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Trimble’s eCognition, which produced seven
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Dubai’s road network grew from 4,692 km
(2,915 miles) in 1984 to 13,000 km (8,077
miles) in 2016, an increase of 277 percent in
32 years.
See the full article about this project
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page 24.
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LETTER FROM THE PUBLISHER

The Value of Geospatial Data
XaaS: ANYTHING-AS-A-SERVICE
APOGEO SPATIAL IS PARTNERING with
Innovation Pavilion’s NovaSpace, as I announced
in my last letter, creating quarterly events and
building community. Mark your calendars for
upcoming events in Denver, Colorado: June 20th
on space data and analytics, Sept. 18th on celebrating women in space, and Dec. 11th on the
tension and cooperation among NewSpace and
traditional space companies.
The topic for the inaugural event of 2018,
held March 27, was “The Future of Space: Data
Downlink,” including innovation in on-board data
processing and the use of laser communications
for data transfer and downlink. I’d like to thank
our speakers, Rick Sanford of BridgeSat, Dave
Jungkind of SEAKR Engineering, and Dylan
Taylor of Space Angels and Space for Humanity.
Dylan writes about the same topic in his
new column, “Spatial Capital,” beginning on
page 8. Dylan’s first article appeared in the last
issue about the significant economic impact of
space-based data, predicting that the value of
the megaset of this data, after industry consolidation, will lead to the first multi-trillion-dollar market
cap company on Earth. Those are bold words,
and Dylan is not afraid to use them. This is one
reason we are thrilled to have him join Apogeo
Spatial on a regular basis.
We tend to get easily distracted by how
incredibly sexy space has become, with reusable rockets and citizens getting ready to go to
space and a Tesla Roadster flying through the
cosmos (complete with Starman and a matching Hot Wheels Roadster). Admittedly, it’s an
exciting time to be in the space sector. While we
enjoy these distractions, we are still committed to
sharing what the innovative companies are doing
within the ecosystem, from launch to satellite
operations to data downlink, and to the use of
space-derived data. For several years now, we
have covered the companies that provide analytics, and currently, we are doing this within our
Analytics Series, which begins on page 18.
The third in our Analytics Series features

Orbital Insight, whose mission is to source,
process, and analyze geospatial information and
make it actionable for businesses, governments,
and NGOs. By applying machine learning and
computer vision technologies, they build software that interprets data at petabyte scale to
drive better business and policy decisions.
EagleView is also included, having acquired
OmniEarth to create an analytics company
that uses primarily aerial data. With deep roots
in aerial oblique imagery from Pictometry,
EagleView has been the brand name for all
acquisitions since 2017. EagleView provides
access to its orthogonal and oblique aerial imagery, its 3D models, and to its measurement and
analytical tools through proprietary software as
well as through partner integrations.
It’s interesting to watch the terms evolve.
What began as SaaS (Software-as-a-Service)
has spun off additional terms, such as GaaS
(Geospatial Analytics-as-a-Service) and AaaS
(Analytics-as-a-Service) and in this issue, Orbital
Insight shares information about their SaaP
(Software-as-a-Product).
At the GeoInt Symposium, the National
Geospatial-Intelligence Agency introduced
XaaS, or Anything as a Service, in an official solicitation for industry analytics innovation. “Developed to improve the quality and
quantity of analysis, drive modernization,
introduce automation into the workflow, and
encourage innovation, XaaS is expected to
spark industry partners to share their best
technology,” according to Melanie D.G.
Kaplan in Trajectory magazine, the publication of USGIF (http://trajectorymagazine.com/
nga-solicits-industry-analytic-innovation).
Our mission is to contribute to long-term
sustainability, so that humans have a place to live,
and to share how data from space is used for that
purpose. If this resonates with you, please contact
us to consider ways in which we can partner.
Sincerely,
Myrna
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SPATIAL CAPITAL

The Case for Remaking Data Downlink
DATA, DATA, AND MORE DATA
Dylan Taylor
Founder
Space Angels
www.SpaceAngels.com
Space for Humanity
www.SpaceForHumanity.org
Denver, Colo.

ACCORDING TO INDUSTRY SOURCES, NEARLY 8,000 NEW small satellites are scheduled
to be in service within the next ten years. Because of this explosion of hardware, coupled with
the data generated from traditional larger satellites, the industry is now facing an increasing
challenge to transmit all the data generated to Earth in a timely and efficient manner. This is
pushing the necessity for new business models and creating opportunities for investors.
One key trend is maximizing downlink
capacity. RBC Signals and Atlas Space
Operations are competitors in the so-called
“Uberization” of ground stations and what is
essentially an optimized downlink network. In
essence, these firms are buying up ground station capacity in bulk and fractionalizing its users
by optimizing when and how the downlink is
used. With machine-to-machine communication
technology, and on-board signal processing,
data can also be better packaged and transmitted in space before choosing the best downlink

FIGURE 1.

The RBC Signals
team of Alex
Shumilin, Zach Reich,
and Christopher
Richins shown at the
ground station in
Dubai, UAE. Courtesy
of RBC Signals.
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GROUND STATION INNOVATIONS:
THE SHARING ECONOMY AND
PORTABLE RECEIVERS
These models have been well received by
the market and both RBC Signals and Atlas
Space Operations have successfully raised
money. Atlas closed a funding round last year
led by Space Angels and RBC Signals closed
on $1.5M in funding in March of last year.
RBC’s round was led by San Francisco-based
Bee Partners and other investors included
Abstract Ventures, Blacktop Capital, and
Comet Labs.
Another key innovation within downlink
optimization is changing the nature of the ground
stations themselves. Atlas announced last year
a partnership with NASA for portable groundbased receivers. According to the press release,
Atlas will be working alongside NASA Goddard
Space Flight Center to “advance the development of the Atlas LINKS system, a lightweight,
high-performance alternative to traditional parabolic, mechanically steered radio frequency (RF)
satellite ground stations.” The first of its kind in
the world, the system is a portable and easily
deployable RF ground system.
LASERS FOR DATA DOWNLINK
Laser-based downlink is another unique
model that has the possibility to change the
data transmission game. Analytical Space, a

1

|

channel and downlink station. By optimizing
these variables, capacity can be maximized.

APOGEO SPATIAL

Editor’s Note:
Welcome to Dylan Taylor with his new column, “Spatial Capital.” This column will touch on the value of the space ecosystem
and data, as well as reasons for investments that we are seeing. In this column, he reinforces the message that what is most
valuable about space is the data that comes back to Earth. Such data is essential for many purposes, from academia and
science to government and commercial uses.

spin-out from Harvard founded by Justin Oliveira
and Dan Nevius uses laser-based transmission of data relayed among satellites in LEO to
vastly increase the amount of data that can be
transmitted per unit of time. Analytical Space is
developing a network of nano-satellites that will
provide a communication backbone in space for
remote sensing satellites and remote industrial IoT
applications, enabling planet-level analytics and
the global industrial internet. Their first satellite is
launching in May of 2018 from the International
Space Station. Their business model seems to
be attractive to investors and Analytical Space
has been successful raising money from high
profile investors such as Shasta Ventures.
BridgeSat announced the opening of the

world’s first network operations center (NOC)
for free-space optical communications. The
NOC, located in Denver, Colorado, provides
monitoring, management and control for all
operational functions, including the optical
ground station (OGS) network and customer
payload repository. BridgeSat is in the process

FIGURE 2.

Ground station
image courtesy
of RBC Signals.
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Data Downlink Innovations
of building out optical ground stations in 11
locations around the world for laser terminal data
downlink, anticipating this increase in the use of
lasers for data downlink, rather than using RF.
Germany-based Tesat manufactures laser
communication terminals which have successfully transmitted data from LEO to LEO and is
currently transmitting data in a relay service
between LEO and GEO satellites as part of the
SpaceDataHighway. The SpaceDataHighway
is a data relay service offered by Airbus, as
reported in this publication in Summer 2017.
Laser-based transmission has one distinct
disadvantage in that cloud cover can block transmission. However, with the increase of machineto-machine in-space communication, data can
be routed elsewhere in LEO and GEO until an
open downlink channel can be found. Since the
data transmission rates are so high, only a small
opening can often generate successful downlink
of the dataset.

The need for getting the vast amounts of data to Earth in a
timely manner continues to increase. New important trends
that are emerging are the sharing model, such as that
offered by RBC Signals, Atlas Space, and Loft Orbital; and
optical lasers for data downlink (rather than using the RF
spectrum), such as solutions offered by Analytical Space,
BridgeSat, Airbus and Tesat.

3

ON-BOARD PROCESSING
Minimizing the need for downlink is more
in-space computing resources. Imagine that
telemetry from a smallsat constellation is
designed to answer a specific predictive problem such as weather forecasting. If the computing resources to answer such a problem were in
space, then theoretically all that would need to
be transmitted terrestrially is the answer to the
question posed. I would expect additional business models to surface that focus on in-space
computing resources and processing.
In summary, the most valuable part of any satellite constellation is always the data. As the hardware generating the data continues to proliferate,
business models that help optimize how that data
is captured, analyzed, processed and sent to Earth
will continue to evolve creating many opportunities
for investors and entrepreneurs.
FIGURE 3.

Co-founders of Analytical Space are Justin Oliveira and
Dan Nevius, left to right, who founded the company from
Harvard to do data relay via lasers in LEO for more optimized data downlink.
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Modern Climate Change
A SYMPTOM OF A SINGLE-SPECIES HIGH-ENERGY PULSE
Prof. Hans-Peter Plag, PhD
Mitigation and Adaptation
Research Institute
Old Dominion University
Norfolk, Va.
www.mari-odu.org

CLIMATE IS CHANGING AT A MUCH HIGHER rate during the last century than during the
Holocene, the last geological epoch that started approximately 11,700 years ago.1 This rapid recent
climate change is part of a much larger syndrome and can only be characterized and understood as
part of this syndrome. My last column discussed how distance impacts our perception of our planet.
Moreover, each of us looks at our personal world through individual lenses, which determine what we
see, including how we perceive our home planet and interpret what is currently taking place.
Previously, I have asked my students to
assume the identity of an alien coming to Earth to
find out whether there is intelligent life with whom
they would want to engage in diplomatic relationships.2 Here, I want to look at our planet through
the lens of an alien who has been sent out to
identify planets with a degrading life-support
system (Figure 1). The task of these planetary
doctors is to diagnose a planetary patient and
to propose a therapy. For the alien observer, the
planetary system is a life-support system for a
very large number of fine-tuned systems of species that are interacting dynamically with each
other to keep the life-support system in a homeostasis not unlike that of an individual organism,
such as a human body. Of course, being this
planetary doctor challenged with the task of
diagnosing the patient and developing a therapy,
there can be no preference for a single species
or a group of species in the life-support system.
Coming across this beautiful, water-rich
planet, it was immediately clear that its life-support system was in extreme disarray. One of the
core planetary indicators is the flow of energy
into the planetary system and out of it. For a
healthy planetary life-support system, this imbalance should be very small: less than a billionth
part of the incoming energy should be stored in
the system. Using my instruments to determine
the planetary energy imbalance revealed that the
blue planet is currently storing more than 0.3%
of the incoming solar energy—that is, 10 to 100
million times what a healthy system would store.

12
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More than 90% of the 320 TW is stored in the
ocean3 leading to rapid warming of the hydrosphere. Over the course of only one century,
the current rate would lead to an increase of the
energy in the climate system of 1000 ZJ (one
ZJ is 1021 Jules). This planetary “fever” would
very likely lead to a significant state shift of the
life-support system of any water-rich planetary
system. There was extreme urgency to find the
source of this energy imbalance and to develop
a therapy to correct it.
Descending to the planet’s surface, I was
able to tap into the large data and knowledge
base acquired by one species calling itself
Homo sapiens. Their data showed a clear picture: the life-support system of this planet, which
they called Earth, was rapidly deteriorating.
A surprising contradiction arose between
Homo sapiens’ ability to develop a high level
of technology that allowed them to change the
planetary system at their will and to collect huge
amounts of data documenting the large detrimental impacts resulting from these changes,
and their inability to diagnose the planetary
patient, to understand the causes of the deterioration of their planetary life-support system, and
to act on available therapies.
A planetary life-support system is similar to the
organism of an animal, in which many fine-tuned
processes generate flows that keep the organism
in homeostasis. The animal organism provides
a life-support system for many other organisms
that are crucial for the generation of the flows that

maintain the homeostasis. Central to the understanding of the physiological functioning of a body
system is the integrated nature of chemistry and
physics, coordinated homeostatic control mechanisms, and continuous communication between
cells.4 The same applies to the understanding of
the functioning of a planetary life-support system,
in which the homeostatic control mechanisms are
provided by the continuous interaction of the “web
of life” constituting the life-support system.
For a homeothermic species, fever is a symptom of a malfunctioning of the organism’s system
and often part of a syndrome of changes in the
body resulting from disruptions in the physiology of
the organism. Disruptions can result, for example,
from a breakdown of homeostatic control mechanisms, alterations of flows, or the attack of viruses
or bacteria. A thorough cure is only possible if the
source of the disruption can be identified.
Similarly, a significant rapid increase in the heat
stored in the coupled atmosphere-ocean system is a
result of a disruption in the physiology of the planetary life-support system. The symptom of “global
warming” indicates that the physiology of the life-support system has been changed and the processes in
the life-support system no longer are functioning to
keep the system in its homeostasis. Consequently,
only by considering the full physiology of the life-support system can the symptoms of “global warming”
and recent “climate change” be fully characterized,
understood, and traced back to the underlying
causes, the “sickness.”
Life impacts the “physiology” of a planetary
life-support system
from the start by
creating and
changing flows,

and to some extent, this determines many chemical
and physical variables throughout time. During many
periods of stability in Earth’s long history, the flows
manipulated by life kept the system in homeostasis
and provided stable environments for life to evolve
and occupy large regions of the planetary surface.
At these times of stability, the imbalance
between incoming and outgoing radiation was on
the order of 10-10 to 10-9 of the total solar energy
reaching Earth. Most of this imbalance resulted
from plants using solar energy to produce biomaterial that is being deposited in subsurface reservoirs
of fossil fuels as well as other chemical reaction
fueled by solar energy. Changes in the flows were
slow and allowed species to adapt equally slow
to changes in the mean state of the life-support
system. Distortions in flows happened, though, for
example, through volcanism, impacts of large asteroids, or positive feedback loops that triggered large
changes in the chemistry of ocean or atmosphere.
These distortions led to mass extinctions, but over
time, biodiversity kept slowly increasing.5
The energy used by all but one species to generate and modify flows is at a very low level compared to the incoming solar energy. The energy
usage across species is fairly evenly distributed.
The metabolic rate (that is, the energy needed to
keep the organism alive) of any animal depends on
the mass of the animal with the same scaling law
connecting individual species within groups such
as homeotherms.6 Of course, any animal needs
slightly more than the metabolic base rate since
energy is needed for the body’s work in collecting food, hunting, and building dens, but the
“extended metabolic rate” that includes
this additional energy is only slightly
larger than the metabolic base rate.
For most species, the availability

FIGURE 1.

Coming to Earth
in an alien
spaceship and
measuring the
planet’s global
energy balance,
the aliens would
immediately
conclude that
Earth is storing
3*10-3 of the
incoming solar
energy, a total
of 320 TW. Over
just a century,
this very large
imbalance would
heat the planet
rapidly with most
of the heat being
stored in the
vast ocean that
is so characteristic for the
blue planet. In
fact, at this rate,
the planet would
store in one
century as much
energy as a
healthy planetary
life-support
system would
store in more
than 100 million
years.
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FIGURE 2.

The single-species high-energy
pulse had its
origin in Homo
sapiens learning
to utilize fire to
process food,
which provided a
basis for increasing the brain-body
ratio. Late fire
was used to clear
spaces for agriculture. The focus
on accumulation
of human wealth
in Europe and the
disregard of the
Earth’s life-support system and
the future led to
an unparalleled
single-species
dominance and
rapid degradation
of the lifesupport system
for all.
FIGURE 3.

The change of
the global energy
imbalance is triggering many positive feedbacks
putting the Earth
system on a
path of increasing imbalance.
For example,
permafrost melting leads to more
surface water
and a change
in albedo which
increases the
rate of melting
and of release of
carbon dioxide
and methane.
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of food that provides the energy at this metabolic
rate limits the options of developing larger bodies,
and it also determines the ratio of brain to body
size. Brains are high-energy organs, and being
able to provide food in a form easily digested is a
prerequisite for developing larger brains.6 What is
remarkable is that Homo sapiens found a way to
extract the base rate energy from food far more efficiently than most other species through the use of
fire to process food.8 Utilizing fire to process food
put Homo sapiens on a distinctly different evolution
path7 because they could afford to develop larger,
energy-demanding brains.
At the same time, it freed time that previously
had been used to find and metabolically process
the food. Using fire to clear forests and other land
covers for agriculture and pastures made food
supply easier to get and freed time for other activities. This larger brain could be used to develop
technologies to utilize more and more energy to
transform the environment. This triggered a development that eventually led to the high-energy pulse
humans are causing in the planetary life-support
system of their planet.
For Homo sapiens, the scaling law for the basic
metabolic rates indicates a range of the metabolic
rate of 50 to 100 W, depending on age, gender,
and mass. When I reached Earth, on average, each
human was utilizing more than 2800 W to sustain
itself, more than 30 times the basic metabolic rate.
No other species on Earth was using (and wasting) so much energy to sustain itself. In total, the
species is using nearly 19 TW mainly to change
the Earth’s carrying capacity and to sustain rapid
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growth of the human population – at the same time
causing an equally rapid decline of all other animals
in number and diversity. Surprisingly, humans knew
about the rapid extinction they were causing but
were unable to act on this knowledge.
Why did Homo sapiens not see what was down
the track they chose? Or, to be more precise, why
did the leaders not want to listen to those of them
who saw that down that path there was a broad
spectrum of undesirable futures – futures with a
dysfunctional life-support system, a high-energy climate system with significantly changed extremes,
and a planetary system with a significantly reduced
carrying capacity requiring dramatic reductions
in the number of humans on Earth? Humans had
compiled a vast knowledge base including many
well-reasoned scenarios that should have triggered
efforts to change the path – but it didn’t. Why?
Were they blinded by their “success”?
Over many millennia, the human development
seemed positive, bringing a safer life to many of their
communities (Figure 2). It appears that this slowly
changed, particularly in a geographic area humans
call Europe, where an aggressive subspecies with
very light-colored (almost white) skin started to
develop a so-call “economic model”, i.e., the rules
that regulate the flows between the life-support
system and human communities and the distribution
of benefits of these flows. The rules of this emerging
model were put down in writing by Adam Smith,9 a
“white male” who defined the purpose of economy
as the creation (and accumulation) of “human
wealth” – and with this changed the purpose of the
flows between humans and the planetary life-support
system from sustaining healthy
2
human communities to increasing
and accumulating an imaginary
quantity denoted as “human
wealth.” Whites, in particular,
white males became the colonizers who spread out across the
globe taking whatever “wealth”
they could from others and enslaving them in different forms to
create new opportunities to accumulate. In some cases, killing the
indigenous populations of human
and non-human animals (such as
the millions of buffaloes in North
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America) was seen as a way to open an option for accumulation and the white
male proceeded along this track with little consideration for other lives.
The amount of wealth accumulated by individuals and groups was soon
(mis)used to define the hierarchy of humans within a given community. The
economic system was twisted towards more options for wealth accumulation by increasing production, consumption and profits, with little consideration for the impacts on the Earth’s life-support system. Unfortunately, the
most efficient way of increasing the accumulation of wealth was by increasing consumption far above what was needed.
At the time that Adam Smith redefined the purpose of economy, humanity had reached 650 million in numbers and had little technology and access
to energy to modify the life-support system at a large scale. But this changed
rapidly: initial wealth accumulation allowed the development of new technologies and to tap into the huge energy reserve the planetary life-support system
had accumulated over hundreds of millions of years in the form of fossil fuels.
This allowed humans to increase their numbers tenfold within a little more than
200 years. The perverted economic system forced more and more of them into
overconsumption to allow a few to accumulate massive amounts of wealth.
At the time of my visit, a group of their scientists had come together to
assess the state of the biosphere, and they found that the degradation of the
land surface posed a threat comparable to the threat of a shift in the climate
state of the planet.9 Scientists also detected more and more positive feedback
loops further accelerating the changes (Figure 3). The threats were well
known, but little to no action was taken to reduce these threats. There was no
end to growth addiction and the desire to accumulate endlessly.
It became clear to me that there was little that could be done. Only if
humans would be willing to transition to an economy that meets their needs
of the present while safeguarding the Earth’s life-support system, on which
the welfare of current and future generations depends, was there any hope
to end the single-species high-energy pulse and have the life-support
system slowly recover to a reasonable planetary energy imbalance. I sent
this message to humanity and then left Earth. I hope that the message will
be heard and acted upon by their leaders.
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Companies and government agencies

do not buy Earth observation (EO) imagery to decorate their walls, but
as a source of information. Efficiently extracting that information from
the huge and constantly growing amount of EO data available today—
from traditional satellites, cube sats, aircraft, and UAVs—requires artificial intelligence (AI), massive cloud storage, and graphic processing
units (GPUs).
For this third installment in this series on geospatial intelligence, I
discussed how their companies are developing and using these capabilities with:
Kevin O’Brien, Chief Business Officer, Orbital Insight
Shay Strong, Director of Data Science & Machine Learning, EagleView

E VOL
O r b i t al I n s i g h t
ORIGINS
Dr. James “Jimi” Crawford, Orbital Insight’s
founder and CEO, has a Ph.D. in artificial intelligence from the University of Texas at Austin. He
ran robotics at NASA’s Ames Research Center;
helped to run Google Books, when Google scanned

Editor’s Note:
While this is the 3rd in a series on Analytics-as-a-Service,
we have covered analytics in almost every issue for several
years now, including “A Killer App for Sats” about Ursa Space
Systems, which publishes reports about the oil markets:
http://apogeospatial.com/a-killer-app-for-sats/, and many more.
Ursa, like OmniEarth (now EagleView), originally planned to
launch satellites but changed course to focus on analytics using
the data from existing satellites.
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20,000,000 books using many interesting applications of AI; then worked at Climate Corp. and was
involved in a couple of other businesses.
Crawford noticed the very large increase in the
number of commercial satellite constellations being
launched, the massive increase in capacity and the
reduction in cost in cloud storage and computing, and
the rapid ascent of GPUs. He had the idea to combine
developments in these three areas to build a new generation of geospatial analytics that would be able to
process the massive increase in EO data from all the
new satellites. “He could have never started Orbital
Insight without the power of GPUs,” says O’Brien.
To start the company, Crawford pitched the idea
to his former boss at Google, Bill Coughran, who was
a partner at the venture capital firm Sequoia, and a
week later he had a term sheet of seed funding of about
$1.4 million from Sequoia, O’Brien says. “Sequoia has
invested in every round that we have undertaken.”
Crawford saw a big market for this kind of approach
and no one else doing it. He told Digital Globe, Airbus,
and Planet that he wanted to start a new company
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with a new business model that did not involve selling
imagery on a per square kilometer basis as they did.
Instead, he asked them to upload a lot of their imagery
to Amazon, where he would process it at scale using his
new algorithms. He would then deliver the insights he
extracted to end users—initially, in the financial services industry and the government—over the cloud,
through SaaS-based subscriptions, and pay the imagery providers a royalty. “That is how he started the
company,” O’Brien explains.
Crawford recruited engineers from such places as
NASA, the European Space Agency, Google, Apple,
MIT, and Stanford. “Our company now has more
than 100 employees and the vast majority of them are
engineers, most of them with advanced degrees and
many of them at the Ph.D. level,” says O’Brian. “There
are many really smart people in this company.”
FROM COUNTING CARS
TO COUNTING OIL TANKS
Being a humanitarian, O’Brien says, Crawford
wanted to use these new geospatial analytics tools

to better understand humans’ impact on the planet,
protect the environment, and solve key global problems. Among the company’s first customers were The
World Bank and the World Resources Institute.
Initially, the company focused on such mundane
tasks as counting cars. “It is a major economic indicator globally and it is something ripe to use AI on,”
O’Brien says. So, it built a convolutional neural network to identify cars in parking lots, trained its algorithms, took in lots of ground truth data, and continuously revised its computer vision algorithms, using
data from Airbus, DigitalGlobe, and some of the
other medium- and high-resolution constellations.
Orbital Insight launched a SaaP-based (Software-asa-Product) portal product, called Orbital Retail. “We
currently track about 100 U.S. retailers, which equates
to about 260,000 parking lots across the United States,”
says O’Brien. “So, every day and every night, we are
taking in loads and loads of new sourcing from our partners, mostly on the satellite side. Then we are running
our algorithms and counting cars and linking that back
to specific brands and companies.” Their products are
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FIGURE 1.

While humans
were watching
car ads during
the Super Bowl,
Orbital Insight’s
algorithms were
counting actual
cars as an example of consumer
insights. Credit:
Orbital Insight
and Airbus DS
Geo GmbH 2018.
FIGURE 2.

Floating lids help
gauge oil levels
for applications
in the energy
sector. Courtesy
Orbital Insight
and DigitalGlobe.
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mostly used by financial managers for retirement accounts and investment portfolios.
Later, the company expanded to tracking
other assets, such as trucks, buses, planes,
roads, agricultural products, and oil storage
tanks. In the United States, it mapped about
5,800 crude oil tanks. It then developed technology to determine their capacity by looking
at the size of the tank’s shadow on the ground
and the internal shadow as the floating roof
lid rises and falls depending on the volume
of oil stored. “We developed a very accurate
U.S. crude oil storage product that correlates to the EIA (U.S. Energy Information
Administration), which is the benchmark,
both in the United States and internationally,” says O’Brien. It then extended that portfolio to cover about 24,000 tanks globally,
including across the Chinese market. “That’s
important for oil traders, people in the supply
chain, governments, and policy analysts.”
The company is now focusing on specific areas where it believes that new analytics can make a major impact, such as
commodities—who is producing what type
of products, services, and infrastructure—
and critical infrastructure assets.
Orbital Insight trains its system to a point
where it has high confidence in it, then lets it
loose and trusts what it returns. However, it
also performs ground truthing. “The optimal
end state is that we test it so much that we just
turn it on and it just works. But we have a very
high Q/A component here,” O’Brien explains.
PRODUCTS
The company currently offers three
subscription-based products—Orbital Insight
Consumer, Orbital Insight Energy, and Orbital
Insight Agriculture—that its clients use to identify new investment opportunities, manage
risk, reduce operating costs, and identify new
customers. “We are enhancing these offerings with more advanced analytics and workflow tools that enable our clients the freedom
to build their own portfolios,” says O’Brien.
Additionally, the company is supporting
custom solutions that enable clients to support

20

|

W W W. APOGEOSPATIAL .COM

|

their specific business cases. “Our platform can
be accessed by customers from the cloud or
from data terminals via RESTful APIs.”
“For our turnkey products, clients can
customize their portfolio views and preferences,” O’Brien continues. “With our more
advanced workflow tools, clients can easily
integrate their own data into the platform.
We are introducing imagery but, more so,
analytics, to new generations of customers.”
These, he points out, are Fortune 500 corporations with capital-intensive problems that
can benefit from new geospatial analytics.
“We are set up as a SaaP-based company,
so we want to move all of our customers,
eventually, to a subscription.” Despite its
lower pricing point for small business, the
company’s products are not a viable option
for local realtors or contractors. However,
ultimately, it aims to make its analytics
available to everyone, even if “through the
back-end of somebody else’s product or
application.”
Orbital Insight, which began in financial
services, now also does a lot of business on
national security applications abroad with
the U.S. government, which is the world’s
largest customer of geospatial services.
INDUSTRY GROWTH
The geospatial analytics industry has benefitted from the recent explosion in the number
of commercial satellites. “As more satellites fly
overhead, we receive more frequent imagery
of a broader swath of geographies,” O’Brien
explains. “The more frequent our imagery, the
more accurate and detailed our analytics can
be. Having more varieties of satellites—not
just optical, but also synthetic aperture radar
(SAR), multispectral, etc.—also expands the
types of analyses that we can do.” The growth
in the number of satellites has also increased
the pool of potential customers for their
imagery services and helped to spawn more
use cases, enabling the satellite companies to
reach new customer segments. “We are rapidly
developing new use cases and analytic tools to
support a growing list of clients.”
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FIGURES 3-4.

Ships docked next to an oil tank
farm in Rotterdam, The Netherlands.
Courtesy Orbital Insight. Figure 3
image from Google. Figure 4 SAR
image from RADARSAT-2.
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FIGURES 5-6.

Hurricane Harvey flood maps near Lake Houston use 5-meter resolution
stripmap SAR images from Sentinel-1, a DEM from the National Elevation
Dataset, and a watershed shapefile from the Texas Natural Resources
Information System. Figure 5 is observed flood extent; Figure 6 is
derived flood height.

Geospatial analytics provide asset managers with
new ways to identify investment opportunities, monitor their investment portfolios, and manage risk.
Recent examples for Orbital Insight include analyzing the performance of a set of retailers to compare
their performance with regards to a specific brand,
monitoring supply chains to predict the performance
of two manufacturing firms, and determining utilization rates of certain mining locations across the globe.
“Another example is the World Bank, which is
exploring how geospatial analysis can supplement
infrequent census data to better map poverty in rural
areas,” says O’Brien. “Analyzing signals such as building height, building density, car density, and agriculture has shown promising results when used to map
poverty. We’ve worked with the World Bank on projects in both Sri Lanka and Mexico.”
When Hurricane Harvey struck Texas in 2017, the
company began to measure peak flood extent by using
a combination of different types of satellite imagery
(such as optical, SAR, high-, and medium-resolution),
digital elevation maps (DEMs), and topographic
maps. “We processed the imagery to get the fullest
map possible of areas that had flooded, and then used
the topographic maps and DEMs to understand where
water would have spread in areas for which we might
not have imagery,” says O’Brien. “This type of analysis could be useful for policymakers, first responders,
insurance companies, and others.”
PARTNERSHIPS
“If anyone is flying satellites right now, we know
them and they are most likely contracted with us,”
says O’Brien. “If people are planning on launching, we
already know them, too. If people are even remotely
thinking about launching satellites, we have probably
talked to them as well. DigitalGlobe was our first partner and they have been super-helpful since the day we
started. We know the Airbus folks really well. We work
very closely with Planet, UrtheCast, SIS out of Korea,
ImageSat out of Israel, and e-GEOS out of Rome.”
“We’ve expanded into SAR, we are working with
lidar and aerial, we have already begun testing on different drone platforms, to look at more of a future capability,” says O’Brien. The company also sees opportunities to leverage other forms of geospatial data, such
as from IOT devices or other terrestrial-based sources
that it can blend with satellite data.
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FIGURES 7-8.

Following
a disaster,
EagleView can
quickly compare
pre- and postevent images and
create a preliminary assessment
of the damage.
Figure 8 shows
the assessment following
Hurricane Harvey
in Houston,
Texas, August
2017. Courtesy of
EagleView.

ORIGINS
Shay Strong, EagleView’s Director of Data Science
& Machine Learning, has a Ph.D. in astronomy from
the University of Texas at Austin and worked on
radiative transfer modeling of gas giant planet atmospheres in our solar system. Right out of graduate
school, she joined John Hopkins University’s Applied
Physics Lab, where she developed various instruments and some infrared technologies for a variety
of defense and civilian spacecraft, conducting many
field tests. After about seven years, in 2014, she joined
OmniEarth, which was later acquired by EagleView.
“I was ready for something new and I had some
friends and co-workers who had joined Lars Dyrud
as part of this start-up,” Strong recalls. Dyrud is now
Senior VP of Machine Learning at EagleView.
Initially, Strong says, OmniEarth was established to
develop nanosatellites to image “everywhere, every day.”
However, early on the company realized that, while there
was a huge amount of competition to acquire EO imagery, very few people at the time were focused on analytics. “We were independently developing that while also
8

pursuing the satellite hardware side of things. Then it
was the analytics that really took off.”
In 2016, OmniEarth decided to focus solely on
the analytics side. “That evolved initially from classical machine learning, but then ultimately moved
up to deploying neural networks and AI algorithms
on a variety of imagery collects (e.g. satellite, aerial,
and ground-based). The timing worked really well in
terms of where the industry was going.”
One of the company’s first products was a predictive analytics solution for water agencies, predominantly in California. It collected petabytes of imagery
every year (initially satellite imagery, then also aerial
imagery from partners, including EagleView), input
them into convolutional neural networks for semantic
segmentation, combined it with weather information,
and produced automated land classification maps for
each season. It was then able to provide address-level
predictions of water usage that water agencies used
to identify and target extreme over-users. “This was
really timely with the draught restrictions in Southern
California,” says Strong.
Scaling these analytical capabilities on massive
imagery sets, Strong recalls, required using deep
learning AI and building a cloud infrastructure—
abilities that motivated the company’s acquisition by
EagleView, which now uses the technology to serve its
long-time insurance customers. “So, the technology is
predominantly the same, but the problems base and
the customers at the end point are a little bit different
for us.” Currently, Strong’s team consists of about 12
people who are geospatial analysts, astronomers, software developers, data scientists, and project managers.
ROOF REPORTS
EagleView, which has a fleet of about 115 aircraft,
has invested heavily over the past couple of decades
in developing sensors to acquire oblique and nadir
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imagery at very high resolution. Through the acquisition of OmniEarth, it now also has a great deal of experience in satellite applications. “We are using some of
the satellite imagery, such as DigitalGlobe’s, which has
a coarser resolution than aerial data, on the order of
.3 meters or so, to do some slightly different flavors of
work, so that we can scale some of our responses and
services for the insurance customers,” says Strong.
While high-resolution aerial data is “fantastic,”
Strong points out, its acquisition and processing is
expensive and can be limited by airspace issues, such as
flying restrictions during hurricanes or massive wildfires. “The beauty of satellite imagery is that it is persistent and often we can provide the coarse mapping
of severe property damage and storm damage to the
insurance providers ahead of the aerial acquisition.”
For nearly two decades, EagleView’s core product
has been its roof reports: high-resolution imagery of
individual properties with very accurate measurements. “Essentially, think of a 3D wire frame of a house,
with all the walls and the roof and all of those key components labeled and accurate,” says Strong. Part of her
team is responsible for automating that process using
AI. It is also developing new capabilities for dronebased analytics for EagleView’s OnSite program, which
deploys drones for insurance customers to collect hundreds of images at addresses that have suffered damage
or need inspection. “My team is responsible for developing the models, spinning up the cloud infrastructure
for processing the imagery that comes back, and annotating the individual images.” Additionally, the team
obscures all personal identifiable information, such as
faces and license plates.
Another big effort for Strong’s team is to deploy
stormAI, which is focused on fast response for catastrophic natural events, such as fires, hurricanes, and
floods. “We developed some models that can ingest
satellite and aerial imagery at multiple resolutions and
provide quick turnaround spatially resolved maps of
where various degrees of damage have occurred,” she
says. Additionally, EagleView’s petabytes of imagery
collected often multiple times a year at a resolution of
less than 3 inches enables it to categorize every single
attribute on individual properties. “Our AI can determine pools and solar panels and roof condition and
architectural features. We are developing a nationwide database with time-series information on individual properties.”

FUTURE DEVELOPMENT
EagleView’s system constantly trains on imagery
to improve its feature extraction and change detection
algorithms. It consists of a single cloud-based architecture with many flavors of AI models, Strong explains.
“AI is beautiful in that it can be incredibly robust, especially given a huge amount of training data for supervised applications.”
While her team is
“100 percent AI all the
time,” the company
also needs to maintain
and improve its established product lines.
EagleView
typically
uses imagery at 3-inch
resolution to extract
property attributes for
its nationwide database. It also has sub-1inch imagery, which it
calls ultra-high resolution, that it uses to gather information on such things
as roof damage.
The key challenge to further development of AI,
Strong argues, is building “a sustainable, agile pipeline.” It will also require developing neural networkbased or reinforcement learning capabilities that
need less and less supervision and training data to
learn. “At some point, you wouldn’t need any supervision or examples of what you were looking for.”
For example, an algorithm could cluster images of
swimming pools based on certain characteristics,
even though it does not know that they are called
swimming pools. “The algorithms have essentially
determined what a pool is.”
This year and the next, Strong predicts, the development of open source capabilities for automated driving
will greatly improve AI to analyze video in real-time.

9

FIGURE 9.

Detail of
Hurricane Harvey
EVP Damage
Index, courtesy
of EagleView.

CONCLUSION
The amount of training data is growing exponentially, with the increase in the number of satellite-based and UAV-based sensors; GPUs are now
commonplace; and automatic feature extraction
algorithms are getting smarter by the day. The next
challenge is to ask the right questions to extract the
most insight about our rapidly changing planet.
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FIGURE 1.

Modern Dubai is
synonymous with
skyscrapers,
high-rise buildings
and audacious
engineering projects. In the last
three decades,
its road network
increased by 277
percent.
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Sri Lanka
Lanka & Dubai
inin Sri
Dubai

MARY JO WAGNER / FREELANCE WRITER / VANCOUVER, BC, CANADA

World Bank and National Geographic Society Projects
MARY JO WAGNER / FREELANCE WRITER / VANCOUVER, BC, CANADA
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FIGURE 2.

Dubai in a 1984
Landsat image
FIGURE 3.

Dubai’s road
network in 2016
grew from 4,692
km (2,915 miles)
in 1984 to 13,000
km (8,077 miles)
in 2016.
FIGURES 4-5.

Dubai’s road
network expansion between
1984 and 2016
shown in 2 color
schemes. eCognition produced
seven classifications in about
3.5 hours using
a cumulative
classification
approach.
FIGURE 6.

The classified
urban development of Dubai
between 1984
and 2016. Dubai
has exploded
from being an
impoverished
fishing village to
having a population of nearly 3
million.

26

|

3

hen it comes to determining what a particular
object is, nothing beats a personal inspection.
With a ground survey, one can see the object,
and if necessary, photograph it, measure it
and record notes about it. For small areas, this
is a perfectly viable approach.
But what if the task is to identify and map the
entire road network of Dubai over a 30-year period
from an office in Colorado? Or to distinguish every
building and its roof type across more than 1,200 districts in Sri Lanka? Clearly, personal inspections and
data collecting would be cost- and time-prohibitive.
That is why satellite imagery and advanced spatial
analysis technology have been the tools of choice for
users who require the vision and intelligence to analyze
and map features from remote locations. The difference
today, however, is those same tools—particularly the
image analysis technology—are more detailed and more
intelligent, making them more powerful “explainers.”
“With very high-resolution satellite imagery, ancillary data and object-based image analysis (OBIA)
software, I can identify all the buildings across 20 different regions in Sri Lanka, and I can tell you each
building’s unique roof material while sitting in my
office,” says Chris Lowe, director of imagery analysis
with Land Info Worldwide Mapping, an aerial and
satellite data provider based in Colorado. “As those
roof types directly correlate to poverty levels, economists then have a valuable space-based metric for
mapping poverty across the country.”
Indeed, taking the well-established satellite-based
mapping approach and injecting it with the intelligence
of OBIA technology is now providing researchers with
the opportunity to take feature classifications like those
in Sri Lanka or Dubai and quantify them into more
meaningful assessments of changes at a local level.
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DUBAI’S DRIVE
The largest and most populous city in the United Arab
Emirates, Dubai, is now synonymous with skyscrapers,
high-rise buildings—the Burj Khalifa is the world’s tallest building—and audacious engineering projects such as
the Palm Jumeirah, the world’s largest artificial island. In
less than 80 years, Dubai has exploded from an impoverished fishing village into a business and tourist mecca
with a population of nearly three million.
Dubai’s most significant boom, however, has
been in the last three decades, since the now-popular
city initially got electricity and paved its first road in
1961. There were 30 cars in Dubai that transited that
first, narrow, 11-km-long road; today that same road
is four lanes across, and there are more than 1.4 million cars in the city.
As part of its Urban Expeditions initiative, a
multi-year project spotlighting cities’ sustainable
solutions for managing urban growth, the National
Geographic Society (NGS) wanted to study Dubai’s
road development over time as an indicator of its
expansion. Focusing on five-year intervals between
1984 and 2016, the NGS commissioned Land Info
to classify and map Dubai’s road development and
expansion over that 32-year period.
Although change detection studies are quite common
for showing cities’ growth, the NGS project differed in
that investigating the specific relationship between road
networks and urban expansion is uncommon.
“Road networks and how they have changed can
enhance the story of a region’s growth,” says Lowe.
“Tightly packed roads may mean a significant influx
of residential construction. Roads may have changed
from one type to another or disappeared because of
certain developments. Integrating roads with other
metrics can help bring more meaning to expansion.”
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ROADWORK
Given the nearly 40-year archive of Landsat optical satellite imagery, Lowe chose a series of 26 scenes
from three satellites (Landsat 5, 7 and 8) to cover the
6,475 square km (2,500 sq mile) area of interest (AOI).
He also acquired road data from OpenStreetMap
(OSM), a global, crowdsourced vector data collection.
To classify the data, he used Trimble’s eCognition® software, an OBIA technology that employs
user-defined processing workflows called rule sets,
which automatically detect and classify specified
objects and maps them.
Because the three Landsat satellites carry different
sensors with different spatial resolutions, Lowe had
to create slightly varied rule sets to accommodate the
different information details provided in the satellite
bands. He also had to process each year individually.
After spending one day customizing the eCognition rule set, Lowe ran the first classification on the
two Landsat scenes from 1984. Using a combination of
common indices like Normalized Difference Vegetation
Index (NDVI) and Normalized Difference Water Index
(NDWI), along with proprietary spectral- and texturebased indices, he developed a rule set to distinguish
objects into four land-cover classes: urban, barren, vegetation and hydrology. With that first sorting complete, he
integrated the OSM layer into eCognition and instructed
the software to identify just the roads in the urban areas
and map those—a two-tier classification process that
took only 30 minutes to classify the entire AOI.
Lowe could then apply that master rule set with
slight modifications to the remaining six classifications, and use each classified year as input for the
next year’s classification. Using a cumulative classification approach, eCognition produced all seven
classifications in about 3.5 hours.

6

“One of the powers of OBIA is its ability to take in
any spatial-based data and classify whatever you tell
it to,” says Lowe. “So I could integrate the OSM data
into it with very little tweaking, and I could use the
previous year’s urban and road classes as inputs for
the next year. Combining each year’s results as inputs
for the next year enabled eCognition to build on those
and classify only the objects that hadn’t already been
done. It’s smarter and more efficient. I couldn’t do
that with pixel-based image processing software.”
The final results showed that Dubai’s road network
grew from 4,692 km (2,915 miles) in 1984 to 13,000
km (8,077 miles) in 2016, an increase of 277 percent in
32 years. Lowe sent the classified road vectors, by year,
the classified urban polygons, by year, and a mosaic of
the Landsat imagery for each year to the NGS.
“With this information, the NGS can incorporate the city’s road expansion into their other metrics and develop a deeper understanding of Dubai’s
urban growth in the last three decades.”
FROM ROADS TO ROOFS
Similar to how Dubai’s road development can inform
the story of its growth, World Bank economists in Sri
Lanka are analyzing how building roof materials can

7
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FIGURE 7.

A view of
Colombo from
above. Photo
credit: Sarah
Antos, World
Bank.
FIGURE 8.

The varied roof
types in Sri
Lanka make it
possible to use
high-resolution
satellite imagery and OBIA
technology to
classify and map
them. The city
of Colombo is
the capital of
Sri Lanka, one
of the 20 AOIs
in the World
Bank’s “poverty
from space”
study. According
to the World
Bank, Land Info’s
eCognition-based
classifications
were 90 percent
accurate. Photo
credit: Sarah
Antos, World
Bank.
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FIGURE 9.

Lowe used
Google Earth
to show sample
roof types of
Colombo as
eCognition
training data. Sri
Lankan project
team members
verified those
roof types with
ground surveys.
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help inform the story of the country’s economic health.
With a population of about 22 million people, the
tropical island of Sri Lanka has emerged from its nearly
30-year civil war to become one of the fastest growing economies in the world. And its record of poverty
reduction is encouraging. The poverty headcount rate
fell from about 22.7 percent in 2002 to 6.1 percent in
2012-13 (excluding the northern and eastern provinces). However, living standards remain low, and
around 40 percent of the population subsists on less
than $2.75 per capita, per day (based on 2005 figures).
Traditionally, the Sri Lankan government has measured its economic well-being through census surveys
and detailed, door-to-door Household Income and
Expenditure Surveys (HIES). However, census data
is only collected once every 10 years and the HIES
are collected infrequently; they’re incredibly timeconsuming and they’re typically too small to produce
reliable estimates below the district level. In addition,
some areas of Sri Lanka have been too unsafe to collect survey data.
Given the World Bank’s goal to end extreme poverty by 2030, it has been fielding technological solutions to help it more efficiently and effectively compile
accurate poverty profiles as a measure of how well aid
programs are faring. In June 2015, it launched a project to test the viability of mapping and estimating Sri
Lanka’s current economic health on a small scale using
high-resolution satellite imagery, machine learning,
and OBIA technology. The World Bank tasked Land
Info to identify and classify buildings, roof-type materials, and agriculture. The results would be matched to
household estimates of per capita consumption based
on the country’s 2011 census.
“The rooftop materials in
Sri Lanka are variable enough
that they can be distinguished
using high-resolution satellite
imagery and OBIA technology and, most importantly,
provide economic intelligence,” says Nick Hubing,
Land Info’s President. “Unlike
most projects that focus on
the ‘pixels,’ this project was
unique in that the World Bank
wanted the statistics and realworld analytics based on the
classifications.”
9
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MORE THAN JUST X
Concentrating predominantly in the south of the
country, the World Bank chose 20 AOIs that together
created a sample area of approximately 3,500 sq km
(1,350 sq mi). The project team used 55 individual
satellite scenes that were acquired between 2010 and
2012, from a combination of WorldView, GeoEye 1,
and QuickBird. These satellites’ sensors offer ground
sampling distance resolutions that range from 40 cm
to 60 cm. Prior to starting the imagery analysis, the
imagery was pan-sharpened and orthorectified.
Lowe first created multiple indices to highlight
and differentiate ground features found in satellite
imagery as well as specialized ones designed to highlight and define buildings in eCognition.
Lowe then needed “training data” to teach eCognition how to isolate rooftops by type. Using Google
Earth, he chose some sample sites in the capital city,
Colombo, recorded their X, Y coordinates and sent
the KML files to the local project team members in
Sri Lanka. They conducted ground truthing of those
locations, photographing roofs, noting their construction material and how they correlate to wealth.
Lowe could convert those point locations and attribute data into Shapefiles and import them directly
into eCognition as a thematic feature layer and fuse
it with the information derived from the imagery.
Given the complexity and the precision needed
for the classification—it required three levels and 44
separate processes—it took Lowe about two weeks to
develop the varied rule sets.
Starting with a small area in the Colombo region,
he first developed a rule set to separate vegetation
from non-vegetation and extract out building footprints using a combination of standard, proprietary
and customized spectral and object algorithms. In
the second round, he merged the building footprints
into larger single building objects and refined the
vegetation areas. Using the first two classifications,
he then imported the training samples from the
World Bank and ran a third classification to identify
and sort each building’s roof-type material into four
classes: concrete, clay tiles, aluminum, and asbestos.
Similar to what he did for the Dubai project, Lowe
could then use that Colombo dataset as a master
classification to apply to the other 19 AOIs.
“During this process, the intelligence of the OBIA
software actually surprised me,” says Lowe. “At first I
only had about 12 point samples for Colombo, which
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supplement to household survey data and as a more
efficient, safe and labor-saving process, economists
are considering applying the system to generate more
frequent poverty maps.
Indeed, from roads to roofs, the combination of the
10
heightened data detail of remote sensing and the smartness of OBIA technology is proving to be a viable qualifier for those wanting to know not only what a particular object is, but how it relates to an area’s overall story.
And that’s a story worth knowing.

FIGURE 10.

The 20 AOIs in
Sri Lanka for
the World Bank’s
“poverty from
space” study.

11

wasn’t nearly enough to classify that area or any of
the others. But, by taking spectral signature samples
of the roof materials we knew were definitely aluminum, asbestos, or clay and matching them to other
training areas inside the Colombo AOI, eCognition
automatically identified hundreds of feature objects
with those same materials, which I could then apply
to the other classifications. It basically trained itself,
which I didn’t know it would do.”
After performing 20 separate classifications,
eCognition had extracted and mapped a combination of 1.1 million buildings and building blocks, 42
percent of which have concrete tile roofs, 34 percent
have clay, 16 percent have aluminum, and 8 percent
have asbestos. According to the World Bank project
team, the classification accuracy of the roof types
was 90 percent.
“The software is so good at extracting out specific features and with more intelligence; it doesn’t
just tell you X is a building, it tells you X is a building
and it has X-type roof material,” says Lowe. “Also,
the ability to create one rule set and, with small
modifications, apply it to another area, enabled me
to be much more efficient and cost-effective.”
Based on the project results, the World Bank concluded that roof types can strongly correlate with
welfare. Recognizing the methodology as a valuable
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FIGURE 11.

Using eCognition,
Lowe classified
four different roof types
and swathes of
vegetation in
Colombo. The
first classification served as a
master classification for the
other 19 AOIs.
FIGURE 12.

An eCognition
classification
of roof types
in Puttalam, a
northern region
in Sri Lanka.
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ADVERTORIAL

NOVLUM INC. HAS CREATED THE FIRST AND ONLY
GLOBAL BARE EARTH ELEVATION MODEL, CALLED
“NAKEDEARTH.” NAKEDEARTH IS A 30-METER
POSTED, HIGH-QUALITY, CONSISTENT, INSTANTLY
AVAILABLE, LOW-PRICE DIGITAL TERRAIN MODEL.
LARGE-AREA TERRAIN INFORMATION
Many Digital Terrain Models (DTMs) are available on the market that
can provide 3D information of the earth’s terrain. These DTMs vary in
resolution, accuracy, quality and source data (optical, radar, LiDAR) and
are mainly created from Digital Surface Models (DSMs) which include the
height of man-made objects and vegetation on top of the underlying terrain. To generate a DTM, the height of all surface objects such as buildings,
bridges, trees, shrubs, forests, and crops need to be digitally removed so
that the elevation of the bare – or naked – Earth can be estimated.
Conventional DTM generation has two severe disadvantages: high
price and long delivery time. These factors are a result of manual processing by trained personnel that necessitate a “build-on-demand” fulfillment
strategy. Therefore, the use of DTMs is often limited to small-area projects
or projects with substantial operational budgets and long time horizons.
As a result, large-area or time-critical applications primarily use DSMs,
such as the DSM resulting from the Shuttle Radar Topography Mission
(SRTM), even though a DTM may be better suited for the purpose.
NakedEarth overcomes these conventional obstacles through automation. NakedEarth generation is fully automated and can create the
complete global DTM in four days. Because of its high quality and
immediate availability, NakedEarth can improve business and scientific
applications for geodata users, enable proper time-critical event modeling, and support cloud-based applications.
SMART SOFTWARE MAKES SUPERIOR DATA
Novlum’s proprietary cutting-edge technology, with its roots in
Aerospace and Defense as well as Oil and Gas applications, is a differentiator in DTM production. Novlum’s DTM generation system is efficient,
scalable, and fully-automated, enabling DTM creation from DSM data
without any further post-processing. It can produce high-quality and
consistent DTM data over large areas at affordable prices.
NakedEarth is a homogenous and seamless DTM with a 30-meter
posting. It is produced from a global DSM, the ALOS World 3D-30m
(AW3D30). AW3D30 is processed using imagery from the Advanced
Land Observation Satellite (ALOS) and released by the Japan Aerospace
Exploration Agency (JAXA). Additionally, Novlum uses publicly available ancillary data to guide removal of surface objects during the DSMto-DTM process. These ancillary data sources include settlement masks,1
global road networks,2 water masks,3 and forest masks.4
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FIGURE 1.

Uzbekistan NakedEarth
Digital Terrain Model of
a landscape in the south
of Kashkadarya Province,
Uzbekistan, at the border
to Turkmenistan

The First Global Digital Terrain Model
GERTRUD RIEGLER / PRODUCT MANAGER / NOVLUM INC.
CALGARY, AB, CANADA / WWW.NOVLUM.COM/NAKEDEARTH
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2

About Novlum
Novlum is a software company that develops geospatial software
products focusing on real-time processing, visualization and efficient analysis of 3D geographic data. Novlum’s goal is to develop
software products that are powerful yet easy to use, enabling nonGIS experts to leverage the power of GIS. Novlum has extensive
experience in Digital Elevation Model processing.
Novlum’s Digital Terrain Model (DTM) generation system is a
differentiator in DTM production. It facilitates fast and low-cost
DTM creation from any existing 30-meter posted Digital Surface
Models (DSMs) and, in the near future, high-resolution DSMs. This
new cutting-edge technology offers advantages to elevation data
suppliers who want to add affordable large-area DTMs to their
portfolio. Going forward, updates with new data sources and new
features can be realized in a timely manner.
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Artifacts found in the input DSM such as spikes
and wells are removed by Novlum’s sophisticated
software by identifying areas where the terrain
shape deviates from its surroundings. Missing data
is automatically interpolated by taking its contextual environment into consideration. Surface objects
such as buildings and trees are digitally removed by
smart identification and classification algorithms
that take into consideration the surrounding terrain.
Large forests are removed using a non-linear model
that considers forest tree height gradients, especially
in mountainous regions. Meanwhile, terrain breaklines are carefully derived and used in order to preserve natural features such as ridges, valleys, and
mountaintops.
Water bodies in the input data are identified and
flattened. Lakes and reservoirs are leveled to a single
elevation according to surrounding shoreline heights.
Rivers and canals are flattened with monotonic gradients. Oceans, including seas and inlets, are set to
mean sea level.
To facilitate the use of NakedEarth, the product
follows standardized specifications for global geodatasets. NakedEarth is partitioned into 1° by 1°
GeoTIFF tiles referenced to the WGS84 coordinate
reference system and the EGM96 geoid. The data
is accompanied by ISO 19115 compliant metadata,
which provides all essential production, format, and
quality information. NakedEarth is easy to download
and is available directly from Novlum’s website.
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FIGURE 2.

Saudi Arabia
NakedEarth Digital
Terrain Model of a
landscape approximately 200 km
south of Riyadh,
Saudi Arabia
FIGURE 3.

The example of
Mount Samalas
with the Segara
Anak Crater Lake
on Lombok Island
in Indonesia demonstrates impressively the result of
NakedEarth DTM
processing (right)
regarding flattening of water and
removing dense
rainforest covering
the mountain slope
from the input
DSM (AW3D30, left).
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QUALITY AND RELIABILITY
Novlum’s DTM processing system is designed to
maintain the accuracy, quality, and consistency of
the input DSM both statistically and qualitatively
while removing first surface features. Novlum set up
a validation program to prove the ambitious objective of its automated DTM processing system by validating NakedEarth over the Conterminous United
States (CONUS) using the National Elevation Dataset
(NED) DTM maintained by the U.S. Geological
Survey (USGS). NED has an absolute vertical accuracy of 1.55 meters (RMSE).5
Comparisons were made with NED for every measured height within CONUS independent of terrain or
coverage types between both NakedEarth (DTM) and
AW3D30 (DSM) to assess the extent to which the terrain heights are correctly modified. The results indicate
that NakedEarth improves surface heights, compared
to AW3D30, while maintaining the incoming AW3D30
absolute vertical accuracy of 5 meters (RMSE).6
Additionally, an extensive visual analysis comparing NakedEarth to NED was carried out to assess
the data’s consistency and plausibility in a variety of
relief and coverage scenarios. The comparison demonstrated correct and accurate removal of settlements
and forested areas while maintaining underlying
terrain modulation. Visual inspections across many
regions globally were performed to ensure the consistency and plausibility of the results in the absence of
reference DTM data.

4

ENDLESS APPLICATIONS
As a high-quality 30-meter posted DTM product,
NakedEarth is the solution for many applications
requiring bare Earth elevation information on a large
or global scale and is especially attractive for lowbudget projects. Terrain information is a fundamental requirement for many Earth science studies and
operational geospatial applications. NakedEarth can
support a wide range of applications and benefit a vast
user community including government, enterprise,
and academia. Its global coverage makes it a perfect
candidate for cloud applications.
A fundamental application with increasing significance in the geospatial industry is orthorectification
of remotely sensed imagery. The number of image
acquisition platforms is growing rapidly, and each new
data source needs to be orthorectified before it can
be used. The accuracy and reliability of the resulting
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FIGURE 4.

Suburban areas
in Illinois, U.S.A.,
shown both
as AW3D30
DSM (left) and
NakedEarth
DTM (right). This
figure portrays
the successful removal of
buildings and
vegetation while
preserving the
underlying terrain in DTM.
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FIGURE 5.

This comparison illustrates
the quality of
NakedEarth
(right) in the
dense urban
area of Los
Angeles,
California, U.S.A.
after removal of
urban structures
from the DSM
(AW3D30, left).

5

imagery depend on the successful three-dimensional
localization of each individual pixel. For multi-source
data, a reliable terrain model like NakedEarth has to
be used in the orthorectification process in order to
produce high-quality deliverables.
NakedEarth provides terrain elevation information that is elementary to all mapping applications.
Terrain parameters like elevation, slope, and aspect
are essential inputs for all topographic, geomorphologic, and geologic maps, such as contour line and
slope-aspect maps. Terrain gradient information
is crucial in the field of hydrological modeling to
determine catchment areas, watershed, and drainages as well as direction and speed of water in runoff
models. In areas where erosion is a risk, steepness
is used to model and evaluate the probable risk of
avalanches or landslides.
Improvements in 3D visualization technologies
are fueling the applications for virtual and augmented

reality. As a foundation layer, NakedEarth is well
suited for overlaying virtual building models, infrastructure, and vegetation. Combined, these 3D layers
create an immersive environment representative of
the real world that can be used for pilot training, mission planning, and virtual tourism.
NakedEarth provides preliminary terrain information to assist flight planning, management, and
landing in areas all over the world. It can be used
to help identify possible helicopter landing areas
for emergencies in remote areas with non-existent
or limited mapping information. NakedEarth supports initial engineering planning to locate suitable project locations and to plan roads, pipelines,
or railway tracks and can further assist in radio
propagation modeling for telecommunications or
radio tower placement.
Additionally, NakedEarth is well suited to improve
crisis support immediately following emergency events
such as floods, storm surges, tsunamis, or wildfires by providing instant access to topographic
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CONCLUSION
In a rapidly changing world
caused by natural events and
large-scale human activities, highquality, reliable geodata is a necessity for mapping, measuring, and
assessing change. NakedEarth
is the first and only large-area,
instantly available, affordable
30-meter posted DTM on the
market that is capable of supporting a vast array of geospatial applications on a global scale.
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From Images to Information: eCognition Software
Trimble® eCognition® is an advanced analysis software available for geospatial
applications. It is designed to improve, accelerate, and automate the interpretation
of a variety of geospatial data—such as images, point clouds and GIS vectors—
and enables users to design feature extraction or change detection solutions to
transform geospatial data into geo-information.
For more information on advanced
geospatial data analysis and free demo
software visit www.eCognition.com

Master Geospatial
Data Fusion and Analysis
TRANSFORMING THE WAY THE WORLD WORKS

