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Method and system for geometric referencing of multi-gpectral data

Field of the Invention

The invention relates to the field of image capturing e.g. in
aerial imaging. More particularly, the present invention relates
to sensing systems for obtaining multi-spectral images,

corresponding imaging systems and methods for using them.

Background

Hyperspectral imaging is a form of spectral imaging wherein
information from across the electromagnetic spectrum is collected
in many narrow spectral bands and processed. From the different
spectral images that are collected, information of the objects
that are imaged can be derived. For example, as certain objects
leave unique spectral signatures in images which may even depend
on the status of the object, information obtained by multi-
spectral imaging can provide information regarding the presence
and/or status of objects in a region that is imaged. After
selection of a spectral range that will be imaged, as spectral
images in this complete spectral range can be acquired, one does
not need to have detailed prior knowledge of the objects, and
post-processing may allow to obtain all available information.
Whereas originally hyperspectral remote sensing was mainly used
for mining and geology, other applications such as ecology,
agriculture and surveillance also make use of the imaging

technique.

It is known to use photogrammetric techniques to infer three-
dimensional information, in particular elevation information, from
the acquired two-dimensional images. An example of such a
technique is disclosed in Alsadik, B. S., Gerke, M., & Vosselman,
G. (2012), “Optimal Camera Network Design For 3D Modeling Of
Cultural Heritage”, ISPRS Annals of the Photogrammetry, Remote

Sensing and Spatial Information Sciences, I1-3, 7-12.
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Some agricultural and ecological applications are known wherein
hyperspectral remote sensing is used, e.g. for monitoring the
development and health of crops, grape variety detection,
monitoring individual forest canopies, detection of the chemical
composition of plants as well as early detection of disease
outbreaks, monitoring of impact of pollution and other
environmental factors, etc. are some of the agricultural
applications of interest. Hyperspectral imaging also is used for
studies of inland and coastal waters for detecting biophysical
properties. In mineralogy, detection of valuable minerals such as
gold or diamonds can be performed using hyperspectral sensing, but
also detection of o0il and gas leakage from pipelines and natural
wells are envisaged. Detection of soil composition on earth or
even at other planets, asteroids or comets also are possible
applications of hyperspectral imaging. In surveillance,
hyperspectral imaging can for example be performed for detection

of living creatures.

International patent application publication WO 2011/073430 Al, in
the name of the present applicant, discloses a sensing device for
obtaining geometric referenced multi-spectral image data of a
region of interest in relative movement with respect to the
sensing device. The sensing device comprises a first two
dimensional sensor element and a spectral filter. The spectral
filter and the first sensor element are arranged for obtaining
spectral information at a first wavelength or wavelength range
using a part of the first sensor element and for obtaining
spectral information at a second wavelength or wavelength range
using another part of the first sensor element. As a result of
this arrangement, different parts of a single image acquired with
the first sensor will represent the imaged scenery as seen is

radiation of a different respective wavelength.

To date, there is no satisfactory way to apply the aforementioned
photogrammetric techniques directly to multi-spectral or
hyperspectral images such as those acquired by means of the first

sensor of WO 2011/073430 Al. Nevertheless, full photogrammetric
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information about the acquired multi-spectral or hyperspectral
images is essential to correctly stitch together an image of the

scanned scenery in any particular wavelength band.

In WO 2011/073430 Al, this problem is solved by providing a second
sensor on the same substrate, which simultaneously acquires
panchromatic images of the area imaged by the first sensor. The
panchromatic images are used to perform 3D modeling, and the 3D
model information is subsequently transposed to the composite
images of the scenery in the different wavelength bands that are

covered by the multi-spectral or hyperspectral first sensor.

Unpublished international patent application no.
PCT/EP2015/065523, in the name of the present applicant, describes
a sensing device for obtaining geometric referenced multi-spectral
image data of a region of interest in relative movement with
respect to the sensing device, the sensing device comprising: at
least a first two-dimensional sensor element, the sensing device
being adapted for obtaining subsequent multi-spectral images
during said relative motion of the region of interest with respect
to the sensing device thus providing distinct spectral information
for different parts of a region of interest using the first sensor
element; a second two-dimensional sensor element, the sensing
device being adapted for providing, using the second sensor
element, an image of the region of interest for generating
geometric referencing information to be coupled to the distinct
spectral information; the first two-dimensional sensor element
being operable to capture a first sequence of frames at a first
frame rate and the second two-dimensional sensor element being
operable to capture a second sequence of frames at a second frame
rate; wherein the first frame rate is higher than the second frame
rate; and wherein the sensing device further comprises a processor
configured to generate intermediate geometric referencing
information to be coupled to frames of said first sequence of
frames for which no synchronous frame from said second sequence of
frames is available, said intermediate geometric referencing

information being derived from one or more temporally similar
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frames from said second sequence of frames. In this way, the
system of PCT/EP2015/065523 is able to reduce the number of
panchromatic images required to perform geometric referencing,
relative to the system of WO 2011/073430 Al, by means of
interpolation or extrapolation. However, the system of
PCT/EP2015/065523 does not change the assumption that panchromatic

images remain necessary.

The article by inventor of the present invention A. Sima et al.,
“Semi-Automated Registration of Close-Range Hyperspectral Scans
Using Oriented Digital Camera Imagery And A 3D Model”, The
Photogrammetric Record, vo. 29 (2104), no. 145, discloses a semi-
automated method for registering terrestrial panoramic
hyperspectral imagery with LIDAR models and conventional digital
photography. The method relies on finding corresponding points
between images acquired in significantly different parts of the
electromagnetic spectrum, from different viewpoints, and -with
different spatial resolution and geometric projections. The
article recognizes that the number of homologous points that can
be matched between a hyperspectral band and a covering
(panchromatic) digital camera image varies with the wavelength,
and proposes a technique that relies on a judicial selection of

spectral bands in which a maximum number of points can be matched.

Unpublished international patent application no.
PCT/EP2015/065524, in the name of the present applicant, describes
a method for performing photogrammetric 3D reconstruction of
objects imaged in a sequence of images, the images containing
distinct regions representing imaged radiation in respective
distinct wavelengths, the method comprising: selecting a plurality
of subsets from the sequence of images, each one of the plurality
of subset containing a plurality of images, each image of which
represents a field of view that overlaps with a field of view of
at least one other image in the same subset; generating a set of
intermediate 3D models by performing photogrammetric 3D
reconstruction on the images in respective ones of the subsets;

and recombining the intermediate 3D models from the set of 3D
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models into a combined 3D model. However, this method still

requires a significant amount of processing.

International patent application publication no. WO 2014/151746 A2
in the name of URC Ventures Inc. discloses techniques for
analyzing images acquired via mobile devices in various ways,
including to estimate measurements for one or more attributes of
one or more objects in the images. For example, the described
techniques are stated to be usable to measure the volume of a
stockpile of material or other large object, based on images
acquired via a mobile device that is carried by a human user as he
or she passes around some or all of the object. During the
acquisition of a series of digital images of an object of
interest, various types of user feedback may be provided to a
human user operator of the mobile device, and particular images
may be selected for further analysis in various manners.
Furthermore, the calculation of object volume and/or other
determined object information may include generating and
manipulating a computer model or other representation of the
object from selected images. The techniques disclosed in this
article are not concerned with images that represent radiation in

distinct wavelengths.

The article by Lichun Li et al., “A new navigation approach of
terrain contour matching based on 3-D terrain reconstruction from
onboard image sequence”, Science China Technological Sciences,
vol. 35 (2010), no. 5, 1176-1183, discloses a passive navigation
method of terrain contour matching by reconstructing the 3-D
terrain from the image sequence acquired by an onboard camera. To
achieve automation and simultaneity of the image sequence
processing for navigation, a correspondence registration method
based on control points tracking is proposed which tracks the
sparse control points through the whole image sequence and uses
them as correspondence in the relation geometry solution. A key
frame selection method based on the images overlapping ratio and
intersecting angles is explored, and then the requirement for the

camera system configuration is provided. The proposed method also
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includes an optimal local homography estimating algorithm
according to the control points, which helps correctly predict
points to be matched and their corresponding speed. Consequently,
the real-time 3-D terrain of the trajectory thus reconstructed is
matched with the referenced terrain map, and the result provides
navigating information. The techniques disclosed in this article
are not concerned with images that represent radiation in distinct

wavelengths.

The article by Turner Darren et al., “Direct Georeferencing of
Ultrahigh-Resolution UAV Imagery”, IEEE Transactions on Geoscience
and Remote Sensing, vol. 52 (2014), no. 5, 2738-2745, discloses a
concept for a camera-global positioning system (GPS) module that
allows the synchronization of camera exposure with an airframe’s
position as recorded by a GPS with 10-20-cm accuracy. Lever arm
corrections were applied to the camera positions to account for
the positional difference between the GPS antenna and the camera
center. Image selection algorithms were implemented to eliminate
blurry images and images with excessive overlap. This study
compared three different software methods (Photoscan, Pix4D web
service, and an in-house Bundler method), evaluating each based on
processing time, ease of use, and the spatial accuracy of the
final mosaic produced. The article mentions the need to remove
some of these overlapping images to improve processing efficiency,
which is achieved by reading the image location information from
image EXIF headers. An image overlap of around 80% is stated to
yield the best results for SfM-based image processing algorithms.
Image subsetting is achieved by computing the distance between
consecutive images. The techniques disclosed in this article are
not concerned with images that represent radiation in distinct

wavelengths.

International patent application publication no. WO 2014/031284 Al
in the name of Visual Intelligence LP, discloses an imaging sensor
system comprising: a mount unit affixed to a vehicle or a platform
and having at least three imaging sensors disposed within the

mount unit, wherein a first, second and third imaging sensor each
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has a focal axis passing through an aperture in the mount unit,
wherein the first image sensor generates a first image area of the
target area comprising a first array of pixels, wherein the second
image sensor generates a second image area of the target area
comprising a first array of pixels, wherein the first and second
imaging sensors are offset to have a first image overlap area in
the target area, wherein the first sensors image data bisects the
second sensors image data in the first image overlap area. Various
embodiments are described. The camera array assembly is configured
such that adjoining borders of the relevant image areas overlap
slightly. While this document suggests ortho-rectifying the
sequence of overlapping images using standard photogrammetry
techniques to produce an orthomap in which each pixel has an
unique latitude and longitude coordinate and a unique elevation
coordinate, it does not address dealing with images acquired in

different spectral ranges.

International patent application publication no.

WO 2004/027348 A2, in the name of M7 Visual Intelligence LP,
discloses a method to calibrate an on-board remote sensing system
using a self-locking travel pattern and target remote sensing
data. The self-locking travel pattern includes a number of
parallel travel lines having overlapping swath widths between
adjacent travel lines. The overlapping swath widths are used to
determine the boresight angles and range offset of the remote
sensor device. In addition, the method can be used to generate
estimated horizontal and vertical displacement errors. These
estimated errors can be used as correction factors for the range

offset and boresight angles.

There is a need for an alternative way of geometrically
referencing multi-spectral or hyperspectral images that does not
rely on simultaneously acquired panchromatic images and that has

limited computational complexity.



10

15

20

25

30

35

WO 2017/121876 PCT/EP2017/050717

Summary of the Invention

According to an aspect of the present invention, there is provided
a method for geometric referencing of multi-spectral data in a
sequence of images, the images containing distinct regions
representing imaged radiation in respective distinct wavelengths,
the method comprising: selecting a subset from the sequence of
images, said subset containing a plurality of images, each image
of which represents a field of view that overlaps with a field of
view of at least one other image in the same subset; generating a
3D model by performing photogrammetric 3D reconstruction on the
images in the subset; estimating a displacement and a yaw between
pairs of successive images of said sequence of images; and using
said 3D model and said estimated displacement and yaw to calculate
photogrammetric parameters for images of said sequence of images

that are not in said selected subset.

Throughout the present application, the term “multi-spectral” is

understood to include “hyperspectral”, unless indicated otherwise.

It is an advantage of the present invention that accurate
geometric referencing of a set of piece-wise multispectral images
can be made more efficient by judiciously combining
photogrammetric techniques - for images that are sufficiently
spaced apart — with interpolation techniques - for all images in

between the images that are selected for photogrammetry.

Like the invention described in unpublished patent application no.
PCT/EP2015/065524, the present invention is inter alia based on
the surprising insight of the inventors that 3D modeling can
successfully be applied to multi-spectral images despite the
difference in appearance of the same features in different images,
provided that the images used for the 3D reconstructions are
sufficiently far apart. Thus, when choosing pairs of images for
photogrammetric 3D modeling, the conflicting demands of spectral
proximity (the closer the imaging wavelengths are, the more

visually similar the images will be) and spatial separation (the
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further apart the images were taken, the more pronounced the depth
information will be) yields a surprising “sweet spot” where
efficient and accurate photogrammetric processing of pairs of
multi-spectral or hyperspectral images turns out to be possible.
However, the present invention mitigates the excessive processing
requirements of the photogrammetric technique of PCT/EP2015/065524
by restricting its application to a subset of images, and
resolving the parameters for the intervening images by means of

interpolation.

In an embodiment, the method according to the present invention
further comprises obtaining the sequence of images by means of a
hyperspectral sensor having a sensing element with different parts

that are sensitive to different wavelengths.

The inventors have found that the present invention is
particularly well suited to resolve the referencing issues

occurring in hyperspectral images.

In an embodiment of the method according to the present invention,
the sequence of images comprises images closely spaced in a
direction of motion of a sensor so as to have an overlap in said

direction of approximately 99%.

The improvement in computational complexity obtained by using the
present invention is particularly significant when the images to
be processed are extremely closely spaced, as is the case for
hyperspectral images obtained in aerial spectral photography

campains.

According to an aspect of the present invention, there is provided
a computer program product comprising code means configured to
cause a processor to perform, when executed, the steps of the

method as described above.

According to an aspect of the present invention, there is provided

a system for geometric referencing of multi-spectral data in a
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sequence of images, the images containing distinct regions
representing imaged radiation in respective distinct wavelengths,
the system comprising a processor configured to: select a subset
from the sequence of images, said subset containing a plurality of
images, each image of which represents a field of view that
overlaps with a field of view of at least one other image in the
same subset; generate a 3D model by performing photogrammetric 3D
reconstruction on the images in the subset; estimate a
displacement and a yaw between pairs of successive images of said
sequence of images; and use said 3D model and said estimated
displacement and yaw to calculate photogrammetric parameters for
images of said sequence of images that are not in said selected

subset.

In an embodiment of the system according to the present invention,
the images are hyperspectral images, obtained by a hyperspectral
sensor having a sensing element with different parts that are

sensitive to different wavelengths.

In an embodiment of the system according to the present invention,
the sequence of images comprises images closely spaced in a
direction of motion of a sensor so as to have an overlap in said

direction of approximately 99%.

The technical effects and advantages of embodiments of the
computer program product and the system according to the present
invention correspond mutatis mutandis to those of embodiments of

the method according to the present invention.

Brief Description of the Figures

These and other technical aspects and advantages of embodiments of
the present invention will now be described in more detail with

reference to the accompanying drawings, in which:

- Figure 1 schematically illustrates the flying path taken by

an exemplary aerial vehicle used to acquire images of the
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earth, and the boundaries of consecutive images acquired by a

sensor aboard such vehicle;

Figure 2 provides a perspective view of the region imaged by

two consecutive acquisitions in the map of Figure 1;

Figure 3 schematically represents the angle of view of the

sensor of Figures 1 and 2 for consecutive imaging positions;

Figure 4 provides a perspective view of the region imaged by

consecutive acquisitions of a multi-spectral sensor, in

particular a hyperspectral sensor;

Figure 5 schematically represents the angle of view of the

sensor of Figure 4 for consecutive imaging positions;

Figure 6 schematically illustrates the principle of the

present invention; and

Figure 7 provides a flow chart representing an embodiment of

the method according to the present invention.

Description of Embodiments

“3D reconstruction”,

process of capturing the shape

“Photogrammetric 3D reconstruction”,
description,
modelling”,

of real objects using imagery.

as used in the present description, is the

(and appearance) of real objects.

as used in the present
also called “structure from motion” or “image-based
is the process of capturing the shape (and appearance)

Photogrammetric 3D reconstruction

of an object requires a minimum of 2 images of that object,

acquired from different viewpoints;
circumstances,

precise,

in many practical
when the camera calibration is not sufficiently

3 images will be required. The coordinates of pixels in

the image sequence corresponding to one ground location (object

point)

are used to derive simultaneously

(bundle adjustment):
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interior image orientation parameters, exterior image orientation
parameters, and 3D coordinates of the ground point (object point).
The accuracy of the 3D reconstruction results depends (among

others) on the image network (e.g. forward and side overlap).

To perform photogrammetry in optimal circumstances, the set of
images would have to have a sufficient degree of detail (e.g., at
least 500 - 1000 pixels in each direction), and an appropriate
form factor (preferably a similar size in X and Y direction, as

very elongated form factors tend to reduce the accuracy).

Preferably, the successive images used for photogrammetry have an
overlap of about 80%. If the amount of overlap is substantially
less, the area common to the two images is smaller, yielding fewer
common features. If the amount of overlap is substantially more,
the angular displacement between the images becomes very small,

resulting in less accurate estimates.

Figure 1 (not to scale) schematically illustrates the flying path
taken by an exemplary aerial vehicle used to acquire images of the
earth, and the boundaries of consecutive images acquired by a
sensor aboard such vehicle, shown as a two-dimensional map (plan
view) . The sequence of images thus acquired will hereinafter also
be referred to as an “image network”. The sensor may be active in
the visual range (e.g., an RGB senor), or in another specific

spectral region (e.g. near infrared, short-wave infrared, etc.).

As the acquired images are two-dimensional, multiple images are
needed to allow three-dimensional reconstruction of the imaged
terrain. In particular, three-dimensional reconstruction of
individual features requires these features to be present in
several images taken from different angles, which implies that
subsequent images acquired by the sensor must display sufficient
overlap, as explained above. As illustrated in Figure 1, a typical
value of the amount of overlap between consecutive images taken in
a given flying direction is in the order of 80%. The sideways

overlap between images acquired during a first pass and a second
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pass of adjacent respective strips of terrain, whereby the first
pass and the second pass typically correspond to different flying

directions, is in the order of 20-30%.

Figure 2 provides a perspective view of the region imaged by two
consecutive acquisitions in the map of Figure 1, indicating in

particular the area of overlap between the imaged areas.

Figure 3 schematically represents the angle of view of the sensor
of Figures 1 and 2 for consecutive imaging positions, and
illustrates how the viewing ray from the sensor to any given
ground object changes significantly from one image (image;) to the
next (imagei+1). This difference in viewing angle is what allows
the photogrammetric reconstruction of 3D characteristics of the

feature, in particular its elevation.

Figure 4 provides a perspective view of the region imaged by
consecutive acquisitions of a multi-spectral sensor, in particular
a hyperspectral sensor. An example of a hyperspectral sensor is
disclosed in international patent application publication

WO 2011/073430 Al, in the name of the present applicant, where it
is described as the “first sensor”, operating in conjunction with
a second (visual-range) sensor. While the “first sensor” of

WO 2011/073430 Al shall be referred to in order to clarify the
present invention, it must be understood that the present

invention is not limited thereto.

It is typical of such hyperspectral sensors that different parts
of the sensing element are sensitive to different wavelengths.
This effect may be obtained by providing a sensing element with a
filtering layer that has a wavelength response that varies across
the surface of the sensing element. Accordingly, each image taken
by such a hyperspectral sensor is in fact a mosaic in which
different parts of the image represent the corresponding part of
the terrain as seen in radiation of different respective
wavelength bands. In order to obtain an image of any given area as

seen in radiation of one specific wavelength band, the relevant



10

15

20

25

30

35

WO 2017/121876 PCT/EP2017/050717

14

parts of a large number of such mosaics must be pieced together.
It is clear that these hyperspectral sensors require closely
spaced images, e.g. 99% in the forward direction (which, depending
on the speed of the sensor movement, may require a very high frame
rate) to ensure full spatial coverage in all the relevant bands of

the spectrum.

Thus, considering individual images, the image lines are divided
over the wvarious spectral bands in the forward direction. As a
result, in each individual image, an individual spectral band is
only covered with a small number of lines (e.g., this number can
be less than 10 for hyperspectral imaging with more than 100
spectral bands). This situation prohibits the use of

photogrammetry on these individual bands.

Figure 5 schematically represents the angle of view of the sensor
of Figure 4 for consecutive imaging positions, and illustrates how
the viewing ray from the sensor to any given ground object changes
from one image (image;) to the next (imageis+1). As a result of the
high frame rate of these hyperspectral sensors, the difference in
viewing angle, which is needed for photogrammetric reconstruction
of 3D characteristics of ground features, becomes very small. This
negatively impacts the accuracy (in terms of vertical position
estimation, exterior image orientation, interior image
orientation, etc.) that can be achieved with such images by
applying photogrammetry. Moreover, methods for dealing with small
parallax image sets tend to be so demanding from a computational
point of view, that it is not feasible in practice for large data

sets.

The present invention is based inter alia on the inventive insight
of the inventors that despite the conflicting demands of spectral
proximity and spatial separation, efficient and accurate
photogrammetric processing of selected sets of multi-spectral or
hyperspectral images turns out to be possible. The present
invention is also based on the further insight of the inventors

that the remaining images, in-between the images selected for
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photogrammetric processing, can be more efficiently processed on
the basis of a relatively simple estimation of displacement and

yaw (z-axis rotation), whereupon the photogrammetric parameters

obtained for the selected images can be interpolated to the

remaining images.

Figure 6 schematically illustrates the concept of selecting a
subset out of the sequence of images. For the purpose of the
present invention, a subset is selected out of the sequence of
images, in which pairs of images have at least the minimally
required overlap to allow photogrammetric processing, while
presenting a sufficiently large parallax (e.g., an overlap in the

forward direction of 80%).

Figure 7 is a flow chart of an embodiment of the method according
to the present invention. The method operates on a series of

images, acquired 710 by means of a multi-spectral sensor.

A subset of the acquired images 1s selected 720, in accordance
with the above mentioned criteria of sufficient overlap and
parallax. 3D reconstruction is performed 730 on the images of this
subset, allowing the calculation of full photogrammetric
parameters for the selected images 740; i.e., for each of the
selected images, the available parameters will include (x, vy, z)-
coordinates as well as the pitch, roll, and yaw angles of the

Sensor.

The remaining images undergo a processing, consisting of
estimating relative displacement and z-axis rotation from one
image to the next 750. Given a multi-spectral sensor with
gradually varying wavelength sensitivities, most features will
appear very similar from one image to the next, as they are
represented in wavelength bands that are not far apart. Hence,
this processing is much less complex than a full photogrammetric
processing with a very small parallax. On the basis of the
estimates of relative displacement and z-axis rotation, the full

set of photogrammetric parameters for each of the remaining images
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can be derived by interpolation, using the parameters of the

photogrammetrically processed subset as known boundary values.

Interpolation may be performed using mathematical techniques as

known in the art.

The present invention also pertains to a system for geometric
referencing of multi-spectral data in a sequence of images, the
images containing distinct regions representing imaged radiation
in respective distinct wavelengths, the system comprising a
processor configured to: select a subset from the sequence of
images, said subset containing a plurality of images, each image
of which represents a field of view that overlaps with a field of
view of at least one other image in the same subset; generate a 3D
model by performing photogrammetric 3D reconstruction on the
images in the subset; estimate a displacement and a yaw between
pairs of successive images of said sequence of images; and use
said 3D model and said estimated displacement and yaw to calculate
photogrammetric parameters for images of said sequence of images

that are not in said selected subset.

The “processor” as referred to hereinabove may be implemented as
one or more dedicated hardware components (e.g., ASICs),
configurable hardware components (e.g., FGPAs), programmable
components with appropriate software (e.g., general-purpose
processors or DSPs), or any combination thereof. The same

component or components may also perform other functions.

The system may further comprise suitable interfaces to access the
sequence of images containing the multi-spectral data, and to
output the generated geometric referencing information. The term
“interfaces” designates the necessary hardware and software to
allow the processor to exchange data with a data source or
recipient. Preferably, the interfaces operate according to a
standardized protocol stack, such as a standard for storage area
networks (SAN), local area networks (LAN; e.g. the IEEE §02.3

“Ethernet” standard), or personal area networks (PAN; e.g. USB).
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At the network and transport layer, the interfaces may operate
according to the TCP/IP protocol family, allowing inter alia for a
deployment in which the images are acquired over the internet
and/or the results of the method are supplied to their destination

over the internet.

The present invention also pertains to a computer program product
comprising code means configured to cause a processor to carry out

the steps of the method according to the present invention.

While the invention has been described herein with reference to
specific embodiments, this has been done to clarify and not to
limit the invention, the scope of which is to be determined by

reference to the enclosed claims.
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Claims

1. A method for geometric referencing of multi-spectral data in a
sequence of images, the images containing distinct regions
representing imaged radiation in respective distinct wavelengths,
the method comprising:

- selecting a subset from the sequence of images (720), said
subset containing a plurality of images, each image of which
represents a field of view that overlaps with a field of view of
at least one other image in the same subset;

- generating a 3D model by performing photogrammetric 3D
reconstruction on the images in the subset (730, 740);

- estimating a displacement and a yaw between pairs of successive
images of said sequence of images (750); and

- using said 3D model and said estimated displacement and yaw to
calculate photogrammetric parameters for images of said sequence

of images that are not in said selected subset (760).

2. The method according to claim 1, further comprising obtaining
said sequence of images by means of a hyperspectral sensor having
a sensing element with different parts that are sensitive to

different wavelengths.

3. The method according to any of the preceding claims, wherein
said sequence of images comprises images closely spaced in a
direction of motion of a sensor so as to have an overlap in said

direction of approximately 99%.

4. A computer program product comprising code means configured to
cause a processor to perform, when executed, the steps of the

method according to any of claims 1-3.

5. A system for geometric referencing of multi-spectral data in a
sequence of images, the images containing distinct regions
representing imaged radiation in respective distinct wavelengths,

the system comprising a processor configured to:
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- select a subset from the sequence of images, said subset
containing a plurality of images, each image of which represents a
field of view that overlaps with a field of view of at least one
other image in the same subset;

- generate a 3D model by performing photogrammetric 3D
reconstruction on the images in the subset;

- estimate a displacement and a yaw between pairs of successive
images of said sequence of images; and

- use said 3D model and said estimated displacement and yaw to
calculate photogrammetric parameters for images of said sequence

of images that are not in said selected subset.

6. The system according to claim 5, wherein said images are
hyperspectral images, obtained by a hyperspectral sensor having a
sensing element with different parts that are sensitive to

different wavelengths.

7. The system according to any of claims 5 to 6, wherein said
sequence of images comprises images closely spaced in a direction
of motion of a sensor so as to have an overlap in said direction

of approximately 99%.
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Fig. 1

80% overlap

(_H

20% - 30%{ ———____[Flight direction
overlap image strip 1

Flight direction
image strip 2

Photogrammetric image block



WO 2017/121876 PCT/EP2017/050717

Fig. 2

L& viewing ray

|

C_VD ground object



WO 2017/121876 PCT/EP2017/050717

Fig. 4

Flight direction

Fig. 5




PCT/EP2017/050717

WO 2017/121876

%

i @.,

/j Q Qﬂo‘ ,«wwﬁ de%«% ﬁwuv. N w ,.. 1 §< Avﬁd
“ .Z Av > , v \ ’\ ?
/ A A s

AN

Buissao04d durewwelboloyd 104 pasiwndo 1asqns abew]

\.‘

9 DI



WO 2017/121876 PCT/EP2017/050717
5/5

Fig. 7
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