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Nebraska Farmland
THIS DRAMATIC IMAGE of agricultural land in
Boone Country, Nebraska, was taken on Aug.
27, 2015. The vast majority of the crops shown
are corn. The image includes a near-infrared
spectral band, so the vegetation that is normally
green appears red, due to the high amount of
reflected infrared radiation.
The visible circles are “crop circles,” which
use center-pivot irrigation for water, rather
than relying on rain. Irrigation here uses underground water, which in this area comes from the
Ogallala Aquifer. It exists under portions of six
states in the Midwest, and is being depleted.
Farmers need to add roughly three times as
much water from the aquifer as from rain.
The image was taken by UrtheCast satellite
Deimos-1. At 22-m resolution and with a 650-km
swath, this imagery is well-suited for precision
agriculture and forestry monitoring. The article
about food security is on page 34.
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LETTER FROM THE PUBLISHER

Google Earth Enterprise Goes Open Source
COMMITTED TO EDITORIAL INTEGRITY
GOOGLE IS OPEN-SOURCING Google Earth
Enterprise (GEE)! It is rare for a quarterly publication to be able to publish “news,” so we are
thrilled to do so. Google does very little outreach;
they quietly publish news on their developer
blogs, and gradually, people notice.
In our Fall 2015 issue, when we learned that
Google was going to stop supporting GEE,
we knew that many people would be looking
for ways to fill that gap. Matteo Luccio took on
the task of writing our ongoing series of articles
called “Filling the Gap,” which includes in each
issue first-person interviews with about three
companies offering various solutions, platforms,
and game-changing technologies. Since then,
we have featured AGI’s Cesium, Esri’s ArcGIS
Earth, Luciad, PIXIA, CartoDB, Skyline Software
Systems, Galdos Systems, BAE Systems,
VRICON, Mapbox, and DigitalGlobe.
In this issue, on page 26, we feature
Earthvisionz, PYXIS Innovation, and Hexagon, all
offering different options for companies and organizations that will no longer use GEE. Of course,
some of them will now be able to continue using
GEE’s open-source version.
We regularly publish articles about the
work towards attaining the U.N.’s Sustainable
Development Goals. In Hans-Peter Plag’s regular
column, “On the Edge,” he offers ideas on how
the SDGs can be achieved, beginning on page
8. The work of the Group on Earth Observations,
and GEOSS, and all the others is so important, as
the nations of the world work together to eradicate
hunger and poverty, for example.
DigitalGlobe partnered with Geospatial
Media to publish, “Transforming Our World:
Geospatial Information Key to Achieving the
2030 Agenda for Sustainable Development”
(http://bit.ly/2GeoSDGs) with knowledge partners GEO (Group on Earth Observations) and
UN-GGIM (United Nations-Global Geospatial
Information Management). The report shows
how geospatial information is relevant to reaching almost all of the 17 goals.

Much of what our government provides and
does for the citizens of this country is at risk, due
to the new administration in Washington. For
example, they want the U.S. to leave the U.N. This
would be devastating for many reasons. So much
incredible work is being done by so many highly
capable people around the world, and it’s essential that the U.S. remain part of this work.
Prior to taking over this magazine in 2003, I
had little knowledge of the extent to which our
government contributes to society, such as with
technologies like GPS, which was complete by
the mid-1990s by the U.S. Air Force, and is available to anyone, including businesses, to create all
kinds of products. In fact, GPS is the backbone of
all location-based data and apps—including being
an essential component within our Smartphones,
enabling not only real-time traffic in maps, but also
all the customized information that you get from
your phone related to where you are. We cover
this in LBx Journal; watch for LBx news in 2017.
I have always believed in freedom of the
press, which now seems at risk, and also, I
believe in the absolute responsibility of the press
to publish the truth. These are very uncertain,
even frightening times, because with the Internet,
anyone can publish anything, and people often
post opinions as facts, or “alternative facts,” to
quote one senior administration official. There is
no such thing as “alternative facts” for those of
us who have integrity.
I am taking a stand as a member of the press.
Granted, my company and publications are niche,
and targeted, and therefore smaller in number, but
we are global in reach and in perspective. I have
always stood on the principle of editorial integrity.
This concept includes publishing facts and truth.
Yet, it goes beyond that. Editorial integrity means
that we publish as objectively as humanly possible
the information that our readership needs to know,
beholden only to readers, not to advertisers. We
provide a vehicle for sponsors’ messages, which
do not affect content of the articles. That is
editorial integrity.
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SDGs
HOW TO BE SUCCESSFUL UNDER
UNFAVORABLE CONDITIONS
Prof. Hans-Peter Plag, PhD
Mitigation and Adaptation
Research Institute
Old Dominion University
Norfolk, Va.
www.mari-odu.org

THE GLOBAL COMMUNITY IS NOT MAKING MUCH progress towards sustainability and the
current economic and environmental development is not sustainable—even the rapid technological, social and political developments carry many threats that might throw civilization back into
less developed times. The World Economic Forum just published the Global Risk Report 20171
indicating that extreme weather events, large-scale involuntary migration, major natural disasters, large-scale terrorist attacks, and massive incidents of data fraud/theft are considered the
most likely global risks (starting with the most likely one), while the most impactful ones may be
weapons of mass destruction, extreme weather events, water crises, major natural disasters,
and failure of climate-change mitigation and adaptation. At the same time, the world’s governments are aiming to implement the United Nations resolution on “Transforming Our World: The
2030 Agenda for Sustainable Development,”2 which sets seventeen very ambitious Sustainable
Development Goals (SDGs) to be reached by 2030.
In Earth observation communities such as
the Group on Earth Observations (GEO) and
a number of related United Nations agencies,
focus is on the SDG Indicator Framework
as a means to measure progress towards
the SDG Targets. Each goal comes with up
to ten specific targets, and for them, up to
two indicators have been defined. 3 However,
focusing on the measure carries the danger
of the measure corrupting the process. More
than 40 years ago the sociologist Donald
T. Campbell and the economist Charles
Goodhart reached the conclusion that, “when
a measure becomes a target, it ceases to be
a good measure.”
There are many examples demonstrating
this law.4 In policy making and implementation,
putting too much emphasis on the indicators
may lead to “policy-based evidence making”
instead of “evidence-based policy making.”
“Policy-based evidence making” refers to the
research that aims to support a policy that has
already been decided upon. For the implementation of the 2030 Agenda and for reaching
the SDGs, a sole focus on the indicator framework can easily lead to such policy-based
evidence making.
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What is needed is a global effort to create
the knowledge required for evidence-based
policies helping us to reach the SDGs. As
the title of the UN resolution indicates, to
achieve the SDGs, we need to transform our
world. But do we know how we can achieve
this transformation? The unsustainability of
the current global trajectory and the global
consensus of reaching these goals introduces an unparalleled urgency to develop the
necessary transformation knowledge ( Figure
1). The SDGs present policy makers with
a complexity individually and through many
interconnections.5,6,7,8
At a recent workshop, the 5th GEOSS
Science and Technology Stakeholder
Workshop held at the University of California,
Berkeley on December 9-10, 2016,9 we
came together to discuss means to create
the transformation knowledge ( Figure 1). Our
focus was on creating a platform to link those
engaged in the implementation of the goals to
knowledge derived from Earth observations
and models, and to enable them to use this
knowledge. During this workshop, I realized
that the current approach of many societal
actors aiming to contribute in one way or

another to the monitoring and implementation of
the 2030 Agenda may not lead to an overwhelming success, if any.
First of all, we have to acknowledge that the
SDGs came into a world that is not prepared
or favorable to them. For each of the SDGs,
the current trajectory is not pointing toward
success. How can each SDG from the meager
beginning in an unsupportive environment
grow into a successful goal? What are the
interventions needed to achieve the change in
the current trajectories so that we get closer
to the goals? Considering the wide range of
issues addressed by the SDGs, it is clear that
interventions have to be tailored for each SDG.
There are many interdependencies between
them and many potential conflicts, which
require coordination, networking, and communication among the players.
With this in mind, I started to think of each
SDG as a person, a young person aiming
to grow up into a successful adult achieving
ambitious goals. I compared them to a little girl
being born into an informal settlement under
very unfavorable conditions aiming to become
the president of her country—a vision very difficult to achieve, or to a little boy being the son of

a single mother with very limited means dreaming of winning the Heisman Trophy one day. If
we want to help the girl or boy, we need to see
the world around them through their eyes and
thus realize their challenges, needs, capabilities, and determination. We have to walk in their
shoes.
Using this analogy, I realized that trying to
“contribute” to the SDGs without making this
effort will likely fail in the same way as trying to
help the girl and boy will likely fail if we don’t see
the world through their eyes. For example, the
personified SDG #5 aiming for gender equality sees a world with grave inequalities and a
wide variety of obstacles on the way to gender
equality, depending on the specific economic,
environmental, cultural, religious, and historical conditions. We have to come up with many

FIGURE 1.

Participants at
the 5th GEOSS
Science and
Technology
Stakeholder
Workshop on
“Linking the
Sustainable
Development
Goals to Earth
Observations,
Models and
Capacity
Building,”
December 9-10,
2016, Berkeley,
California.

“In this SDG world, the SDGs, targets, indicators and other
elements will have networking means, similar to Facebook
and LinkedIn, but tailored for the diversity of the elements.
Communication tools similar the Twitter, YouTube, Dropbox, and
Instagram but designed for the needs of the SDG world will allow
rapid and efficient exchange of information between all elements
and a communication with the world at large.”
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FIGURE 2.

The Life of an SDG: #2 aiming at “No
Hunger” is born into a world not in
favor of the goal. “More than 790 million people worldwide still lack regular
access to adequate amounts of dietary
energy.”12 This goal has the task to
transform the world so that by 2030 all
people have enough to eat, and for that
it was give a number of specific targets
to be reached on the way. This raises
many questions the goal has to answer
in order to be a successful goal.

interventions to reach the assigned targets on
our way to a transformed world with equal rights
for all men and women.
The SDG #2 (No Hunger) looks at the world
of today, a world with more than 790 million
people without reliable access to sufficient food,
and a path in front of it with many decisions to
be made to create a better world by 2030 where
nobody suffers from hunger ( Figure 2 ). This
personified goal will have to answer many questions to reach the targets assigned to it: What
should I do to achieve my goal? What do I need
to learn? Do I fully understand the challenge?
What needs to be implemented? Who is going

FIGURE 3.

The World of the SDGs: While the
traditional support for policy
making and implementation are all
important, (such as polyglot data,
knowledge bases, tools to access,
integrate, analyze, and visualize data, and models to carry out
simulations), there is a need to
create a world of SDGs, in which
the SDGs, Targets, and Indicators
all can interact in social networks
with dedicated tools for networking,
communication, and analyses.
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to be impacted by what I do? Who can help me?
What are the obstacles and threats that might
hamper progress?
Each goal will need a lot of traditional elements, such as polyglot data informing about
the state and trends in the Earth system including the built environment and the social fabric
embedded in this environment, knowledge bases
providing access to knowledge and information,
tools to work with data, and models to explore
possible futures. However, to fully capture the
connectivity of challenges, people, information needs, knowledge, and solutions, it will be
important to construct graph data representing
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Climate Migra
The Reality of the Refugees
BY ALLEN CARROLL AND THE ESRI STORY MAPS TEAM

Editor’s Note:
This article was originally published as an Esri Story Map: http://storymaps.esri.com/stories/2017/climate-migrants/index.html.
Map and Imagery Sources and Credits: Esri, AeroGRID, CNES/Airbus DS, DeLorme, DigitalGlobe, Earthstar
Geographics, Esri China (Hong Kong), Esri Japan, FAQ, GEBCO, GeoBase, GeoEye, Geonames.org, HERE, IGN, Increment P Corp., Intermap, Kadaster NL, MapmyIndia, METI, National Geographic, NGDC, NOAA, NPS, NRCAN, OpenStreetMap contributors, Ordnance Survey, swisstopo, USDA, USGS, GIS User Community and other contributors
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CLIMATE CHANGE IS ALREADY DISPLACING

ants

thousands of people. There is little doubt that the
coming decades will see a vast increase in the number
of people forced from their homes by sea-level rise and
extreme weather events, and many of them are vulnerable populations in many parts of the world. A few
communities have already made the difficult decision
to relocate in the face of climate-related phenomena.
Climate change has been a factor in major conflicts
in recent years, including Darfur and Syria, where
drought and desertification are exacerbated by global
warming. Yet climate is rarely the sole cause of conflict
or forced migration. More often it’s a combination of
factors, including growing populations, resource constraints, and short-sighted government policies.
This story begins with examples of small communities facing severe threats from climate change effects,
and continues with a look at large populations made
vulnerable by human-induced changes to Earth’s climate. It concludes with some at-risk areas in the U.S.

1

PACIFIC AND INDIAN OCEAN ISLANDS:
DISAPPEARING NATIONS
Many islands in tropical seas are coral atolls
with elevations of only a few feet. Communities on
these islands face increased erosion from storms and
potential inundation as sea levels rise.
NASA and NOAA satellites have been measuring ocean dynamics for over two decades, and detect
sea-level rise averaging about a millimeter a year.
The change in sea level is caused by a combination of
melting ice from glaciers and ice sheets and the thermal expansion of ocean waters as the planet warms.
Kiribati’s 102,000 citizens are scattered across
dozens of remote Pacific atolls, including the Gilbert
Islands. The tiny nation faces an existential threat

FIGURE 1.

Malé, capital of the Maldives
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FIGURE 2.

Tarawa, Kiribati
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from climate-change-induced sea-level rise. Tarawa,
Kiribati’s capital, is home to half the nation’s population. But most of the island is less than six feet
above sea level. The government is planning a twophase “migration with dignity,” and has purchased
several thousand acres of land in Fiji, some 1,000
miles away, as a potential resettlement location.
Off the coast of Papua New Guinea is an archipelago with an even more precarious future. Most
residents of the Cartaret Islands, clustered around the
periphery of an atoll, have already relocated to Tinputz
on the nearby and much larger island of Bougainville.
In the Indian Ocean, the hundreds of tiny islands
of the Maldives barely rise above sea level. The tops
of undersea plateaus break the surface as constellations of islets, the largest of which support communities. Some predict that most Maldives islands
will be uninhabitable by late this century. In 2008
the government of the Maldives established a fund
to be used toward the purchase of land for potential
relocation of the country’s 350,000 residents.

3

COASTAL LOWLANDS OF BANGLADESH
AND INDIA: MIGRATION TO CITIES
Low-lying coastal regions are also affected by
rising sea levels. Many of these areas also face an
increase in the frequency and severity of storms—
another effect of a changing climate.
The Ganges and Brahmaputra rivers together form
the world’s largest delta, two-thirds of which is in
Bangladesh, with the remainder in India. Home to more
than 125 million people, the delta is extremely fertile.
But it’s also highly prone to floods and typhoons, and
its low elevation makes it perhaps the most vulnerable to
sea-level rise of any region in the world.
Hundreds of villages and agricultural areas are
barely above the high tide line. A sea-level rise of
20 inches could displace some 6 million people
in Bangladesh alone. Many rural Bangladeshis
have already migrated to Dhaka, the nation’s
capital, swelling its population to 17 million—
a nearly four-fold increase in 25 years—and
straining its antiquated infrastructure.
The deteriorating quality of life in Dhaka
has caused many middle-class residents to emigrate. It is often the case that more affluent people
can afford to move, while the poorest households
are essentially trapped in areas vulnerable to climate
effects.

FIGURE 3.

Bangladesh,
including capital
Dhaka, above
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FIGURE 4.

Al-Hasakah,
capital of Syria,
above, and
Aleppo, far right
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SYRIA:
PEOPLE, DROUGHT,
AND CONFLICT
The ongoing civil
war in Syria includes a
complex mix of contributing
factors. There’s little doubt that
climate change is one of a number
of factors that led to the crisis. Syria is a
case study in the complexities of climate, conflict,
and migration.
The stage for Syria’s travails was set in part by a
long period of uncontrolled population growth. Its
population grew rapidly from 2.4 million in 1937 to
more than 14 million in 1995 (it is nearly 22 million
today), straining its limited natural resources.
Then came a debilitating drought from 1997 to
2000, at a time when the nation was still recovering
from earlier rainfall shortages. The late-90s drought
was Syria’s worst since records began, and likely the
most severe in 900 years. Syria’s drought decimated
harvests and killed livestock in the country’s northeastern agricultural lands. Agricultural production collapsed, increasing the rate of migration of
rural residents into cities. Up to a million and a half
Syrians were displaced.
The Syrian government downplayed the water
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crisis; meanwhile, by 2010 a fifth of Syria’s population had been displaced, with internal migrants
joining a million refugees from Iraq in makeshift
settlements in and around its cities (including
Aleppo, shown here), which increased in size by 50
percent in only eight years.
Exacerbating the drought’s effects were misguided government policies. The Assad regime

4

had long encouraged growth of crops like wheat
and cotton that required intensive irrigation. Even
before the drought, groundwater levels had dropped
steeply, making farmlands far more vulnerable.
It was in this context that the uprisings of the
Arab Spring occurred, with results that are a continuing tragedy in Syria, with some 500,000 lives
lost. 4.8 million people have fled the country, and an

additional 6.6 million have been displaced internally.
According to a National Academy of Sciences
study, the drought was made two to three times
more likely by human-induced climate change. Are
these 11 million people climate migrants? victims of
climate change? The less-than-satisfactory answer:
yes and no. But there is no doubt that climate change
has been a key factor.
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FIGURE 5.

Isle de Jean
Charles,
Louisiana
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U.S. COASTLINE:
THREATENED
To many in the United
States, climate change may
seem worrisome but abstract—
a phenomenon that affects
only distant deserts and islands.
Increasingly, however, the impacts of
climate change are apparent in the continental U.S. in communities along the Gulf and
Atlantic coastlines.
Encroaching seas along the Louisiana coast and
in the Chesapeake Bay are creating problems for
long-time residents. Thousands of square miles of
wetlands have been lost in Louisiana; causes are
likely a mix of sea-level rise, loss of sediment from
the Mississippi River, and effects of oil and gas
development.
The residents of Isle de Jean Charles, in the midst of
Louisiana’s coastal lowlands, are planning to relocate.
They are the first recipients of federal funding specifically targeted for the relocation of an entire town.
Low-lying areas around the Chesapeake Bay are
increasingly affected by encroaching water. Sea-level
rise is exacerbated in this region by gradual land
subsidence, a side effect of geological phenomena
dating from the last ice age.
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A study by the U.S. Army Corps of Engineers
concluded that Tangier Island’s 470 residents might
have to abandon it within 50 years, although engineering efforts costing tens of millions of dollars
could buy additional time. The question, though, is
whether costly engineering projects are feasible as
more and larger communities face repeated flooding from storm surges and rising sea levels.
The demise of small and isolated communities
might be easy to ignore. More populous and highprofile locations like Miami Beach are another
matter. As flooding becomes ever more frequent, the

7

6

city plans to spend $400 million to raise streets and
install new drains and pumps.
But how effective will projects like these be? And
how long will they last as sea level continues to rise?
AN INCREASING THREAT
The variability of weather events from day to day
and from place to place masks an undeniable trend:
the planet is warming. Charting global average surface temperatures since the late 19th century reveals
a strong upward trend from 1970 on.
With these steadily rising temperatures is coming

a host of effects:
longer and more
debilitating hot
spells, more severe
droughts, more frequent and violent
storms, rising seas,
and shifting agricultural
regions. Although lessons can
be learned from past events, including Darfur and Syria, the rate and severity of
future climate effects may create circumstances that
are unprecedented in human history.
Rising sea levels alone will increasingly affect
the world’s major port cities, collectively home to
hundreds of millions of people. Affluent nations
are likelier to invest in dikes, tide gates, and other
expensive engineering solutions. But many more
low-lying regions may fight a losing battle against
encroaching seawaters.
Drought and desertification could displace millions of people in the future. Migrant deaths in the
Mediterranean totaled more than 3,800 in 2016.
Some of these victims fled increasingly arid central
African lands.
Can “climate migrants” be easily distinguished
from other displaced people? Usually not. But the
trends indicate that climate change will be increasingly disruptive in future years, and that a warming planet will force ever-larger populations to leave
their homes to search for a better quality of life, or
even to survive.

FIGURE 6.

Tangier Island,
Chesapeake Bay,
Maryland

FIGURE 7.

Local officials in
Miami, Florida,
plan to raise
streets and
install drains and
pumps to mitigate sea-level
rise.
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FIGURE 8.

At-risk coastlines worldwide
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FIGURE 2.

Esri has partnered with Microsoft for this Connected Car
consortium, which also includes Microsoft partners Swiss
Re, Cubic Telecom, NXP, and IAV Automotive Engineering.

2

ONCE MASS DEPLOYED, SELF-DRIVING CARS PROMISE TO REDUCE DRAMATICALLY
the number of traffic fatalities, because they will never be drunk, sleepy, distracted, or aggressive—nor will
they engage in such irresponsible human driving behaviors as going through red lights, texting, or playing
chicken with bicyclists. They also promise to optimize routes so as to reduce traffic congestion and fuel consumption, as well as reduce the number of vehicles on the road as more people switch to using car services
rather than owning their own vehicle. Lidar will be a key to making all of this possible.
All the major car manufacturers are developing
self-driving cars, as are the driving services Uber and
Lyft. In March 2016, GM acquired Cruise Automation,
a 40-person, three-year-old software company
that had been testing vehicles on the streets of San
Francisco. Cruise Automation, along with Google,
is among the few companies with permits from the
state of California to test the cars. In January 2016, at
the Consumer Electronics Show, GM announced that
it was making a $500 million investment in Lyft in
exchange for a 10 percent stake and an agreement to
build a network of self-driving cars together.
In August 2016, Uber announced that it was
acquiring Otto, a startup that has been working on the
goal of turning commercial trucks into self-driving
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freight haulers by developing hardware kits for existing truck models. The news came as Uber launched
a public pilot program to deploy autonomous vehicles (with minders sitting in the front seat) to pick
up passengers in Pittsburgh, Pennsylvania. Uber
has been rapidly expanding its self-driving division, opening an Advanced Technologies Center in
Pittsburgh staffed by 50 robotics engineers recruited
from Carnegie Mellon University’s self-driving lab,
as well as researchers from a number of other companies. Uber says that it will work on self-driving
technology across three sectors: personal transportation, delivery, and trucking, leveraging both its
ongoing robotics research and the data it collects by
drivers driving 1.2 billion miles every month.

LIDAR

IS KEY TO
AUTONOMOUS VEHICLES
Key Partnerships Are Forming
BY MATTEO LUCCIO / CONTRIBUTOR / PALE BLUE DOT LLC
PORTLAND, ORE. / WWW.PALEBLUEDOTLLC.COM

AUTONOMOUS VS. DRIVERLESS
Technology for autonomous vehicles builds on
car navigation systems that have been commonplace
for years and new collision-avoidance systems that
are beginning to appear in production vehicles. Useroperated, fully autonomous cars—which can deal with
the full spectrum of road and traffic scenarios without
driver assistance—will probably come to market within
the next five years. Mass market adoption of driverless
cars, on the other hand, will take much longer, due to
social, legal, and insurance issues.
None of the systems on the road today are truly driverless, says John Eggert, Director of Sales & Marketing for
Automotive Business at lidar manufacturer Velodyne.
“Even in the Tesla system, the driver has to pay attention
at all times and has to take control of the vehicle with
very little warning,” he points out. In a fully autonomous
vehicle, by contrast, drivers could read a book or sleep and
have plenty of time to take back control of the vehicle. “To
accomplish that is a much more difficult task than anything that is on the road today. Our sensor is relevant any
time the driver does not have to pay attention to the road.”

MAPPING DATA
A fully developed system will require a broad mix
of geospatial technologies:
1. devices already being used for car navigation:
GPS receivers and cellular transceivers to
exchange real-time data on traffic and road
conditions, work zones, and detours;
2. devices currently being tested for collision
avoidance: cameras, lidar, and radar;
3. inertial measurement units (IMUs) and
wheel encoders, to compensate for gaps and
degradation in GPS signals;
4. on-board computers to “learn” from these data;
5. hard drives to store the data for use the next time
a vehicles drives the same stretch of road;
6. a communication network through which all the
vehicles in an area can alert each other in real
time of new challenges—such as an accident or a
downed tree.
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Autonomous vehicles will also require realtime data on traffic, road conditions, obstructions,
hazards, construction, and weather. Much of that
information is already available to drivers through
mobile applications.
Finally, autonomous vehicles will require detailed
mapping data. A key open question is to what extent
that data will be collected in advance and, if so, by
whom—and to what extent the vehicles will map the
roads and road conditions in real time. “This whole
autonomous vehicle market is in a fledgling state,”
says Mark Romano, Geospatial Product Manager at
Harris Corporation, another lidar manufacturer.

vehicle manufacturers have installed large commercial lidar systems on the roofs of their test vehicles,
which does not conform to the public’s idea of a car.
Ideally, these systems will eventually be small enough
to be integrated into the body of a vehicle.

RESOLUTION AND RANGE
Velodyne entered a self-driving vehicle in the first
DARPA challenge, in 2004, Eggert recalls. “No one
finished, but we went the third farthest distance of
all of the participants. At that time, we were using
strictly vision. Out of that challenge, our CEO, David
Hall, realized that a much greater capability was necessary on the perception side of
these vehicles and that is why we
developed the full 3D, high-definition lidar for self-driving cars.”
Contrary to many media
reports, he argues, the biggest
challenges right now are not
making lidar sensors smaller and
cheaper. “Those are ideals, but the
goal right now is to gather as much
– JOHN EGGERT, VELODYNE
information as possible about the
environment around you. The
Mapping most roads with sufficient accuracy and Velodyne sensor is very rich in data. It provides a
frequency to support fully autonomous vehicles is a CAD model of the environment around the vehicle.
massive undertaking, requiring data from mobile ter- Our customers want higher resolution and longer
restrial scanners as well as from aerial lidar and high- range.” Additionally, he points out, the sensors must
definition mapping sensors. “The jury is still out on be automotive grade.
whether this is going to become a virtual mapping
“I don’t think that anyone is seriously thinkprocess from the vehicle or are we going to pre-build ing that lidar is the only sensor that needs to be on
what I call ‘the navigation maps of the future’ into
vehicles, which will have more of a collision-avoidance role,” says Romano. “The problem is that no one
has yet found a way to scale this process—mapping,
essentially, all the roads of the United States and the
world.” There is some movement afoot toward setting
up consortia to standardize these future navigation
maps, he adds, “but we are not there yet.”
We do not yet have a 3D “tunnel” of data that
vehicles can use to drive down a road and fully understand their environment, Romano points out. Some

“All the companies that have shown the
greatest capability of driving with the least
amount of intervention by the driver have
used high-definition lidar as the primary
sensor on board.” 

FIGURE 1.

The ULTRA Puck
VLP-32A is able
to see all things
all the time to
provide realtime 3D data to
enable autonomous vehicles,
with Velodyne’s
patented 360°
surround view.
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board, or that cameras
or radar are,” Eggert
says. “All three of them 3
are needed, of course.
Then, on top of that,
another critical component is high-definition
maps—which, by the
way, are made possible
by lidar and their use
is also made possible by
high-definition lidar. However, all the companies that
have shown the greatest capability of driving with the
least amount of intervention by the driver have used
high-definition lidar as the primary sensor on board.”
Velodyne is working with automakers Ford,
Volkswagen, and Volvo, and with service providers Baidu, Navya, and ZMP. Ford and Baidu invested
$75M each in Velodyne, providing them a minority
share in the company. However, according to Velodyne,
the agreement precludes any preferential treatment as
far as receiving product early or at a discount. “Baidu
has made it very clear that they have very high aspirations for full autonomy by 2021 or sooner,” says Eggert.
“They have invested in us because they see lidar as a
key technology to achieve that.”
At the Consumer Electronics Show (CES) in Las
Vegas, in January 2017, Velodyne gave limited demonstrations to key customers of its ULTRA Puck VLP-32A
high-definition sensor. “It demonstrates double the standard range of our current products,” Eggert says, “and
also has the resolution of our larger HDL-64E sensor,
which you see today on autonomous vehicles that are
driving around town. We have actually taken that larger
sensor and reduced the weight from about 10 kg to less
than 1 kg and the size to one tenth.” See Figure 1.
SPATIAL ANALYTICS
Esri, in partnership with Microsoft, HERE, and
other companies, is working on the concept of a “connected car,” which both collects and receives data about
road and traffic conditions (Figure 2). Esri’s focus is
on analyzing that data. “We can do the real-time data

4

streaming, ingest that data, detect events on the road,
such as icy patches, then project out: if there is ice here
and other road segments have similar characteristics,
then we can project that there might be icy patches
along the route that the car is traveling,” says Frits van
der Schaaf, an Esri Business Development Manager.
Perhaps, he suggests, if some conditions for autonomous
driving are not met, the system would turn control back
to the driver.
While autonomous driving relies primarily on the
sensors on the car, van der Schaaf points out, the map
provides a look around the corner at what the sensors
cannot see. Esri’s role, he says, is in enriching the car’s
“geographic context.” For example, near schools or in
areas where many elderly people live, the system can
advise the connected car or its driver to slow down and
be more alert.
Esri also plays a role in facilitating the exchange
of data between cars and public agencies, such as
cities and departments of transportation. At CES,
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FIGURE 3.

This example of
Geiger-mode
lidar from
Harris shows an
intersection in
Raleigh, North
Carolina, which
helps clients
analyze critical
transportation
infrastructure.
FIGURE 4.

Used for utility
asset mapping
and management, this
Geiger-mode
lidar image
from Harris
Corporation is of
a power generation station near
Charlotte, North
Carolina.
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An Autopilot Fatality:
Tesla Model S
On May 7, 2016, on U.S. Highway 27 in northern
Florida, Joshua Brown was killed when his Tesla
Model S, traveling at 74 miles per hour, ploughed
under the trailer of an 18-wheel truck that had just
made a left turn across the divided highway, heading for a side road.
Brown’s was one of about 90 traffic fatalities on an average day in the United States. His
death, however, made headlines because he had
engaged his Tesla’s autopilot mode. According
to Tesla’s account of the crash, the car’s sensor
system failed to distinguish the white truck and
trailer against a bright spring sky and did not
automatically activate the brakes. Brown did not
take control and brake, either. In addition to its
cameras, the Model S has radar sensors that
could have spotted the trailer. However, Tesla
CEO Elon Musk wrote on Twitter that the radar
“tunes out what looks like an overhead road sign
to avoid false braking events.” Tesla noted that the
fatality was the first in just over 130 million miles
where its autopilot was activated.
Tesla’s autopilot is still in development but is
deemed good enough to be tried experimentally
by many users. The manufacturer emphasizes that
its Model S disables the autopilot by default and
requires drivers to explicitly acknowledge that it
is new technology and still in a public beta phase
before they can enable it. When they do, the
acknowledgment box explains that the technology
“is an assist feature that requires you to keep
your hands on the steering wheel at all times” and
that “you need to maintain control and responsibility for your vehicle” while using it. In addition,
every time a driver enables the autopilot, the car
reminds the driver to always hold the wheel and
be prepared to take over at any time. If it does not
detect the drivers’ hands on the wheel, it gradually
slows the car until it detects them again.
Brown, 40, who owned a technology company
called Nexu Innovation in Canton, Ohio, was a
Tesla enthusiast. One of several videos that he
posted on YouTube of his car on autopilot showed
it avoiding a crash on the highway and the footage
racked up one million views after Musk tweeted it.

Esri demonstrated a scenario in which several cars
reported hitting the same pothole; the city therefore
assumed that the report was correct and dispatched
nearby crews to repair it, knowing not only the pothole’s location but also how to prioritize the repair.
Smart cities, he points out, also know the density and
speed of traffic, because connected cars provide that
information to the cloud, with traffic lights acting as
local information hubs.
In a scenario demonstrated in a large parking lot at
CES, a person without insurance who wanted to lease
a car first had to accept an insurance program calculated on the fly based on his or her destination. The car
offered the driver multiple routes, such as the shortest
one, which however cut through an area with higher
accident rates, and an alternative one, which carried a
somewhat lower insurance premium. Many layers on
Esri’s platform have information that go into the insurer’s risk assessment, van der Schaaf says. “The insurer
that worked with us on this was Swiss Re and they were
part of this showcase as well,” he says. In this scenario,
the car does some autonomous driving and suggests
stops along the way based on the user’s profile, such
as for grocery shopping or to pick up the dry cleaning.
“We provide the geographic context based on the user’s
profile to make the experience not only safer but also
more convenient,” van der Schaaf says.
“We put a lot of effort into performing spatial analytics and connecting to Microsoft’s Azure stack, which
also contains HERE and TomTom as content providers,”
van der Schaaf says. “Microsoft has developed an IOT
capability that can ingest millions of records per second
and analyze them. We have a product called GeoEvent
Server that fits in that architecture and works with the
Azure IOT components to do that high ingestion and
on-the-fly spatial analytics on that data that comes in.”
Much of Esri’s data for this project comes through
open data initiatives in its Living Atlas, such as analysis
of traffic and accident-prone areas. Esri also uses data,
such as driving behavior, that car manufacturers collect to help design new cars. “Land Rover is using that
data to figure out how people are driving on roads in
the Middle East vs. in Europe vs. in the United States,”
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van der Schaaf says. “What are the characteristics of
the driving behavior based on temperature, road surface, terrain, slope, and so on? Analytics on that feed
back into the car’s maintenance and design.”
MANUFACTURERS
High-end car manufacturers—including BMW,
Mercedes, and Tesla—have already released cars with
self-driving features or will do so soon, while Google
has been experimenting with a fleet of autonomous
vehicles. Ultimately, effective use of lidar for autonomous vehicle guidance and navigation requires cooperation on data and software standards between lidar
manufacturers, vehicle manufacturers, and system
integrators. On the hardware side, Romano says, “the
problem with this industry is that it is not known
whether the end users are willing to collaborate on
the guidance or mapping or navigation system.”
Commercial competition among lidar manufacturers and vehicle manufacturers will greatly limit their
willingness to cooperate, he predicts.
“I would hope that we do see some standardization
of what that system looks like,” says Romano. However,
he points out, Tesla, Uber, and Google are currently
pursuing very different approaches to the problem.
“Some are thinking in terms of having a pre-loaded
set of navigation data; others are thinking that the cars
will do all of the work for them, with integrated systems.” In the long-term, the latter is the preferred way,
he argues, but the hardware is not there yet. “We are
some years away from seeing fully integrated vehiclemounted systems that are going to be at scale.”
THE ROLE OF REGULATION
Federal and state regulators will also play a crucial role in the advent of autonomous vehicles,
because they will ultimately have to approve them
for use. Presumably, Congress and federal regulators—especially the National Highway Traffic Safety
Administration—will set minimum safety standards,
while states will be free to impose more stringent
requirements. Romano likens the regulatory future
for autonomous vehicles to the current one for UAS

(unmanned aerial systems): “Just like they are going
to test the airspace slowly for UAS, they are also going
to test transportation slowly.”
At first, use might be limited to the federal interstate highway system. Then regulators might certify
that certain roads, starting with state highways and
major arterials, have been mapped to a sufficient level
for autonomous vehicles to use. “There are companies that are taking that stopgap approach right now,”
says Romano. “They would like to map in sufficient
3D detail major highway infrastructure, at either the
federal or state level, but not down to the county or
city/township level.” That is a stopgap approach, he
explains, because “eventually device size and system
architectures should lead to the vehicles themselves
actually being able not only to map but also to update
and maintain change.” Both hardware and software
companies are working on this.
Meanwhile, Romano points out, most of today’s
vehicle-mounted systems are more about collision
avoidance than they are about mapping. Harris, he
says, is “actively pursuing building system maps for
navigation systems,” utilizing Geiger mode lidar as
a data source. “We can do very high accuracy, very
detailed mapping of transportation features at scale.
We can collect very, very large areas at very high resolution with Geiger-mode lidar and answer part of the
problem set for a true 3D navigation system database.”
He sees that as a stopgap, however. “I don’t think,
long term, that all navigation systems can be pre-built,
because roads change, construction happens, accidents
happen. It is not a real-time system.” However, it would
be a start because today, he points out, “we don’t even
have a nationwide basemap of sufficient detail, even at
the federal highway level.” See Figures 3-4.
CONCLUSIONS
The road ahead for driverless cars is still full of
obstacles. However, a mix of geospatial technologies
will eventually enable manufacturers to navigate
around these obstacles, with great social benefits.
In this mix, lidar stands out as an indispensable
component.
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BUILDING

“DIGITAL EARTH”
A new generation of geospatial intelligence helps
to answer complex geographic questions
BY MATTEO LUCCIO / CONTRIBUTOR / PALE BLUE DOT LLC
PORTLAND, ORE. / WWW.PALEBLUEDOTLLC.COM

Paper maps obsolesce rapidly from the moment they are printed, because the
ink on the paper remains the same while the world changes—though faster in
mid-Manhattan than in the middle of the Mojave Desert. Online maps can
be updated frequently and some aspects, such as traffic, can reflect changes
in real time. However, they rarely contain all the data and functions required
to answer complex geographic questions, such as, “How many square miles of
corn does the Kansas River watershed contain in Nebraska above 150 meters
of elevation?” Using a geographic information system to answer such questions
requires substantial training and access to all the right datasets.
By launching Google Earth (GE) a little more than
15 years ago, Google popularized a version of a digital or
virtual Earth that requires neither training nor importing datasets to explore the entire planet—though at differing resolutions, roughly directly proportional to the

amount of economic activity in each area. However, it
allows users to perform only minimal geographic analysis, such as displaying elevation profiles, measuring
distances and, with the Pro version, measuring areas.
Building on GE, Google Earth Enterprise (GEE)
allows organizations to store and
process terabytes of imagery, terrain, and vector data on their own
Editor’s Notes:
servers, as well as to publish maps
This spring, DGGS (Discrete Global Grid System) is anticipated to become a new
securely for their users to view
Open Geospatial Consortium standard, and is anticipated to be recommended into
using GE desktop or mobile apps,
the global statistical geospatial framework within UN-GGIM.
or through their own applicaA previous article about DGGS as a new Earth reference system developed by
tion using the Google Maps API.
PYXIS Innovation was published in the Winter 2016 issue.
However, Google will stop supporting GEE in March 2017.
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Many other vendors are also in the business of
developing platforms that enable users to store,
manage, visualize, and analyze geospatial data. As
this series continues to explore these platforms, I
discussed their offerings with the leaders of three
companies that take very different approaches:
Carla Johnson, Founder and CEO of Earthvisionz,
which makes location intelligence software that
adds large datasets and live data to existing maps
or virtual Earths;
Mladen Stojic, President of Hexagon Geospatial,

2

a geospatial software company that supports the
internal business needs of its parent company,
Hexagon AB, as well as those of Hexagon
AB’s global network of more than 200 external
partners, who use its technology to develop and
deliver their solutions; and
Perry Peterson, President and CEO of PYXIS,
which has been developing a new standard Earth
reference system, called a discrete global grid,
promoting its adoption, and offering commercial
products as well.

3

EARTHVISIONZ
Carla Johnson’s first company, an environmental
engineering firm called Waterstone, entered the geospatial world in the late 1990s, when it worked on the
closing of the Rocky Flats plutonium trigger plant in
Colorado. The project required coordinating many
scientific experts and
building public consensus on such things
as soil and water data,
human health and risk
assessment, vegetation,
and air quality. “The
client was having a very
difficult time trying
to integrate all those
different sciences into
one conceptual model
that people could use
to make good decisions,” Johnson recalls.
Her company created
1

a common operating portal that allowed everyone to
upload all of their data and maps and then see them
together. “The bugs and bunnies people could look at
the soil conditions, the water, and the different types
of transport mechanisms that were out there.” This
ability to visualize the contents of relational databases
was new at the time.
Next, Johnson was an expert witness on one of
the largest toxic tort litigations in U.S. history. There,
again, she confronted the difficulty of making decisions on the basis of flat maps and data tables. “We
made a 3D movie that allowed everyone to see, over
time, how the contamination had entered into the
soil, migrated into the aquifer, and contaminated
this whole area outside of Scottsdale, Arizona. With
that, we essentially won the case.”
This experience led Johnson and her team to
start studying how the human brain consumes data.
It led to work with NASA, which had just created a
very rudimentary virtual Earth called NASA World
Wind, and to a 2002 contract with the U.S. Air Force
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FIGURE 1.

LIVE Maps
mobile app
shows real-time
player location,
score, rank and
more for all PGA
TOUR events, by
Earthvisionz
FIGURE 2.

Earthvisionz
application
displays historical
tornado tracks,
metadata, and
current damage
for insurance
companies
FIGURE 3.

Earthvisionz
application
shows updated
floodplains and
high risk areas
in Boulder,
Colorado for
asset managers
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Our expertise is in georeferencing the
data instantly, aggregating live links
for all sorts of things—including local
weather stations, solar panels, street
cams, and any IOT device. Then, we
integrate it all into a visual map-based
dashboard, so that the user can have
access to the data within two clicks
and experience the world as close to
real time as possible. You can download the product and get training on
it within two hours, then access your
data within two to three clicks. We
call it real-time business.”

4

FIGURE 4.

Earthvisionz
application helps
telecom data
center see near
real-time wildfire perimeter,
2012 Colorado
Springs Fire

to develop 3D models. “We scanned every page of
every document in 13 different Air Force libraries
and georeferenced that information to the landscape
via single clicks,” says Johnson. “During the Iraq
war, it was a very useful platform for generals and
colonels to use and it became a very popular platform in the Air Force to manage all of their assets
and make decisions very quickly.”

COMMERCIALIZATION
Earthvisionz then decided to commercialize
its platform. It began by creating a product called
Earthgamz, which aggregated all the sports on the
planet onto a virtual Earth that combined e-commerce, social network, geospatial analysis, and live
events. They then created platforms for charitable
giving and for financial markets. In 2012, convinced
that its platform was now robust enough, the company pivoted to creating its current suite of products, called Vast, which includes modules for visual
learning, route optimization, fleet management, and
live maps.
“It is not our business model to maintain a map
or to service clients by making maps for them,”
Johnson explains. “We take pretty much any map or
virtual Earth that is out there and make it relevant.
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KEY MARKETS
The company’s current clients
range from sports to emergency
response and disaster management,
from financial markets and banking
to insurance and real estate portfolio
management. “The key markets that we are going
after right now are all interrelated,” says Johnson,
“because we reduce risk, reveal opportunities, and
help those businesses make better decisions faster on
the first day of using the product.”
“The Internet and all the applications are slowly
getting to a point where they can start to replicate the human experience,” Johnson explains.
Reading, understanding, and interpreting charts,
tables, graphs, and even maps takes time and it is
a learned process. However, we are born into a 3D
world, in which location is a part of every decision
we make. “When you can put data into a quasi3D or map view where it is relevant, your brain
instantly understands the information and it actually produces endorphins, just like gaming. It is
such an interesting and addictive thing for people
on the Internet, because they are in this environment that is actually natural to them. That’s why
I think the geospatial world is probably the most
powerful part of the Internet.”
HEXAGON GEOSPATIAL
Mladen Stojic was hired by ERDAS in 1996 as
an application engineer focused on photogrammetry. Later, as a product manager, he designed and

5

developed several photogrammetry and mapping
software products on top of the ERDAS IMAGINE
and Esri ArcGIS platforms. He also began to innovate some new desktop server software in the area
of visualization and what is now called ERDAS
APOLLO for enterprise data management.
In 2001, when Leica Geosystems acquired ERDAS,
Stojic moved to California to extend his product management responsibilities. When Hexagon
acquired Leica Geosystems in 2005, he took over
product management responsibilities for ERDAS. In
2010, when Hexagon acquired Intergraph, he managed the latter’s geospatial business and portfolio.
He now runs the Hexagon Geospatial group, which
consisted of all of Intergraph’s geospatial software.

FROM DATA TO INFORMATION
During his career so far, Stojic has seen a transformation in the industry from simply producing data to digging into them to provide access to
the information that can be derived from geospatial content. “To facilitate this transformation,” he
explains, “we’ve extended our portfolios in the geospatial industries from heavy desktop systems, and
now a lot of this has migrated to the cloud.”
Hexagon Geospatial calls its cloud initiative

Smart M.App. “We have synthesized and integrated
GIS, remote sensing, and photogrammetry technology to support the development of light-weight, purpose-built, dynamic apps that deliver information
services powered by geospatial content,” says Stojic.
“If our partners build and sell an app through our
M.App Exchange, they can make 70 percent of any
unit of sale.”
Hexagon’s users can import their own data or
connect to their data provider of choice via its platform. “We are data-agnostic,” says Stojic. “We have
deployed more than 450 geoprocessing services
that can operate against geospatial content.” For
example, if requested by a partner, Hexagon’s platform could connect to a live data feed delivered via
DigitalGlobe’s GBDX platform.

FIGURE 5.

Hexagon powers
this crop monitoring tool in
the GeoFarmer
platform

SHIFTING TO SUBSCRIPTION SERVICES
Hexagon sells licenses to all of its products individually. However, organizations can buy all of
them at a discount as a producer suite or buy the
portfolio as a subscription. “We are seeing a trend
away from perpetual license purchases to subscription purchases,” says Stojic. In 2015, Hexagon
launched online versions of some of its products,
such as IMAGINE Online and GeoMedia Online.
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“We’ve implemented a technology that pages those
software packages onto the cloud while allowing
you to use local data. Unlike with other GIS vendors, your data can be local. So, it is quite a different and novel approach.”
Increasingly, data providers also offer platforms
and software companies offer content, narrowing
the distinction between them. Hexagon does not
buy data from Airbus, Terra Bella, BlackSky, Esri,
or other vendors, Stojic points out, but it facilitates
access to those content sources through its platform.
“We believe that content partnerships are critical to
the fusion of data and software.”
Hexagon Geospatial has a strategic partnership
with Ordnance Survey (OS) and Stojic praises the
latter’s “very long tradition and long-standing tradecraft in the areas of mapping, cartography, and
surveying.” The two organizations are now working
out how best to combine the OS’ content holdings
with Hexagon’s M.App Portfolio.

Google Earth Enterprise
Becoming Open Source
On January 30, 2017, Avnish Bhatnagar, Senior
Technical Solutions Engineer for Google Cloud, in
a blog post, announced that Google will opensource Google Earth Enterprise (GEE). “With this
release,” he wrote, “GEE Fusion, GEE Server, and
GEE Portable Server source code (all 470,000+
lines!) will be published on GitHub under the
Apache2 license in March.”
Launched in 2006, Google Earth Enterprise
provides customers the ability to build and host
private versions of Google Earth and Google
Maps. In March 2015, they announced the deprecation of the product and the end of all sales, with
support promised until March 22, 2017.
However, Bhatnagar explained that Google
has heard from its customers that GEE remains in
use in mission-critical applications and that many
of them have not transitioned to other technologies. “Open-sourcing GEE allows our customers
to continue to improve and evolve the project in
perpetuity.” He added that the implementations
for GEE Client, Google Maps JavaScript API V3,
and Google Earth API will not be open-sourced.
Moving forward, Google is encouraging GEE
customers to use Google Cloud Platform (GCP)
instead of legacy on-premises enterprise servers
to run their GEE instances. For many customers,
GCP provides a scalable and affordable infrastructure-as-a-service where they can securely
run GEE. Other GEE customers will be able
to continue to operate the software in disconnected environments.
This series of articles began in the Fall 2015
issue in direct response to Google’s announcement
that it would stop supporting GEE to offer readers
alternatives and options. Future installments in the
series will cover the effort to open-source GEE as
well as the way other platforms are used to manage,
analyze, and display geospatial data.
More details are available at bitly.com/
opensourceGEE.
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FROM MAPS TO INFORMATION SERVICES
Hexagon Geospatial’s goal, Stojic says, is to provide “a holistic geospatial app platform that fuses
content with software around a vertical market need,
which can then be delivered and localized all over
the world. It is a unification strategy of the industry which, unfortunately, over the last four decades
has been siloed into GIS, remote sensing, CAD, BIM,
and so forth.”
The volume of geospatial data is starting to
become overwhelming, Stojic says. “Where we add
value is in giving you the tools that allow you, as a
partner or developer, to understand what you can do
with the data and get the most out of them.”
The map of the future, Stojic often points out,
is not a map. Maps take time and effort to collect,
parse, analyze, and format the data, then to design,
create, and publish the map—by which point the
map is out of date. “What we need,” he says “is more
of an information service. This service takes time to
design, but because you are using building blocks to
do your geoprocessing, building a prototype of the
map can be done quickly. The map of the future will
communicate, it will be alive, active, portable, and
once it has served its purpose, it’s fast and easy to
build a new service.”

APOGEO
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FIGURE 6.

Hexagon’s M.App used in a Dutch real estate application
FIGURE 7.

Hexagon’s Incident Analyzer app used to study income distribution in Johannesburg, South Africa
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PYXIS
The big problem in geospatial technologies today, says
Perry Peterson, is integration on demand: the ability to
quickly put two or more geospatial datasets into a product
that can be useful for decision makers, which currently
takes a lot of work and expertise. PYXIS, he explains, has
been developing a new type of Earth reference system
called a discrete global grid system (DGGS) because it
allows users to combine data quickly to answer the two
basic geospatial questions: “Where is it?” and “What is
here?” Instead of conflating to a particular data source, a
DGGS is data-independent, allowing many data sources
to reside in it and be gridded. “This enables a new generation of geospatial intelligence that we call ‘Digital Earth’.”

“Increasingly, data providers also
offer platforms and software
companies offer content, narrowing
the distinction between them.”
COVERING THE EARTH WITH CELLS
A DGGS is “a spreadsheet of cells that covers the
Earth and in which you can put values,” Peterson
explains. “When you zoom in, they refine hierarchically,
potentially all the way down to atoms. Each cell has a
unique address and has a parent-child relationship with
other cells, which enables users to aggregate and decompose information very fast. It is very, very simple.”
PYXIS’ DGGS harvests data values from standard GIS, raster and vector, sources. Users can bring
into a cell imagery, coverage data, rainfall, soil moisture, geospatial statistics, etc. “We are really about
enabling people to ask their unanticipated geospatial
questions and get answers. You can’t do this using a
conventional spatial reference without a very complicated manual process of fusing different data sources.
One would have to build a vector map, at every scale,
including every feature, over the entire world, and
update it continuously, to meet these requirements.”
A little more than a decade ago, when Google was
about to launch Google Maps, it needed to settle on
a projection. In order to solve the problem of getting route maps fast, it chose Web Mercator, which
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is great for that purpose. Unfortunately, however, it
is among the worst projections in terms of distorting
angles and distances. “Therefore, if you are going to
do analysis,” says Perry, “you should take that Web
Mercator and re-project it on something that is more
suitable, such as an equidistant or equal area grid.
PYXIS is giving people the ability to go beyond Web
maps to do their own spatial analysis without the
assistance of GIS and at speeds that are acceptable
on Web applications.”

ANSWERING COMPLEX
GEOGRAPHIC QUESTIONS
The early forms of DGGS were first developed in
the mid-1980s, when the promising value of global
analysis coincided with the increased use of GIS and
the availability of global mapping data and positioning systems. The pioneers of the system convened
at the First International Conference on DGGS in
March 2000. When PYXIS began working on it, in
2003, the basic ideas had been worked out but there
remained more basic and advanced computer science,
mathematics, and engineering to complete, including
indexing, fast processing, graphics, and ideal user
interface. “We spent more than eight years and $10M
on R&D,” Peterson recalls. “Most of this was provided
by the Canadian government, through military and
other programs, and by our very patient investors.”
A DGGS enables many “cool applications,”
Peterson says. “One of them, which we call the
WorldView Studio, is black & white because we want
people to create their own globes as a canvas. It can
pull in vector and coverage data from disparate locations, including Esri REST and OGC services.”
The Studio can answer complex geographic questions, such as the one in this article’s lead paragraph.
To demonstrate this, Peterson uses elevations from
GTOPO30 data to delineate the watershed, a vector
data file of North American rivers, and a USDA
dataset called cropland data layers, which is in a
Web coverage service. The program consolidates the
information and reports that the average elevation is
481 meters, the maximum elevation is 1,709 meters,
the watershed is 149,000 sq km, and there are 36,000
sq km of corn contained in Nebraska above 150
meters of elevation in the Kansas River watershed.
To look for current precipitation, he uses a feed

8

from NOAA and looks at elevations between
400 and 1,000 meters. Instantly, the system
reports that the area covered by crops is now
down to 11,000 sq km. He then narrows his
selection to just corn crops.
Finally, to do some climate change modeling, Peterson brings in the average mean
temperature as of 2015, which was 11.6
degrees Celsius in that watershed, and a
climate change model that he trusts. It tells
him that the temperature will rise by about
three degrees over the next 35 years, assuming
no change in carbon output.
The system updates progressively, which
means that the longer you wait, the better the resolution. “That is how we can have online speeds that
are close to Web mapping speeds, allow analysis
anywhere on the planet, and meet the speed requirements that users are anticipating without giving
them false answers,” Peterson explains. At any point,
a user can share a link to the analysis with another
user, who can then change some or all of the previous user’s selections.
While PYXIS developed DGGS with funding
and scientific support from USGS, NASA, NGA,
and U.S. and Canadian militaries, it is so easy to
use that ten-year-old kids can do wonders with it,
says Perry. Recently, he was alerted that somebody
who exemplified a “super user” had logged on and
within two hours had done a very complex analysis
with many, many datasets. “It was amazing what
this person had been able to accomplish,” he recalls.
When the same person logged on again a couple of
days later, Peterson was able to find out who it was:
“It was an 11th grade student in Alabama,” he says.
“When the kids get into the workforce, they will be
expecting this.”

FIGURE 8.

ISEA Hexagonal
Discrete Global
Grid System
FIGURE 9.

9

PYXIS’ Studio is
black and white,
like a blank
canvas, ready to
be colored in by
users’ data.
FIGURE 10.

Depiction of
knowledge discovery and data
mining within
a multi-source
sensor fusion
environment

CONCLUSIONS
The diversity of geospatial intelligence requirements continues to drive a variety of approaches to
the collection, storage, management, visualization,
and analysis of the exploding amount of geospatial
data available. Each of the three companies profiled
in this article has developed a unique approach to
these challenges and a unique set of offerings to the
geospatial community.
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Global Food
UrtheCast Contributes to EO Data Democratization
BY THERAS GORDON WOOD / MANAGER OF CONTENT & COMMUNICATIONS
URTHECAST / VANCOUVER, B.C., CANADA / WWW.URTHECAST.COM

For six years,

UrtheCast has been an emerging leader in the democratization
of Earth Observation (EO) data by fusing EO with geoanalytics. Now, the symbiotic relationship between those
two worlds is strengthening, and rapidly changing the way industries use geospatial Big Data.
“Earth Observation is heading towards a model where all data is immediately available, and where all analysis
is performed in near real-time as the data is acquired,” says Dr. Keith Beckett, Chief Scientist at UrtheCast. “The
distribution of imagery analysis results is now being streamlined straight into users’ hands, ready to be put to work.”
With one of the most diverse sensor systems in the EO business and with plans for two revolutionary constellations—UrtheDaily and OptiSAR—UrtheCast continues to eliminate barriers to actionable Big Data analysis,
allowing for stronger connections between EO, GIS, data analysis, and their myriad market applications.
Many of those applications have worldwide impact, for both current and future generations.
EVOLUTION OVER TRADITION
“Traditionally, the geoanalytics model has been highly transactional,” says Beckett. “The user requests imagery, receives imagery, and analyzes the resultant data.” Balking tradition, the progression of that model has already
begun, revealing a more democratized, accessible standard.
“There are two very clear catalysts emerging that are driving that exponential growth,” explains Beckett. “First, it
has been enabled by the commodification and mass production of low-cost and, perhaps more importantly, low-power,
sensors and processors. This is largely thanks to today’s powerful smartphones.” Within remote sensing and geoanalytics industries, the merging of technologies will be key and will snowball even more in the next five to ten years.
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“Several technological accelerants are fuelling production of actionable insights, for all EO companies.
the Earth Observation geoanalytics revolution,” says
“Ultimately, most of the geoanalytics market value
Phil Downen, UrtheCast’s VP of Government
will be garnered by the winning value-add
Programs. “Lower-cost sensor payloads, satpropositions and not the supporting imagery
ellites, and launch services are now possible,
and data sources,” says Downen. “There’s no
and that is largely driven by high-speed elecdoubt the geoanalytics value proposition now
tronics, digital imaging sensors, and stanenjoys greater reach and applicability to a broad
dardized satellite designs. When coupled
range of vertical markets, such as precision
with cloud-based, and commoditized comagriculture, which are just recently realizing
DR. KEITH BECKETT
pute and storage resources, the remaining
the power of satellite-based remote sensing. As
unsolved challenge lies in the analytic algoa result, the R&D frontier has begun shifting
rithms themselves,” explains Downen.
from hardware technologies to the Big Data and
“As computing power grows according to
deep learning algorithm development arena.”
Moore’s Law, the technological leaps needed
With the right tools, organizations large
to operate on Big Data will, without a doubt,
and small can power industry-wide and
be pushed far harder than Gordon Moore
global-scale change. Accessibility will drive
PHIL DOWNEN
ever envisioned,” adds Beckett.
that. And it’s not enough that we have a Big
Innovation in tech enables innovative market appli- Data boon in EO; the world requires high-quality data.
cations. As capabilities and connections between tech“The other reasons for that dramatic shift are the needs
nological components increase, the focus shifts to the of rapidly expanding markets like agriculture, forestry,
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FIGURE 1.

A lush oasis
along the Nile
River, Egypt,
captured by
Theia, November
30, 2015.
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Connective innovation is bringing remote sensing into
the Big Data revolution. It’s not only iteration and innovation that are driving change; it’s combining technologies
in ways that solve problems and create new models.
“In the same way that many unrelated technologies were integrated together into the creation of today’s
smartphones, the future of Earth Observation and geoanalytics will involve the seamless integration of a wide
range of technologies,” explains Beckett. “We can already
see how the Internet of Things (IOT) and remote sensing are converging, with technologies combining in ways
that we could only dream of a few years ago.”
2

FIGURE 2.

This USDA crop
map shows
vigorous crop
growth in green
and fallow land
in red in Idaho,
U.S., captured by
Theia on Nov. 4,
2015.
FIGURE 3.

Precision irrigation maps in
Brazil will reduce
water usage.
Image captured
by Deimos-1, Nov
2, 2015.
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energy, water management, and insurance, which are
all looking to Big Data to supply better, faster, higher-quality and cheaper actionable information,” explains Beckett.
There are key industries driving that change
which other markets will soon be able to harness as
well. It’s industries like agriculture and crop insurance that have the right ecosystems necessary to
further this change, says Beckett. “The competing
demands of population expansion, of reductions in the amount
of arable land available as cropland
is converted to other uses, and of
pressures of climate change collide. Other industries are looking
to predict retail activity by count- 3
ing cars in store parking lots, estimate oil reserves by inspecting
storage tanks and monitor containers at shipping ports and rail
yards. These are several examples
of geoanalytics services already
supporting various marketplaces.”
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PROVIDING EFFORTS FOR
FOOD SECURITY WITH BIG DATA
UrtheCast’s sensor system is one of the most diverse
in the Earth Observation business, and that brings a
range of capabilities, including heightened analysis for
precision agriculture.
“Precision Agriculture is well suited for an agronomic
geoanalytic revolution powered by space-based remote
sensing,” says Downen. “Given the world population
trend and decreasing arable land, the ratio of peoplefed-per-acre is increasing non-linearly. Greater temporal
fidelity of the cropland imagery results in higher accuracy
and more timely crop maintenance, again minimizing
expended resources and optimizing the grain outputs.”
The planned UrtheDaily and OptiSAR constellations
are being designed to be the next purveyors of large-scale
problem solving—as the global agricultural stakes are
raised, as the population balloons, so too does the need
for increased access to extremely high-quality imagery,
on a reliable and frequent basis.
“It’s becoming increasingly crucial as we try to
ensure food security on a global basis,” explains Beckett.

4

“Precision agriculture using Earth Observation and
geoanalytics is operationally being used to optimize
crop production by strategically applying just the right
amounts of nutrients, herbicides, pesticides, fungicides
and water, and to apply them at just the right time when
they are needed most.”
Already, UrtheCast’s Deimos-1 sensor has been a
workhorse of the agricultural and forestry industries
by providing regular monitoring services across the
United States, which allows for high-quality multitemporal analysis. Deimos-1, together with its sister
satellite UK-DMC-2, is used to deliver cloud-free imagery roughly every 2 weeks to the U.S. Department of
Agriculture for critical cropland monitoring and yield
estimating. UrtheDaily and OptiSAR, in combination,
are expected to raise those monitoring capabilities
exponentially with daily coverage and high resolutions.
“Growers around the world are under pressure to
produce greater corn, wheat, rice, and soybean yields
per acre than ever before. Remote sensing helps manage
land use and optimize crop yields by analyzing the entire
growing cycle and recommending the precise application of precious input resources such as seed, fertilizer,
water, herbicides, and insecticides,” says Downen.
From precision irrigation that results in huge water
savings and crop yield increases, to early detection of
crop illnesses to minimize crop damage—all areas
of food production and protection stand to make major
gains in the next ten years, even amid climate change
realities. “Climate change, regardless of the cause, is very
much real,” says Beckett. “It is invalidating many of the
models and assumptions in virtually every market area.

Because the rate with which climate change is impacting
these markets is rapid and difficult to predict, new models
must be developed, and past assumptions need to be recalibrated just to stay one step ahead,” explains Beckett.
The ability of farmers to gain actionable insights is
absolutely contingent on the use of high quality imagery, which can provide accurate measurements of what
is happening in the field. “The tangential benefits are
profound,” says Downen. Those include “lower insurance costs and fewer failed crops, more efficient grower
operations, less water used, less chemicals applied, and
less runoff into the water table and aquifer systems.”

FIGURE 4.

Lake Winnipeg,
Manitoba,
Canada, captured
by Theia, May 13,
2015.

ENTER URTHEDAILY AND OPTISAR
The planned UrtheDaily constellation can be best
thought of as an Internet of Things (IOT) sensor capable
of delivering almost 6 trillion pixels every day, Beckett
explains, each one an area of five meters square, covering the world’s 145 million km2 of land. The system is
being designed to observe what’s happening, every day
at 10:30 a.m., across the planet’s entire land mass. “This
will be the feedstock into a vast array of machine learning algorithms to analyze the imagery in near real-time
and to produce actionable information for the consumer
marketplace,” he says.
The two planned constellations, UrtheDaily and
OptiSAR, are designed to be highly complementary,
working as one. OptiSAR is designed to let users zoom
in to specific areas where interesting changes have just
been observed by the UrtheDaily constellation. “This will
bring the much needed deeper understanding of human
activity and impacts of climate change,” says Beckett.
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With an eye toward speed, these new daily datasets are being designed
to be delivered within 12 hours following acquisition. “The system has been
designed for agricultural and change-detection applications—for planned
delivery of high-frequency, high-quality data that enables geoanalytics capabilities that the agriculture industry has yet to see,” explains Beckett.
UrtheDaily is designed to be precisely calibrated and to have a long lifespan, making it a dependable, high-fidelity, long-term solution for the industry.
To provide maximum coverage, the entire world’s landmass can be acquired
daily, without any gaps. “That’s 145 million km2 of multispectral imagery
every 24 hours. At 5 meters per pixel—the sweet spot in the trade-off between
cost, resolution and useful information content—this imagery provides rich
multispectral data with high radiometric and geometric quality, covering
huge swaths of cropland at a consistent time of day. This means that users of
UrtheDaily data can rely on having the most up-to-date agricultural information delivered to them every day within hours of observation,” says Beckett.

5

SCIENTIFIC DATA HAS AN ACCESSIBILITY PROBLEM
Troves of data, analysis of that data, and the resulting insights are simply
not yet available at massive scale. “In virtually every resource industry, be
it surface, subsurface or aquaculture development, organizations suffer
the same limiting factor of inaccessible or difficult-to-understand scientific data,” Beckett explains. “UrtheCast will be instrumental by making
available science-backed information through an interactive platform to
all stakeholders in the resource development industry.”
To democratize it, we have to go steps beyond opening up EO, toward
making that information digestible and interactive. “In that way, this science-backed information via the UrthePlatform will substantially raise the
level of comprehension,” he says. Until recently, there’s been a pervasive
inability to crunch and communicate data in a palpable way. Cloud computing and technological integration are changing that reality.
We’re only just beginning to realize the potential of open EO data.
Big Data is a good start. With on-the-fly analysis on the horizon, and
higher quality data being delivered, many markets and sub-sectors stand
to make out well.
Although it’s only early days, already we can see worldwide impact
across areas of economic, environmental and social
responsibility. We’re on the precipice of what’s
becoming a shakeup—and exciting inflection
point for the EO geoanalytics world.
FIGURE 5.

A study using Deimos-1
imagery showed the potential to save farmers in Texas
significant watering costs
per irrigation pivot over
the growing season. Image
captured by Deimos-1, April
14, 2016.

SSO Orbit Plane
MIO Orbit Plane

FIGURE 6.

Artist’s rendering of
OptiSAR
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A technical conference and
exhibition focused on LiDAR
and emerging remote-sensing
and data collection tools and
technologies including Geiger
Mode, Flash and Single Photon
Counting.
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Jack Dangermond
President of Esri

Outstanding Technical
Program

Dangermond fostered the growth of ESRI from a small
research group to an organization recognized as the world
leader in GIS software development employing 2,700 people
in the U.S.

• Unmanned.& Autonomous
Systems (UAS)
• Lidar
• Photogrammetric
Applications
• Geographic Information
Systems (GIS)
• Primary Data Acquisition
• Professional Practice
• Remote Sensing
Applications

Keith Masback
CEO United States Geospatial Intelligence Foundation (USGIF)
Keith will discuss USGIF community activities in his presentation: Advances in Remote Sensing within the GEOINT
Revolution.

Other Sessions including

Stan Hovey
ASPRS Emeritus Member

• STEM Activities
• Poster Sessions
• Classified Session

Stan will present and discuss a four-pronged approach for
ASPRS to implement for general STEM development resulting
in ASPRS benefits and Baltimore STEM DAY efforts.

ut!
Don't miss o
sign up.
to
time
ll
ti
s
is
re
e
h
T
l Spilman,
Contact Bil
lutions.com
tivemediaso
bill@innova

Current Exhibitors & Sponsors

ASD Inc., a PANalytical company | Cardinal Systems | Blue Marble Geographics
GeoCue | GeoWing Mapping | Keystone Aerial Surveys, Inc. | LizardTech
MDPI | nFrames GmbH | PIX4D | SAM, LLC | Terra Remote Sensing
Trimble | University of Maryland—GEOG | Woolpert

Media Partners

Apogeo Spatial | GeoConnexion | Lidar Magazine
POB | xyHt

