work with REDD+ to sustain the environment.
Additionally, AMBIEnT will work alongside the ITU’s SSDM program which promotes
telecommunication infrastructure to rural areas to foster economic and social
development. By aligning AMBIEnT’s mission with these programs, we hope to achieve a
longstanding partnership to promote the wellbeing of these people, and sustain their
environment for the benefit of the world (ITU, 2013). The end users, however, will
ultimately be responsible for monitoring the deforestation within their region. Images
requested by the government in specific areas will be taken by these end-users, then
provided to the AMBIEnT processing facility. Once these are verified as requested by the
REDD+ program, the carbon offset credits are then supplied to the Brazilian government
which are taken from the international fund setup.
Telecommunications partners in the Brazilian region have also been considered for financial
partnership in the terms of assisting the provision of computer terminals to the community
internet stations. They would then be free to develop their own market as it emerges to
shape the tools these people would use to communicate.
AMBIEnT will purchase 1-5 meter very high resolution (VHR) data from existing satellite
systems such as X-Band radar satellite (TerraSAR-X or COSMO-SkyMed) to combine with
ground based information. This information will be combined into a report in the AMBIEnT
processing facility as a free environmental monitoring report to any available external
organization as a free service.
To mitigate against the risk of new competitors in this market, AMBIEnT will partner with
market survey companies to complete a more detailed market analysis and investigate the
competitors during the initial stages of the project leading up to the launch of the system in
2018.
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Budget

The AMBIEnT project will operate within a budget projected at US$260 millions over the
span of 10 years, seven of which are the mission lifetime of the satellite constellation. A
more detailed breakdown for the budget can be found in the Appendix.
The cost estimation over time breakdown for the AMBIEnT mission scale can be seen in
Figure 17. AMBIEnT has high program costs split from 2014-2019 to mitigate against
funding cuts from the Brazilian federal government. Once the satellite constellation is in
place by 2019, only the recurring costs to sustain the program are left for the remainder of
the mission.

Figure 17: Cost Estimation over Time

The worst case total cost for the AMBIEnT system from 2014 to 2024 is estimated at just
under US$260 millions. As mentioned previously, the space segment of the AMBIEnT
system accounts for the primary costs of the project. The completed microsatellite cost is
estimated at US$12 millions including both the payload and the spacecraft bus. Launch
costs have been estimated to be US$28 millions over four launches. Launch costs have been
significantly reduced by having the satellites as a secondary payload for this platform. The
service segment includes a 20% replacement rate of the terminals being supplied over the
seven-year period which will cover items being replaced with new terminals. Launch
insurance has been included, as well as funds for public outreach and for the ITU allocation
process.
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Marketing Strategy

Investments from the government and outside agencies are the backbone of AMBIEnT’s
services. To achieve the goals set out in its mission statement, AMBIEnT will promote the
good publicity that companies can receive through contributing to saving the rainforest.
Improvement life for rural residents of the Brazilian Amazon will not only support an image
of corporate social responsibility, but also provide access to an untapped market. Economic
prosperity that results from communication and easy access to global marketplaces will
have positive financial impacts on supporting companies.
AMBIEnT provides IP services to remote areas. The microsatellites provide lower data rates
compared to geostationary satellites which currently dominate the communication market;
however this can be used to the project’s advantage. Geostationary satellites are extremely
expensive in development, manufacturing, launch. These systems have to be designed with
a high level of redundancy to prevent problems that could result in a crippling loss of the
entire system. Also scaling of the system is not possible, because each satellite is unique in
its properties and the engineering work behind them are very time consuming.
Microsatellites are completely different, one satellite is just a small part in the overall
systems, and a failure does not mean the end of the complete project. It can be compared
to a small failed component, which is exchanged on a regular basis. It also means that more
satellites have to be produced, which is a huge advantage. Through economies of scale, the
AMBIEnT manufacturing costs can considerably decrease.
Besides an economic advantage, AMBIEnT provides a huge benefit to the people living in
the Brazil Amazon region, because we focus on remote areas. It provides free internet
access to 129 small municipalities, and in each municipality nine ground stations can be
deployed. AMBIEnT ground stations are low-cost, easily deployable, and their location can
be changed according to user needs. Also, means that if some municipalities or some towns
in certain municipalities get internet access via a different service, the ground station can
be relocated to another area.
7.9.2

Deployment Strategy

The Brazilian state government will oversee the distribution of education and telemedicine
platforms in communities that host an AMBIEnT ground station. AMBIEnT’s deployment
strategy will vary in different areas depending on the terminals received from the private
telecommunications market. For the end user terminals, One Laptop Per Child (OLPC) and
its distribution methods within the Peruvian Government have been considered. As of
2012, Peru has purchased 870,000 laptops using the program. Uruguay has distributed
380,000 laptops, which cover 100% of its primary schools.
If the Brazilian government wants to place additional mobile devices in the hands of users,
especially in less remote regions, using a program like OLPC may have a dual use for
student education purposes, and for households to have an internet platform.
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7.10 Strength Weakness Opportunity Threat (SWOT) Analysis
The SWOT analysis presented in Table 12 highlights important considerations for the
AMBIEnT project. Strengths can be maximized by taking advantage of the opportunities
that exist in the market. The FIFA World Cup and Olympic games present opportunities to
assist in marketing the project for national pride within Brazil. The greatest threat to the
project is the amount of reliance on the Brazilian government to make the AMBIEnT
mission successful. Weaknesses and threats must be considered, AMBIEnT’s unique
platform of connecting communities without cost to individuals will set it apart from other
available services. The strengths and opportunities of AMBIEnT far exceed the foreseeable
weaknesses and threats. AMBIEnT has made significant financial plans and has considered
mitigation of all risks to create viable services for the end users.
Table 12: SWOT Analysis

Strengths
Free access
Remote regions
Providing user terminals
Providing tele-education
Providing of telemedicine
Insurance

Weaknesses
Size constraints of satellite
Difficult financing situation
Targeting people without user terminals adds
expense

Opportunities
National Broadband Plan
FIFA World Cup 2014
Olympics 2016
UNESCO
United Nations
ITU SSDM
REDD+

Threats
O3b and other competitors
Rapid change in technology market
Lack of financial backing/reliance on
government funding

7.11 Summary
AMBIEnT provides this possible financial case. The business case shows that AMBIEnT is
competitively priced with similar customers, but provides a few key benefits that are not
currently offered. The total cost of the seven-year mission is estimated at US$260 millions
over a 2014-2024 timeframe with four launches in 2018-2019. AMBIEnT can open the
possibility of future micro-financing connections and other carbon offsetting strategies
between the remote region users, and the outside world, expanding their reach to
maximize their market exposure.
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8 POLICY AND LAW CONSIDERATIONS
8.1

Introduction

This chapter of the AMBIEnT report consists of policy considerations and national and
international law considerations. The policy considerations include human rights and space
treaties. The law considerations include frequency management, space debris and traffic
management, technology transfer and space contracts, as well as considerations
concerning Internet Protocol Services, space data and intellectual property laws, free access
to the internet and freedom of information, telemedicine, and tele-education. Since the
AMBIEnT project is planned to be executed by multiple stakeholders we must ensure
compliance with a significant amount of legal and policy issues from both national and
international perspectives.

8.2
8.2.1

Policy Considerations
Human rights aspects concerning free access to the internet and freedom of
information

The United Nations has declared that access to the internet is an essential tool to enforce
human rights (UN, Frank La Rue Report, 2011, p. 17). In 2012, the UN Human Rights Council
adopted by consensus a key resolution on the promotion, protection, and enjoyment of
human rights on the internet, regarded as one of the essential foundations of a democratic
society, and recognizing the global and open nature of the internet as an accelerator in
development. It affirms that the same rights that people have offline (including freedom of
expression) must also be protected online (UN, Resolution 20/8, 2012).
States that respect UN Resolution 20/8 must promote accessible internet connections,
inexpensive equipment, and media literacy among their citizens. The right of access to the
internet, however, carries with it responsibility. A state may legitimately place restrictions
on information on matters including child pornography, hate speech, defamation, direct
and public incitement to commit genocide, and advocacy of national, racial, or religious
hatred that constitutes incitement to discrimination, hostility, or violence (UN, Frank La Rue
Report, 2011). The United Nations recognizes that:
“Internet access is likely to be concentrated among socioeconomic elites,
particularly in countries where Internet penetration is low. In addition, people in
rural areas are often confronted with obstacles to internet access, such as lack of
technological availability, slower internet connection, and/or higher costs.
Furthermore, even where internet connections are available, disadvantaged groups,
like those with disabilities and minority groups, often face barriers to accessing the
Internet in a way that is meaningful, relevant, and useful. (…) Without internet
access, which facilitates economic development and the enjoyment of a range of
human rights, marginalized groups and developing states remain trapped in a
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disadvantaged situation, perpetuating inequality within and between States” (UN,
Frank La Rue Report, 2011, p.17)
Internet access is often problematic in the Amazon region, but AMBIEnT offers the Brazilian
Amazonians the opportunity to exercise their human rights.
8.2.2

A Dynamic Policy Context

The AMBIEnT project is subject to Brazilian policies of space and development,
promulgated by the AEB. Among its objectives, the following two fit the most to the
AMBIEnT project (Brazilian Space Agency, 2005):
1. To promote development of space systems, that will provide services for the
country.
2. To encourage the Brazilian industry to participate in the global space market.
At the end of 2011, Brazil moved a step further and introduced private participation in its
policy. This new space policy comes from the Ministry of Science, Technology and
Innovation and the AEB (Pinheiro, 2011). This policy faces the AMBIEnT project, which
emphasizes domestic initiatives and local and regional economic development, especially in
the Amazon region.
Brazil works with the European Union (EU) Digital Agenda. In 2011, the European Union and
Brazil announced plans to better cooperate in funding research and development in
information and communication technology (Europa Press Releases Rapid, 2011). EUBrasil,
a non-governmental organization, founded in 2011, enacted a Digital Agenda for Brazil and
Europe (Scaramuzzi, 2011). The AMBIEnT project might benefit from this cooperation when
seeking funding from the EU.

8.3
8.3.1

Law Considerations
Compliance with Space Treaties

Authorization
Brazil has ratified the Outer Space Treaty (OST) (UNTS 205, 1967), Liability Convention (UN,
UNTS 973, 1972), and Registration Convention (UNTS 961, 1974). The AMBIEnT project has
to act in accordance with the principles set forth in these legal frameworks. According to
Article VI of the OST, the Brazilian Space Agency, (Agência Espacial Brasileira – AEB)
authorizes and supervises its national space activities on behalf of the Brazilian government
(Administrative edict N. 5, 2002, Article 1). The AEB also oversees private space activities
(Article 7). The AMBIEnT project would likely have to be authorized by the EAB. Despite the
existence of several acts governing national space activities, Brazil has not enacted national
space legislation to regulate commercial space activities.

International Space University SSP 2013

57

AMBIEnT Project

Policy and Law Considerations

Liability
In accordance with Article VII of the OST, and further developed in the Liability Convention,
a launching state is absolutely liable (you do not need to prove fault to prove liability) in
case of damage on the surface of the Earth, or to aircraft in flight. In contrast, a launching
state is liable due to fault (fault has to be proven) to damage in outer space (see Space
Contracts section in this document). A launching state is defined as a state which launches
or procures the launching of a space object or from which facility or territory a space object
is launched (Article I Liability Convention). If a project were procured by the Brazilian
government or by any organization or entity based in Brazil, Brazil would become a
launching state. Many states burden international liability onto the actual space operator
through recourse and insurance obligations laid down in domestic laws. According to Article
4 of the Brazilian Administrative Edict, Brazilian space operators must buy insurance cover.
Consequently, the AMBIEnT project needs to buy a third-party liability insurance cover.
Registration
Once launched, space objects shall be registered under international and national law,
described in the Registration Convention (Article II). The AMBIEnT satellite constellation
requires international registration according to Article 6 of the Administrative Edict N. 96 of
November 30th 2011, within the national space registry maintained by the AEB, and within
the international registry maintained by the United Nations Secretary-General (Article III
Registration Convention). According to Article IV of the Registration Convention and Article
9 paragraph 2 of the Administrative Act N° 5, the general function of the AMBIEnT satellite
constellation, which is internet service, has to be submitted to the UN Secretary - General.
8.3.2

Frequency Coordination

Frequencies for satellite communications are considered a limited resource (ITU
Constitution, Article 44, 1992) and are internationally coordinated by the International
Telecommunications Union (ITU) to avoid harmful interference with communication
systems. The ITU-Radiocommunication (ITU-R) is the responsible sector within the ITU that
is dedicated to frequency allocation and managing orbital positions. New satellite systems
attempt to reduce the likelihood of interference by analyzing variables such as orbital
parameters, transmission power, and ground station locations. These international policies
are complemented by national laws that govern frequency uses and allocations for a given
country. In the case of the AMBIEnT project, the National Telecommunications Agency of
Brazil (ANATEL) grants, regulates, and supervises telecommunications.
The coordination process consists of several steps (for a general description of the ITU filing
procedure see also Bauman/Dodel, 2011).
1. The project application, including a general description of the network or system,
should be sent to ANATEL. ANATEL will license the requested frequencies according
to the National Frequency Allocation Plan (2012). After approaching ANATEL,
ANATEL approaches the ITU, in particular the Radiocommunications Bureau on
behalf of the project applicant. The entire process should be initiated not later than
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two years before the planned date of introduction to use of the network or system
(Article 9.1 Radio Regulations).
2. The ITU will initiate the Advanced Public Information (API) procedure, according to
Article 9 (Radio Regulations). If a non-geostationary system is considered, then
Article 9 sub IA (Radio Regulations) will apply (a faster process). Within the API, the
Radiocommunications Bureau publishes the frequency in the International
Frequency Information Circular. Any ITU member state concerned by harmful
interference to its system should send its concern within four months of the date of
publication to ITU (letters of clarification).
3. Relevant administrators try to resolve any disparities.
4. After successful filing and coordination, the frequencies will be published in the
Master Frequency Register (Article 8 Radio Regulations).
The AMBIEnT project suggests LEO communication satellites to provide internet. Frequency
coordination for LEO satellites is much less complicated than for GEO, so it has a high
probability of being arranged on time. The AMBIEnT project considers using X -Band for the
internet gateway to satellite communication and for satellite to end-user communication. A
high number of available frequencies in the X-Band are reserved for military services which
might make it challenging and time consuming. The AMBIEnT project must therefore
coordinate and obtain such frequencies.
8.3.3

Space Debris and Space Traffic Management

In 2002, the Inter-Agency Space Debris Coordination Committee (IADC) promulgated the
Inter Agency Coordination Committee Space Debris Mitigation Guidelines (IADC, 2007). The
IADC Committee is an inter-governmental body that coordinates human-made and natural
space debris at broad international level. Item 5.3.2 defines 25 years as a reasonable time
limit to de-orbit spacecraft in LEO after a mission is completed. In 2010, the United Nations
Committee on the Peaceful Uses of Outer Space (UNCOPUOS) established the UNCOPUOS
Space Debris Mitigation Guidelines (UN, 2010), which mirror the IADC guidelines without
the de-orbiting time limit.
These guidelines are non-binding and may be fulfilled on a voluntary basis. Brazil does not
require compliance with the guidelines as a precondition for authorization. Our project,
however, seeks outer space sustainability, which is in line with the philosophy of the
International Space University. AMBIEnT proposes a launch into a 600 km orbit, one the
most crowded areas in space. Our satellites will deorbit within the 25 year guideline limit
without using active deorbiting systems or using additional propulsion. Moreover, AMBIEnT
is aware that our system consisting of fourteen micro-satellites placed in equatorial Low
Earth Orbit will challenge space traffic management in these highly frequented areas.
Therefore, as a long-term project, AMBIEnT will positively contribute to any future dialogue
concerning space traffic management.
International Space University SSP 2013

59

AMBIEnT Project

8.3.4

Policy and Law Considerations

Laws related to Internet Service

The major goal of AMBIEnT is to provide internet access to people who cannot afford or
who do not have access to the internet in the Brazilian Amazon region. The project
therefore is subject to both national and international laws and regulations concerning
internet service.
The AMBIEnT project seeks to provide internet through local municipalities. Provider will
have to be licensed in ANATEL, according to Resolution No. 272 (ANATEL, 2001). The
liability for internet users’ disrespectful actions, for instance defamation or infringement of
copyrights, changes from case to case. In the US, section 230 of Communication Decency
Act (1996) diminishes liability for damage caused by content they hold, as in the study case
of Zeran v. America On-Line, Inc. (1997). Nevertheless, internet service providers (ISPs) in
the United States must address claims of copyright infringement – either by blocking access
to or taking down allegedly infringing material, (Digital Millennium Copyright Act, 1998).
Whoever will be internet service provider will hold the liability for third party actions.
Internet Service Providers currently don‘t have clearly written responsibilities regarding
cybercrime. Nevertheless, certain duties can be agreed upon between the Internet Service
Provider to the AMBIEnT project executors, such as providing routing and naming
information, security incidents statistics, educate customers about threats, and more
(Hathaway M. E., Savage J. E., 2012).
8.3.5

Space data and intellectual property laws and policy

Since the AMBIEnT project seeks to use free and/ or affordable remote sensing data, the
project might face some legal and policy constraints regarding using existing data, and
reusing it (for instance, processing data and selling it to the government). According to the
Remote Sensing Principles (UN, Resolution 1986), remote sensing data shall be available to
the greatest extent feasible, and the state being observed can ask the state doing the
observing to hand over the material. Hence, the AMBIEnT project can ask for remote
sensing data of Brazil from other States that have it.
Remote sensing data are goods that can be traded, so AMBIEnT should pay attention to
intellectual property, in terms of copyright (for remote sensing data in general see Smith,
Doldirina, 2011). The use and re-use of data may be also restricted and underlying a
national licensing regime. Data policy in Brazil has undergone a very interesting
development over the last few decades. Historically, remote sensing data were collected by
the military and needed to be authorized before they were used (Ferreira & Câmara, 2008).
In 2000, a new legislation concerning the free use of remote sensing data was drafted
(Project Law 3587/00), but has not yet been enacted. The current draft still demands
authorization of any user to use remote sensing data. This has been strongly criticized by
INPE and other members of the remote sensing community (PL 3587/00.) (Santos Ferreira
& Gilberto Câmara, 2008). However, there are strong improvements in the Brazilian data
policy which came up the the China–Brazil Earth Resources Satellite program (CBERS). The
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data gathered by this cooperation are primarily free and available for download by the endusers. Moreover, Brazil is a member of Committee on Earth Observation Satellites which
consists of 54 members all over the world to exchange data for enhancing social benefit.
The AMBIEnT project seeks to be funded primarily by the Brazilian government and
therefore benefits from the emerging data policy concerning the free use of data. Any
commercial sell of gathered remote sensing data underlies a product distribution policy and
has to be authorized by the Brazilian government. The AMBIEnT project also seeks to use
TerraSAR-X data which underlies an authorization regime under the German Satellite Data
Security Act (November 2007, BGBl. I S. 2590).
8.3.6

Space Insurance

As mentioned in Space Treaties section in this chapter, the AMBIEnT project must have
third-party liability insurance for its space activities, although there is no minimum
insurance cover asked. The cost for the third-party liability insurance is estimated at US$40
million (see XL group).
Damage insurance is also available. Damage insurance might cover for instance, faulty
designs like failing systems that reduce the life time, or damage insurance for ground
operator mistakes (like sending wrong commands to the satellite), and insurances for
inadequate testing or performance reduction, such as deviation from the satellite
performance (Montpert, 2011). Damage insurance has so far been used by the commercial
telecommunication industry rather than by the small satellite market since damage
insurance significantly increases the mission budget. The AMBIEnT project has not included
any damage insurance in its business plan due to its budget constraints.
8.3.7

Technology Export Control Regulations

To provide an affordable micro-satellite constellation and to decrease the development
time of the AMBIEnT satellite constellation, the project considers buying commercial-offthe-shelf (COTS) components such as the bus system or standardized payloads. Ordering
items from the United States implies compliance with ITAR (International Traffic in Arms
Regulations) which are strict regarding export control. ITAR contains the United States
Munitions List (USML), which refers to space assets (chapter XV of the USML, ITAR
Regulations, 2012).
Almost every type of spacecraft and satellite item imported from the United States falls
into this category and requires a license from the State Department. Applying for export
and re-export licenses concerning the use of COTS and dual use items from the United
States, would affect the AMBIEnT project from the earliest planning phase. Export control
license procedures are time consuming and non-compliance with various national laws
regulating technology transfer risks high penalties that might significantly challenge our
project budget (see also Creydt/Hoerl, 2011). This means that the AMBIEnT project needs
to start the license procedures of COTS from the US as soon as possible.
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Space contracts

The AMBIEnT project plans to launch our microsatellites as secondary payloads in three to
four launches for the whole constellation, with the Sea Launch company on a Zenit 3SL
rocket in the High Sea (international water; no state territory). The launch service
agreements between the space operators and the launch service provider therefore have
to be negotiated. Since different launching states are involved in the launch, cross-waivers
of liability might be negotiated among the parties (for cross-waivers of liability in general
see Smith/Doldirina, 2011 p. 55). The following items might be negotiated and compiled in
the space contract (Parquet, 2011):
limitation of liability (of the launching states which provide the facility);
allocation of liabilities and risks (among the launching states and the space
operators);
third-party liability insurance;
price and payment;
launch schedule (looking for a possible launch window as soon as possible).
The constraints include availability of launchers at the desired time to the desired orbit,
where AMBIEnT is still in line with the 25 years in-orbit limitation, as stated in the Space
Debris Mitigation Guidelines. Furthermore, using COTS imported from U.S which need to be
and re-exported to foreign countries (like another launching site) requires a re-export
license (ITAR Regulations § 121.1) from the U.S. State Department. Since AMBIEnT plans to
launch the satellites with the Sea Launch company, we would have to apply for a re-export
license to bring our satellites from Brazil to the launching site when using COTS from U.S.
8.3.9

Tele-Education in Brazil

In Brazil, the International Council for Open and Distance Education (ICDE)
(http://www.icde.org/) focuses on improving the quality of open, distance, flexible, and
online education (in particular e-learning). The Brazilian Association for Tele-education, a
member of ICDE, offers cooperation between Brazilian and international institutions to
provide distance learning classes and programs for basic as well as professional education.
At present, there are no existing legal provisions regulating tele-education in this broader
sense. The AMBIEnT project carries the potential of high impact in providing a platform for
basic education for prospective pupils and students across different levels in the Amazon
region who would otherwise have no access to formal education due to remoteness and
lack of infrastructure. The AMBIEnT project may cooperate with this association when
providing necessary facilities while the organization provides class material, teachers,
organizational matters (see also Article 23, Chapter 1 of the distance learning education
legislation).
8.3.10 Telemedicine Regulations

Telemedicine and telecommunication have advanced significantly in the twentieth century.
The field raises a number of legal issues. In Brazil, a Federal Medical Board resolution
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regulates the use of telemedicine (Brazil Federal Medical Board, 2002). A few main points
rise from this resolution regarding the telemedicine aspect of AMBIEnT project:
The remote doctor is allowed to give diagnoses (Article 3).
The liability for treatment remains with the doctor that assists the patient and the
assisting doctors (Article 4).
There must be a legal entity that will provide the telemedicine services in the
Amazonian region of Brazil, which will be registered in the Legal Entity Register of
the Regional Medical Board of the state where it is situated, with its doctors
infrastructure as well (Article 5).

8.4

Summary

To sum up, the AMBIEnT project has to be compliant with the provisions set forth in the
space treaties. Hence, AMBIENnT needs authorization from the Brazilian Space Agency.
The satellite constellation needs to be registered too. Furthermore, the project requires XBand frequencies coordinated by the ITU and, due to the time consuming procedure, it will
be necessary to apply as soon as possible. Other legal aspects that drive the mission design
are the compliance with the space debris mitigation guidelines, the use of COTS as well as
Internet service provider and data security laws.
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9 RISK ANALYSIS AND COUNTERMEASURES
9.1

Project Risk Analysis

AMBIEnT risk assessment identified risks according to 13 risk types (Table 13). Each risk
identified was assigned a risk identification number, and was evaluated according to its
likelihood of occurrence and severity of consequence to determine the risk score. The risk
items we identified as either medium or high are summarized in the below table. Refer to
Appendix 6 for the full list of all the risks identified.
Table 13: Risk Assessment according to 13 risk types

Risk
ID

Risk Description

Risk
Score

Risk
Level

A. Scope
A1

Project scope is poorly defined

9

M

A2.

Business requirements of the project are vague or complex

20

H

A3.

System availability requirements are 24/7

25

H

A5.

Quality of current data is poor and difficult to convert

12

M

B. Schedule
B1.

The projects major milestones and/or operational dates are fixed.
They were pre-established by an operational commitment or legal
requirements beyond control of the project team

25

H

B2.

Long estimated project duration

20

H

8

M

The project is highly dependent upon and cannot proceed without first
receiving completed deliverables form another separate linkage
project
E. Human Resources

12

M

E1.

8

M

C. Budget
C1.

Project budget was not established with any proven tool or by any
experienced person.

D. Project Interfacing
D1.

Project management experience is insufficient

G. Business or Organizational Impacts
G1.

Project participant(s) providing content knowledge are either not
available or not identified at this time

8

M

G5.

Customer commitment level is passive/hard to engage

6

M

H. Technology
H2.

The technical requirements are new and complex
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I. Vendor
I2.

Project requires over 50% contractors who may not yet be committed to
the project
J. Financial Risks

9

M

J4.

Withdrawal of corporate partners from the carbon-offsetting scheme due
to termination of Kyoto Protocol in 2020

6

M

J5.

Changes in customer needs or reduction in demand for the AMBIEnT
project
Brazilian governmental ability to fund the AMBIEnT project is reduced by
geopolitical conditions, changes in currency or interest rates of the
project debts, or commodity price fluctuations

6

M

9

M

The entry of new competitors or the emergence of new technology
offering superior services to AMBIEnT's target users

16

H

J6.

J7.

K. Technical Risks
K1.

Satellite system failure to deploy due to a launch failure

10

M

K2.

Loss or reduction in power due to power system failure or solar panel
degradation
Reduced capacity or loss of IP transponder leading to coverage reduction

9

M

6

M

Loss of communication with the satellite due to communication
subsystem failure
L. Social Risks

6

M

L1.

Negative implications on future biofuel and cattle farming

20

H

L2.

Illegal downloading or other illegal activities

15

H

L3.

Threat of harm as a result of collecting mobile data

15

H

L4.

Dual use of environmental monitoring data

12

M

L5.

Discrimination, hostility, and violence expressed through access

9

M

K3.
K4.

M. Legal Risks
M1.

Coordination of satellites communication frequencies through ITU fails, or
the coordination process delays the project implementation

25

H

M5.

The use and re-use of remote sensing data might be protected by
copyrights (intellectual property) and other restrictive data policies (for
security reasons), so AMBIEnT might have to buy copyrights, which
increases the costs

8

M
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5
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6
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1

1
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3
4
Severity

5

Likelihood

Likelihood

The risk scoring matrix used to assess the individual risk is shown below, on the left, and the
outcome of the scoring is shown on the right (Figure 18).
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Figure 18: Risk Scoring Matrix

9.2

Risk Mitigation/Reduction Strategy

The risks analysis identified 36 risks as either medium or high level risks that deemed
further corrective action to reduce or mitigate their threat to the success of the overall
project. The risk reduction/mitigation strategy for each of the 13 risk types are summarized
below. The full detail on the reduction/mitigation strategies for all the medium and high
risks identified can be found in Appendix 6.
Risk Type A – Project scope related risks
The analysis has found that the risks can be addressed through clarifying the scope or
the project requirements during early project phase and gain agreement from the
project stakeholders.
Risk Type B – Schedule related risks
These risks are managed via constructing realistic project schedules, monitoring and
tracking the progress through submission of project status report, and re-negotiating
the schedule if necessary.
Risk Type C – Budget related risks
The risks are due to mainly inaccuracies with estimating the project budget, and are
readily managed by using proven budgeting practice, and having regular budget review.
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Risk Type D – Project interfacing related risks
These risks are addressed through clarifying the inputs and outputs between different
project sub-groups, and having sufficient allowance in the project schedule.
Risk Type E – Human resources related risks
This type of risk is reduced by placing adequate training and coaching of the project
personnel, and including experienced, senior staff in the project team, followed by
monitoring and quality assurance regime.
Risk Type G – Business/Organizational impacts related risks
Risks associated with business/ organizational change is addressed with clear
communication within the organization and with customers.
Risk Type H – Technology related risks
The risks are reduced via review of the technical specifications, prototyping and testing,
and seeking external consultancy.
Risk Type I – Vendor related risks
Vendor related risks are avoided by having vendor management strategies in place, and
ensuring clear lines of communication between all parties involved.
Risk Type J – Financial risks
Risks related to the project financing are reduced by conducting detailed customer and
market analysis, and analyzing the competitors.
Risk Type K – Technical risks
Technical risks are reduced via incorporating redundancy in the design, implementing
rigorous testing procedure, and having sufficient insurance coverage to address the
cost in the case of system malfunction.
Risk Type L – Social risks
Social risks are addressed through conducting community educational and training
programs to ensure that the services offered through the AMBIEnT project is deployed
smoothly.
Risk Type M – Legal risks
Legal risks are mitigated by initiating the necessary legal applications early on in the
project.

9.3

Summary

The risk assessment identified a total of 55 risks, out of which 36 medium and high risks
that required further risk mitigation or reduction measures. The assessment found that all
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the medium and high level risks can be addressed with appropriate corrective action. All of
the risks associated with project management (Type A to I) can readily be mitigated.
However, complete risk mitigation for the remaining risk types would be difficult, and risks
will be managed through risk reduction activities.
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10 IMPLEMENTATION PLAN
The report has been addressing the context, challenges and solutions of the AMBIEnT
Project. The most important element is to see how to implement AMBIEnT and turn the
paper report into reality. This section will present the Work Breakdown Structure to make
AMBIEnT operational and the schedule from 2013 to 2023 (Figure 19) when AMBIEnT will
be totally operational. It takes into account the purchase of the satellite constellation, the
launch, the operations, the implementation and integration of the service segment, and the
implementation of the marketing strategy.
The following figure describes the organization of the future AMBIEnT Project. It consists of
four main parts: the space segment, the ground segment, the service segment, and the
administration.

Ambient
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Ground Segment

Service Segment

Administration

Payload telecom

Control Station

Remote sensing
data

Insurance

Bus

Antennas

GIS Software
Development

ITU relation

Launch

Ground sensors

Telecom software
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Public Outreach

Environemental
mobile device

Finance

Operations &
Integrations

Tele-medecine
device

Management

Figure 19: AMBIEnT Work Breakdown Structure

The Space Segment will include the procurement of the payload, bus, and launches. Its goal
is to have the constellation fully operational by the end of 2018. The first launch will take
place in 2017 to ensure full operability of the system.
The Ground Segment will be responsible for the control stations, the antennas, and the
sensors. It will procure the hardware and supervise the maintenance of those components.
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The Ground Segment will also coordinate the recruitment of the qualified personnel and
train the needed workforce. From 2016 to 2018, the Ground Segment will investigate,
purchase, and install environmental monitoring sensors, and the telemedicine and teleeducation terminals in the field. The Figure 20 shows the implementation plan related to
these three segments according to finance, Brazilian Government relations, and events.

Figure 20: AMBIEnT Implementation Plan

The service segment will be responsible for building up the relationship with the end users.
It will supervise the awareness campaign for the installation in 2014 to 2016 and for the
maintenance, such as the training. It will supervise the procurement and development of
the Global Information System software and telecom in the 2016-2018 period. The service
segment will also organize the training and the follow-up with the local inhabitants of the
Brazilian Amazon region when the system is operational in 2018 to 2024, including training,
feedback, and workshops.
The administration part deals with all the relationships within the AMBIEnT project and
with other stakeholders. It will be responsible for obtaining the launch insurance and
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operation insurance. It will have an overview of the whole project financing plan to ensure
that the incoming payments are balanced with the expenses. Another task for
administration is the relationship with the ITU and lobbying to get the allocated frequencies
for the AMBIEnT constellation starting in 2014, aiming to have the license by 2017. One key
responsibility of the administration is to conduct the outreach and communication to the
government and potential partners to secure funding. This implies starting the fundraising
from 2013 to secure the budget and finance by 2016, and have the funding when
production starts. Finally, the management will coordinate the whole project and ensure
that AMBIEnT is delivered on time, on schedule, and on cost.

International Space University SSP 2013

71

AMBIEnT Project

Conclusions and Recommendations

11 CONCLUSIONS AND RECOMMENDATIONS
11.1 Conclusion
Internet access is an essential tool to enforce human rights, as deemed by the United
Nations (UN, 2011). The internet is a venue for freedom of expression and can improve
access to essential services such as education and health. Brazil’s internet market has more
than 88 million users reaching 45% of the population. Despite the large number of users in
Brazil, internet access is unevenly distributed.
The Amazon rainforest is the largest rainforest in the world. It has a global impact as it
provides approximately 20 % of the world’s oxygen. The rainforest is threatened by
deforestation. The AMBIEnT project will incorporate environmental monitoring
technologies to aid in timely alerts of deforestation.
One Mission
“To offer sustainable and affordable internet access and environmental monitoring via
microsatellites by 2018, as a means to provide socioeconomic benefits to the Brazilian
Amazon Region with a future capability for global expansion to other remote areas.”
One Action

AMBIEnT aims to provide internet to municipalities where internet is unavailable or
unaffordable. The internet will be available in educational centers, such as schools
or libraries; health centers; and public computer rooms. AMBIEnT is unique because
it reaches an audience that is typically not attracted by commercial investors.
The project AMBIEnT was given the challenge of developing a microsatellite system
that could provide both internet access and environmental monitoring. The team
decided that the mission goals are best achieved through a microsatellite
constellation for communication with mobile and static ground sensors.
AMBIEnT, an Innovative Solution
AMBIEnT offers a complete package solution: A service segment is supplemented by a
ground and a space segment. Internet provides the communication for a variety of services
including telemedicine, tele-education, and environmental monitoring. The AMBIEnT
services are delivered with maintenance and training solutions. Internet will be provided to
the municipalities who will identify locations for public access, telemedicine and teleeducation. Telemedicine centers will be located at local health care providers, such as
hospitals and pharmacies. Telemedicine uses the internet to send patient data to a
reference center for evaluation. Tele-education centers will be located in schools and
libraries to promote the use of academic, workplace, and community related materials. The
environmental monitoring services will consist of ground sensors (fixed and mobile
devices). In addition to the ground-based sensors network the system includes a data
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processing center where data is stored and combined with remote sensing data collected
by third party earth observation satellites.
These services are supported by the space segment. A constellation of 12 satellites with 2
spares will be launched in a 600 km orbit in 2018 from the sea launch system. The satellite
constellation aligns with the international guidelines and International Space University´s
vision for sustainability in space and will naturally deorbit within 25 years. As a baseline
design, a commercially available bus was selected to increase the reliability of the analysis.
Power is the limiting variable for the microsatellites but future developments in solar cell
efficiency could increase the capabilities of similar satellite designs.

Value Proposition of AMBIEnT
AMBIEnT offers value for potential investors looking to contribute to the socioeconomic
development of the Brazilian Amazon people:

Offers both affordable internet service and environmental monitoring
using purchased data combined with ground sensors, which has not been
demonstrated by any other satellite system.
Microsatellites can be deployed more rapidly than GEO satellites, and the
components do not need to go through as much testing because of the
shorter lifetime (7 years) of the system compared with a GEO system (15
years).
Is aimed at inducing socioeconomic change in the Brazilian Amazon region
by proposing definitive strategies in implementing internet-based
healthcare and education schemes and community engagement activities
through provision of internet access and the complete packaged system.
Incorporates alternative financing strategies to reduce the overall
infrastructure costs.
Achieving AMBIEnT
Infrastructures pertaining to AMBIEnT’s space, ground and user segments are planned to be
financed through a combination of funding from the Brazilian government, nongovernmental organizations, corporate partnerships, and carbon offsetting projects.
Commercial companies which have an interest in the Brazilian Amazon region will be
approached for possible partnership in financing the construction or procurement, and
distribution of the necessary ground infrastructure and user terminals. The business case
shows that AMBIEnT is competitively priced with similar customers. The total cost of the
seven year mission is estimated at US$260 million over a 2014-2024 timeframe with
launches in 2017-2018. Investments from the government and outside agencies are the
backbone of AMBIEnT’s services. To achieve the goals set out in the mission statement,
AMBIEnT will promote the publicity that companies can receive through contributing to
saving the rainforest.
International Space University SSP 2013

73

AMBIEnT Project

Conclusions and Recommendations

AMBIEnT’s Sustainability
AMBIEnT is a sustainable solution on the financial, political, and legal point of view. The
business case shows that AMBIEnT can be sustainable with support from federal
government investments, and carbon offsetting non-governmental organizations.
AMBIEnT aligns with Brazil’s National Broadband Plan to increase internet access to
unconnected regions.
AMBIEnT will be compliant to the local, federal and international regulations regarding
space, internet and telecommunication. Law considerations include frequency
management, space debris and traffic management, technology transfer and space
contracts, as well as considerations concerning internet protocol services, space data and
intellectual property laws, free access to the internet and freedom of information,
telemedicine, and tele-education.
AMBIEnT is a medium risk project. AMBIEnT’s primary goal is to provide affordable internet
service and environmental monitoring capabilities to these unconnected people. These
internet services provide socioeconomic benefits by increasing access to healthcare and
education. Furthermore, AMBIEnT would provide employment to the local workforce. The
positive outcomes include empowering local communities through job creation, and direct
involvement in local environmental monitoring. Maintenance and use of mobile ground
sensors directly engage the Brazilian Amazon population.
The challenge of connecting people in remote areas while preserving their environment is a
problem faced not only by the Brazilian Amazon but by other areas on the globe. AMBIEnT
hopes to function as a template for expansion to other remote areas.

11.2

Recommendations

The AMBIEnT team showed the feasibility and sustainability of the system, within an
implementation phase from 2013 to 2018. AMBIEnT recommends the following steps,
divided into short and long term objectives. Recommendations are based on the
implementation plan and the topics which could not be addressed due to time and scope
limitations.
When AMBIEnT is first operational for the short term:
Empowerment of the local population for environmental monitoring to ensure
efficient measures against deforestation
Incorporation of technology improvements in the satellite design specifically for
solar cell efficiency, communications, and other items related to the system
design
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When AMBIEnT is successful and has shown sustainability for the long term:
Improve the collaboration of the public and private sector regarding internet
access and environment protection in remote areas in the Amazonian region. The
goal would be to have private organizations more involved and other countries in
equatorial regions.
This report addresses the urgent need to provide internet access to the unconnected
people of Brazil, enabling telemedicine and tele-education services as well as
complementary environmental monitoring capacities. AMBIEnT will open a new world of
possibilities in the Brazilian Amazon and beyond.
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APPENDICES
APPENDIX 1
Socio-economic statistics of Brazilian Amazon region
Brazil

Income Data (Instituto Brasileiro de
Geografia e Estatística, 2011)

Internet Access (Instituto
Brasileiro de Geografia e

Internet Access
(Confins, 2009)

Municipalities Classificiation (IBGE 2012)

General Information (IBGE 2012)

Capital City

Rondônia

Acre

Amazonas

Roraima

Pará

Amapá

Tocantins

Maranhão

RO
Porto
Vehlo

AC

AM

RR

PA

AP

TO

MA

Mato
Grosso
MT

TOTAL
AMAZON

Rio Branco

Manaus

Boa Vista

Belem

Macapa

Palmas

Sao Luis

Cuiaba

Population Estimated

193 946 886

1 590 011

758 786

3 590 985

469 524

7 792 561

698 602

1 417 694

6 714 314

3 115 336

26 147 813

Urban Population
(Municipality Centres and
Suburban Areas)

160 925 792

1 149 180

532 279

2 755 490

344 859

5 191 559

601 036

1 090 106

4 147 149

2 482 801

18 294 459

Rural Population (Outside
Municipality Centres and
Suburban Areas)

33 021 094

440 831

226 507

835 495

124 665

2 601 002

97 566

327 588

2 567 165

632 535

7 853 354

Total Area
(Square Kilometers)

8 502 728

237 591

164 122

1 559 161

224 301

1 247 950

142 828

277 622

331 936

903 328

5 088 839

Density (Inhabitants per
Square Kilometer)

22,43

6,58

4,47

2,23

2,01

6,07

4,69

4,98

19,81

3,36

6,02

Number of Municipalities
with Less Than 2500
Inhabitants

1

0

0

0

0

0

24

0

8

33

Number of Municipalities
with 2,500 to 5,000
Inhabitants

5

0

0

0

1

4

49

5

28

92

Number of Municipalities
with 5000 to 20,000
Inhabitants

28

15

29

13

40

8

56

122

76

387

Number of Municipalities
with 20,000 to 500,000
Inhabitants

18

7

32

2

100

4

10

89

28

290

Over 500,000 Inhabitants

0

0

1

0

1

0

0

1

1

4

Total Number of
Municipalities
Residents Without
Electricity

52

22

62

15

142

16

139

217

141

806

116 000

45 000

25 000

8 000

255 000

NA

40 000

400 000

NA

889 000

Percentage of Residents
Without Electricity

7

6

1

2

3

NA

3

6

NA

3,9805005

Households with
Computers and Internet
Access (Approximation)

53 000

53 000

200 000

25 000

402 000

25 000

53 000

200 000

402 000

1 413 000

Households with
Computers and Internet
Access (Approximation) (%)

3,33

6,98

5,57

5,32

5,16

3,58

3,74

2,98

12,90

5,40

Persons 10 Years of Age
and Over who Used the
Internet in the Reference
Period of the Last 3
Months in 2011 (%)

42,80

40,80

37,30

48,10

30,70

41,10

38,20

24,10

51,70

Weighted
Average
34.44%

Persons 10 Years of Age
and Over who Used the
Internet in the Reference
Period of the Last 3
Months in 2011

680 525

309 585

1 339 437

225 841

2 392 316

287 125

541 559

1 618 150

1 610 629

9 005 167

Average Nominal Montly
Income Total

Exchange rate
to US dollar

327

275

293

319

236

321

307

187

370

Range
187-370

Average Nominal Montly
Income Urban

1 Brazilian
Real

376

329

338

372

286

341

350

238

402

Range
238-402

Average Nominal Montly
Income Rural

0,43

187

105

84

112

113

139

142

93

507

Range
84-507

Median Income Total

Echange rate
date August 6,
2013

194

130

129

153

110

153

152

95

219

Range
95-219

Median Income Urban

219

164

151

192

141

164

176

116

219

Median Income Rural

115

57

40

45

63

72

86

55

145

People attending school or
daycare

498 648

268 161

1 317 820

170 126

2 705 666

256 757

477 047

2 422 396

977 102

31

35

37

36

35

37

34

36

31

858 582

337 115

1 633 963

210 539

3 845 384

323 613

723 479

3 179 540

1 700 837

54

44

46

45

49

46

51

47

55

in % of the population
People who have attended
school or daycare in the
past (currently not in
school)
in % of the population
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Range
116-219
Range
40-145

35

49
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APPENDIX 2
Preliminary design of microsatellite concept for the AMBIEnT-constellation
The most important requirement is to design a microsatellite, which has a low cost and light
weight. The microsatellite bus consists of structures & mechanisms subsystem, propulsion
subsystem, navigation subsystem, attitude determination & control subsystem, power
subsystem, thermal control subsystem, communications subsystem and on-board
processing subsystem. The overview mass, power and costs of different subsystem of
satellite is shown below.

Overview over mass, power and costs of different subsystem of satellite

Communication Payload
Structure & mechanisms subsystem
Propulsion subsystem
Guidance Navigation and Control subsystem
Power subsystem
Thermal control subsystem
Communications subsystem
On-board processing subsystem

Mass [kg]
26
20
24
5
15
5
3
2

Power [W]
236.5
0
40
25
0
45
26
14

Cost [Million US$]
0.2
0.8
0.6
0.4
0.4
0.5
0.1

In order to get a suitable microsatellite bus for communication, several buses that have
been developed in different states are collected and analyzed. These buses may have
various advantages. However, for the mission of communication, the bus needs to provide
enough power and high communication data rates. The microsatellite mass is 100 kg, if the
mass is less it cannot provide the enough power, and if the mass is higher, the cost will
increase largely. A new self-developed bus is be designed and developed, optimized for the
AMBIEnT mission. The new developed microsatellite has a mass of 100 kg (include 26 kg for
payloads), the power is 400 W (include 250 W for payloads) and the cost is three million
USD, as shown in chart 1. The detailed characters of the buses are identified in the table
below.
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Specifications of AMBIEnT satellite design
Spacecraft
Mass
Bus Mass
Payload Mass
Dimension
Power
Attitude Control System

Communication system

Structure
Propulsion
Mission Design Life
Cost

International Space University SSP 2013

Self-Developed I
100kg
74kg
26kg
0.40m×0.40m×0.70m
400W
Three axis stabilized
Attitude control accuracy：0.5
Attitude stability : ≤0.01°/s.
S-band;
USB;
Telemetry code rate: up to 2Mbit/s;
Telecontrol code rate: 2kbit/s.
rectangular
Electric propulsion
7 years
4 Mio USD

86

Payload Telecoms
0 Bus
0 Launch

Years
0
0
0
0
0
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Total

$259,776

$28,000
$140,000
$28,000
SUB TOTAL
0
$196,000
0
0
$0
Ground Segment Non-recurring costs Control Station
$10,000
(Up-front investments)
Upgrades
$120
0 Antennas / Ground application stations$2,400
(Telecoms)
0
0 Ground sensors
$1,665
0 Recurring costs Operations & Maintenance
$3,000
SUB TOTAL
0
$17,185
0
0
$0
Service Segment VHR Remote sensing data purchase
$790
0 GIS Software development & continuation
$500
0 (Telecom) Software development
$400
0 Environment mobile devices
$168
0 Tele-medicine devices
$108
0 Tele-education devices
$1,000
0 Training
$1,200
0 Manpower
$2,000
SUB TOTAL
0
$6,166
0
0
$0
Administration Public Outreach
$225
0 ITU lobbying
$200
0 Insurance launch & LEOP
$40,000
0 Insurance Operations
$0
SUB TOTAL
0
0
$40,425

Segments
Space Segment

88,635,864

84,982

84,982
106,959,964

44,990
39,992

44,990
39,992

84,000
54,000
500,000
199,950
837,950

84,000
54,000
500,000
199,950

1,395,000

11,395,000

0

1,395,000

40,000
800,000
555,000

10,000,000
40,000
800,000
555,000

88,635,864

84,982

44,990
39,992

837,950

40,000
800,000
555,000

42,000,000

42,000,000

42,000,000

7,000,000
35,000,000

2016

7,000,000
35,000,000

2015

7,000,000
35,000,000

2014

CASH FLOW

84,569,864

84,982

44,990
39,992

199,950

199,950

0

42,000,000

7,000,000
35,000,000

2017

104,481,264

44,990
39,992
30,000,000
0
30,084,982

36,311,300

10,000,000
0
10,000,000

199,950
285,643
727,079

112,914
71,429
57,143

112,914
71,429
57,143

199,950
285,643
727,079

428,571
428,571

7,000,000
7,000,000

2019

Launch 1G2

428,571
428,571

21,000,000
21,000,000

2018

Launch 1G1

0

2,311,300

0
0

199,950
285,643
727,079

428,571
428,571
0
112,914
71,429
57,143

2020

0

1,911,400

0
0

285,643
527,129

428,571
428,571
0
112,914
71,429
57,143

2021

0

1,911,400

0
0

285,643
527,129

428,571
428,571
0
112,914
71,429
57,143

2022

0

1,911,400

0
0

285,643
527,129

428,571
428,571
0
112,914
71,429
57,143

2023

0

1,911,400

0
0

285,643
527,129

428,571
428,571
0
112,914
71,429
57,143

2024
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APPENDIX 4
Space Segment work Breakdown Structure

Space Segment

Payloads

Bus

Launch

Request for
Proposal

Request for
proposal

Integration

Procurement

Procurement

Early Operation
Phase

Testing

Assembly, Test
and Integration

Delivery to
launch site

Ground Segment work Breakdown Structure

Ground Segment

Control Station

Upgrades

Antennas/Ground
Application Stations

Grounds sensors

Procurement

Planning

Procurements

Procurement

Installation

Implementation

Installation

Installation

Operation

Training

Operation

Maintenance
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Service Segment work Breakdown Structure
Service Segment

Remote sensing
data purchase

(Telecom)
Software
development

Partnership
research

Data
recollection

Update

GIS Software
development &
continuation

Environment
mobile devices

Tele-education
devices

Tele-medicine
devices

Request for
proposal

Request for
proposal

Request for
proposal

Request for
proposal

Request for
proposal

Development

Procurement

Procurement

Procurement

Procurement

Integration

Development

Delivery

Delivery

Delivery

Test

Maintenance

Training

Training

Training

Maintenance

Maintenance

Maintenance

Administration Segment work Breakdown Structure

Administration

Outreach

ITU License

Insurance

Managment

Finance

Brazilian
Governement
outreach

ITU Lobying

Launch
insurance
acquisition

Procurement

Incoming
Paiement

International
Community
outreach

Registration

Operation
acquisition

Implementation

Outcoming
Paiement

Public Outreach

Training

Operation
coordination

International Space University SSP 2013
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$0

$10,000,000

$20,000,000

$30,000,000

$40,000,000

$50,000,000

$60,000,000

$70,000,000

USD

2014

53,550,000

2015

44,390,000

2016

44,390,000

`

45,350,000

2018

Launch of the system
2017

56,290,000

Years

2019

11,270,000

2020

1,270,000

Planned expenditure over time (2014-2024)

2021

1,070,000

2022

1,070,000

2023

1,070,000

2024

1,070,000
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APPENDIX 6
Risk Severity Descriptor
The risks associated with the AMBIEnT project were identified according to different risk categories. The
overall significance of each risk was evaluated as risk ranking, and was calculated on the basis of the
likelihood of the event occurring, and the severity of the resultant consequence as described below. The
full list of all the risks identified, and their risk ranks are presented on the following page.
Risk likelihood descriptors
Numeric

Almost Certain

Likely

5

4

Chance

Frequency

Is expected to
occur in most
circumstances

Has occurred 9 or 10 times in the past
10 years in this organization or
circumstances are in train that will
almost certainly cause it to happen
Occurred more than 7 times over 10
years in this organization or in other
similar organizations or
circumstances have such that it is
likely to happen in the next few years
Has occurred in this organization
more than 3 times in the past 10
years or occurs regularly in similar
organizations or is considered to have
a reasonable likelihood of occurring
in the next few years
Has occurred 2 or 3 times over 10
years in this organization or similar
organizations
Has occurred or can reasonably be
considered to occur only a few times
in 100 years.

Will probably occur
in most
circumstances

Might occur at
some time
Possible

3

Unlikely

2

Rare

1

Could occur at
some time
May occur only in
exceptional
circumstances

Probability

>95%

>65%

>35%

<35%

<5%

Risk severity descriptors
Numeric

Catastrophic
Critical
Moderate
Minor
Negligible

International Space University SSP 2013
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3
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Risk Assessment:
Description

Likelihood

Severity

Risk
Score

The scope of the project is poorly defined

3

3

9

A2.

The business requirements of the project are vague or complex

5

4

20

A3.

The system availability requirements are 24/7

5

5

25

A4.
A5.

High number of estimated effort hours
The quality of current data is poor and difficult to convert

1
3

4
4

4
12

5

5

25

4

5

20

4

2

8

5

1

5

3

4

12

2

4

8

1

2

2

2

1

2

5
1

1
1

5
1

1

2

2

2

2

4

3

1

3

A. Scope
A1

B. Schedule
B1. The projects major milestones and/or operational dates are fixed. They were preestablished by an operational commitment or legal requirements beyond control of the
project team.
B2. Long estimated project duration
C. Budget
C1. Project budget was not established with any proven tool or by any experienced person.
C2. Project funding is less than the estimated cost and is unstable.
D. Project Linkages
D1. The project is highly dependent upon and cannot proceed without first receiving completed
deliverables form another separate linkage project
E. Human Resources
E1. Project management experience is light
E2. Project management processes are unfamiliar or will not be used
E3. Project team is located in dispersed locations
F. Management/Senior Leadership Support
F1. The project sponsor is not identified or not enthusiastic
G. Business or Organizational Impacts
G1. The project participant(s) providing content knowledge are either not available or not
identified at this time.
G2
G3.

Business processes and policies require substantial change
Changes to organization structure are substantial

International Space University SSP 2013
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G4. High number of organizations are affected
G5. Customer commitment level is passive/hard to engage
H. Technology
H1. The project technology is new and unfamiliar (or new releases)
H2. The technical requirements are new and complex
H3. Subject matter is not well known by the project team
I. Vendor
I1.
Package implementation is from a new vendor
I2.

Project requires over 50% contractors who may not yet be committed to the project

3

1

3

3

2

6

2

1

2

4

3

12

1

1

1

4

1

4

3

3

9

J. Financial Risks

J1.

Changes in geopolitical conditions
leading to a ban on the sale or purchase restrictions, or preferences for products of
competitors

1

1

1

J2.

Failure to comply with regulatory requirements
resulting in fines or other regulatory sanctions

1

2

2

J3.

Changes in tax laws
increasing the project costs or reducing the benefits to the business partners

2

2

4

J4.

Withdrawal of corporate partners from the Carbon-offsetting scheme due to termination of
Kyoto protocol in 2020

3

2

6

J5.

Changes in customer needs
reduction in demand for the AMBIEnT project

2

3

6

J6.

Changes in currency or interest rates of the project debts, commodity price fluctuations, or
in geopolitical conditions
reducing the ability of the government to fund the AMBIEnT project

3

3

9

J7.

The entry of new competitors or the emergence of new technology that offer superior
services to AMBIEnT's target users
results market to needs of the increase in price pressure or product obsolescence

4

4

16

K. Technical Risks

K1.
K2.

Satellite system failure to deploy due to a launch failure

2

5

10

Loss or reduction in power due to spower system failure, or solar panel degradation

3

3

9

K3.
K4.

Reduced capacity or loss of IP transponder leading coverage reduction

2

3

6

Loss of communication with the satellite due to communication subsystem failure

2

3

6
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K5.

Failure to achieve the required constellation arrangement

2

2

4

K6.

Significant loss of the ground sensors reducing the environmental monitoring capability

2

2

4

K7.

Failure to achieve the required pointing accuracy or spacecraft attitude causing reduction in coverage

2

2

4

2

2

4

Damage to the ground-based IP facilities or unexpected long-term deployment and maintenance cost
associated with the ground equipment
L. Social Risks

K8.

L1.
L2.

Negative implications on future biofuel and cattle farming

4

5

20

Illegal Downloading or Other Illegal Activities

5

3

15

L3.
L4.

Threat of harm as a result of collecting mobile data

3

5

15

Dual use of environmental monitoring data

3

4

12

L5.

Discrimination, hostility, and violence expressed through access

3

3

9

L6.
L7.

Society could become dangerously dependent on new technology

1

5

5

The AMBIEnT project fails to gain support of the Amazon region community or users are unable to
adapt to new technology

1

5

5

L8.

Disputes regarding use of the Internet kiosks

5

1

5

L9.

Degradation of culture and traditions

2

2

4

M. Legal Risks

M1.

Coordination of satellites communication frequencies through ITU fails (no X band frequencies
available for the AMBIEnT project), or the coordination process delays the project implementation (we
estimate 4 years for coordination)

5

5

25

M2.

International Traffic in Arms Regulations (ITAR) licensing process for US imported products that the
project may use, might be long and postpone implementation and re-export to the launching site.

3

3

9

M3.

Private health information that goes through the telemedicine system could be hacked into, resulting in
lawsuits against the system operators.

2

2

4

M4.

Additional fuel for de-orbiting (due to Space Debris Mitigation Guidelines) may result in significantly
higher costs, and challenges the design of the satellites, which might cause delays in the design
phase.

1

1

1

M5.

The use and re-use of remote sensing data might be protected by copyrights (intellectual property)
and other restrictive data policies (for security reasons) in Brazil, so AMBIEnT might have to buy
copyrights, which increases the costs.

4

2

8
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Mitigation/Reduction Strategy for High & Medium Risk Items
High-risk factors/Potential problems
A. Scope
The scope of the project is poorly defined
A1.
Project deliverables are poorly defined
Hard to provide sound estimates
May spend time and cost on areas out of scope
Hard to gather concise requirement
Difficult to write project definition and work plan

Risk Mitigation/Reduction Actions
Focus on firming up scope in the planning process, and define exclusions
from the scope
Define various components of scope, such as what organizations are
affected, what deliverables are expected, what type of information is required
Begin to define business requirements at a high level and then work upward
to define scope
Document all scope assumptions when providing estimates of work, cost, or
duration
Ensure the project definition and business requirements are formally
approved and signed off on
Distribute scope statements to all stakeholders for confirmation
Do not begin project until scope is clear

A2.

The business requirements of the project are vague or complex
Difficult to document the requirement properly
Difficult to understand what the expectations of the project
are
Chance that the resulting solution will not meet business
need

Gather the requirements from all stakeholders together
Utilize prototyping and iterative development techniques to assist users in
discovering the requirements of the new system
Get access to the sponsor and to senior management to provide overall
guidance
Provide training to the customers on how to think about and express
business requirements
Ensure that the final business requirements are approved in writing and that
a change-management procedure is enforced after that

A3.

The system availability requirements are 24/7
Downtime problems may result in productivity decreases or
loss of revenue
Newer advanced technology may be required
More procedures and processes are needed to maintain the
system environment

International Space University SSP 2013

Allocate more time to analysis, design, testing, and overall quality assurance
activities
Determine exactly what portions of the system have a 24/7 requirement
Look for internal or outside experts to validate overall technical design and
architecture
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A5.

The quality of current data is poor and difficult to convert
More work to convert the old data to the new system
Data conversion problems can cause significant project
delays
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Make sure that all the old data elements are correctly mapped to the new
system
Test the conversion process out rigorously before proceeding with final
conversion
Determine if the cost and trouble associated with the converted data is worth
the value. Ask whether the new system can start with new data only.
Keep the old system around for some period to access the old data
Spend the effort to manually clean up the old data as much as possible
before conversion

B.
B1.

B2.

Schedule
The projects major milestones and/or operational dates are fixed.
They were pre-established by an operational commitment or legal
requirements beyond control of the project team.
Work must be scheduled to fit within this schedule constraint
Given schedule window may be impossible to accommodate
required activities
Hurried activity and schedule pressures are likely to cause
inadvertent errors in work
Long estimated project duration
Harder to manage the schedule
More chance business requirements will change
More chance of team and customer turnover

Re-negotiate schedule requirement or project scope.
Put aggressive project tracking and monitoring plans in place
Communicate status reports on regular basis

Break the project into smaller, shorter subprojects
Identify clear milestones to check that the project is on schedule
Be diligent using formal change management procedures
Ensure all major deliverables are formally approved, so that change
management can be invoked afterward
Make technical design and architecture decisions as flexible as possible to
account for potential changes

C.
C1.

D.

Budget
Project budget was not established with any proven tool or by any
experienced person.
Budget will most likely not be accurate
There will be unrealistic expectations for what can be
accomplished within the budget.

Re-estimate the project using proven tools and experienced personnel
Revise scope to fit within the funding available
Don’t start the project until a better budget can be established

Project Linkages

International Space University SSP 2013
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D1.

E.
E1.

G.
G5.

The project is highly dependent upon and cannot proceed without first
receiving completed deliverables form another separate linkage project
Things out the control of this project can adversely affect this
project’s outcome and ability to be successful
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Re-negotiate or pursue revising either or both project schedules to allow for
alignment of project deliverables.
Close monitoring and coordination of both projects needs to be performed to
minimize impact of the conflict.

Human Resources
Project management experience is light
May make more mistakes in judgment, causing rework and
project delays
More difficulty organizing and managing a complex project

Provide up-front project management training
Designate a more senior person to coach and mentor the project manager
Break the project into smaller pieces that are easier to manage
Put a strong quality-assurance process in place to ensure the project is on
the right track

Business or Organizational Impacts
Customer commitment level is passive/hard to engage
May point out low confidence in the business value
Harder to get customer time and resources needed
Customers may undermine or work against the project

Create an aggressive communication plan to keep customers engaged and
communicate the business benefit
Create user group to surface concerns and build enthusiasm
Ask for customer participation in planning and requirements gathering
Be proactive in gaining commitments for customer resources when you need
them

H.
H2.

Technology
The technical requirements are new and complex
May be difficult to understand the requirements and the
implications of design decisions
There may be integration or testing issues between old and
new technology

Utilize system and technical design documents to clearly lay out how the
technology fits together
Send the architecture proposal to outside consultants for further feedback
and validation
Create a pilot test or prototype to utilize the new technology in a small way at
first
Try to substitute more proven and familiar technology in the architecture
Utilize multiple products from the same vendor to ease integration
complexities

I.
I2.

Vendor
Project requires over 50% contractors who may not yet be committed
to the project
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Increase project management oversight of contractor personnel
Start of project should be delayed until staffed
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Appendices

Schedule will be adversely impacted

J. Financial Risks
Withdrawal of corporate partners from the Carbon-offsetting scheme
J4.
due to termination of Kyoto protocol in 2020

J5.

Changes in customer needs reduction in demand for the AMBIEnT
project

J6.

Changes in currency or interest rates of the project debts, commodity
price fluctuations, or in geopolitical conditions reducing the ability of
the government to fund the AMBIEnT project

J7.

The entry of new competitors or the emergence of new technology that
offer superior services to AMBIEnT's target users results market to
needs of the increase in price pressure or product obsolescence

K. Technical Risks
Satellite system failure to deploy due to a launch failure
K1.

Increase the level of communication
AMBIEnT will be in the end of its mission lifecycle, but more reliance will be
placed on the REDD+ program and the Amazon fund targeted for carbon
offsetting credits given to the government.
Intensive customer demand survey, if the change in trend is identified prior to
signing of the contract. Implement project phases and milestones to allow the
design process to incorporate the change in trends
Financial market analysis, predicting price trends of goods over the lifetime of
the AMBIEnT mission to ensure stability, or times when the project may
experience funding cuts due to larger government projects. These will be
introduce in the project implementation plan
Detailed competitor and market analysis and partnership with market survey
company

Adequate insurance coverage

K2.

Loss or reduction in power due to spower system failure, or solar panel
degradation

Rigorous testing procedure and only use equipment qualified for space
application. Incorporate design margin.

K3.

Reduced capacity or loss of IP transponder leading coverage
reduction
Loss of communication with the satellite due to communication
subsystem failure

Incorporate redundancy in the transponder arrangement and the satellite
constellation
Rigorous testing procedure and only use equipment qualified for space
application. Incorporate redundancy in the design

K4.

L. Social Risks
Negative implications on future bio-fuel and cattle farming
L1.
L2.

Illegal Downloading or Other Illegal Activities

L3.

Threat of harm as a result of collecting mobile data

L4.

Dual use of environmental monitoring data

L5.

Discrimination, hostility, and violence expressed through access
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Internet will provide new economic opportunities and provide information on
increasing efficiency of agricultural procedures.
Educate users on internet security and conduct during implementation. Rely
on law enforcement to punish illegal activities.
Will request volunteers to provide this service (no imposing on unwilling
individuals). Provide adequate safety training and encourage monitors to
travel with a companion.
Limit access to reputable organizations with a demonstrated interest in the
preservation of the Amazon.
Educate users on internet security and conduct during implementation.
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M. Legal Risks
Coordination of satellites communication frequencies through ITU fails
M1.
(no X band frequencies available for the AMBIEnT project), or the
coordination process delays the project implementation (we estimate 4
years for coordination)

Appendices

Start the coordination in the beginning of the project. Find an alternative
design with another band that is more available (Ku for instance).

M2.

International Traffic in Arms Regulations (ITAR) licensing process for
US imported products that the project may use, might be long and
postpone implementation and re-export to the launching site.

Start the licensing process as close as possible to the beginning of the
project. Avoid as much as possible using ITAR regulated products.

M5.

The use and re-use of remote sensing data might be protected by
copyrights (intellectual property) and other restrictive data policies (for
security reasons) in Brazil, so AMBIEnT might have to buy copyrights,
which increases the costs.

Using free available data as much as possible.
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