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Geometric correction of APEX hyperspectral data

Abstract

Hyperspectral imagery originating from airborne sensors is nowadays
widely used for the detailed characterization of land surface. The correct
mapping of the pixel positions to ground locations largely contributes to the
success of the applications. Accurate geometric correction, also referred
to as “orthorectification”, is thus an important prerequisite which must be
performed prior to using airborne imagery for evaluations like change
detection, or mapping or overlaying the imagery with existing data sets
or maps. A so-called “ortho-image” provides an accurate representation
of the earth’s surface, having been adjusted for lens distortions, camera
tilt and topographic relief. In this paper, we describe the different steps in
the geometric correction process of APEX hyperspectral data, as applied
in the Central Data Processing Center (CDPC) at the Flemish Institute
for Technological Research (VITO, Mol, Belgium). APEX ortho-images
are generated through direct georeferencing of the raw images, thereby
making use of sensor interior and exterior orientation data, boresight
calibration data and elevation data. They can be referenced to any user-
specified output projection system and can be resampled to any output
pixel size.
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Introduction

In 2004, at the time the Central Data Processing Center
was being designed and developed, VITO decided to implement
its own orthorectification C++ module. This module is highly
configurable and supports all available sensor models, ranging
from whiskbroom and pushbroom line scanners to frame
cameras.

The input data for the orthorectification module is represented
by sensor interior and exterior orientation, boresight calibration
data and elevation data. The module not only outputs the position
for every pixel in the image, but also produces the complete
viewing geometry for every pixel, for seamless interfacing with
MODTRAN (Berk et al. 1999), which is used for atmospheric
correction of the imagery. Furthermore, it supports coordinate
projection and datum transformations to any specified output
coordinate system and datum. The output of the orthorectification
module is a GIS formatted raster with 10 data layers: the X, Y
and Z coordinates of every pixel, the solar zenith angle, the local
illumination angle, the view zenith, solar azimuth, view azimuth,
path length and the sky view factor. The algorithms involved
in the orthorectification process are well-established and the
corresponding original papers are indicated in the references
section. The different aspects of the orthorectification are
described in the following section.

The Orthorectification Module

In the following, we describe the input data of the
orthorectification module, the core mechanism (ray tracing, time
conversion, coordinate projection, spatial resampling), and the
outputs produced by the module.
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Sensor interior orientation

There are two major types of line scanner: the pushbroom
model and the whiskbroom model, each fully described by their
specific parameters, as depicted in Figure 1.

Despite being designed as a pushbroom sensor, it turned out
that APEX (APEX 2015) behaves as a whiskbroom sensor, implying
that the field of view (FOV) fully defines the sensor geometry. The
FOV was measured as part of the acceptance testing and found
to be equal to 27.9842712347 degrees.

Sensor exterior orientation

Georeferencing of line scanner data requires accurate
position (X,Y,Z) and orientation (R=Roll, P=Pitch, Y=Yaw) data for
every scanline in an image. For this purpose, real-time navigation
data (logged on-board) is blended with GPS base station data
(for differential correction) and installation parameters (GPS lever
arms and IMU mounting angles) using the Applanix POSPAC
MMS post-processing software (Hutton, Bourke & Scherzinger 2007).
This software outputs the so-called “Smoothed Best Estimated
Trajectory (SBET)” file, providing the best possible position and
orientation data for the time frame of the flight.

In addition to this, the boresight angles (AR, AP, AY) are
needed in the georeferencing process. These are the physical
misalignment angles between the IMU and the sensor, as
graphically presented in Figure 2. They are determined during the
boresight calibration (Mostafa 2001), which is a procedure intended
to correct for angular misalignments between the sensor axis and
the GPS/POS measurement system axis.

For APEX, a boresight calibration flight is performed over
Ostend (Belgium) every time the instrument is newly built in the
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Figure 1. Interior orientation parameters (indicated in red) of the pushbroom (left) and whiskbroom sensor model
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Figure 2. Image, camera and IMU reference frames (according to Abdullah, 2004)

aircraft. For this area, high-resolution orthophotos are available
and reference ground control points (GCPs) are identified jointly
with the corresponding pixels in the APEX imagery. The flight plan
for the data acquisition mission over Ostend includes several
overlapping flight lines from different directions and at various
altitudes. Figure 3 shows a set of GCPs selected in the region.
Note that preference is given to positions in non-homogeneous
areas, where spatial transitions are visible (intersections, water-
land neighbourhood), for easy identification in the APEX imagery.

A procedure based on Monte Carlo simulations is then
employed to infer boresight angle corrections for the roll, pitch
and yaw. Figure 4 plots the spatial deviation of APEX pixels
(in metres) before (no boresight calibration performed, see top
figure) and after boresight calibration (see bottom figure) for 117
GCPs. In this particular case, the calibration procedure reduced
the mean deviation and its corresponding standard deviation from
17.76 m and 3.29 m to 1.56 m and 1.12 m, respectively. It should
be mentioned that the obtained deviation of 1.56 m is below the
typical spatial resolution of APEX imagery, thus ensuring spatial
displacements lower than one pixel. This value is in line with,
or better than, displacements reported by other authors in the
literature (Richter & Schiapfer 2002, Holwartz, Miller & Simon 2004).

Another visualization of the effect of the boresight calibration
on the accuracy of the data geolocation is provided in Figure 5.
In this figure, the geographic positions of the GCPs (red) are
depicted jointly with the positions of the corresponding APEX
pixels before and after boresight calibration (blue and green dots,
respectively). From this figure, it can be observed that the roll,
pitch and yaw corrections force the positions of the APEX pixels
to approach the true ones.

Figure 3. A set of GCPs (represented by yellow dots) in Ostend
Source: <https://www.agiv.be/producten/orthofotomozaieken>

The inferred boresight calibration angles are then applied
in the CDPC to all APEX imagery acquired before the sensor is
unmounted from the aircraft. The periods in which APEX stays
mounted on the flying platform depend on the aircraft availability.
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Figure 4. Spatial deviation (metres) of the APEX pixels from the corresponding GCPs before (top figure) and after (bottom figure)
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Figure 5. Geographic positions of the GCPs (red) and corresponding positions of APEX pixels for non-calibrated (blue) and calibrated

(green) boresight angles
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Figure 6. Example of an APEX image overlapped with the corresponding orthophoto in an urban area

Source: <https://www.agiv.be/producten/orthofotomozaieken>

In one specific year, several time windows can be allocated to
APEX flights. Thus, while all APEX imagery benefits from this
procedure, the boresight calibration angles are updated from one
year to another and even several times a year, if needed.

Elevation data
For the production of orthorectified APEX products, the
following auxiliary elevation data layers are integrated in the

Central Data Processing Center:

e The EGM968 geoid model (Lemoine et al. 1998). For direct
georeferencing in the GPS coordinate system, the geoid is
needed to retrieve the local geoid height which has to be
added to the local DEM/DSM height.

e  Above Flanders: the AGIV LIDAR DEM (DEM Flanders 2015)
at a spatial resolution of 5 m and a vertical accuracy of 7 cm
for areas covered with short grass or under pavement and
20 cm for areas under complex vegetation.

e  Outside Flanders:

o A user-supplied (high resolution) LIDAR DTM/DSM, if
available

o  The SRTM DEM (the Shuttle Radar Topography Mission at
a spatial resolution of 90 m) (SRTM 2015) will be used as the
fall-back mechanism if no detailed DEM is available

o  The NOAA “GLOBE” global DEM (1 km spatial resolution)
(NOAA2015) is used as the fall-back mechanism to determine
the mean elevation over the area covered by the image in
case the SRTM DEM contains invalid or no data.

Time conversions

In the VITO orthorectification module, all time calculations
(e.g. to link the APEX image data to the corresponding navigation
data) are carried outin the GPS and UTC time systems. Whenever
additional leap seconds are introduced, according to the bulletins
published at LeapSeconds (2015), the module is updated. The most
recent update of the UTC time was performed in June 2015,
when GPS reached 17 seconds ahead of UTC time.

Ray tracing

The VITO module supports two manners of orthorectification:
forward (direct georeferencing) or backward projection (indirect
georeferencing). In forward projection, each pixel in the source

image is projected onto the orthophoto. The corresponding pixels
in the orthophoto are then determined via the intersection of a
ray from the perspective centre of the source image through the
image point with the three dimensional ground surface defined by
the Digital Surface Model (DSM). In backward projection, each
pixel in the orthophoto takes its pixel value from the source image
using the collinearity condition and the object space coordinates
X, Y, and Z of the corresponding DSM cell. Whether using forward
or backward projection, full ray tracing is necessary to determine
occluded areas (Abdullah 2004). The ray tracing is implemented
according to the methodology described in reference documents
(Mdller & Trumbore 1997; Amanatides & Woo 1987).

Orthorectification of the APEX data is conducted via direct
georeferencing in the GPS coordinate system (WGS84 datum
and geographic coordinate system, i.e. latitude/longitude) and
with the rotation angles given in roll, pitch and yaw (describing
the rotation of the APEX sensor with respect to the ground).

Solar position

The orthorectification module outputs not only pixel positions
but also the complete pixel viewing geometry. Therefore, detailed
calculation of the solar position is required. For a complete
description of the algorithm used to calculate the solar position,
reference is made to Reda & Andreas (2008). They based their
implementation on the methodology presented in Meeus (1998)
and their developed C source-code is publicly available (Reda &
Andreas 2008).

Spatial resampling

The spatial extent of the APEX pixels is dependent on the
flight altitude (which determines the across-track resolution) and
the sensor integration time, defined before the data acquisition
mission according to user needs (influencing the along-track
spatial resolution). The orthorectification module includes an
automatic distance-weighted resampling and interpolation
procedure to minimize spatial uncertainty (Galbraith, Theiler & Bender
2003).

Coordinate projection
Coordinate and datum transformations are the very last step
in the orthorectification. For the coordinate projection, the USGS



GCTP package (USGS 2015) is used. This package is encapsulated
in a C++ interface developed at VITO and allowing for the addition
of other projection systems not known by GCTP. For all datum
transformations, the 7 parameter Helmert transformation is used
(Helmet Transformation 2015).

Example of a Geometrically Corrected APEX Image

This section exemplifies the output of the VITO CDPC
orthorectification module using remote sensing imagery acquired
by APEX over an urban area. In Figure 6, the RGB representation
of APEX imagery (in the upper part of the first diagonal of the
image) is overlaid with a high-resolution orthophoto of the
same area. A pixel-by-pixel analysis is not possible due to the
relatively low spatial resolution of APEX in comparison to the
high resolution reference image. However, note the excellent fit
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between the positioning of the APEX image and the background
(e.g., the continuity of the streets and houses in the transition
areas).

Conclusions

In this paper, the image orthorectification module
implemented in the VITO CDPC was presented. The geometric
correction of airborne imagery involves several procedures and
components that have a significant impact on the final product.
For APEX, an excellent absolute geolocation accuracy (sub-pixel
to one pixel) is obtained after the orthorectification process when
boresight calibration is performed. The examples shown in the
paper confirm in a qualitative fashion the high accuracy of the
APEX imagery from a geometrical point of view.
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