wO 2016/128700 A 1[I I N0FV0 0 00 00 O O

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2016/128700 A1

18 August 2016 (18.08.2016) WIRPOIPCT
(51) International Patent Classification: (81) Designated States (uniess otherwise indicated, for every
GO6T 5/00 (2006.01) GO6T 5/50 (2006.01) kind of national protection available). AE, AG, AL, AM,
. o . AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
(21) International Application Number: BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
PCT/GB2015/051968 DO, DZ. EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(22) International Filing Date: HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
7 July 2015 (07.07.2015) KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
. MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
(25) Filing Language: English PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
(26) Publication Language: English SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(30) Priority Data: . L
1502221.3 11 February 2015 (11.02.2015) GB (84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
(71) Applicant: BAE SYSTEMS PLC [GB/GB]; 6 Carlton GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
Gardens, London SW1Y 5AD (GB). TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
(72) Tnventors: BISHOP, Gary, John; BAE Systems, ATC, TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
Filton, Bristol, South Gloucestershire BS34 7QW (GB). DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
OAKLEY, John, Peter; Dmist Research Ltd, Unit 3 LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
’ ’ y ’ SM, TR), OAPI (BF, BJ, CF, CG, CL, CM, GA, GN, GQ,
Rugby Park, Battersea Road, Heaton Mersey, Stockport
Greater Manchester SK4 3EB (GB). GW. KM, ML, MR, NE, SN, TD, TG).
(74) Agent: BAE SYSTEMS PLC, GROUP IP DEPT; po Fublished:

Box 87, Farnborough Aerospace Centre, Farnborough,
Hampshire GU14 6YU (GB).

with international search report (Art. 21(3))

(54) Title: PROCESSING MULTISPECTRAL IMAGES

(57) Abstract: A method of processing a multis-
pectral or hyperspectral image captured in re-
spect of an area of interest including a variably
reflective surface, said image comprising at least
one visible-wavelength signal and a NIR signal,
the method comprising: -performing an image
matching process using an iterative robust estim-
ation method in respect of data points derived
from said at least one visible-wavelength signal
so as to estimate a scaling coefficient represent-
ative of specular reflection from said surface;
-applying said scaling coefficient to said NIR
signal such that a specular reflection component
of the resultant scaled NIR signal is substantially
the same as that of said at least one vis-
ible-wavelength signal, and -subtracting said
scaled NIR signal from said at least one visible-
wavelength  signal to generate a  vis-
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PROCESSING MULTISPECTRAL IMAGES

This invention relates generally to an apparatus and method for
processing multispectral images and, more particularly but not necessarily
exclusively, to processing of multispectral images, obtained during remote

sensing of a body of water, so as to compensate for solar glint.

Remote sensing techniques are known for monitoring the sea, and other
large bodies of water, and thus detecting underwater targets, hazards and
activity. Such techniques tend to employ airborne spectrographic imaging
systems, for collecting multispectral images representative of radiation from an
area of interest. In general, it is the image data collected at the visible
wavelengths that are employed to analyse a body of water in this regard.
However, specular reflection of solar radiation, or ‘glint’, on non-flat water
surfaces can present a significant problem to an optical system viewing through
the water. Glint is always present to some extent when imaging the sea surface
in visible and infra-red wavelengths, and is generally regarded as a nuisance
effect, which causes white bands within the visible-wavelength images that
hamper visual identification of benthic features and strongly influence image

classification.

Hochberg, E.J., Andréfouét, S., and Tyler, M.R., 2003, Sea surface
correction of high spectral resolution lkonos images to improve bottom mapping
in near-shore environments. IEEE Transactions on Geoscience and Remote
Sensing, 41, pp. 1724-1729 proposes a method of mitigating sea glint in visible
images, based on the principle that absorption of light by sea water at Near
Infra Red (NIR) wavelengths is high and so almost all of the lightness in such
images is due to surface glint. Thus, in the proposed method, the sun-glint
component of the remotely sensed signal is removed from visible wavelength
spectral bands by utilization of information from a spectral band in near-infrared
(NIR, ~700-910nm); and this method is therefore applicable to imagery from
sensors that include an NIR band (e.g. satellites) or suitably configured
multispectral and hyper spectral imagery (e.g. from airborne sensors).

Ultimately, image pixels are adjusted to remove the glint component of the
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recorded signal, thereby leaving only the component derived from benthic

reflectance and radiative transfer processes within the water column.

The method described by Hochberg, ef a/ (2003) relies on two
assumptions: (1) that the brightness in the NIR is composed only of sun glint
and a spatially ‘ambient’ NIR component; and (2) that the amount of sun glint in
the visible bands is linearly related to the brightness in the NIR band. An
apparent weakness in the proposed method is that, in order to establish the
linear relationship between the NIR brightness and sun glint in the visible
wavelengths, only two pixels are used, and the resultant method is therefore
unduly sensitive to outlier pixels, and requires numerous and complex

processing steps.

Hedley, J.D., Harborne, A.R. and Mumby, P.J., Technical note: Simple
and robust removal of sun glint for mapping shallow-water benthos.
International Journal of Remote Sensing, 26(10): 2107-2112, 2005 describes a
revised version of Hochberg, ef al's method in which the linear relationships
between NIR and visible bands are established using linear regression based
on a sample of image pixels. One or more regions of the image are selected
where a range of sun glint is evident, but where the underlying spectral
brightness would be expected to be consistent, i.e. areas of the sea surface that
do not contain any surface objects. For each visible band, all of the selected
pixels are included in a linear regression of NIR brightness against the visible
band brightness, and the value of all pixels in each band is reduced by the
product of the regression slope and the difference between the pixel NIR value
and the ambient NIR value. In other words, the pixel values in each spectral
band are adjusted using the results of the above-mentioned linear regression,
which is specifically dependent on the visible band brightness within the

spectral band to which it relates.

However, whilst the technique described by Hedley, et al provides a clear
visual improvement over previous remote benthic sensing techniques, and is
less sensitive to outlier pixels than the method proposed by Hochberg, et a/,
there is still an element of distortion in the processed images, caused by the

use of regression to estimate a scaling coefficient in respect of the pixel values,
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because the scaling coefficient estimate is inevitably distorted by outliers and,
whilst the selection of areas of the sea surface that do not contain any surface
objects is intended to ameliorate this issue to a certain extent, it is not
necessarily wholly effective and, in any event, adds a restriction and additional

computational cost.

It is therefore an object of some aspects of the present invention to
address this issue, with the aim of providing an approach that offers an

improved estimate for the scaling coefficient.

In accordance with a first aspect of the present invention, there is
provided a method of processing a multispectral or hyperspectral image
captured in respect of an area of interest including a variably reflective surface,
said image comprising at least one visible-wavelength signal and a NIR signal,

the method comprising:

- performing an image matching process using an iterative robust
estimation method in respect of data points derived from said at least one
visible-wavelength signal so as to estimate a scaling coefficient representative

of specular reflection from said surface;

- applying said scaling coefficient to said NIR signal such that a
specular reflection component of the resultant scaled NIR signal is substantially

the same as that of said at least one visible-wavelength signal; and

- subtracting said scaled NIR signal from said at least one visible-

wavelength signal to generate a visible-wavelength output image signal.

The term “iterative robust estimation method” will be known to a person
skilled in the art, but for the avoidance of doubt the term used herein is intended
to mean any one of a number of statistical estimation methods that have the

common characteristic of ignoring data which are outliers.

By using a robust estimation technique to estimate the scaling
coefficient, the above-mentioned restriction associated with regression
techniques, namely the need to select areas of the image that do not contain

surface objects, is obviated.
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In one exemplary embodiment of the present invention, the image
matching process may comprise using a Random Sample Consensus algorithm
to estimate said scaling coefficient using, as said data points, brightness values
at respective specified locations within said at least one visible-wavelength
signal. However, other robust estimation techniques are known. For example,
the trimmed mean method is a simple robust estimator that deletes a certain
percentage (e.g. 10%) from each end of the data, and then computes the mean
in a conventional manner. Another known method, termed Winsorizing,
involves accommodating outliers by replacing them with the next highest or
smallest value, as appropriate. The present invention is, therefore, not

necessarily intended to be limited in this regard.

Furthermore, the inventors have identified that sea glint can provide a
useful spectral reference that may be exploited, in some exemplary
embodiments of the invention, to detect and classify targets on or below the sea

surface.

Thus, in an exemplary embodiment, wherein the image comprises a
frame consisting of a plurality of picture elements, the method may further
comprise the step of classifying the picture elements of an image frame based
on intensity values of said visible-wavelength output image signal

corresponding to respective picture elements.

In this case, the step of classifying may include determining if said

intensity values are significantly positive or negative.

Aspects of the present invention extend to a method of processing a
multispectral or hyperspectral image frame captured in respect of an area of
interest including a body of water and classifying targets identified in said
image, said image frame consisting of a plurality of picture elements comprising

at least one visible-wavelength signal and a NIR signal, the method comprising:

- performing the method of claim 1 in respect of said image frame to
generate a visible wavelength output image comprising one or more visible-

wavelength image components representative of respective picture elements;
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- analysing the or each visible wavelength component of a picture

element to determine an intensity value thereof; and

- classifying a target represented within a picture element as a sub-
surface target if said intensity value is statistically significantly positive and as a
surface target if said intensity value is statistically significantly negative; and

otherwise classifying image data within said picture element as water surface

A person skilled in the art will readily understand that the term
“statistically significant”, which is usually referenced with respect to standard
deviation (sigma) of data. Thus, in this case, if the image noise level is sigma,

then values of greater than 3*sigma would be statistically significant.

The image frame and the visible wavelength output image may include a
plurality of image signals corresponding to respective visible wavelengths, and
a target represented within a picture element may be classified as a sub-surface

target if the intensity values of all of the image signals are significantly positive.

Typical image signal-to-noise ratio (SNR) values of around 46dB
correspond to pixel standard deviation of one part in 255. Thus, the threshold
for determining statistical significance in this case, and in an exemplary
embodiment of the invention, could be set to 3 grey levels. However, this will
be dependent on application and system parameters, characteristics and
constraints, and the present invention is not necessarily intended to be limited in

this regard.

Aspects of the present invention extend further to apparatus for
processing a multispectral or hyperspectral image captured in respect of an
area of interest including a variably reflective surface, the apparatus comprising
an input for receiving a multispectral or hyperspectral image comprising at least
one visible-wavelength signal and a NIR signal, and at least one processor for

performing the method defined above.

Aspects of the present invention extend still further to a multispectral or

hyperspectral imaging and analysis apparatus, comprising:
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- a multispectral or hyperspectral imaging device for capturing a
multispectral or hyperspectral image comprising at least one visible-wavelength

signal and a NIR signal;

- at least one processor configured to perform the method

described above; and

- an output for displaying data representative of said visible-

wavelength output image signal.

In accordance with yet another aspect of the invention, there is provided
a program or plurality of programs arranged such that when executed by a
computer system or one or more processors, it/they cause the computer system
or the one or more processors to operate in accordance with the method

described above.

This aspect of the invention may extend still further to a machine
readable storage medium storing a program or at least one of the plurality of

programs as defined above.

These and other aspects of the present invention will become apparent
from the following specific description in which embodiments of the present
invention are described, by way of examples only, and with reference to the

accompanying drawing, in which:

Figure 1 is a schematic flow diagram illustrating the principal steps of an
image processing method according to an exemplary embodiment of the

present invention.

Referring to Figure 1 of the drawings, there is illustrated a flow chart
illustrating the principal steps of a method of multispectral (or hyperspectral)
image processing according to an exemplary embodiment of the present
invention. Thus, the method starts, at step 200, with the input of a captured
image from a multispectral or hyperspectral imaging system. For the purposes
of the following description, the proposed method will be described in relation to
remote sensing of the sea to detect targets, but it will be appreciated that at
least some aspects of the invention may be applicable to other applications, and

the present invention is not necessarily intended to be limited in this regard.
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Thus, in this case, the multispectral images provided as the input to the image
processing method may be captured using an airborne spectrographic imaging
system such as a Compact Airborne Spectrograhic Imager (CASI) or the like.
However, once again, the present invention is not necessarily intended to be
limited in this regard, and a person skilled in the art will be aware of many types
of multispectral and hyperspectral imaging systems that could be used as an

alternative.

Sequential multispectral and hyperspectral imaging is an acquisition
technique that involves collecting images of a target or an area of interest at
different wavelengths, to compile a spectrum for each pixel. Multispectral or
hyperspectral imaging systems have the ability to provide a continuous graph of
the electromagnetic emission from or absorption by a sample of material across
a range of the electromagnetic spectrum, and the particular output from the
imaging system is dependent on the channels selected by a user, whereby the
channels correspond to specified wavelength bands. Thus, for the purposes of
this exemplary embodiment of the invention, it is assumed that a single visible-
wavelength band (corresponding to any of the wavelengths in the range (380 —
700nm) and a single NIR band (corresponding to any of the wavelengths in the
range (750 — 1400nm) have been selected, such that the input at step 200 of
the method illustrated in Figure 1 of the drawings comprises a set of image
frames comprising a single visible image signal and a single NIR image signal,
wherein each image frame can be considered to comprise a plurality of pixels

which may correspond to an imaged area of, say, 1m?.

Due to the nature of multispectral acquisition, and the resultant images
captured, there will inevitably be a slight misalignment between images
captured in respect of the various different wavelengths and, in order to process
the image frames further, it is necessary to correctly align the visible and NIR
image signals therein. Thus, at step 202, an image alignment process is
performed. Any known technique can be used for this purpose, as will be
apparent to a person skilled in the art, for example, a matching technique is
known which is configured to identify matching pixel pairs between the signals

and perform image alignment by aligning the matching pixel pairs.
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Next a scaling coefficient is estimated at step 204. The aim of this step
is to estimate a coefficient by which the NIR signal of each image frame needs
to be scaled so that the glint component in the NIR and visible-wavelength
image(s) is substantially the same. In other words, a substantially linear
relationship needs to be defined between the glint in the visible band(s) and the
brightness in the NIR band, which linear relationship is defined by a scaling
coefficient. The visible-wavelength image signal(s) are used to estimate the
scaling coefficient and, in accordance with aspects of the present invention, a
robust image matching technique is employed for this purpose, which does not
rely on regression or correlation to establish the above-mentioned linear
relationship between the glint in the visible band(s) and the NIR brightness. In

an exemplary embodiment of the present invention, a RANSAC (Random
Sample Consensus) algorithm is employed to estimate X |, given a fitting
problem with (in this case) scaling coefficient ;.

Assume:

° X can be estimated from N data items
e there are M data items in total

(wherein a data item can be considered to be a measure of brightness in the

visible image at a particular location therein)
the algorithm:
(1) selects N data items at random;
(i) estimates ;;
(i) finds how many data items (K) of M fit the model with parameter
vector x within a user given tolerance;
(iv) if Kis big enough, exits with success; and
(V) repeats 1 — 4 L times, where L can be found by:

_ log(p )
log(1-(p )")
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and wherein pyy is the probability that the algorithm will exit without
success, and pgy is the probability that a randomly selected data item is part of a

good model.

Once ;, I.e. the scaling coefficient, has been determined by the above-
described method from a particular visible image signal (or number of signals)
within a frame, it is applied to the corresponding NIR image signal in that frame,
at step 206. The resultant, scaled NIR image signal is referred to herein as the

estimated glint component.

Next, at step 208, the scaled NIR image signal, or glint component, is
subtracted from the visible image signal(s), and the resultant image signal is

subjected to post processing at step 210 before being output at step 212.

It will be appreciated that the scaling coefficient estimation step 204 does
not necessarily need to be performed for each image frame in a sequence. In
view of the fact that the scaling coefficient is not expected to change
significantly between successive image frames, it is envisaged that the scaling
coefficient could be estimated for every N frames, so as to reduce
computational load. Thus, once the scaling coefficient has been estimated for a
frame, the same scaling coefficient could be applied to the next few frames,

before the estimation step needs to be performed again.

After the glint component has been subtracted from the visible image
signal(s) within a frame, it is possible, during post processing (step 210) to
classify targets according to the resulting intensity values of the visible image

signal(s) that remain. Each frame is analysed, pixel by pixel, and:

o if intensities at the or all visible wavelengths are significantly

positive, the pixel is classified as a sub-surface target;

o if intensities at the or any of the visible wavelengths are
significantly negative, the pixel is determined to be a surface

target;

o otherwise, the pixel is classified as sea surface.
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The change in refractive index of sea water between visible and NIR
wavelengths is negligible an, therefore, rather than being a “nuisance” factor,
the glint can provide a spectral reference for the purpose of classification of
targets. Surface targets are generally painted to be clearly visible to the naked
eye, but such pigments generally have complex absorption spectra and it is,
therefore, likely that the reflectance at an NIR wavelength will exceed that of at
least one visible wavelength. Subtraction of the scaled NIR image (or “glint
component”) will, therefore, lead to one or more negative values in the spectral
components. On the other hand, a sub-surface target will have any NIR
emission strongly attenuated by sea water and, therefore, subtraction of the

scaled NIR image will not give negative spectral components.

A potential limitation in respect of the above-described classification
method is that certain pigments exist that mimic sub-surface objects, in the
sense that the reflectance thereof at the NIR wavelength is less than any of the
visible wavelengths employed. This issue can be mitigated by grouping all
target pixels together to form regions, such that if any region contains negative

spectral components then the target should be classified as a surface target.

Although illustrative embodiments of the invention are described in detail
herein with reference to the accompanying drawings, it is to be understood that

the invention is not limited to these precise embodiments.

Furthermore, it is contemplated that a particular feature described either
individually or as part of an embodiment can be combined with other individually
described features, or parts of embodiments, even if the other features and
embodiments make no mention of the particular feature. Thus, the invention

extends to such specific combinations not already described.

Still further, it will be apparent to a person skilled in the art, from the
foregoing description, that modifications and variations can be made to the
described embodiments without departing from the scope of the invention as

claimed.
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CLAIMS

. A method of processing a multispectral or hyperspectral image

captured in respect of an area of interest including a variably
reflective surface, said image comprising at least one visible-

wavelength signal and a NIR signal, the method comprising:

- performing an image matching process using an iterative robust
estimation method in respect of data points derived from said at
least one visible-wavelength signal so as to estimate a scaling

coefficient representative of specular reflection from said surface;

- applying said scaling coefficient to said NIR signal such that a
specular reflection component of the resultant scaled NIR signal is
substantially the same as that of said at least one visible-

wavelength signal; and

- subtracting said scaled NIR signal from said at least one visible-
wavelength signal to generate a visible-wavelength output image

signal.

. A method according to claim 1, wherein said image matching process

comprises using a Random Sample Consensus algorithm to estimate
said scaling coefficient using, as said data points, brightness values
at respective specified locations within said at least one visible-

wavelength signal.

. A method according to claim 1 or claim 2, wherein said image

comprises a frame consisting of a plurality of picture elements, and
the method further comprises the step of classifying the picture
elements of an image frame based on intensity values of said visible-
wavelength output image signal corresponding to respective picture

elements.

. A method according to claim 3, wherein said step of classifying

includes determining if said intensity values are significantly positive

or negative.
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5. A method of processing a multispectral or hyperspectral image frame

captured in respect of an area of interest including a body of water
and classifying targets identified in said image, said image frame
consisting of a plurality of picture elements comprising at least one

visible-wavelength signal and a NIR signal, the method comprising:

- performing the method of claim 1 in respect of said image frame to
generate a visible wavelength output image comprising one or
more visible-wavelength image components representative of

respective picture elements;

- analysing the or each visible wavelength component of a picture

element to determine an intensity value thereof; and

- classifying a target represented within a picture element as a sub-
surface target if said intensity value is statistically significantly
positive and as a surface target if said intensity value is
statistically significantly negative; and otherwise classifying image

data within said picture element as water surface

. A method according to claim 5, wherein said image frame and said

visible wavelength output image includes a plurality of image signals
corresponding to respective visible wavelengths, and wherein a target
represented within a picture element is classified as a sub-surface
target if the intensity values of all of said image signals are

significantly positive.

. Apparatus for processing a multispectral or hyperspectral image

captured in respect of an area of interest including a variably
reflective surface, the apparatus comprising an input for receiving a
multispectral or hyperspectral image comprising at least one visible-
wavelength signal and a NIR signal, and at least one processor for

performing the method of any of claims 1 to 6.

. A multispectral or hyperspectral imaging and analysis apparatus,

comprising:
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- a multispectral or hyperspectral imaging device for capturing a
multispectral or hyperspectral image comprising at least one

visible-wavelength signal and a NIR signal;

- at least one processor configured to perform the method of any of

5 claims 1 to 6; and

- an output for displaying data representative of said visible-

wavelength output image signal.

9. A program or plurality of programs arranged such that when executed
by a computer system or one or more processors, it/they cause the
10 computer system or the one or more processors to operate in

accordance with the method of any of claims 1 to 6.

10. A machine readable storage medium storing a program or at least

one of the plurality of programs, according to claim 9.

15
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