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Abstract. Advancements in the geometric resolution of space images
have improved the conditions for generations of large-scale topographic
maps. Using WorldView-1, WorldView-2, and GeoEye-1, images can now
be captured from space with a 0.5 m ground sampling distance (GSD).
Geometric accuracy and information content are the most significant components of mapping from space images. Depending on the resolution,
image quality, and shadows, the identification and classification of ground
objects may prove challenging. In this research, the geometric accuracy
and information content, of panchromatic WorldView-1 images, were analyzed by covering parts of Istanbul and Zonguldak in Turkey. Each of these
locations has various topographic characteristics. For the orientation and
investigation of the geometric accuracies of images, a number of ground
control points (GCPs) were developed as independent checkpoints.
Based on bias-corrected rational polynomial coefficients with one GCP,
a standard deviation of independent checkpoints on the range of one
GSD was obtained. The information content of images was analyzed
by mapping all buildings, in both test areas, and comparing the results
with reference 1∕5000 scaled topographic maps. The results verified
that the WorldView-1 images can be utilized for generating and updating
1∕5000 scaled topographic maps of urban areas. © 2013 Society of Photo-Optical

Instrumentation Engineers (SPIE) [DOI: 10.1117/1.OE.52.2.026201]

Karsten Jacobsen
Leibniz University Hannover
Institute of Photogrammetry and Geoinformation
Nienburger Street 1
D-30167, Hannover, Germany

Subject terms: remote sensing; geometric accuracy; information content; topographic mapping.
Paper 121253 received Aug. 31, 2012; revised manuscript received Dec. 8, 2012;
accepted for publication Dec. 21, 2012; published online Feb. 4, 2013.

1 Introduction
After the launch of the very high resolution (VHR) (0.82 m)
IKONOS in the 1990s, a new generation of commercial
Earth-imaging satellites have pioneered a new era of space
imaging for observations of Earth.1,2 By using economical,
rapid and periodic acquisition, and corresponding ground
resolution, these satellites have established an alternative
to aerial photos and have been widely used for various applications such as object extraction, change detection, topographic map production, and development of Geographic
Information Systems (GIS).3–11 The utility of VHR images
is dependent on their geometric accuracy and information
content.9,12–14
The identification and detection of the objects necessary
for mapping in 1∶5000, or larger scale, is problematic with
a 1 m ground sampling distance (GSD). To solve this
problem, images from WorldView-1, with 0.5 m GSD, are
available. This satellite, which launched in September 2007,
is the first of the next-generation satellites and is the most
responsive satellite that has ever been flown commercially.
WorldView-1 operates at an altitude of 496 km and has a
theoretical collection capacity of 750; 000 km2 per day.15–19
The GSD, provided by this satellite, corresponds to the information content of 1:25,000 scaled analogue aerial photos
which are used for cartographic purposes20–23 or digital mapping camera (DMC) aerial photos taken from a flying height
of 5000 m.
0091-3286/2013/$25.00 © 2013 SPIE
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The smallest feature that can be depicted on a topographic
map is approximately 0.25 mm (limit to eye sight),24,25 which
is why geometric accuracy can be assessed for this limitation.
For clear detection, the ground object has to be described
with two to four pixels on a map and a minimum of approximately 0.05 to 0.1 mm GSD ([0.25∕4] to [0.25∕2]) is
required.24–26 A topographic map, with a scale of 1∶5000,
can be generated with 0.5 m GSD provided by
WorldView-1 imagery (0.5 m∕0.1 mm ¼ 5000).10,23,27,28
Based on this expectation, this paper analyzes the usability of WorldView-1 images for 1∕5000 scaled topographic
map production in the context of geometric accuracy and
information content. Istanbul and Zonguldak test fields,
which have distinctive topographic characteristics, were employed for better interpretation of image reactions. Analyses
of geometric accuracy were conducted with various mathematical models including rational polynomial coefficients
(RPCs), geometric reconstruction, three dimensional (3D)
affine, and direct linear transformation (DLT) approaches.
To accomplish these objectives, the paper is organized
in the following manner. Section 2 describes the study areas,
Sec. 3 explains the image orientation and object point
determination, Sec. 4 exhibits the information content of
WorldView-1 imagery, and Sec. 5 concludes the paper.
2 Study Areas
The analyzed WorldView-1 scenes of Istanbul and Zonguldak
were acquired in November 2007 and September 2008,
respectively.
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Fig. 1 Test sites shown on WorldView-1 images: (a) Istanbul and (b) Zonguldak.

Istanbul and Zonguldak are located in northwestern
Turkey with a collective population of approximately 15 million people. Istanbul has the largest settlement area in the
country. The terrain structure is predominantly flat, builtup, and hilly. The maximum terrain height is approximately
450 m above sea level. In contrast to Istanbul, the population
of Zonguldak is small and the terrain is very steep and mountainous. Terrain height ranges from sea level to an elevation
of 1646 m with an average terrain inclination of 23 percent.29
The test sites are depicted on the WorldView-1 images
shown in Fig. 1.
3 Image Orientation and Object Point
Determination
Because of a nominal collection elevation, of 60.7 deg and
61.4 deg, for WorldView-1 images, the projected pixel size,
on the ground, exceeds the value of 46 cm for the nadir view.
The pixel sizes are 52 cm and 58 cm across and in the view
direction, respectively. Therefore, the distributed images,
with 50 cm GSD, are oversampled. Imaging geometries of
WorldView-1 scenes are presented in Fig. 2.
Image orientation is the geometric base of any georeferenced data acquisition. As the dominant method of orientation, the bias-corrected sensor oriented RPCs have been
established.30,31 Combined with the images and the header
data, the RPCs are distributed. They express the relationship
between the image and the ground coordinates and are based
on the direct sensor orientation of the satellite using positioning systems, such as global positioning systems, gyros and
star sensors which determine the attitude data.30,32,33 The
direct sensor orientation, of WorldView-1 and GeoEye-1,
lead to a standard deviation of approximately three meters
for the ground coordinates.34,35 In addition, the uncertainty
for the national (Turkish) datum has to be considered,
thus, an improvement utilizing control points is needed.
Accordingly, 29 ground control points (GCPs) were established, in both Istanbul and Zonguldak, from 1∕1000 scaled
maps produced by digital aerial photos. For the mathematical
models used in this study, only a few control points were
Optical Engineering

Fig. 2 Imaging geometries of the WorldView-1 scenes: (a) Istanbul
and (b) Zonguldak.

required which include the remaining control points that
were used as independent checkpoints.
The orientation of the bias-corrected sensor oriented RPC
is usually completed in two steps. First, the influence of the
object point height is evaluated by terrain relief correction.
This evaluation is followed by a two-dimensional transformation of control points. Here, a simple shift or a two-dimensional affinity transformation can be used. Two-dimensional
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Table 1 Results of the WorldView-1 scene orientation in Istanbul (m).

Scene
orientation at
GCPs
Method of
orientation

No. of
GCPs

RPC shift

Table 2 Results of the WorldView-1 scene orientation in Zonguldak (m).

Scene
orientation at
checkpoints

Scene
orientation at
GCPs

Scene
orientation at
checkpoints

SX

SY

SX

SY

SX

SY

SX

SY

Method of
orientation

GCPs

1

0

0

0.57

0.51

RPC shift

1

0

0

0.52

0.55

RPC affine

4

0.15

0.01

0.54

0.52

RPC affine

4

0.01

0.35

0.67

0.67

RPC shift

4

0.29

0.30

0.56

0.53

RPC shift

4

0.30

0.37

0.74

0.66

RPC affine

8

0.19

0.12

0.56

0.58

RPC affine

8

0.28

0.51

0.61

0.45

RPC shift

8

0.33

0.23

0.58

0.54

RPC shift

8

0.35

0.55

0.63

0.43

RPC affine

29

0.42

0.47

—

—

RPC affine

29

0.48

0.45

—

—

RPC shift

29

0.53

0.50

—

—

RPC shift

29

0.50

0.46

—

—

3D affine

4

0

0

0.64

0.57

3D affine

4

0

0

1.05

1.02

3D affine

8

0.15

0.11

0.70

0.69

3D affine

8

0.40

0.45

0.94

1.14

3D affine +

8

0.10

0.11

0.49

0.62

3D affine +

8

0.11

0.33

1.24

1.32

DLT

8

0.14

0.10

0.66

0.59

DLT

8

0.23

0.43

0.95

0.57

affinity transformation requires at least three control points,
thus, with one control point, only a simple shift is possible.
A more realistic accuracy analysis is only possible with
independent checkpoints which are not used for the scene
orientation. As a result, accuracy analyses were performed,
in this study, by applying different numbers of checkpoints
that corresponded to varying numbers of GCPs. With four
and eight control points (25 and 21 checkpoints), the improvement in accuracy, with a two-dimensional RPC affinity
transformation after terrain relief correction, is negligible
compared to a simple shift computed by one GCP and 28
checkpoints. This situation confirms an acceptable internal
accuracy of the WorldView-1 scenes. For comparison, a
scene orientation by approximations was tested by employing 3D affinity and DLT approaches as well as two dimensional RPCs. Generally, approximations result in a loss of
accuracy, as confirmed by results from other satellite
images.36 The loss of accuracy, among the approximate
orientation methods, is dependent on the three-dimensional
object point distribution. In the Istanbul and Zonguldak
scenes, height differences of 200 m and 350 m exist between
the control points and checkpoints, respectively, depending
on the rugged topography. Conversely, orientations with 3D
affine transformation and DLT are challenging for flat areas.
Tables 1 and 2 list the detailed scene orientation results of
WorldView-1 images.
A geometric quality close to one GSD is sufficient for
topographic mapping.25,37 Considering Tables 1 and 2, the
results for the checkpoints, with two-dimensional RPC, in
Istanbul and Zonguldak are quite similar and in the range
of one GSD. The handling of GCPs, from 1∕1000 scaled
topographic maps, has a diminishing effect on the results.
An enhanced point definition creates the potential for higher
Optical Engineering

Fig. 3 RMS errors at checkpoints—average of RMSX and RMSY (m).

accuracy. For better interpretation, the averages of root mean
square (RMS) errors, for the checkpoints in the X and Y
directions, are graphically represented in Fig. 3. The GCP
results are illustrated, for 29 GCPs of the RPC method, due
to a lack of checkpoint availability.
The RMS errors, of checkpoints, can be visually related to
the satellite view direction through the use of vector plots.
For instance, in Istanbul, the RMS discrepancies are 52 cm
in the view direction and 36 cm in the across view direction.
These discrepancies are caused by a limited accuracy of the
control point heights which were derived from 1∕1000
scaled topographic maps. Therefore, the sub-pixel accuracy
could not be achieved in a consistent manner. Sub-pixel
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Fig. 4 Vector plots of checkpoint discrepancies: (a) Istanbul and (b) Zonguldak.

accuracy was only obtained for the component, in the across
view direction, that is independent of the control point
height and indicates the pointing and scene accuracies.
Corresponding to the error propagation, the influence of the
control point heights, on the horizontal coordinate components, is 38 cm. The accuracy of the control point heights
with a vertical view direction of 60.7 deg is 63 cm. This is
a realistic situation for the height values used in this study.
Vector plots of checkpoint discrepancies for the Istanbul and
Zonguldak test sites are displayed in Fig. 4.
In Fig. 4, the sizes and directions of the checkpoints,
in both test sites, are randomly distributed which indicates
that the geometry of WorldView-1 images do not contain
any systematic errors. In a systematic error situation, the vectors expose errors of similar directions and sizes. In patches,
the sizes of checkpoints are larger due to the following
causes which are dependent on terrain characteristics: (1) the
terrain is rolling in both test sites and the large height
differences, mentioned previously, exist between the control
points and checkpoints; (2) this type of terrain decreases
the quality of generated digital terrain models (DTMs), and
related orthophotos, which are the basic components for
1∕1000 scaled topographic map production; and (3) various
terrain formations, such as intensive built-up and forest areas,
are available on the test sites which cause problems for the
optical stereoscopy and affect the quality of generated orthophotos and the accuracy of checkpoints.
4 Information Content of WorldView-1 Imagery
In addition to geometric accuracy, the information content
is essential for topographic mapping. Information content
refers to the various layers of extracted objects from space
images such as buildings, roads, and forests. In this study,
the geometric accuracy of WorldView-1 images is detected
with less than one GSD. Generally, the relationship between
the GSD and the largest map scale ranges between 0.05 and
0.10 mm of the production scale. Namely, if the image has a
0.5 m GSD, the information content of the image provides
information for a 1∶5000–1∶10000 scale topographic map,
whereas, the geometric accuracy reaches a standard deviation
of 0.5 m which corresponds to 0.1 mm in 1∶5000 scaled
map.25 A minimum standard deviation of 0.25 mm is considered acceptable. Thus, the limiting factor is not geometric
accuracy but the information content.
Optical Engineering

Information content depends on many factors. The main
factor is the GSD of an image. Images with a smaller GSD
have higher geometric resolution and provide more detail
than images with a larger GSD. However, effective GSD, as
determined by edge analysis for example, is required.38 The
user must evaluate the effective GSD of images because
vendors provide only nominal GSD values. The effective
GSD can be larger than the nominal GSD if the radiometric
resolution is poor. Analog film-based images that are scanned into digital media, such as the Russian space system
KOMETA’s TK-350 and KVR-1000 images, have larger
effective GSDs.39 The Indian Remote Sensing Satellite-1C
(IRS-1C), which uses originally digital panchromatic
images, has similar problems because the radiometric resolution is limited to six bits (26 grey values) and uses staggered charge-coupled devices. According to the experiments
for high-resolution satellite images, the effective resolution
corresponds to the nominal resolution.40
Object contrast is another parameter that must be considered. This parameter varies according to the urban and rural
area, country, and topography as well as atmospheric conditions. Urban areas can include planned and unplanned subareas. In planned areas, object recognition is easier than in
unplanned areas. The buildings are generally smaller and the
contrast between the building surroundings may not be as
sharp as the building surroundings in unplanned areas. In
rural areas, object texture provides more acceptable information content because these areas contain fewer objects than
urban areas. Consideration of urban planning policies may
be critical. For instance, the urban plans in a developed country may be different from the urban plans in a developing
country. Occasionally, topography needs to be considered
because buildings can be in close proximity to each other
in a steep area compared to the buildings in a flat area.41,42
Color information supports object identification.
Generally, panchromatic images, that acquire the visible
(and sometimes near infrared) spectral range, constitute
25 percent of the GSD of multispectral images. However,
multispectral images contain color information about the
object. Therefore, the geometric resolution of panchromatic
images and the color information of multispectral images are
combined through pan-sharpening.43 Here, the limitation is
the requirement of simultaneous acquisition of panchromatic
and multispectral images. For instance, OrbView-3 could not
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Fig. 6 (a) Extracted objects in the University area and (b) densely
populated area in Zonguldak.

Fig. 5 Mapping of buildings: left map: WorldView-1, right map: reference (a,b) Istanbul and (c,d) Zonguldak.

generate panchromatic and color images simultaneously,
which precluded the feasibility of direct pan-sharpening.44
In the study, the information content of WorldView-1
images was analyzed separately for the Istanbul and
Zonguldak test sites. Corresponding to the aforementioned
rule, 0.1 mm GSD is required to detect objects on a map.
Mapping in the scale of 1∶5000 should be possible with a
0.5 m GSD. Hence, WorldView-1 images were compared
with the 1∶5000 scaled topographic maps derived from aerial
photos of the test sites.
For the investigation, buildings were vectorized manually
from WorldView-1 images of the overlapping areas with
reference 1∕5000 scaled maps. In comparison, nearly entire
buildings, which were extracted from WorldView-1 images,
were coherent with references for both test sites (Fig. 5).
Only a few incompatible areas (black circles), which are not
systematical, were identified.
In the Zonguldak test site, objects that were not in
densely populated areas were easily extracted. The university
area is a typical example of this scenario [Fig. 6(a)].
Conversely, there are some problems in shadow areas that
are caused by high buildings along narrow streets [Fig. 6(b)].
Only a limited number of tall buildings exist in the
Zonguldak test site. However, there are many narrow streets
and the shadows are longer because of terrain inclination
in the northern direction. As a result, it is difficult to detect
roads because they are covered by shadows. Similarly, shadows from tall buildings limited object recognition in Istanbul.
Optical Engineering

Fig. 7 Influence of shadows (left side) and enhancement by using the
Wallis filter (right side). (a,b) Istanbul and (c,d) Zonguldak.

It is possible to reduce the effect of shadows by using the
Wallis filter which improves local contrast by changing the
grey values to the desired mean value with a desired standard
deviation of the grey values. The histogram, of the output
image, closely resembles a normal distribution. Figure 7
shows the improvement in the shadows through use of the
Wallis filter.
5 Conclusions
In this study, the suitability of WorldView-1 panchromatic
images for mapping purposes was evaluated. The geometric
accuracy and information content of images were analyzed
for Istanbul and Zonguldak test sites. Various terrain characteristics were also included.
The panchromatic WorldView-1 scenes have a ground
resolution on the scale of typical aerial images, thus, it
was possible to compare their geometric accuracies. The
required geometric accuracy was achieved without any
problems.
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The limiting factor for mapping is the information content. The generally required production scale of 0.05 to
0.1 mm GSD has been confirmed. A topographic mapping
of the scale 1∶5000 is possible with 0.5 m GSD.
Not only the ground resolution is important, but the imaging conditions are also critical. The elevation of the sun
plays a major role because mapping in shadows is challenging. Shadow regions can be improved through the use of the
Wallis filter.
Finally, the extracted buildings clearly demonstrate that
WorldView-1 panchromatic images, with 0.5 m GSD, can be
used for mapping and updating 1∕5000 scaled topographic
maps in problematic urban areas.
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