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Over the last decade, significant progress has been 
made in developing and launching satellites suit-

ed for earth observation, with instruments in both the 
optical/infrared and microwave regions of the spectra. 
Commercial availability of optical very high spatial 
resolution spaceborne imagery began more than 10 
years ago with the launch of IKONOS and QuickBird, 
which led to an increasing interest in satellite data for 
mapping and precise location-based service applica-
tions. Since then, a large amount of data has been ac-
quired, including images from newer and more com-
plex platforms such as WorldView-1, WorldView-2, 
GeoEye-1, and the more recent Pleiades-1A and Pleia-
des-1B. Currently, the potential global capacity of very 
high spatial resolution imaging satellites is greater 
than 1.8 billion square kilometers per year, which cor-
responds to more than 12 times the land surface area 
of the earth. This capacity could potentially increase 
to more than 2.4 billion square kilometers per year 
(about 16 times the land surface area of the earth) in 
the near future. 

Despite the vast amounts of data collected, com-
mercial imagery providers are finding that imagery 
alone does not meet all customers’ real needs. Users 
in many domains require information or information-
related services that are focused, concise, reliable, low-
cost, timely, and which are provided in forms and for-
mats specific to a user’s own activities. 

The commercial remote sensing industry is on the 
verge of an information revolution, as new satellites are 
developed that offer increased resolution, improved 
accuracies, and faster access to imagery and derived 
information. These trends are further aided by technol-
ogy improvements in processing speeds, cloud comput-

ing, delivery mechanisms, and new information extrac-
tion techniques that will make the imagery and derived 
information more economical and accessible. 

As shown in Figure 1, the evolution of the geospa-
tial industry can be illustrated as four different eras, 
each characterized by its ground-breaking emphasis, 
namely resolution, accuracy and precision, speed, and 
analytics. Satellite resolution was leveraged in a way to 
support basic geospatial needs, where a premium was 
placed on the detail within the scene. For years, the 
industry rode the “one-meter-resolution” standard that 
has since been surpassed by resolutions well under a 
half-meter. Accuracy and precision became relevant as 
both government and commercial enterprises focused 
on building maps to facilitate urban planning, infra-
structure deployment, and voice-guided turn-by-turn 
navigation systems. Speed became a critical aspect as an 
expanding number of users wanted and expected on-
demand, rapid access to data required for emergency 
planning and response, risk assessment, and monitor-
ing. And now, as the fourth era unfolds with the expec-
tation of both information and insight derived from 
the imagery, the geospatial industry is well positioned 
to deliver capabilities that include custom site moni-
toring, change detection analysis, and active monitor-
ing of “hot events” around the world, such as natural 
disasters, social unrest, or man-made crises.

1. RESOLUTION
The designing and launching of more sophisticated 
space sensors has led to increasingly finer spatial, 
spectral, and temporal resolutions of data. Sensors 
with spatial resolutions of meter or sub-meter resolu-
tion allow the detection of small-scale objects, such 
as elements of residential housing, commercial build-
ings, transportation systems, and utilities. Sensors 
with spectral capabilities provide additional discrimi-
native features for objects that are spatially similar. 
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The temporal component, integrated with the spectral 
and spatial dimensions, can provide critical information, 
such as vegetation dynamics. Finally, newer classes of 
satellites have high-performance camera control systems 
capable of rapid re-targeting, allowing the collection of 
dozens of images over a single target, each with a unique 
angular perspective.

Spatial resolution refers to pixel size with respect to 
the smallest feature that can be detected from space. The 
late 1990s saw the launch of the first sub-meter resolution 
satellite, IKONOS. Since then, satellites have been trend-
ing toward higher and higher resolutions. DigitalGlobe 
currently operates some of the highest spatial resolution 
commercial satellites with resolutions up to .41 cm. In 
the coming years, several commercial providers expect to 
launch satellites with 1 m resolution or better. For exam-
ple, the Indian Cartosat-3 is planned to collect imagery 
at 25 cm resolution. Figure 2 illustrates the refinement 
in spatial accuracy using platforms with 1 m, 50 cm, and 
30 cm resolution. For example, cars can be detected with 
some level of uncertainty (depending on their size) with 
1 m resolution imagery, whereas 50 cm resolution allows 
for the delineation of cars’ windshields. Cars’ side mirrors 
can be detected only with 30 cm imagery, clearing a path 

for automated computer 
vision techniques permit-
ting car model identifica-
tion. It is also worth not-
ing that yellow lines in the 
parking area appear clearer 
at 30 cm resolution, while 
they are barely visible at 
1 m resolution.

Spectral resolution refers 
to the number of spectral 
bands available on a satel-
lite. Each of the spectral 
bands is designed for spe-
cific applications and can 
range from visible, to near 

infrared (NIR), to short wave infrared (SWIR), to thermal 
bands. Commercial satellites primarily have four bands in 
the visible and NIR bands (VNIR). DigitalGlobe’s World-
View-2 satellite was designed with eight spectral bands in 
the VNIR region, with the additional bands being much 
narrower in width (40 to 50 nm) as compared to 100 nm 
or broader in typical VNIR bands. Figure 3 illustrates the 
“walk-through” from the longest to the shortest wave-
lengths, of the eight spectral bands of WorldView-2 over 
a coastal region. Figure 3 (a) shows the scene in true color. 
As displayed, different features appear with different band 
combinations. For example, wave refraction patterns and 
submerged aquatic vegetation appear clear with combina-
tions of the NIR bands, whereas structural features are vis-
ible using shorter wave visible bands, such as coastal and 
blue channels.

Radiometric resolution refers to the bits of informa-
tion in the imagery. Radiometric capabilities have greatly 
increasing in recent years, with sensors evolving from 
8-bit, to 11-bit, to 14-bit capabilities. These increased 
capabilities determine the quality of the images and, sub-
sequently, the ability to extract information from them 
accurately and in automated fashion.

Temporal resolution refers to the frequency that a sat-
ellite, or constellation of satellites, can collect imagery 
over a given area of interest. With the increased agility 
provided by technologies such as controlled moment 
gyros, today’s satellites can take images further from 
nadir, greatly improving collection efficiency and allow-
ing rapid collection of point targets. Improved temporal 
resolution all serves to increase area collection capability 
due in part to technologies permitting forward and back-
ward scanning. Figure 4 illustrates the satellite agility of 
the five satellites in the DigitalGlobe’s constellation.

DigitalGlobe’s constellation of satellites has intra-day 
revisit anywhere across the globe and it is capable of col-
lecting over 3 million square kilometers of imagery every 
day. The company’s archive has complete coverage of 
most nations and urban areas have imagery as fresh as 
three months old.

FIGURE 1. The four ears of the geospatial industry evolution.
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FIGURE 2. Increasing spatial resolution in optical satellite imaging.
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Angular resolution refers to the agility of a satellite 
system to collect off-nadir as well as stereo imagery. Sat-
ellites are capable of shooting high off-nadir images that 
can be used to measure heights of objects such as build-
ings or oil tanks. Multiple images over an area of inter-
est, collected either in one pass or multiple passes, can 
be used to create accurate 3D models of cities as well as 
highly accuracy elevation models. Figure 5 illustrates the 
process of automatically generating a realistic 3D model, 
from the planning of the collection as shown in (a), to the 
extraction of 2 m resolution Digital Surface Model (DSM) 
and Digital Terrain Model (DTM) illustrated in (b), to the 
final city model as shown in (c). 

2. POSITIONAL ACCURACY AND 
PRECISION
As location-based systems become an inte-
gral part of life, high accuracy and precision 
are two aspects needed to ensure that imag-
ery and derived information can be used for 
actionable intelligence. Imagery’s positional 
accuracy has been steadily improving with 
errors around 23 m in the early 2000s to  
3 m today. Increased accuracy is primar-
ily due to more stable orbits and innovative 
post processing techniques that reduce the 

error margins. There are several technologies that enable 
efficient registration of data to a base map, both imagery 
as well as vector base layers. This practice is referred to 
as “second generation ortho” where a new image is regis-
tered to a base map that is, in turn, used for maintenance 
and updates of geospatial databases aligned to the base 
map. The coming years will see accuracies getting better 
with increased spectral resolution. Precision, on the other 
hand, refers to relative accuracy of images collected over 
time. This is an important aspect to consider when cre-
ating and maintaining multi-year geospatial databases.  
Figure 6 illustrates the concepts of accuracy and precision. 
As shown, newer platforms such as the WorldView series 

FIGURE 3. Spectral information in various spectral bands on WorldView-2.
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FIGURE 4. Satellite agility of the DigitalGlobe`s constellation.
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of satellites have an average accuracy of 4 m which can be 
compared to the performance of precision aerial imagery.

4. SPEED
Following events such as natural disasters, imagery itself 
can be made available to end users within hours of acqui-
sition. DigitalGlobe has invested in a network of ground 

terminals distributed across the globe that allow imag-
ery to be captured, processed, and distributed to the final 
users within minutes from collection.

Speed can also be assessed as a function of time rela-
tive to the mapping of large areas. Using traditional map-
ping techniques, cartographers typically take four to five 
years to create authoritative maps. These timelines are no 
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FIGURE 5. Urban 3D model extracted from multiple images.
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longer acceptable for today’s geospatial needs. The remote 
sensing industry has started leveraging high performance 
computing (HPC) and cloud computing to make these 
tasks faster and more efficient than ever. Figure 7 illus-
trates three years’ worth of cloud-free imagery available 
over Mexico from the DigitalGlobe archive, and the cor-
responding orthomosaic of Northern Mexico at 50 cm 
resolution created by DigitalGlobe in less than three days.

5. ANALYSIS
Today, DigitalGlobe’s archive has more than 4.5 billion 
square kilometers of imagery. As users have started map-
ping and monitoring the world at unprecedented rates, 
there is a growing need for information suited for “action-
able intelligence” and decision making. This need is lead-
ing the geospatial industry toward sophisticated infor-
mation extraction techniques that were never possible 
before. For example, DigitalGlobe uses a combination 
of automated tools for generating derived products over 
large areas using various analysis techniques. Informa-
tion layers created through these analyses leverage imag-
ery’s rich spectral, spatial, and angular information to 
create derived-information that is complete and ready to 
fulfill the user needs in many domains.

With the growing acceptance of “crowdsourcing” the 
geospatial industry is now able to leverage almost any per-
son to help rapidly add information to pixels. For example, 
as tornados touched down in Oklahoma in May 2013, Dig-
italGlobe tasked its satellite constellation to capture imag-
ery of the area. Upon collection, DigitalGlobe launched its 
recently acquired Tomnod Crowdsourcing System (TCS) to 
help extract information from the image. The crowd was 

able to quickly and efficiently locate affected areas in order 
to help with the delivery of aid and support. DigitalGlobe’s 
TCS approach is most powerful in situations where rapid 
insight is required in order to enable fast decision mak-
ing. In support of the Oklahoma crisis, announcements 
were sent out to the crowd on Facebook and Twitter, and 
to dedicated groups, such as CrisisMappers. Users were 
given a short tutorial and then asked to view the imagery 
and identify destroyed buildings, tarped roofs, and fallen 
trees. Within 60 minutes, over 15,000 points of interest 
were collected by the crowd and the crowdsourced dam-
age map was immediately published online. The damage 
map in Figure 8 highlights the trail left by the tornado of 
destroyed buildings (in orange) as identified by members 
of the TCS crowd. Just off of the main path of the tornado, 
it is possible to see the tarped roofs that had been identi-
fied (in blue) where buildings were partially damaged by 
high winds or flying debris.
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FIGURE 6. Increasing spatial accuracy of satellite imagery.

FIGURE 7. Three years’ worth of cloud-free imagery over Mexico 
and the corresponding orthomosaic of Northern Mexico at 50 cm 
resolution created in less than three days.



IEEE GEOSCIENCE AND REMOTE SENSING MAGAZINE    DECEMBER 201362 

6. WORLDVIEW-3
The latest trends in the geospatial industry have influenced 
the design of DigitalGlobe’s newest satellite. WorldView-3, 
expected to launch in 2014, is expected to be the first 
very high spatial resolution, multi-payload, super-spectral  
commercial satellite. Operating at an expected altitude of 
617 km, WorldView-3 will be capable of collecting 31 cm 
panchromatic, 1.24 m visible and near infrared, and 3.7 m 

short-wave infrared imagery (up to 
680,000 square km per day), with 
an average revisit time of less than 
one day and positional accuracy 
of 3.5 m CE90 (or better) without 
ground control points. It is expected 
that WorldView-3’s new SWIR 
bands will significantly impact sur-
face compositional modeling, and 
mapping of rock and soil exposures 
worldwide. Potential applications 
include: improved geologic map-
ping, environmental and disaster 
monitoring, exploration for petro-
leum, minerals, and geothermal 
resources, as well as other non-
renewable resource assessments.

The placement of SWIR bands is determined by 
water molecules absorbing light at specific SWIR wave-
lengths, rendering the atmosphere nearly opaque in 
these ranges. Remotely sensed data must, therefore, be 
collected in atmospheric windows between these water 
absorption wavelengths. There are three atmospheric 
windows in which WorldView-3 has SWIR bands. The 
first window is centered near 1,250 nm. Bands here 
are useful for bracketing iron absorption features at 
shorter wavelengths. Vegetation indices that are sensi-
tive to leaf moisture content, such as NDWI, also use 
bands within this 1,250 nm window. The second SWIR 
window is between about 1,500–1,750 nm. Man-made 
materials and chemicals have multiple absorption fea-
tures in this range; examples include plastics, fiberglass, 
and petroleum. Snow and ice can also be differentiated  
from clouds in this window. The third atmospheric 
window lies between about 2,000–2,400 nm. Mineral 
absorption features are the focal point in this range. 
With sufficient sensor radiometric resolution, unique 
mineral identifications and chemical measurements 
can be made.

Collecting satellite imagery in both NIR and SWIR 
wavelengths has unique benefits, including improved 
atmospheric transparency and material identification. 
Because of their chemistries, many materials and sub-
stances have specific reflectance and absorption fea-
tures in the NIR and SWIR allowing for their charac-
terization from space. Examples include: vegetation; 
minerals used in economic mineral exploration; urban 
features such as roofing and construction materials 
(and their weathering); petroleum (e.g. spilled); and a 
variety of other man-made chemical compounds. Snow 
and ice show distinctive variations in some SWIR bands 
and, because of the wavelengths, SWIR bands can even 
penetrate some types of smoke, such as from a forest fire 
as shown in Figure 9.

In addition to the 17 bands comprising NIR and 
SWIR, WorldView-3 will carry a separate instrument, 
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FIGURE 9. Imagery of a forest fire near Los Angeles, CA, on Sep-
tember 3, 2009: (a) true color (RGB) composite, (b) SWIR band at 
2,215 nm. Note that while smoke is nearly transparent in the SWIR 
image, water vapor clouds remain opaque.

FIGURE 8. DigitalGlobe’s TCS crowd sourcing based assessment of the tornado damage on the 
ground, in Moore Okla., USA. 
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FIGURE 10. WorldView-3 spectral bands.
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named CAVIS, specifically designed to measure the 
atmospheric components necessary to improve the con-
sistency of image quality and create accurate metadata 
on clouds and snow/ice. CAVIS, which stand for Clouds, 
Aerosols, water Vapor, Ice and Snow, is composed of 12 
additional bands of 30 m resolution in the VNIR and 
SWIR part of the spectra, with two bands having ste-
reoscopic characteristics to allow the extraction of 3D 
features at each overpass. The bands of WorldView-3 are 
illustrated in Figure 10.

CAVIS is expected to greatly improve imagery yield, 
particularly in hazy areas. The consistency of image 
values, regardless of different atmospheric conditions, 
improves the performance of data analysis for land cover 
and change detection applications, facilitates multi-
temporal and cross-sensor comparison, and enables the 
extraction of information using physical quantities. Fig-
ure 11 illustrates the effects of image normalization using 
the information derived from the CAVIS data. 

ABOUT DIGITALGLOBE, INC.
DigitalGlobe is a leading global 
provider of commercial very high 
spatial resolution earth imagery 
products and services. Sourced 
from our own advanced satellite 
constellation, our imagery solu-
tions support a wide variety of uses 
within defense and intelligence, 
civil agencies, mapping and analy-
sis, environmental monitoring, oil 
and gas exploration, infrastruc-
ture management, internet portals 
and navigation technology.

DigitalGlobe was founded in 
1992, and was the first company 

to be awarded a license by the US Department of Commerce 
allowing a private enterprise to build and operate a satellite 
system to gather high resolution earth imagery for commer-
cial sale. In addition, DigitalGlobe was the first company 
to offer visually sharp sub-meter resolution imagery when 
it launched QuickBird in 2001, which is still operational 
today. In 2007, DigitalGlobe launched a second satellite, 
WorldView-1, to begin delivering on expanded agreements 
with the U.S. Government. More recently DigitalGlobe suc-
cessfully launched its third satellite, WorldView-2 in 2009, 
which extended its technological leadership through the 
first incorporation of 8-band technology, providing an 
unparalled level of on-the-ground detail that enables faster 
and better decisions. In January 2013, DigitalGlobe and 
GeoEye finalized their combination into one company, cre-
ating a constellation of five sub-meter resolution satellites. 
Finally, DigitalGlobe plans to launch WorldView-3 in 2014, 
which will further bolster its ability to deliver more imagery 
and analysis services.

(a) (b)

FIGURE 11. Effect of image normalization using the information derived from the CAVIS data.

T he International Association of Oil and Gas Producers 
has set up a new body with the goal of increasing the 

industry’s use of Earth satellite and airborne imagery, a 
key tool that will improve emergency response and also 
make exploration and production more efficient. 

Satellite and airborne imaging of the surface of the 
Earth—often referred to as Earth Observation (EO) 
and also known technically as Remote Sensing (RS)—
involves using earth-orbiting satellites or dedicated sur-
vey aircrafts to obtain information regarding the status of 
the surface of the Earth and its Atmosphere. 

“OGP decided to set up the Earth Observation Sub-
committee within the Geomatics Committee to support 
industry projects aimed at improving emergency response” 

OGP to Drive Earth Observation  
Uptake in the Industry

Digital Object Identifier 10.1109/MGRS.2013.2289872 
Date of publication: 2 January 2014


