WO 03/ 069558 PCT/ S&2/00009 1 5 Method for Producing O oud Free, and

C oud- Shadow Free, Images Field of the Invention 10 This invention rel ates
to a net hwa d3me9sBoduci ng cl oud free, and cl oud- shadow fr eT/SGormg@s and
refers particularly, though not exclusively, to such a method for producing
such images fromrenote sensing using ogdtical sensors. Background to the
Invention 15 1t is well known that optical renote sensing inages often
encount’er the problemof cloud .cover, either partial or conplete,

especi al | yveussd for Predduting @ L y 1 i e probl em of

cl oud shadow. In the paslthg{nr}g%Fﬁ%gﬂgg?\ﬂﬁr}gkgdg‘??Z%’r%?gmt%gs elimnate the
probl em of cl ouds appearing in imges of a region, the imges being taken
usi ng opti enpt e _sensi ng. The conventional nmethod for 'generating a
cl oud freeﬁgjgs‘gﬁge?ngwrnemvi ng the clouds. In undertaking this process,
an image containing the |least cloud cover is taken as the base imge. The
cloudy areas in the inmage are masked out, and then filled in by cloud-free
25 aréds frusmimiention irelaige S0 cmethoddfontprafiucingr elotd fieapandTbioadiskadoe; fes,e t han

a manual " = - ", net.hod. There have been attenpts to autonate the
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process t&udiﬁﬁdg’eﬁﬁ@ﬁi&rﬂdf@sd%inghish@o@ﬁ% sei®ps and 30 dark cloud shadows
from non-cl oud areas. This nethod cannot handl e thin clouds and cl oud

shadows, and often confuse bright |and surfaces as clouds. There have been

Xﬂy 3ge%g%§?%%§£t§ftgw@&gypggbgg cl oud shadows. Consideration of Prior

15
It is well known that optical remote sensing images often encounter the problem of cloud
~ cover, either partial or complete, especially over humid, tropical regions. There is also
the problem of cloud shadow. In the past there have been many attempts to eliminate the
problem of clouds appearing in images of a region, the images being taken using optical

20 remote sensing.

The conventional method for generating a cloud free mosaic is by removing the clouds.
In undertaking this process, an image containing the least cloud cover is taken as the base
image. The cloudy areas in the image are masked out, and then filled in by cloud-free

25  areas from other images acquired at different times This is no more than a manual "cut-

' and-paste" method.

There have been attempts to automate the procedure. The most common way is to

employ a simple intensity threshold process to discriminate the bright cloudy areas and
30  dark cloud shadows from non-cloud areas. This method cannot handle thin clouds and

cloud shadows, and often confuse bright land surfaces as clouds. There have been very

few proposals for eliminating cloud shadows.

Consideration of Prior Art

35



2 5 One proposal for automating the process is disclosed in US patent
specification 6,233,369. This discloses a systemthat incorporates a nmask
for the pwopsaedd8 perform ng norphol ogi cal i nmage procesSAATSGER/000e Or
nore adj acent pixels in which a nmask is incorporated into a binary inmage
by processing i mage data which are encoded using 2 bits rather than the
usual 1 bi(t). The specification is directed at the edges of the 10 inmage
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met hod usi ng hi stogram equal i sati oh so t ness of ‘an i nage is
not si gni fallewatthy neaskedpikel da@ is rermisied do i mrtimipateuip thief canputdivnsof all ashi eved
by expressing,25.the input inmage in a predeterm ned gray |evels by

cal cul ati r?ﬁlgghgur&ﬁgsl??‘?]g%{eis'ﬂ)lﬁ' of the gray levels of the input inage while
constnai ni ng the nunber of occurrences of each gray level to be within a
predeterm_ned val ue, and then perform ng histogram equalisation on the
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previ ousl 0, ; pml ast s, the disclosure of EP 0366099 is .directed
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20  ocean. The cloud-contaminated pixels are then removed.

The disclosure of the specification of US patent 5,923,383 is directed at an image
enhancement method using histogram equalisation so that the brightness of an image is
not significantly changed, and the noise is not amplified. This is achieved by expressing
25 the input image in a predetermined gray levels bs.f calculating the distribution of the gray
levels of the input image while constraining the number of occurrences of each gray
level to be within a predetermined value, and then performing histogram equalisation on

the input image based on the calculated distribution of gray levels obtained previously.

30 On a similar basis, the disclosure of EP 0366099 is directed at a method of image‘

enhancement through the modification of the image histogram by using two matrixes

In EP 0504876A2 there is disclosed a method and apparatus for enhancing an image by

further processing in an independent manner the non-brightness information in the

35  image.

Japanese 10-063836 relates to a method for the highlighting of the image using a

morphological operation.



35 image. Japanese 10-063836 relates to a nmethod for the highlighting of
the image using a norphol ogical operation. WO 03/069558 PCT/ S&02/ 00009 3
S I'n the wapercesssl ed "1 nproved "C oud-Free Ml ti-Scene Mraisi20b008pot

| mages” by the present inventors and Lim Hok (Proceedings of the 19th

Asi an Conference on Renpte Sensing, 1939) there is disclosed an algorithm
for automatic generation of "cloud-free" scenes fromnultiple,
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pi xel s at nehehrematic iragesi on from two ~different scenes will be a little
different due to the atnospheric effects, especially in low 25 al bedo
veget ated areas. The pre-processing procedure tries to nmake a bal ance
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bands: the green band, red band, and near-infrared band. The radiometric balancing

procedure only makes a correction for differences in sensor gains, solar incidence angles
20  and solar flux between the acquired scenes and no attempt is made to correct for

atmospheric effects.

After radiometric balancing, the brightness of pixels at the same location from two
different scenes will be a little different due to the atmospheric effects, especially in low-
25  albedo vegetated areas. The pre-processing procedure tries to make a balance between
the scenes for the differences caused mainly by atmospheric effects. After radiometric
balancing, one image from the set of images is chosen as the reference image. For each

band, the pixel values of all other images in the same set are adjusted.

30  The pixel ranking procedure uses the pixel intensity and suitably chosen band ratios to
rank the pixels in order of "cloudiness" and "shadowness" according to predefined

ranking criteria.

A shadow intensity threshold and a cloud intensity threshold are determined from the
35  intensity histogram. The pixel ranking procedure uses these shadow and cloud thresholds
to rank the pixels in order of "cloudiness" and "shadowness". Each of the non-cloud and
non-shadow pixels in the images is classified into one of four broad classes based on the

band ratios: vegetation, building, water and others.



rank the pixels in order of "cloudiness" and "shadowness" according to
predefined ranking criteria. A shadow intensity threshold and a cl oud

i nt ensi t ywohisasdsBd are determ ned fromthe 35 intensity riTgGIgenww The

pi xel ranking procedure uses these shadow and cloud thresholds to rank the
pi xel s in order of "cloudiness" and "shéadowness". Each of the non-cloud and
non- shadow pi xels in the images is classified into one of four broad

cl assed based on the band ratios: vegetation, building, water and others.
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20 As many pixels as possible in the neighbourhood of a given location come from the
same scene. The image that is deemed to have the lowest cloud coverage by visual
inspection is chosen to be the base image. Cloud and shadow thresholds are then applied
to this base image to delineate the cloud shadows and the cloud covered areas. In the
next step of mosaic generation, only the delineated cloud and shadow areas will be

25  replaced with pixels from the merged image generated from the previous step.

The final mosaic is composed from the merged images and the base image. These
images are geo-referenced to a base map using control points. The mosaic generation
transforms the coordinates of the pixels in the merged images and the base image into

30  map coordinates and put the pixels onto the final image map.

Cloud masking methods based on intensity thresholds cannot handle thin clouds and
cloud shadows. They often confuse bright land surfaces as clouds, and dark land
surfaces as shadows. In multi-spectral images with two or more spectral bands, the
35  spectral, or colour, information can be used to discriminate different land cover types
from clouds. However, in panchromatic or grey scale images, the colour information is
absent, and it is even more difficult to discriminate bright land surfaces from clouds, and

dark land surfaces from cloud shadows.



The final npbsaic is conposed fromthe nmerged i mages and the base image.
These inages are geo-referenced to a base map using control points. The
nosai ¢ gewer@tocerss transforns the coordi nates of the pixelCT/sGorlerosrer ged
i mges and the base image into 30 map coordinates and put the pixels onto
the final image map. C oud maski ng net h®ds based on intensity threshol ds
cannot handl e thin clouds and cloud shadows. They often confuse bright

| and stirfaces as clouds, and dark land surfaces as shadows. In

col our .1 Ryio iestORAEE pifidat e br MR s ARG Db 47 RSB AT dReRATS, ' ) s

fromcl ouds. However, in panchronmatic or grey scale inages, the colour
information is absent, and it is_even nore difficult to discrimnate

bri ght | addfusther ehjed iy toaprovide @daethethépr piedueingphendsies apdslopd-shaderoliiep,
shadows. / o) .t .S therefore the principa
obj ect of Yxxﬁ?geé#ﬁ%ﬁdﬁ%ﬁ%fﬁ%%ﬁgﬁg@?n}agg.r probl ens. A further object

is toiprovide a nethod for producing cloud free, and cl oud- shadow free,
i mges from_cl oudy panchromatic or grey scale obj ect of

i mages. 10 A fi nal

the presedt ingl\ebifict 6h thespresenp inyentien &) t&mmﬂ%@p@%&%%@%ﬂw@m frgse,
i mages fr b P | es. Summary of the Invention 15 The
pr esent Iﬁ@lé%%%b%gl%{i%?gﬁ&?ﬁég@% I'ng. In addition to generating cloud
and shadow nasks by classifying a group of pixels as cloud, shadow, or
noncl oud- nonshadow. . Each pixel in each of the inmages may be ranked
accor di ngSuBmayplithe bavention; ng criteria, and the hi ghest ranked pixels
are pygeferably used to conpose the nosaic. 20 By using size and shape
information of the bright pixel clusters it is possible to

The present invention employs pixel ranking. In addition to generating cloud and shadow

masks by classifying a group of pixels as cloud, shadow, or noncloud-nonshadow. Each
pixel in each of the images may be ranked according to predefined ranking criteria, and

the highest ranked pixels are preferably used to compose the mosaic.

20
By using size and shape information of the bright pixel clusters it is possible to
discriminate bright land surface and buildings from clouds. It is also possible to predict
the approximate locations of cloud shadows based on the knowledge of solar illumination
direction, sensor viewing direction and typical cloud heights.

25

The present invention also provides for the use of intensity gradients to enable automatic

searching for the locations of cloud shadows near the edges of clouds.

The present invention also provides for applying a morphological filter to the cloud
30  masks detected by use of an intensity threshold process in order to include thin clouds

around the edges of thick clouds.

The present invention also provides for using a conditional majority filter in addition to

the ranking criteria to include as large a patch of neighbouring "good pixels" as possible



di scrimnate bright |and surface and buildings fromclouds. It is also
possible to predict the approxi mate |ocations of cloud shadows based on

t he know wdps/e9ssgol ar il lum nation direction, sensor vi edmgsodion@at i on
and typical cloud heights. 25 The present invention also provides for the
use of intensity gradients to enable ausomatic searching for the |ocations
of cloud shadows near the edges of clouds. The present invention also
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consi dered as good pixels and the | owest ranking . 15 'ﬁigipare consi dered
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threshold for vegetation pixels. Darker good pixels may be preferred over brighter good
pixels.

20
The present invention also provides a cloud free and cloud-shadow free image produced

by the above method.

In a final form, the present invention provides a computer usable medium having a
25  computer program code which is configured to cause a processor to execute one or more
functions to enable the method described above to be performed on at least one

computer.

Description of the Drawing

30
In order that the invention may be fully understood and readily be put into practical
effect, there shall now be described by way of non-limitative example only a preferred
embodiment of the present invention, the description being with reference to the
accompanying illustrative drawing which is a schematic flow chart of the preferred

35  method of the present invention.

Description of Preferred Embodiment



by the above nmethod. In a final form the present invention provides a
conput er usabl e nedi um having a 25 conputer program code which is

confi gur e @/062838e a processor to execute one or nore frEIWSGENRH0GEO enabl e
t he net hod descri bed above to be perforned on at | east one conputer.
Description of the Drawing 30 In order7that the invention may be fully
understood and readily be put into practical effect, there shall now be
descri bed by way of non-limtative exanple only a preferred enbodinent of
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pr ef err ed idBgovesihibd sametBgionrageinéd withbing ispevificd e ihRivadardf ther skedo- ed
Embodi nrent WO 03/ 069558 PCT/ S@&2/ 00009 7 5 The inputs 1 to the systemare
a plural me#seedof panchronatic and/or multi-spectral images of the sane
region acquired within a specified tinme interval, and that are co-

regi stered. 10 The inmages are subjected to two different processing

streans. [Thetilggdsi drskulsjectedin tved Qifferert PpeoceSingobirdahe. Ty teifligh stebhmalefg
intensity threshold nethod is initially applied to . generate _a cloud mask,
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Such confusion nay be resolv i'ng use SI'Ze an nf of mat i on
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much larger than individual buildings. Man-made features such as buildings and land

clearings normally have simple geometrical shapes.

At 3, the size of the bright patches is calculated, and the lines and simple shapes of such
20 things as buildings are detected. The intensity threshold method does not work
adequately in generating cloud shadow masks. By using geometric modeling, as well as
intensity gradients to automatically search for cloud shadows near cloud edges, the
preferred method of the present invention compensates for the patch identified
improperly in the automatic mask method. Furthermore, solar illumination direction,
25  sensor viewing direction, and typical cloud heights information may be used to predict
the likely location of cloud shadows. This is of particular relevance once the locations of

the clouds is determined.

As there may be an intensity gradient at cloud edges, a fixed threshold method is used at
30  step 4 to label any thin clouds at cloud edges, as non-cloud pixels. A morphological
filter is used to dilate the cloud mask patch. The gray level is then balanced at 8 to

compensate for differences caused mainly by atmospheric effects.

After constructing the cloud mask and cloud shadow mask for each component image, in
35  the second stream, at 5 the gray levels are balanced; again to compensate for differences

caused mainly by atmospheric effects.



20 things as buildings are detected. The intensity threshold nethod does
not work adequately in generating cloud shadow nasks. By using geonetric
nodel i ng, waso3wedissas intensity gradients to automati cal | ycaesgoelodoor cl oud
shadows near cloud edges, the preferred nethod of the present invention
conpensates for the patch identified igmproperly in the automatic mask

met hod. Furthernore, solar illumnation direction, 25 sensor view.n
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bal anced at 8 to conpensate for differences caused mainly by atnospheric
effects. After constructing the cloud nmask and cl oud shadow mask for each
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bal anced; again to conpensate for differences caused mainly by atnospheric
ef fects. W 981006 ABERsiHCHSEIA/TH60d%ktertifednen phedatensignkisiograon. dhegined at 9
uses the shadow, cloud thresholds, and ranking criteria described bel ow,
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WheSs™ according To predefined ranking criteria. 10
In this ppRrerdurte iiMagdsdid Rluskifice ittbtoneldTtasIaball dlassed byedasnathi Ghtehdityensi ty
threshold Tv and a _cloud intensity threshold Tc are determned fromthe
i nt endd t yvegetatiograathbultfi@gpi xel ranki ng procedure uses these shadow,
vegetation and cloud thresholds to rank the pixels in order of
"cl oudi ness" and "shadowness". Each of the non-cl oud and non-shadow pixels
i n the i nBgesadhsintigassfibirethei det of dhacquired nagespeathopind st Ioastad @)y)tibhe

intensity: .15 vegetation .and, buil ding.. For, each inmage n fro set of N
acqui r ed flsf%gjlgg a rgg]éﬁn% Rasegd on theOElég]i JS.FPHE]it}: ?}1& » S‘acgordmg to the tfoqﬁ)mng

rules:

20
@) For Ty < (Y, Yi) £ Ty, if Yy < Yy (class = "vegetation"), then 7, <ry;
(i)  For Ty, < (Y, Yy) < Tg, if Yy, < Y, (class = "building"), then ry, <ry;
Gii)) IfYy, <Tgand ¥y, > T, thenry, <ry;
(iv)  For Yy, ¥y, < Ty, if Yy > Ty, then vy, <ry;

25  (v)  ForYy, Y3>T, if Yy, <Yy thenry, <ry;

In this scheme, pixels with lower rank values of r;, are more superior and are more likely

to be selected. Pixels with intensities falling between the shadow and cloud thresholds
are the most superior, and are regarded as the "good pixels". The “good pixels” are
30  further classified into “vegetation pixels” or “building pixels” (that also include land
clearings) depending on whether the pixel intensity is below or above the vegetation
threshold. The darker “good pixels” are preferred over the brighter “good pixels” as the
brighter “good pixels” may be contaminated by thin clouds. Where no good pixels are
available, the "shadow pixels" are preferred over the "cloud pixels". Where all pixels at a

35  given location are "shadow pixels", the brightest shadow pixels will be chosen. In



assigned a rank rn(i, j) based on the pixel intensity Yn(i, j) according to

the following rules: 20 (i) For TS < (Ym Yn) < T-,, if Ym< Yn (class =
"veget ati wo'Q3/06ed3en |'m< rn; (ii) For Ty <_ (Ym Yn) <_ PlayScGo/oMww< Yn
(class = "building"), then rm<rn; (iii) If Ym< TS and Yn > Tc, then rm

<rn; (iv) For Ym Yn < Ts, if Ym> Yn,gthen rm<rn; 25 (v) For Ym Yn >
Tc, if Ym< ¥Yn, then rm<rn; In this schene, pixels with | ower rank val ues
of rn &re lowtionswperei abk piaeld havesbaen chastifiedhy "clowsl fizels's thecdagkkst elondpixelsi t h
intensities. falljng between the shadow and cloud thresholds are the nost
superi or, V&‘Hd’ea?fai& %anrded as the "good pixels". The "good pixels" are 30
further cI assified into "vegetation pixels" or "building pixels" (that also
i nclude land clearings) depending on whether the pixel intensity is bel ow
or above tAfterwenidnatthe pixelshfhestokd. inddremdnrk6y /) gpesenting éhe Index er off diker r ed
over the brighter "good pixels" as the brighter "good | xel s" may be

cont ani nat@asdyith cla&mfsplxeAHWélondagbé@ gehesated at 1 \,Ians mbfeeredttheé
"shad [ e _al | xel s at
2”55, 16 Vgh] Be sIEL AL RILF B Hhady b oiephied B Goal s MR Gl i 1
be chosen cldud-ie MA3439558 PCT/ SGOZ/ 00009 9 5 |ocations where aII pi xel s
have been classified as "cloud pixels", the darkest cloud pixels wll be
sel ected. After ranking the pixels, the rank-r index map, ny. (i i)
represent [ t i on
(il,o ) cagﬂ%é&éégge%fﬁédl HlaPQ 6"1%1%Fud1 r@g@ts teIE r({e &%tt@th%gpgﬁﬁﬁ 1&8?%& 1 and
rank I ngpessiblapia the ele@berlmbécbfam@meﬁp]bczitmn S eorhé) fgmme]neatsamg ifnhge. A
cIoud-free sai ¢s der to_ obtain..ipproved visual effects, it is

desi r ab ec?’g‘Bﬂ n%?éorh‘ﬁﬁ{}tebﬂ?é?@maég apgggtﬂjod?rgv fthike nei ghbor hood of a
given location to come fromthe sane inmage. A 15 conditional mpjority

filter procedure is applied to provide this.
In the merging of sub-images at 6, the conditional majority filtered ranking index is used

to merge the input multi-scenes that have been processed by the gray-level balance.
Using the images with cloud, cloud shadow masks and the merged image generated from
20  the merging of sub-images procedure, the final cloud-free mosaic is composed at 7. The
images resulting from the mosaic process are co-registered with the map. The mosaic

generation procedure will put the image from the mosaic process into the map at 11.

When merging sub-images, the rank-1 and rank-2 index maps are used to merge the
25 - multiple scenes from the same set of images. If the pixel at a given location has been
classified as "vegetation pixel", the pixels from the rank-1 image and the rank-2 image at
that location are averaged together in order to avoid spatial discontinuities in the final

mosaic image. Otherwise, the pixels from the rank-1 image are used.

30  The present invention also provides a computer readable medium such as a CDROM,
disk, tape or the like, having a computer program thereon, the computer program being
configured to cause a processor in a computer to execute one or more functions to enable

to computer to perform the method as described above.

35  The present invention also provides a computer usable medium having a computer
program code which is configured to cause a processor to execute one or more functions

to enable the method described above to be performed on at least one computer.



In the nmerging of sub-inmages at 6, the conditional majority filtered
ranking index is used to nerge the input multi-scenes that have been

pr ocessedwoyostoagssgr ay- | evel bal ance. Using the i nages w tHcTedGmampooel oud
shadow masks and the nerged i nage generated from 20 the nergi ng of

sub-i mages procedure, the final cloud-frwee nosaic is conposed at 7. The

i mages resulting fromthe nosaic process are co-registered with the map.
The npdaic generation procedure will put the inmage fromthe nosaic process

10 L Ry OTUBETH R Bl Dt Rl e
I'f the pixed pRbend igicntion,lipasl b@ﬁndb’iﬁo@@ﬁjﬂthcﬁb dlaged ireﬂheaa:hnmegyemit @iy
pi xel ", the pixels fromthe rank-1 i mage and the rank-2 inage at that

| ocati on é{ﬂ@atmr@m@@uilﬁ%@nﬁ@ﬂhﬁmih%ef the pessentdnugdion aaydiesaada Wileti es in
t he final the pixels fromthe rank-1 i nage are
used.. 30 ﬁgaﬁ sen nmgﬁﬂgﬁ%ﬁ so provi des a conputer readable nedi um
such as a CDROM dISk, tape or the like, having a conputer program

t hereon, the conputer program being configured to cause a processor in a
conputer to execute one or nore functions to enable to conputer to perform
the nmethod as descri bed above. 35 The present invention also provides a
conput er usabl e nmedi um having a conputer program code which is configured
to cause a processor to execute one or nore functions to enable the method
descri bed above to be perfornmed on at | east one conputer. WO 03/ 069558

PCT/ S&2/ 00009 10 5 Wilst there has been described in the foregoing
description a preferred enbodi nent of the present invention, it will be
understood by those skilled in the technology that nmany variations or

nodi fications in the nmethod of the present invention nay be made w t hout
departing fromthe present invention. W 03/069558 PCT/ SG02/00009 11 5
The d ai ns



1. A nethod for generating a cloud free and cl oud-shadow fee i nage froma
plurality of 1images of a region, the nethod including the steps of: (a)
ranki ng pwoels®edsssor der of cl oudi ness and shadowness; 10 (HOT/SEHRAI@DI NQ

cl oud and shadow masks by classifying a group of pixels as cloud, shadow,
or noncl oud- nonshadow, and (c) creatinglia nosaic fromthe plurality of
images to formthe cloud free and cloud-shadow free image. 15 2. A nethod
as cl aismedlhCli@Sm 1, wherein each pixel in each of the images is ranked
according to predefined ranking criteria, and the highest ranked pixels are
used to conpose the nosaic. 3. A nethod as clainmed in claim1 or claim 2,

wher ei n silze Aanethed dnepensfatingratcloud ik and Gldudisgidovpioséinagd ficherunlisy ofsed to
di scrimnate_any bright |and surfaces_and buildings fromclouds. 4. A
met hod as cl HR#gsa of A Tegign.dhemegthod ingluding thesteps ofiher ei n sol ar i 11 uni nation

di rection, sen %ﬁkﬁit@ k i Ang, J . hei ghts information
is used t.o 25%5);{3 IC él??}g%&fa%%&aﬁﬁlons %%R{éq:@l?g&éﬁ%g’om. 5. A nethod as
claimad i n any (bngerzatirigadloml dndt shadow wiagkshynclagsifeingial growpy afipieels as elbed, used

to search for locations of cloud shadows near cloud edges. 30 6. A nethod
as claimed in cl agbﬂdg}”’%?‘?"r?@r“drwwowga’? e step of applying a

mor phol ogi cal 1) kA alisafd fth HRNSABS BF tifithe0o itk kY ABR) nke B! eNt s

to locate and inc thin clou aroun edges o

met hod as cl ai nedcliond-shgdognfremimageai ns 1 to 6, including the step of using
a 35 conditional majority filter in addition to the ranking criteria to
include as large a patch of nei ghbouring good pixels as possible in the

gener gki orp, O h&Bodas Blafmed¥a danD 6 IRRGRChEIPEXE! 910%919 of fé iﬁlages_ A rimhgod as

claimed in any one of clainms 1 to 7, wherein the plurality of inages is

panchr omat i cacsarding ta Qreidnﬁg@granking criteria, and the highest ranked pixels are used to

compose the mosaic.

3. A method as claimed in claim 1 or claim 2, wherein size and shape information of
20 bright pixel clusters are used to discriminate any bright land surfaces and buildings

from clouds.

4. A method as claimed in any one of claims 1 to 3, wherein solar illumination
direction, sensor viewing direction and typical cloud heights information is used to

25 predict likely locations of cloud shadows.

5. A method as claimed in any one of claims 1 to 4, wherein intensity gradients are

used to search for locations of cloud shadows near cloud edges.

30 6. A method as claimed in claim 5, further including the step of applying a
morphological filter to the cloud masks detected by the intensity gradients to locate
and include thin clouds around the edges of thick clouds.

7. A method as claimed in any one of claims 1 to 6, including the step of using a
35 conditional majority filter in addition to the ranking criteria to include as large a

patch of neighbouring good pixels as possible in the generation of the mosaic.



9. Anethod as clainmed in any one of clains 1 to 7, wherein the plurality
of images is nulti-spectral images. 10 10. A nethod as clained in any one
of cl ai Wb @3medssswher ei n t he hi ghest raking pixels are camscene®Ias good
pi xel s and the | owest ranking pixels are considered as bad pixels. 15 11.
A method as clainmed in claim10, whereir the good pixels are further
classified into vegetation pixels and building pixels. 12. A nmethod as

cl ai med i - cPamnathed as ghaped i emeonn off daimg Lptoxk Mheraie thedplutalindofcimages isgs .

20 13. A net J I: aim1l or claim 12, wherein the
cIassificatigﬁﬂ%g%%%igkgﬁﬂeﬁﬁ%%%ér the pixel intensity is below or above a
threshold for vegetation pixels. 14. A nethod as clained in any one of
clainms 10 to 13, wherein darker good pixels are preferred over brighter
good pi xel%s. Azgethgd ap claigedyin anyeongref daimgd-tonandwrsin the nlwaliy ofriowges by
the nmethod o ) laims 1 to 14. 16. A conputer usable nedi um
havi ng a conpgpggp%@§5@%ﬁ$§ode which is configured to 30 cause a processor

to exaoute one or nore steps to enable a conputer to performthe nethod of
any one of clai 1to 14. . ) ) ) ) .
- 10. A method as claimed in any one of claims 1 to 9, wherein the highest raking pixels
are considered as good pixels and the lowest ranking pixels are considered as bad ‘

pixels.

15 11. A method as claimed in claim 10, wherein the good pixels are further classified into

vegetation pixels and building pixels.
12. A method as claimed in claim 11, wherein the building pixels include land clearings.

20  13. A method as claimed in claim 11 or claim 12, wherein the classification depends on

whether the pixel intensity is below or above a threshold for vegetation pixels.

14. A method as claimed in any one of claims 10 to 13, wherein darker good pixels are

preferred over brighter good pixels.

25
15. A cloud free and cloud-shadow free image produced by the method of any one of
claims 1 to 14.
16. A computer usable medium having a computer program code which is configured to
30 cause a processor to execute one or more steps to enable a computer to perform the

method of any one of claims 1 to 14.



