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Abstract
In the last decade VHR (Very High Resolution) images from satellite, because of the reduced dimensions of
pixel (less than 1 meter) and the availability in different acquisition bands (4 or more), have had major dffusion
in many application fields of remote sensing. They can be used also to produce high resolution coloured
ortho-photos, but adequate levels of positional accuracy as well as small pixel dimensions are necessary. The aim
of this paper is to demonstrate that WorldView-2 (WV-2) images satisfy totally these requirements if firstly
submitted to high accurate rectification and Pan-Sharpening processes. Using Rational Polynomial Functions
(RPFs), original dataset can be better overlapped to cartographic maps at medium or great scale; multispectral
images (cell size: 2 m) can be resampled to meet geometric resolution of pan one (cell size: 0.5 m), so detailed
and attendible RGB composition results. Applications are carried out on one sample of WV-2 imagery
concerning a scene within the Province of Caserta (Italy) that includes vegetated as well as urban areas. Finally
RGB composition with pixel dimensions of 0.5 m, positional accuracy less than 1 meter and likely colors are
achieved, confirming the possibility to use this type of images for coloured ortho-photos at scale 1:5.000 at least.
Keywords: worldview-2, orto-photos, rational polynomial functions, pan-sharpening
1. Introduction
WorldView-2 (WV-2) was the most technologically-advanced high-resolution satellite ever launched before its
twin, WorldView-3, reached orbit. The DigitalGlobe satellite was launched into space on October 8, 2009 from
Vandenberg Air Force Base (CA) (Apollo Mapping, 2014).
On board of WV-2 satellite there are two types of sensors that, respectively, collects: panchromatic images
(0.450-0.800 μm) with cell size 0.46 m at nadir (0.50 m for commercial uses) and multispectral images (Coastal
Blue: 0.400-0.500 μm; Blue: 0.450-0.510 μm; Green 0.510-0.580 μm; Yellow 0.585-0.625 μm: Red 0.630-0.690
μm; Red Edge 0.705-0.7 45 μm; NIR1 0.770-0.895 μm; NIR2 0.860-1.040 μm) with cell size 1.84 m at nadir (2
m for commercial uses). Operating at an altitude of 770 km with an inclination of 97.2°, this sun synchronous
satellite has an average revisit time of 1.1 days and is capable of collecting up to 1 million km2 of 8-band
imagery per day (Digital Globe, 2014).
Even if in the last ten years images from space with sub-meter spatial resolution have been available, these data
are collected only in four spectral bands (generally named blue, green, red and infra-red), which makes the
distinction of land cover classes a difficult task; with the launch of WV-2 for the first time ever, a high spatial
resolution space-borne sensor with eight spectral bands ranging from blue to the near infrared parts of the
electromagnetic spectrum has been operating, so the possibility to perform classification accuracy has been
obtainable (Novack et al., 2011).
The high spatial resolution of WV2 images allows discrimination of a lot of details, such as vehicles and
individual trees, while the high spectral resolution provides detailed information that facilitates the identification
of a greater number of ground cover classes (e.g. more variety of vegetation) as well as the detection of changes
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in the use of the soil (Baiocchi et al., 2011). The integration of the classification maps derived by WV-2 with
DTM that supplies the variability of the territorial morphology permits to produce 3D thematic models i.e. land
cover (Maglione et al., 2014). Also vegetation parameter maps at high spatial resolution of 2 m ground sampling
distance can be created from the 8-bands WV-2 imagery after the conversion of the BVs (Brightness Values) into
surface reflectance (Borel, 2010). Applications of NDVI (Normalized Difference Vegetation Index) and NDWI
(Normalized Difference Water Index) to WV-2 facilitate shoreline detection to monitor coastal erosion (Maglione
et al., 2014).
The aim of this study is to demonstrate that WV-2 imagery can be used also to produce high resolution coloured
ortho-photos: adequate positional accuracy is achieved using georeferencing process based on RPFs functions
(Belfiore & Parente, 2014) while cell size of panchromatic data (0.5 m) is transferred to multispectral ones by
Pan-Sharpening (Parente & Santamaria, 2013).
Production of orthophotos and maps with traditional methods is based on the use of aerial photograms (Crespi et
al., 2003). This approach is very accurate, but each image covers a small terrain area (Kääb, 2002) and has other
limitations, such as costs for the flight and data processing. These disadvantages can be limited using RGB
resolution satellite images, which have reached sub-meter cell size and can be acquired repeatably for any zone
with extensive area in each scene. More than the others WV-2 datasets are adequate for this purpose because the
above mentioned combination of limited cell size dimensions and high number of bands that permits to achieve
realistic RGB composition more similar to the natural human vision (Baiocchi et al., 2011).
This paper is organized as follows. In Section II the attention is focalized on data and methods: after a brief
description of the study area and used dataset, the main characteristics of the georeferencing and Pan-Sharpening
processes are summarized. In Section III results are shown and discussed. Section IV concludes the paper with
general considerations.
2. Data and Methods
2.1 Study Area and Dataset
The study area is located in Caserta Province (Italy) (Figure 1). There is a complex landscape characterized by
urban, industrial and agricultural zones. The different types of land use in a relatively small area render the
territory particularly interesting to test the possibility to obtain realistic RGB composition by WV-2 for numerous
natural as well as artificial features such as trees, buildings, roads.

Figure 1. The study area within the Ortho Ready Standard WorldView-2 panchromatic image and its location in
Campania Region (Italy)
For this application a complete set of WV-2 imagery (panchromatic as well as multispectral data) acquired on
08/10/2012 was used. The dataset was supplied by the vendors as Ortho Ready Standard product (DigitalGlobe,
2013), so it resulted already projected to a plane using a map projection (UTM, Universal Transverse of
Mercator) and datum (WGS84), but without the variability of the elevation had been taken into account (the
average terrain height established for the area of interest had been assumed as constant plane). In other words,
the dataset was not ortho-rectified in the photogrammetric sense, so its geo-location was affected by errors.
Overlay with orthophotos of Campania Region of the same area at scale 1:2,000 (pixel dimensions: 20 cm x 20
cm) permitted to establish the planimetric accuracy of the whole scene: 20 Check Points (CPs) easily
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distinguished on the Pan image as well as on the orthophotos were considered and planimetric differences
between rigorous cartographic and effective coordinates presented RMS = 15.53 m (Table 1). Because of the
high resolution of the image, this positional accuracy was not acceptable, so a further process of geometric
correction resulted necessary to increase it.
Table 1. Statistic values of errors (in meters) obtained for CPs in the original WorldView-2 panchromatic image
Min Max Mean St. Dev. RMS
CPs:20 2.23 42.21 11.27 10.68 15.53
2.2 Geometric Correction using Rational Polynomial Functions
In Remote Sensing applications to improve the positional accuracy of the raw data two main categories of
approaches are useful, named parametric and non-parametric methods. The first ones are based on rigorous
models that use viewing geometry of the sensor (Parcharidis, 2005). Non-parametric methods are independent of
the sensor characteristics as well as the acquisition mode and the most appropriate of them for high resolution
satellite images are 3D Rational Polynomial Functions (RPFs) (Dowman & Dolloff, 2000; Maglione et al.,
2013). The relationship between image coordinates (X’, Y’) and 3D object coordinates (X, Y, Z) is defined by
(Toutin, 2004):
X' =

P1n ( X , Y , Z ) ' P3n ( X , Y , Z )
Y = n
P4 ( X , Y , Z )
P2n ( X , Y , Z )

(1)

where P1n, P2n, P3n, P4n are usually cubic polynomials (with 20 coefficients for each of them). General
polynomial can be expressed as:
m1

m2

m3

Pl n ( X , Y , Z ) =  al ijk X iY j Z k

(2)

i =0 j =0 k =0

where:
n=3
l = 1, 2,3, 4
0 ≤ m1 ≤ 3;
0 ≤ m2 ≤ 3;

(3)

0 ≤ m3 ≤ 3;
m1 + m2 + m 3 ≤ 3

To determine the values of the polynomial coefficients in equation 1 Ground Control Points (GCPs) which are
identifiable in the image must be selected accurately on maps or other already corrected images to detect their
coordinates. In the case n = 3, 78 coefficients are present in equations 1, so at least 39 GCPs must be considered,
but a greater number is suitable to optimize transformation and reduce positional errors in the selected points.
Rectification process was conducted on the panchromatic image (higher resolution) using PCI Geomatica
OrthoEngine Version 2012. Then a clip was extracted and submitted to further process for colour orto-photos
production.
2.3 Pan-Sharpening
Because multispectral images necessary for color composition (RGB) presented 2 m cell size, Pan-Sharpening
process was introduced to grow out geometric resolution. Pan-Sharpening is a technique that can increase the
potential of satellite imagery, which can be used for many applications requiring high spatial and high spectral
resolution (Zhang, 2004). It permits to reduce the pixel dimensions of multispectral images to those of
panchromatic ones. The resulted benefits are evident: more detailed coloured images (RGB composition) can be
obtained and more accurate information becomes available for further applications such as classification, land
cover and use mapping, features extractions and so on.
A large number of Pan-Sharpening methods are present in the literature (Amro et al., 2011), but they do not
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supply the same quality of the results (Parente & Santamaria, 2013). Color distortions can be introduced and
their effects are often evident when RGB composition is compared with that resulting by the original bands
(Parente & Santamaria, 2014): for this application Zhang method (Zhang, 1999) implemented in the software
Focus by PCI Geomatics Enterprise was applied because of its high performance. No color distortions were
evident in visual comparison, so the quality of the results was evaluated using some indexes that permitted a
quantitative analysis of the performance of this method. Particularly the following ones based on comparison of
statistical values of the input and output images were used:
•
•
•

Correlation Coefficient (CC);
Universal Image Quality Index (UIQI);
ERGAS.

Correlation Coefficient (ρ) is computed using the formula:
=

(4)

where:
X is the input multispectral image;
Y is the output (pan-sharpened) multispectral image;
CovXY is the covariance between X and Y images;
σX is the standard deviation of image X;
σY is the standard deviation of image Y.
Universal Image Quality Index (UIQI) is supplied by the formula (Wang & Bovik, 2002):
=

∗

∗

(5)

where:
µX is the mean value of image X;
µY is the mean value of image Y.
ERGAS (Erreur Relative Globale Adimensionelle de Synthèse) is calculated by the following formula (Wald,
2000):
= 100 ∗

∑

(

)

(6)

where:
h is geometric resolution of the panchromatic image (0.50 m for the WV-2 imagery);
l is the geometric resolution of the multispectral image (2 m for the WV-2 imagery).
The first two indexes (CC and UIQI) permit to compare each pan-sharpened image with the corresponding one
from which it has been derived. The good quality of the result is characterized by values close to one for both
CC as well as UIQI. ERGAS is an example of global error parameter for describing the quality of the entire
derived dataset. Nevertheless the mean value of CC (as well as of UIQI) can be assumed as global indicator of
the Pan-Sharpening results. For RGB composition, cases of "good quality" exhibit ERGAS values less than 3, or
slightly greater, while the error is larger than 3 for cases of "bad quality" (Wald, 2002).
3. Results and Discussion
Three different sets of GCPs (40, 50 and 60 GCPs) were considered for RPFs application: in all cases the same
CPs (20) were used. GCPs and CPs are evidenced in Figure 2: their planimetric coordinates in UTM-WGS84
were derived from the above mentioned ortho-photos, while elevations were obtained by DEM available for the
area (cell size: 20 m). To evaluate the accuracy of the rectification process, the residuals obtained for GCPs as
well as for CPs in XY direction were calculated. Statistic values of these errors are reported in Table 2 in
reference to the considered models.
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Figure 2. GCPs (in red) and CPs (in green) and their distribution on the WV-2 Panchromatic Image
Table 2. Statistic values of errors (in meters) obtained for GCPs and CPs by using RPFs
GCPs: 40
CPs:20
GCPs: 50
CPs:20
GCPs: 60
CPs:20

Min

Max

Mean

St. Dev.

RMS

0.01
0.08
0.01
0.20
0.04
0.10

1.08
5.89
1.23
1.29
1.09
1.31

0.37
1.08
0.40
0.74
0.43
0.68

0.26
1.17
0.27
0.32
0.25
0.32

0.45
1.59
0.48
0.80
0.50
0.75

The best positional accuracy was achieved with 60 GCPs: this model was used to rectify the entire dataset,
panchromatic as well as multispectral images. As certified by the statistic values of the residuals in the 20 CPs,
the orto-rectified imagery presented acceptable positional accuracy if compared with the smaller pixel dimension
(panchromatic data: 0.5 m). In fact, using RPFs with 60 GCPs the original errors were strongly reduced as
certified by RMS of the residuals in CPs passed from 1.59 m to 0.75 m. Probably better results can be achieved
using the photogrammetric approach or increasing the quality of the GCPs and CPs carrying out their
coordinates from GNSS survey. Nevertheless the achieved products can be considered of high quality.
About the results of the Pan-Sharpening process, the values obtained for the above mentioned indexes are
reported in Table 3: they confirm the high performance of the Zhang method, so the pan-sharpened images can
be considered similar to those that should have been obtained by multispectral sensor with the same geometric
resolutions of the panchromatic one.
For the considered scene, coloured aerial image, WV-2 panchromatic image, RGB composition with original
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multispectral images, the resulting coloured orto-photo are reported, respectively, in Figures 3, 4, 5, 6. Details of
them are reported in Figures 7, 8, 9, 10.
Table 3. The results achieved with the different indexes to evaluate SVR Zhang method.
CC(ρ)

UIQI

ERGAS

0.95

0.95

3.09

Figure 3. Coloured Aerial image

Figure 4. WV-2 Panchromatic image

Figure 5. RGB composition with WV-2 original
multispectral images

Figure 6. RGB composition with WV-2 pan-sharpened
multispectral images
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Figure 7. Details in the coloured aerial image

Figure 8. Details in WV-2 Panchromatic image

Figure 9. Details in RGB composition with WV-2
original multispectral images

Figure 10. Details in RGB composition with WV-2
pan-sharpened multispectral images

4. Conclusion
The experiments carried out confirm that WV-2 imagery can be used for the production of coloured orto-photos
with high geometric resolution. In fact from it products with adequate positional accuracy and cell size of 0.5 m
can be derived. About the first aspect, further geometric corrections must be applied to the traditional Ortho
Ready Standard product: RPFs with GCPs (the number of them depends by the morphology of the territory)
permit to reduce positional errors carrying them to values proxime to the pixel dimension.
About the orto-photos cell size equal to 0.5 m, this goal can be achieved with WV-2 imagery using
Pan-Sharpening process: the affidability of the results in term of absence of significative color distortion can be
tested using not only visual analysis, but also quality indexes that are present in literature.
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The advantages that result from WV-2 imagery use for orto-photos instead of the traditional dataset by airplane
with the same geometric resolution are evident: less expensive costs, greater area for each scene, more
availability of data.
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