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Introduction
Space technology is one of the most exciting fields of human endeavors in the history of
mankind. It captures the imaginations of students, ordinary people, engineers, and to even the
man considered to be the most innovative person on earth today, Elon Musk. But how do you
make a business out of Space-based technology?
In 2014 Stanford Graduate School of Business held a symposium, Big Data from Space:
Actionable Intelligence on Earth, in which discussions were held on the new directions of the
Space analytic industry. Today the topics of discussions that took place in this symposium have
already proven to be prescient. The next stage of dramatic changes is again about to take
place. This document points out the investment opportunity that is available due to a
combination of the launching of new satellite sensors and new business infrastructure taking
place in the Space technology business.
Beyond the business of launching satellites and satellite manufacturing themselves, satellitebased services is one of the Space-based businesses that is experiencing exponential growth.
Made possible by the rapidly decreasing satellite manufacturing and launching costs, many of
the new Space technology companies are small companies started by entrepreneurs. These
companies are the major driving forces in new and innovative ways to monitor the earth and the
movement that is termed “the democratization of Space technology”. These companies have
also combined to change the rate of the satellites launching from a few per year to over 1,000
satellites per year. Space X alone expects to launch over 4,000 satellites in the next few years
to add to their Space-based Starlink Internet service. These satellites are launched into low
earth orbits (LEO) where most of the world’s satellites operate.
The business of launching satellites and the services that are derived from them, together, form
an industry that is termed Space Economy in which Space Industry is an integral part.
Space Technology is the building of an infrastructure and is viewed as the Upstream segment.
The businesses created by the operations of the satellites constitute the Downstream segment.
In an article published by the Australian government What is meant by the ‘space industry’, the
Space Economy is defined in the following diagram.
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Upstream
Sending objects into space and space exploration.
Providers of technology. For example:

●
●
●
●

satellite system developers and component and materials suppliers
ground segment operators and suppliers
researchers / consultants
support products and services

Downstream
Using ‘upstream’ technology and research.
Exploitation of technology. For example:

● satellite broadcast, communication and navigation providers
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● earth observation providers
● equipment suppliers
● support products and services.
The Upstream or the Space Technology segment is what gets all the press. But the
Downstream segment is where all the benefits and where most of the revenue is generated in
the Space Economy. Based on the latest data from the Satellite Industry Association, the
diagram below shows that the Upstream market size is only 7% of the Space Economy. The
major opportunity and future growth for us will be in the Downstream segment of the Space
Economy. This is the segment that we are in and plan to concentrate on.

Using satellite data to forecast crop yields at the national level is much more valuable
and has more financial implications than satellite manufacturing. While the technology of
Earth Observation has been proven in small areas, the lack of data from previous
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generations of satellites has been the limiting factor in making it fully useful possible at
the national level. Additional modern use cases can be found here
https://industry.nt.gov.au/industries/developing-industries/space-industry/industry-case-studies
And at The remote sensing and GIS Association of Thailand, an organization of RS (Remote
Sensing) professionals.
Satellite operations require a ground infrastructure for orbit management, payload control, data
downloading, and a data distribution network. Big IT cloud computing companies including
Amazon and Microsoft have started offering services for pay-as-you-go virtual ground stations
further reducing upfront investment and lowering barriers-to-entry for these new generation
Space technology companies. Amazon and Microsoft’s entry into the industry and the new
Space technology that we see being developed by satellite companies at this time confirms our
expectation that the Space-based data services are on the verge of becoming mainstream
information services for private businesses. Additionally, these new data services will raise
government and military usages to another level. This Space Economy is in a similar
position that the Internet was at its beginning of the digital revolution.
The major satellite technology services that are of interest to government, military, and the
private sector are: communication (such as broadcasting and point-to-point) and earth
observation (monitoring of the earth and its changes using various active and passive sensors).
The need for more bandwidth for communication and more data to monitor the earth and human
activities are the 2 main reasons for the explosive growth of the Space industry. (Bloomberg
video, 6:20). To keep costs down and have access to other technologies, the military is quickly
incorporating commercial satellite services into their future plans.
https://core.ac.uk/download/pdf/147637681.pdf
The science of monitoring the earth from Space is called Remote Sensing. MappointAsia has
been in the earth observation satellite imagery and remote sensing business since the year
2003. We can see that the market for Space technology has increased steadily worldwide. In
the past 10 years Thailand alone has allocated 300 million US$ towards the purchasing of 3
optical imagery satellites with the goal of being able to control its own access to Space
technology. The effort, however, has not been able to keep up with the rapid pace of the industry
and has generally been viewed as less than successful with the current project with Airbus
being further delayed by the COVID pandemic of at least another year. Despite these efforts by
the Thai government, Thailand will not reach the necessary capacity or have multiple sensor
capability it needs to manage its natural resources or to monitor its land and sea borders to
protect its integrity against intruders and illegal activities. This data deficiency is the void that
a private company can fill.
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New Business Opportunities
Advances in Space technology have always created excitement, new opportunities, new
products and services, and new industries. The opportunities for investing in Space technology
is not new, but are now coming to the market at a much more rapid pace. Many large
investment funds are now making this a part of their portfolio. Morgan Stanley is one of the firms
that has already moved into this market along with many others. Investment in new Space
companies hit a record 8.9 Billion US$ in 2020.
Most of these equity firms will make direct investments into the startups, but will not be involved
in the major systems development including the product delivery system and channel. It will be
up to these startups to develop the technology, launch the satellites, operate them and find
suitable solution partners to further develop solutions to sell to end users. Some solutions may
necessarily involve more than one set of satellite data or more than one type of sensor. Our
expertise is in the integration of these various data sets to solve end users’ problems. For
example, maritime awareness requires identification of ships at sea, but by nature, imaging
satellites do not routinely acquire data over ocean areas. It is generally a waste of resources
since 99% of the time there is only water. However, if the suspected area can be reduced to a
manageable size by using data from RF Analytic Satellites, then an optical sensor or radar
sensor can be used with much more efficiency to capture data to identify the suspected vessel.
In a recent incident near the Galapagos island, a fishing fleet was caught illegally entering a
restricted area with AIS signal turned off and illegally fishing.
The major factor contributing to the flow of investments into the industry is privatization. The age
of Space technology started when Russia surprised the world with earth’s first manmade
satellite, Sputnik, on October 4, 1957. Soon the Space race was joined by the USA and other
Western countries with the financial resources and technical know-hows. The early days of
rockets and satellite launchings were full of failures and the program cost was, to put it in a
word, astronomical. Between 1960 to 1973 the USA spent 49.4 billion dollars (482 billion
adjusted) on the Apollo program to send men to the moon. The cost of launching the first
commercial imagery satellite, IKONOS, was approximately 650 million US dollars. The situation
today is quite the opposite. By encouraging the continuing privatization of Space technology,
NASA has achieved exactly what it was looking for: affordability through innovation and
privatization. The new generation of satellite companies are open to new ideas, discussions
and, more importantly, to new investments.
In the past few years, most satellite launches have come from private companies. Anne Hale
Milagrese, founder of Radiant Earth Insights, a non-profit organization on a mission to make
insights from Earth observations and machine learning more accessible for global development
organizations and communities, wrote in 2018, “Commercial Entrants are Driving Innovation in
Earth Observation — and That is All Good!”. In the figure below taken from this article, we can
see the upturn in the number of satellites funded by private companies starting in 2015 to 2018.
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But all of these new generation satellites were optical imaging satellites. Only after December
2018 did we see non-optical sensors starting to be launched on these new generation
satellites.

In December 2018 the industry’s innovation curve climbed up to an even steeper slope with
ICEYE’s launching of their high-resolution SAR satellites followed by Hawkeye 360’s first RF
analytic cluster in the same month. JAXA’s successful test of VLEO (Very Low Earth Orbit)
satellites in 2018 also spurred the race to get satellite image resolution closer to aerial photos
and even drones. In November 2020 Satellogic launched the largest constellation of 1 meter
class satellites ever. Satellogic’s imaging capacity now surpasses the combined capacity of their
next 3 competitors, Skybox, Maxar and Airbus. This capacity alone will drive the cost of 1 meter
class images down by several magnitudes and will increase the end-user’s expectation of and
preference for high resolution imagery even more. Still to come in the near future are
hyperspectral satellites from Hypersat in 2022 and Earth Observant’s VLEO commercial ultra
high-resolution satellites in 2023. Waiting for the right Space platform are LiDAR and Methane
detection from Space. These new generations of satellites have started to have an impact on
the insights that are gained from using optical images alone. And the market demand for data
for Space-based analytics will grow at an even faster pace.

Why Multiple Sensors Make Sense
Even before there was a proliferation of sensors there were multiple offerings from different
companies for optical imagery of varying resolution. Similar to the general photographic market
where wide angle and telephoto lenses have their advantages and disadvantages, images from
Space of large vs small scale also have appropriate applications. Wide angle satellite images
yield a different set of information from close up images of the earth. Prices also play a major
factor in a company’s direction and the design of its satellites’ payload. Efficiency of design and
construction are the cornerstones of satellites. Everything designed for Space is based on
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tradeoffs as carrying extra weight and fuel to Space is still costly. Unlike the stuff of Science
Fiction, there are no commercial satellites with zoom lenses.
The new generation of satellites with non-optical sensors is all about bringing to market new
capabilities and adding on to existing optical sensor capabilities. The limitations of the optical
sensors such as operating only during daylight hours and inability to see through clouds are
reduced and removed by radar. The ability to detect human activities using radio signals and
greater differentiation of different materials and plants are added new capabilities. The
combination usage of these sensors will add new applications for the end-users.
The one-stop-shopping as a concept is not new and in the satellite imagery market brokers such
as Landinfo already offer satellite images of varying scales from several competitors. However
our business model is not to be a broker for these new data, but to integrate them and
offer them as solutions. As the satellite data market is moving more in the direction of the
information market, satellite data as a service business will grow even faster with new data and
capabilities from Space becoming available.

Earth Observation Data Market Poised to Grow
As more companies enter the satellite industry, investors have more choices and have started to
be more selective in their investments. At the same time the downward trend of the industry
costs means that these companies require less capital to achieve past years’ performances.
More companies entering the industry also means that the market is more receptive to new
investments. The combinations of these factors translate into a high value opportunistic window
for investors.
Several other key factors have occurred since 2018 that are combining to position the Earth
Observation market to an unprecedented growth in the next 5-10 years.

Ground Station as a Service
The primary operation centers (POC) of satellite operators often require frequent communication
contacts with its satellite fleet. Most EO satellites are launched into polar orbits. By nature of
these orbits, antennas near the earth’s North or South Poles are able to be in contact with its
satellite fleet more frequently. But to build and operate a ground station in these regions or other
locations that can make frequent contacts with satellites requires large investment and
operation costs.
While the antennas themselves have to be strategically located to allow contacts with the
satellite, all other ground station operations can be located somewhere else and operate
through a service now offered by Amazon, Microsoft and Google, namely Ground Station
As-a-Service. GS as a service is a fully managed service that allows newcomers to the industry
to control satellite communications, process data, and scale its operations without building or
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managing or owning a ground station infrastructure. That such services are being offered by the
3 major cloud companies is an indication of the size of the market and its potential. The bottom
line is that GS as a service allows many companies to enter into the satellite market with much
less investment than in the past. These companies will contribute to data availability and to
growing the market.

Development of Non-Optical Sensors Post 2018
Perhaps the most significant changes to the imagery and data analysis market is the launching
of non-optical sensors starting towards the end of 2018. The new generation of satellite
companies began to “democratize Space” around 2015. The well-defined market needs for
optical imagery was clear at the time. There was not enough imaging capacity to satisfy the
market needs. These were the low-lying fruits to be gathered quickly and the industry saw many
launches of satellites with optical payloads. The early launchers were Planet with 3-meter
resolutions and Skybox with 1 meter resolution. (As an aside, Mr. Conrad Mueller was an
advisor for Skybox during its start-up period). Skybox was acquired by Google after it reached
about half of its planned constellations and later sold to Planet. Skybox’s capabilities have since
been surpassed by Satellogic with 20 satellites currently in operation. Until 2018 only optical
satellites were launched into orbits. In late 2018 the industry started to see launches of radar
sensors. And in the same year Hawkeye 360 launched its first RF Analytic cluster. Satellogic
started launching their POC satellites with Hyperspectral sensors in 2017. The
commercialization of the data will begin in 2021 after having achieved a large enough
constellation in November 2020. In the past 5 years Hypersat, having secured the license from
NOAA for commercial hyperspectral satellites and the intent to purchase from the US
Government, was able to develop the necessary sensor technology at an affordable price and
will soon launch their satellites in 2022. The launching of these new non-optical sensors will
help build growth in the imagery and data analysis industry in the future.

Concept of Dedicated Satellite Constellations
Many countries would like to be deploying satellites under their control to gather the data they
need. They would like to task satellites and maintain confidentiality of their national programs.
However, satellites are still expensive and risky to launch. Additionally, constrained by the
nature of their orbits, a single sun synchronous satellite operating only in the owner’s region is
not a good investment vs. buying images. Still there are other non financial reasons for owning
a satellite such as national security or unlimited imaging opportunities..
Besides the cost of investment and operations costs of a satellite, there are other inherent
factors that make satellite sharing an attractive option to owning. The first factor is that once a
satellite is out of your area of interest, it is usually not fully utilized. It has excess capacities
which can be monetized. The second is the limited amount of opportunities available for imaging
a specific area of interest of a single satellite.
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A satellite’s revisit time is 23-28 days for the same ground track and every 3rd day to be able to
reimage the same target with different angles of view from a nearby ground track. This means
that a satellite can image a specific target in only 1 day out of 3. The other 2 days only other
targets can be captured. The only way to increase imaging opportunities is to increase the
number of satellites in the same or different orbit planes.
As these two factors are opposite to each other, that is: owning a satellite means that one has
excess capacity (worldwide) yet does not have enough opportunities to capture images in one’s
own areas of interest, it is clearly beneficial to swap excess capacity for more image capturing
opportunities.
Generally speaking, for a government agency or military unit, their primary area of interest (AOI)
is the home country and surrounding countries. When a satellite is outside of the country’s
primary AOI and outside of its communication cone, it is available to be used by another ground
station operator without any effect on the owner’s tasking or imaging capabilities. Thus, it makes
sense for an owner to share the satellite’s capability with another party (with whom the owner
has no economic or military conflicts) in order to share costs.
This is where Satellogic comes in. Decicated Constellation concept has won wide industry
praise. By having a large number of satellites in orbit, Satellogic has been able to put together
(for the first time in the commercial satellite industry) the concept of a Dedicated Satellite
Constellation. The main idea is this: for a particular and primary area of interest (Primary AOI),
Satellogic can make a contracted number of satellites available for capturing images under the
operation of the client. In this manner the client is effectively the co-owner or virtual owner of the
satellites within its areas of interest and while the satellites are out of this area it belongs to
somebody else. Because of the time and cost being shared, the Dedicated Constellation
Concept helps to reduce the risks, investments, and operational costs by several magnitudes to
the client. As each country in SE Asia pursues their own Space programs, the Dedicated
Satellite Constellation program represents an opportunity for us to offer additional alternatives to
each government's agencies to reduce their costs.

Investment in Imagery and Data Analysis
In a recent article on MSNBC, An investor’s guide to Space, Wall Street’s next trillion-dollar
industry, classified investment in Space Technology opportunities into “four categories: Human
Spaceflight, national security, satellite communications, and imagery and data analysis”. And
added, “The last category is the smallest by total market value, but, thanks to the past decade of
private investment, the imagery and data analysis category may be the fastest to grow in the
coming years”.
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The Importance of The Sensor Data Integrator
The key factor in making this business work is the role of the sensor integrator and the success
of the business will depend on the cross domain expertise of the system integrator. As there has
never been frequent, widely and cheaply available data from various sensors, there has never
been a sensor data integrator in the Space based analytics industry before.
The roles of these new generation of satellite companies are clear. Their expertise is in building
new and innovative sensors that will deliver data from space in large amounts cheaply and
frequently. These companies stand like silos in the field which needs to be harvested into Space
based solutions. These companies have little intention to go into the sensor integration
business. It is not in their interests to be in the business of solving end-users problems. They do
not have the expertise and would be directly competing with their own network of partners.
One of the most important roles that the sensor integrator can play is to tailor the solutions to
end-users needs. It is therefore the job of the integrator to use data not only from the satellite
sensors but also other sources. There are already examples in the industry of integrated
solution providers. With just a single sensor data available from Space, Earth Observing System
eos.com, offers farmers the ability to monitor their crops from satellite images integrated with
local weather.
The screen capture belows shows a field under stress from drought as determined from a
normalized difference vegetation index (NDVI) calculated from RGB and NIR band.

It is important to note that the selection of the crops offered for monitoring is limited to cold
climate variety. As each crop has its own tolerance threshold for drought this service would not

Confidential

14

yet be applicable for SE Asia. For this type of monitoring hyperspectral data would be much
better for identification and health monitoring and radar coverage for potential flooding
disasters.
While sensor data integration is a major part of the solution chain, we also see the importance
of the mission planning integrator for a regional company. In order to deliver a timely solution to
the customers, the infrastructure to download data directly from satellites is necessary. As
various satellite constellations have their own ground tracks and revisit schedule, mission
planning to collect and process data plays a critical role in making the sensor data related to the
period of analysis and complement each other.

Brief Introduction to The Satellite Industry
The Satellite Industry is a major worldwide business with 2019 global revenue totaling 271
BnUS$ divided between 4 major categories.
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The 4 Major Categories of Satellite Industry as defined by
Satellite Industry Association
1.Ground Equipment
The largest of the 4 categories, 130.4 Bn US$, is the ground equipment that can be used to
either receive signals, send signals or handle satellite signals. Of these the largest class of
equipment by far at 97.4 BnUS$, or 74%, are used to receive and process GPS signals in
survey equipment and the GPS chipsets used in various portable devices including mobile
phones. As a category this category is 48% of the total industry revenue.
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2.Satellite Manufacturing
Satellite manufacturing refers to the design and assembly of satellites of various sizes and
purposes for the services that they will perform over their lifetime. Satellites are generally built
for the purposes of a) communication b) military c) experimental and d) earth observation. As a
whole this category represents 7.8Bn US$ or 6.5% of the total industry which indicates how
efficient the technology to design and build satellites has become. The trend today is to launch a
larger number of smaller satellites that work to complement each other together in a single or
multiple orbits.
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Satellites generally are designed to perform a specific function or closely related functions
termed missions. The type of satellites that MappointAsia and 5CI are interested in falls into the
category of Remote Sensing and Earth Observations. The number of these satellites make up
around 27% of all satellites launched. About the same percentage as communication satellites.
It is important to note that once the satellites are put into their orbits, there is little-to-none
physical maintenance involved for the lifespan of the satellites.

3.Launch Industry
The companies in this branch of the Space industry are generally different types of entities from
satellite manufacturers and consist of only a handful of companies at this time. Traditionally
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these were large companies or entities directly funded by the government. But as the demand
for Space access grows many new and smaller companies are starting to compete for the
launch business. The recent success of Space X in using reusable rockets has become a major
success story in 2020. While Space-X stands out as a recent major success story winning large
NASA contracts, some of the smaller leading companies like Rocket Lab, Firefly Aerospace and
Virgin Galactic are competing for the explosive growth from smaller satellite launchings. In the
past small satellite companies have had to piggyback on large launching payloads, but now
these new companies are starting to offer launches that are tailored to the small companies’
schedule. To demonstrate how “the democratization of Space” has fueled a new business,
booking of launches can now be done online.
Launching satellites are done from a few geographic locations that are suitable for efficient
launching into various orbits that are designed to deliver specific services. Factors such as
down range safety, orbit inclination and usage of earth rotations are major considerations for
launching sites. With the support of the US government to privatize the launching business to
reduce costs, many companies have entered into the industry and have developed various
platforms that have substantially lowered the cost of launchings. It’s interesting to note that while
most new launching companies are located in the USA, new satellite companies are much more
diverse in their geographical location.
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4.Satellite Services
The combination of the above services can be seen as the necessary foundation in order to be
able to offer the many types of satellite services. Satellite services in some form now reach
practically every person on earth today. From broadcasting to point-to-point communication to
location services to earth observation, the growth of this business has been driven by the same
forces that have driven the computer industry’s prices down to the level that was not imaginable
just a few years ago.

Increasing productivity, new capabilities and changing dynamics now drive the market. The
satellite service industry breaks down as follows.

Of the 123 Bn US$ satellite service revenue, Remote Sensing
makes up 2.3Bn US$ in 2019. This is not the remote sensing goods
and service market, but the satellite imagery revenue component
that is bought by the remote sensing service providers.

The global market for remote sensing itself is expected to increase from $11.3 billion in 2018 to
$18.9 billion in 2023 at a compound annual growth rate (CAGR) of 10.7% for 2018-2023. Using
the same CAGR, the satellite data market for Remote Sensing should grow to 4.8 BnUS$ by the
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end of 2016. However, as the Space borne sensors become more capable, they should also
replace other more costly alternatives such as aerial images or even drones. Therefore, we
expect the growth of satellite acquired remote sensing data revenue to exceed 6 Bn US$ by
2026.

Confidential

21

Applications of Targeted Satellite Technology
Preface: The complete technical explanation of the applications using the technology is beyond
the scope of this document. The application examples are indicative of their potential.
The satellite imagery market growth is being driven to a higher level by better quality and larger
volume of data being collected. At the same time data prices are being driven down by new and
innovative Space technologies related to satellite manufacturing, launching costs, and new
business models such as the dedicated constellation concept of Satellogic. Underlying all these
demands are the applications made practical by advances in cloud computing and Internet
speed.

Very High and Ultra High-Resolution Imagery (VHRS & UHRS)
Optical imagery or just pictures from Space is usually the starting point of acquiring information
to begin an action. It’s common sense that “What you cannot see, you cannot fix”. Analyzing
images from Space is intuitive and requires less training than data from other sensors. Clarity of
an image depends on the size of the pixel relative to the object in the scene. A measurement
known as ground sampling distance, GSD. The lower the GSD, the easier it is to identify objects
in the image.
Every intelligence analyst would like to use the clearest image for the budget they have been
allocated. The clearer the image the more detailed information you can extract. Take a look at
the three images below. Side-by-side you can see the effect of the resolution of each of the
satellites. From left to right and lowest to highest resolution: NOAA/NASA Suomi NPP (375m /
pixel), Landsat-8 (15m / pixel) and Worldview-3 (<1 m / pixel)
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The images below show a 30 cm GSD on the left and 70 cm GSD on the right.

Maxar today offers a software enhanced 15 cm image from its lone 30 cm capable satellite.
Earth Observant will be able to offer native resolution 15 cm (as captured by the sensor without
enhancement) from 30 satellites. The image below shows the level of information that can be
obtained from a 15 cm resolution image.
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Because of the easy-to-understand nature of pictures, optical sensors will always form the basic
information layer and be used in conjunction with other sensor data.
2 companies stand out above others in the Very High and Ultra High-Resolution optical image
services. Satellogic will have a wider coverage and will be able to monitor the whole earth in
less than 1 meter resolution daily from its 80 satellites. For specific areas, Earth Observant’s 30
satellites will be able to provide drone level resolution without intrusion into the air. The
applications for these optical sensor technologies are:

Military Intelligence
Intelligence gathering is one of the major applications of high-resolution imagery for the military.
It can be used to gather leading information or to provide situation awareness information for
military operations.

Business Intelligence
With daily imaging of every point on earth daily, Planet’s 3 meter imagery service has redefined
how business intelligence can be gathered. Very High and Ultra High-Resolution will further
expand the use of satellite imagery adding more business applications. Information such as
counting the number of cars from Space in the customers’ parking lot of a chain of stores across
the country in an effort to forecast its quarterly sales volume before it is formally announced are
becoming common tools of the investment managers.

Large Area Mapping
New map compilation and map updates usually start from aerial or satellite images. As the
resolution of satellite images gets below 50 cm, satellite images will begin to replace aerial
photographs through economies of scale. Using satellite imagery over a wide area is much
more economical than aerial photography.

Management and Monitoring of Properties
Property management with satellite images is fairly new as it requires high resolution and fairly
recent captured images. When applied to the property sector, regular accurate satellite imagery
with artificial intelligence techniques can:

● Automatically identify existing sites on a global basis
● Detect in changes to a property or its amenities
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● Detect characteristics of a property by identifying relevant assets such as trees,
swimming pools, fences, sheds, roof size.
● Detect damage following man-made or natural disasters

Private Property Monitoring
Every Google map user has more than once looked at the satellite imagery of his property.
Unfortunately, the images are likely old and they cannot order up new images. We aim to
change all of this by making ultra high-resolution images affordable and can be ordered online.
The market potential for this new application alone is huge.

Property Repair Estimate Measurements
A large and growing market is the usage of satellite images for estimation of work to be done on
a property. Whether it’s roof repairs or fencing or disaster damages, it is much more efficient to
give an estimate of the cost of repair based on imagery than to make a physical assessment.
Many companies are now using satellite images for this purpose. The higher resolution images
that we will provide will allow this market to grow even larger.

Area Monitoring
Specific area monitoring for highly sensitive areas such as power plants and other high security
areas. This application requires very high to ultra high-resolution images.

Illegal Activity Monitoring and Verification
Ultra high-resolution images can be used to help in identifying illegal and illicit activities in areas
that are inaccessible by land transport.

Border Monitoring
Border and sensitive military areas can be much more conveniently monitored from Space
without the intrusion of air Space and without detection.
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Radar Imagery
While optical images are most commonly used data from satellites, they have expected
limitations. Images can only be taken during the day when there is sunlight and the sky must
essentially be clear of clouds. Earth Observation industry accepts 10% as acceptable cloud
coverage. Radar imaging sensors, on the other hand, generate their own energy needed to
image the earth and can image 24 hours. Because radar signals are not affected by clouds or
rain, radar sensors are also usable regardless of clouds or weather conditions. Processing radar
signals into images is not trivial and beyond the scope of this document, but the fundamental
process can be found here.
RADARSAT Corporation of Canada pioneered the usage of radar imaging (synthetic aperture
radar, SAR) from Space in 1995 similar to what Space Imaging did for optical sensors in 1999.
However, the new generation of SAR satellite constellation with much greater capabilities are
from ICEYE, a company located in Finland. ICEYE plans to continue launching to reach a
constellation of 18 or more satellites,
The image below is typical of a ICEYE radar image.

ICEYE has been able to develop SAR satellites with both wide area and high-resolution mode
from the same constellation with a 3 hour revisit capabilities. While SAR data are very important
in the world’s current battle against climate change by allowing scientists to measure critical ice
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thickness change data, we believe that their highest utility comes with using them in conjunction
with other sensor data. The highest resolution data of 25cm will be provided to customers in
ICEYE's standard product formats that are accessible with standard Geographic Information
System (GIS) tools.
Some typical applications of SAR images for Thailand and SE Asia are:

Flood Monitoring
Because Radarsat can capture images through clouds and in inclement weather, it is a natural
tool for flood monitoring. It is important to note that, because the technology is newly available
commercially, Thailand has not yet started deploying SAR data for flood monitoring.

The figure above shows how ICEYE data can be converted to flood polygon to be used in flood
analysis and flood mitigation.
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Military Intelligence
Being able to see through clouds and be accessible 24 hours a day is what makes Radarsat so
valuable for military intelligence. When used in conjunction with optical images, a military target
can be monitored even at nighttime.

Dark Vessel Detection
Dark Vessels refer to the vessels that intrude illegally into a country’s national maritime
boundary. Whether it's for illegal fishing or for illicit activities, these vessels cause much damage
to the country’s economy and environment. Much of this activity is carried under the cover of
darkness. Dark vessel detection for maritime security is a new service offered by ICEYE. Dark
vessel detection is often used in conjunction with data from AIS (Automatic Identification
System) or from other satellite RF Analytic satellite services such as the ones we will be offering
from Hawkeye 360.

Other Applications
Radarsat has been proven to be especially useful in many applications. Please click here for
additional information.

RF Analytics From Space
RF (Radio Frequency) analytics is the analysis of the activities in the RF spectrum to extract
intelligence from the data. Human activities and RF activities have been congruent since the
invention of wireless communications. By detecting RF activities, we can detect human
presence. The current RF technology from Hawkeye 360 is able to detect and pinpoint the
location of a single mobile phone to within a few meters. The technology used by Hawkeye 360
is an RF listening only sensor, therefore it will be able to gather data 24 hours a day regardless
of cloud coverage.
The Hawkeye 360 system operates in a cluster of 3 satellites, the minimum number needed to
triangulate a signal being analyzed. The footprint of the coverage (beam contour) can be very
large covering horizon to horizon from the viewpoint of the satellite. The image below shows the
typical coverage area for an RF band.
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While Hawkeye 360 alone is not sufficient in many analyses or for monitoring, the availability of
the data when used in conjunction with other Space-based data can be very powerful. We see
the following applications for Hawkeye 360 services.

Maritime Domain Awareness
Vessels engaged in illicit activities such as smuggling, piracy, illegal fishing, and human
trafficking harm the global community. Effective monitoring of vessel traffic is critical to reducing
these harms.
Governments and maritime insurers rely on the Automatic Identification System (AIS) as a vital
means for monitoring the oceans, but AIS has severe limitations. Ships engaged in illicit
activities can deactivate their AIS beacons, vanishing off the map. Alternative options for
monitoring, such as patrolling with coast guard vessels or airplanes, are resource intensive.
HawkEye 360 provides tools designed to answer questions that AIS alone cannot answer. The
HawkEye 360 constellation is able to geolocate a diverse set of radio frequency (RF) signals
emitted by ships such as marine radar, satellite communications, VHF radio, and emergency
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beacons. This broader RF range expands visibility to help locate dark ships and identify
anomalous behavior.

Illegal Fishing Detection
Illegal fishing is one of the most environmentally destructive activities now being carried out by
mankind. These fishing boats are hard to detect because they operate in large remote areas
and are typically smaller than the minimum vessel size required to install automatic identification
systems. Even with AIS, the signals are often intentionally turned off. RF signals, on the other
hand, will still be emitted giving away their positions when they communicate or use other RF
equipment such as Radar. When used in conjunction with ICEYE’s radar data, we can offer one
of the most powerful non-optical monitoring systems tools available today.

Human Activity Related to RF Activities
Monitoring of human activities as related to usage of mobile phones under various scenarios
such as under COVID lockdown policies vs normal activities, real coverage of mobile network,
large crowd activity behavior, etc.

Hyperspectral Satellites
Optical satellites normally also capture multispectral data in RGB band along with NIR band.
The separate sensors of these satellites have been designed to capture panchromatic images
and RGB bands (Red Green Blue band which the human eyes can see) and to fuse them
together to form color images. The RGB band data and NIR data are generally used for
agricultural monitoring and plant health analysis. Satellogic satellite constellation is one of the
few constellations of satellites that now collect hyperspectral data. However, these are 25 meter
resolution which will limit their usage to a few specialized applications.
More detailed than multispectral imaging, Hyperspectral imaging goes beyond the collection of
specific bands and covers the collection of the whole electromagnetic spectrum broken down as
a continuous collection at each pixel. It’s like having a spectrometer in Space looking at the
earth. Hyperspectral images produce a spectrum (represented by several hundred numbers) at
each pixel in an image. While greyscale or colour images can discriminate between, say, rocks
and vegetation, hyperspectral images can discriminate between different types of rock or
vegetation.
An objective of hyperspectral data is for the purpose of finding objects, identifying materials, or
detecting processes. While the value of using hyperspectral data has been confirmed in Remote
Sensing studies, hyperspectral data from Space in high resolution have never been widely
available. Adding hyperspectral imaging sensors for satellites has until recently presented a
difficult engineering challenge.
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To understand the type of breakthrough detection that can be done from Space using
hyperspectral data, we refer you to GIS RESOURCE Magazine which published the following:
“The ability to measure reflectance in several contiguous bands across a specific part of the
spectrum allows these instruments to produce a spectral curve that can be compared to reference
spectra for any number of minerals, thereby allowing the mineral content of a particular piece of
ground to be determined.
Hyperspectral remote sensing involves breaking a broadband from the visible and infra-red into
hundreds of spectral parts, which allows a very precise match of ground characteristics, such as
color, to the reference standards. The technique is so sensitive that it can detect camouflaged
objects and has been used in forestry to measure biomass and damage caused by plant
disease.“

In 2016 The National Oceanic and Atmospheric Administration ( NOAA) awarded HyperSat a
license to provide hyperspectral data to the U.S. government with a resolution of 4 meters and
to commercial customers with 10-meter resolution. Hypersat has been developing a new sensor
and has contracted with a manufacturer to produce the sensor with full specification at their set
budget. Hypersat is fully funded to launch these satellites in 2022.
We expect to be able to provide Hyperspectral solutions for the following industry.
●
●
●
●
●

Agriculture - Crop monitoring and identification
Government Planning - Land use identification
Government Factory Regulation - Pollution detection
Mining - Mineral exploration
Military - Intelligence gathering

Applications Requiring a Combination of Satellite Data
While optical images are indispensable either as the main source of data for analysis or to
confirm and fill in other information, many applications require other sensor data to build a
complete picture. Intelligence gathering and analysis is an activity that combines information
from different sources so that the intelligence officer can arrive at the appropriate conclusion.
Some of the applications that require several sensor data sources are:

Maritime Awareness Using AIS, RF Data, ICEYE and Satellogic Data
Maritime Awareness requires data to be collected over water. In order to make the process
more efficient, a wide area collection to help narrow the search and reduce collection time is
necessary. Maritime Awareness will require using RF data and AIS data taken at the same time
to analyze and select a candidate area to be scanned by ICEYE in high resolution mode. At the
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same time high resolution satellite optical images need to be captured as soon as possible
where the incident may be continued on land.

Military Intelligence
Borders of Thailand and much of SE Asia are still forests with thick canopies. Much of the illicit
and illegal activities are being carried out at night or under the canopies. Illegal equipment may
also be covered by camouflage in the daytime making them almost impossible to detect. Optical
images will not reveal these activities, but hyperspectral imaging can help identify poppy fields
and drug processing plants. Radarsat data from ICEYE taken at night can also identify activities,
and metallic and other manmade objects hidden on the forest grounds. Ultra-high resolution
images can then be captured to help further plan remedial actions.

Crop Monitoring
High resolution Hyperspectral data will be available in the near future that will make crop
monitoring a more exact science. Crop identification will be much more precise down to even an
estimate of the age of the plants. However, in order to estimate the yield, individual trees still
have to be counted. Using a combination of hyperspectral and ultra-high resolution images, the
area of specific crop under cultivation and the expected yield can be calculated.

Mineral Exploration
The main data source for mineral exploration is hyperspectral data. Hyperspectral data can be
used to detect the types of mineral mixture which would indicate a favorable condition for
valuable ore deposits. However, other information such as accessibility and environment
conditions still requires optical imagery.
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Leading Satellite Companies and Potential
Customers
These satellite companies have innovative and complementary capabilities.

Satellogic
Satellogic, an Argentine company, operates the largest VHRS (very high resolution) fleet of
satellites in the world. The 1 meter and better solutions are the most desired pixel resolution. It
strikes the right balance between resolution and pricing and Satellogic plans to beat the pricing
of the current providers by a factor of at least 3 times. Satellogic has 20 satellites in operation
and plans to operate 80 satellites by 2023.
Disruptive technology: High revisit rate, cost reduction by up to a factor of 3-5 times over
current service provider.
Customers: Optical imagery currently makes up most of the Space derived images today due
to its ease of use and wide availability. Still, the high-resolution images of 50 cm and better
make up a small percentage of these images due to cost and availability. With the usage of
other sensors such as radar and RF analytic, the area of interest for images will be more
focused and will result in increased productivity of the image analysis tasks. Object identification
will become easier and more widespread into more applications. We expect that Satellogic data
will capture most of the market and cause a major shift in this market. The customers will come
from both public and private sectors for monitoring the environment and detecting changes.
Satellite imagery, through wide usage and acceptance of Google map, has become an expected
feature for a digital map. However satellite images on Google map and other online free digital
maps do not have annual update cycles. Their updates are not regular and cannot be used to
establish a baseline for change detection over a wide area. It is absolutely necessary to publish
and update them annually in order to see, understand and stop illegal logging, forest
encroachment, and illegal construction and manufacturing. Very few national mapping agencies
publish a country wide very high-resolution on a regular basis. In this region, India is one of the
countries that sees the importance of having an annual imagery mosaic of the whole country, a
potential target for us. Currently no countries in SE Asia publish country-wide very
high-resolution images on a regular basis.
In addition to optical imagery, Satellogic satellites also capture multispectral and hyperspectral
data at 25m resolution. The data can be used on a large area as a pointer for further detail
collection by Hypersat. The customers for this data are expected to be large agricultural
companies and agriculture government agencies.
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HawkEye 360
HawkEye 360 is a USA based company with RF analytic capabilities. HawkEye 360 RF
capability is based on the premise that small satellite technology had matured sufficiently to
conduct signal geolocation. The world cannot operate with RF technology and hence the signal
footprint. HawkEye 360 will be able to locate the signal of all RF activities within an area of
approximately 2,000 km diameter as it flies overhead in Space. The signal will be geolocated
with a good accuracy to be able to compliment other satellite data to correctly identify the
source. Cluster 1 satellites are now in operation with Cluster 2 launching in the 2nd quarter of
2020.
Disruptive technology: First company to launch Space-based RF analytic technology.
Customers: RF activities are indicators of human activities. The customers of this data are
government agencies responsible for RF regulations, military intelligence agencies, police and
mobile service operators.

Hypersat
Hyperspectral imaging (HSI) collects data over the continuous and contiguous ranges of
wavelengths (e.g., 400 - 1100 nm in steps of 1 nm). Hypersat will be the highest resolution
spectral data from Space which makes the data usable for numerous national security and
civilian applications, from spotting hidden buildings and tunnels and determining the production
of materials in factories to spotting polluters, locating natural resources, and determining crop
health. Using Hyperspectral signature analysis, acreage of plants undergrowth can be much
more accurately determined.
Disruptive technology: Will be launching the highest resolution hyperspectral sensor in 2022.
Customers: While agriculture is the main income producing activities in SE Asia, crop under
cultivation data at the national level for the purpose of monitoring, policy setting, and subsidies
is sparsely available and not timely due to unavailability of raw data for analysis at the national
level. The methodology and usefulness of the Hyperspectral data has been proven in research
and will become the main data for crop monitoring in the future. We expect that a recurring
market for crop monitoring will come from government agencies and large agriculture
companies. Natural resource agencies and private mining companies will also buy the data for
management and explorations. Military intelligence will also need to use multispectral data to
detect items that cannot be seen or identified by optical images.

ICEYE
ICEYE is a Finish company with the largest fleet of radarsat satellites. Rather than taking
images of the earth with visible light, their satellites irradiate the earth with radar beams and
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process the return signals into images. Unlike optical imaging satellites, they can collect data
anytime of the day and can capture images through clouds which are the biggest obstacles to
imaging the earth with optical sensors.
Disruptive technology: Largest fleet of radarsats able to image day and night with 3-hour
delivery of results.
Customers: Being able to image through cloud and 24/7 is a must have capability for military
intelligence agencies in SE Asia. ICEYE is the first affordable solution in the EO market. ICEYE
will be able to deliver an image within 3 hours from the time of order and every 3 hours
thereafter during a crisis situation. Additionally, the ability to image during the rainy season and
see areas of flooding makes the data uniquely suitable for flood detection and mitigation. We
expect the customers for ICEYE radarsat data to be military intelligence, government agencies
and insurance companies.

Earth Observant
Earth Observant will be operating satellites in an orbit that no commercial earth observation
satellites have ever done before, 250 KM orbital height. To operate at this height requires new
propulsion technology which has been tested successfully. By operating closer to the earth,
Earth Observant will be able to capture images with pixel resolution of 15 cm which will be in the
range of drone capabilities, but without having to physically be in the air Space of the target.
This is a game changer in the optical Space and compliments Satellogic’s massive very
high-resolution imaging capacity.
Disruptive Technology: Development of a new propulsion engine that will allow its satellites to
operate at a very low orbit (VLEO) of 250 km (vs. 400 km or higher for low orbit satellites). By
overcoming the orbit erosion factor, many of the difficult factors due to distance have been
reduced or eliminated. Factors such as communication latency and beam divergence problems
are greatly reduced. Because it can operate at a much lower altitude, Earth Observation
satellites are likely to become the next new platform for many other sensors in the future. The
first payload of Earth Observation, optical sensor, will yield optical imagery resolution at the
drone level without intrusion into the target AOI’s airspace
Customers: Earth Observant satellites will collect ultra high-resolution data at 15 cm resolution.
The image will be suitable for detail intelligence gathering, engineering survey, and detail
monitoring. We expect the customers to be government agencies, military intelligence units,
utility companies, construction companies and private individuals. In the past there have been
discussions on printing satellite images on land deeds by the Thai Department of Land with the
plot on top, however, the capacity for ultra high-resolution image was not yet available. We
believe that Earth Observant’s service will make this possible.
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ABOUT MappointAsia
MappointAsia was founded in the year 2000 by a group of veterans who previously helped start
the GIS and digital map industry in Thailand working for Loxley Intergraph since 1994.
During the early days of the start of the commercial satellite imagery industry (Circa 2000),
MappointAsia was the ground station
operator and the marketing agent for SE
Asia for Space Imaging. We operated the
ground station for the first commercial
very high-resolution satellite, IKONOS.
Subsequently, DigitalGlobe acquired
Space Imaging Corporation leading to the
closure of the ground station in Thailand
in favor of Singapore ground station.
Throughout the following years to the
present, MappointAsia continued to sell
satellite data and related services. Our
main partner has been a USA based
company started by the group of people
who were involved in the pioneering and
privatization of the satellite imagery
business, 5CI, led by Conrad Mueller. Five
Continents International continues to work
with us today as we enter a new era of
satellite technology.

Conrad Mueller and M.L. Saksiri
Kridakorn (first and second from left) at
the launching of IKONOS in 1999.
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In 2014 MappointAsia won second place in the Copernicus Masters Program for proposing its
idea of using excess satellite imagery capacity to detect illegal activities in the gulf of Thailand.
The cost to implement the proposed idea would have been prohibitive at the time. To
understand the pace that Space technology now moves, the service can today be easily and
affordably implemented with services from ICEYE and Hawkeye 360 using radarsat and RF
analytics data. These 2 technologies are in our target investment program.
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ABOUT Five Continents International
Five Continents International was founded in 2006 by Conrad Mueller. Mr. Mueller was
instrumental in helping to establish a world-wide network of partners/operators for the first
commercial satellite imagery company, Space Imaging. Mr. Mueller started working as an
Operations Engineer for Lockheed Corporation in 1984 and became Director of New Business
Development in 1994. When Lockheed decided to join with Raytheon and E-Systems to form a
new private commercial imagery satellite business, Space Imaging Corp., Mr. Mueller was
selected to head up the world-wide partnership program in 1995. At Space Imaging Mr. Muller
was Instrumental in leading growth of the company from initial business concept to profitable
company with excess of $200M in revenues annually. He also played an integral role in start-up
phase implementation activities including business concept formation, financial modeling,
investor presentations, international marketing offer and investment fund acquisition. He led
deal structuring and negotiated closures for several $100 million dollar plus deals in Asia,
Europe, the Middle East, and South America.
Since 2006 5CI has been helping clients achieve shorter closure timelines and lower costs in
the global marketplace. 5CI has helped close contracts in over 40 countries throughout the
Americas, Europe, the Middle East, Africa and Oceania delivering benefits such as:
■ Rapid access to key decision makers, resulting in shorter business development
timelines.
■ Expedited validation of product offerings based on customer feedback.
■ Customer acceptance based on 5CI’s introduction.
■ Significant cost savings based on shorter closure cycles and lower overhead expenses
associated with local partners and representatives.
Although the sensitive nature of our work prevents us from providing all the details of our
success, here are 5CI’s clients who have made the most of our expertise.
5CI GlobalCom
As a joint venture between 5CI and Metric Systems Corporation, 5CI GlobalCom designs,
develops and implements requirements-based wireless communication systems for commercial,
defense and industrial infrastructures across a wide range of environments.
Offering clients a high degree of flexibility, the GlobalCom team can integrate a company’s
existing components with new ones to create a fully customized solution that solves even the
toughest communication challenge efficiently and economically.
Firmly believing that key technologies assist in building stronger communities, 5CI GlobalCom is
proud to provide the specialized expertise and global reach needed to conceptualize, finance
and successfully implement best-in-class wireless networking across the globe. To learn more,
please visit 5CI GlobalCom
DigitalGlobe (now Maxar)
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A responsive, flexible and easy-to-work-with company that understands what customers require,
DigitalGlobe delivers accurate, high-resolution satellite images better than any other provider in
the industry. They use the most advanced commercial satellite constellation and aerial network
– capable of collecting over 700 million km2 of quality imagery per year.
Clients can use DigitalGlobe’s constellation and products to build their own archive of images.
Then access it quickly and easily however and wherever they need it – online and offline on a
desktop, web application or mobile device. To learn more, please visit DigitalGlobe
European Space Imaging (EUSI)
EUSI is a leading supplier of high-resolution satellite imagery to customers in Europe and North
Africa. It’s the only European satellite data provider that operates its own high-resolution satellite
ground station for direct satellite tasking and local data downlink.
The company maintains long-term, direct relations with the major European and international
institutions working in disaster management, national and regional security, environmental
monitoring and mapping. To learn more, please visit EUSI
KPGeo
KPGeo is a global company that provides its customers the highest quality geospatial services.
KPGeo specializes in:
■ Planimetric and Topographic Mapping
■ LIDAR Processing
■ 3D Model Generation
■ True Ortho/Ortho Production
■ Aerial and Satellite Imagery Processing
■ Digital Elevation Models
■ 2D and 3D Data Extraction
KPGeo combines the best of both worlds: American perfectionism, work organization and
innovative technology with high-quality, low-cost Polish production performed by highly
educated and trained professionals eager to solve the most daunting geospatial challenges.
KPGeo has a staff of 38 geospatial professionals with offices in Krakow, Poland and Kansas
City, Missouri, USA. To learn more, please visit KPGeo
MDA Corporation
In an increasingly information-driven society, MacDonald, Dettwiler and Associates Ltd. (MDA)
participates in every phase of the information life cycle with the objective of providing innovative
electronic solutions for complex customer requirements.
They deliver a broad spectrum of solutions – including complex operational systems, tailored
information services and electronic information products.
These solutions can be used to capture and process vast amounts of data, produce essential
information and improve the decision making and operational performance of businesses and
government organizations worldwide. To learn more, please visit MDA Corporation
Skybox Imaging
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Skybox Imaging is revolutionizing the use of satellite imagery and derived information products
to improve the profitability of companies operating in the global economy.
They’re currently developing the world’s highest performance constellation of imaging
micro-satellites to deliver high-resolution imagery of any spot on earth multiple times per day.
As they prepare to launch their first satellite, SkySat-1, Skybox’s team of leading Internet and
aerospace professionals, is proud to play a leading role in significantly expanding the use of
satellite imagery for commercial customers and governments alike. To learn more, please visit
Skybox Imaging
Space Imaging Brazil
Located in Rio de Janeiro and delivering geospatial products and services all across South
America, Space Imaging Brazil specializes in providing high-resolution satellite imagery.
The company was a Master Distributor of IKONOS, the world’s first sub-meter resolution
commercial imaging satellite and, as a partner of GeoEye, markets and distributes GeoEye-1
satellite imagery. To learn more, please visit Space Imaging Brazil
Space Imaging Middle East (SIME)
The leading geospatial and GIS solutions provider in the Middle East / North Africa region,
Space Imaging Middle East (SIME) offers a full spectrum of products and services ranging from
imagery collection and processing to highly customized and sophisticated GIS database and
software solutions. SIME offers clients a single channel through which to access advanced
high-resolution satellite imagery products and services combined with local, direct access
service for rapid collection and tailored GIS solutions. To learn more, please visit Space
Imaging Middle East.
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