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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,
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In US patent specification 5,612,901 there is disclosed an apparatus and method for

cloud masking in an image of a body of water. It extracts cloud edge information

through 10031 segmentation of the image and dzscnmmates between cloud free and cloud

-contaminated pixels on the basis that clouds are brighter and colder than the surrounding

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 by calculating the distribution of the gray
| Ievels of the input image while consiraining 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 1image.

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




i mge. - The cloudy areas in the image are masked out, and then filled in by
cloud-free 25 areas fromother images acquired at di fferenf3 U6 This is
no nore than a manual "cut- and-paste" method. There have been attenpts to
automate the procedure. The nost common way is to enploy a sinple
intensity threshold process to discrimnate the bright cloudy areas and 30
dark £l oud shadows from non-cloud areas. This nmethod cannot handle thin

cl ouds apd _cl oud shadows, and often confuse bright |and surfaces as cl ouds.
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In US patent specification 5,612,901 there is disclosed an apparatus and

et hod d sking in nlmaeof a body of water. It extracts cloud
edge i nt&%nﬂ'ﬂt%!rrlb thtet‘??gtﬁ’@lfr fispg gﬁSlerth@ﬁmndnﬁegwmﬂuﬁaﬂwﬁhﬁlqi ni nat es
bet vveenspdoﬂiaﬂl tifrReindd¢lalC | n.the basis that clouds -
are bri t nd coI der tpa%aln t surroun?fqoh X% gg%éwageph@e also co- ,
cl oud- ¢ e eing) fod ante ﬂlﬂsystem@hﬁeﬁhnsaih éﬂlrésphé’é% el s %e'&ﬁ
ancenent

speci fi 0 83 is directe t an i mage
met hod E@%&:{g}e‘)é gg rbgrﬁhgl e%’fj‘a'll’3 ' f‘?i Reasnfared band. Fhe ghdinmesicobalamingmage is
not si gmobidaabhly milesgedrreatsh o gifftAREs inSel oI dold: Stiaalll 5,18 2 eved

by expres
5o* amds S 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
l; 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 i into one of four broad classes based on the
band ratios: vegetatlon building, water and others,




25 the input image in a predeterm ned gray |levels by calcul ating the
distribution of the gray levels of the input inmage while %ﬁ@tﬂ’&?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 input inage based
on the calculated distribution of gray*levels obtained previously. 30 On a

simlsar basis, the disclosure of EP 0366099 is directed at a nethod of

i mge enhapcenent through the nodification of the inmage histogram by using
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set of rFﬁefe-Spectral- | mges, a reasonably cloud-free conposite imge can
be made. The al gorithmdisclosed in the paper does not address the problem
of creatTihngh&gl ogd-free nosaic fromnultiple panchromatic imges. 15 The
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for atnospheric eftects. adi onetric bal ancing, the brightness of
pi xel s at the sane location fromtw different scenes will be a little

di f{oereﬁt due to the atnpspheric effects, especially in | ow
: S many pixels as possible in the neighbourhood of a given location come from fhe

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
.unages 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 bﬁght land surfaces as clouds, and dark land
surfaces as shadows. In mtﬂﬁ-spectl'al images with two or more .spectral bands, the

35 spectral, or colour, information can be used o 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,




25 al bedo vegetated areas. The pre-processing procedure tries to make a

bal ance between the scenes for the differences caused mai nf3U2098 nospheri ¢

effects. After radionmetric balancing, one image fromthe set of inmages is

chosen as the reference i mage. For each band, the pixel values of all

other images in the sane set are adjusted. 30 The pixel ranking procedure

uses the pixel intensity and suitably chosen band ratios to rank the

pi xel s in order of "cloudiness" and 5shadowness"” according to predefined

ranking criteria. A shadow intensity threshold and a cloud intensity

t hreshold gre .determ ned, f.r.o e 15 intepsity histogram . The pixel
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cl asses based on _the band ratios: vegetation, building, water and others.
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pixels fromthe rank-1 i mage and the rank-2 inage at that |ocation are
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Each pixel in each of the images may be ranked according to predefined ranking criteria,
and the highest ranked pixels may preferably be used to compose the mosaic.

By using size and shape information of the bright pixel clusters it may be possible to
discriminate bright land surface and buildings from clouds. It may also be possible to
predict the approximate locations of cloud shadows based on the knowledge of solar

illumination direction, sensor viewing direction and typical cloud heights.

The example embodiments also provide for the use of intensity gradients to enable

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

The example embodiments also provide for applying a morphological filter to the cloud
masks detected by use of an intensity threshold process in order to include thin clouds

around the edges of thick clouds.

The example embodiments also provide for using a conditional majority filter in addition
to the ranking criteria to include as large a patch of neighbouring "good pixels" as

possible




next step of nosaic generation, only the delineated cloud and shadow areas
will be 25 replaced with pixels fromthe nerged i mage genErat¥é4% romt he
previ ous step. The final nosaic is conposed fromthe nerged i mages and t he
base i mage. These 1inmges are geo-referenced to a base map using control

poi nts. The nobsaic generation transforns the coordi nates of the pixels in
the nmerged i mages and the base inage into 30 map coordi nates and put the
pi xel s onto the final imge map. C oud maski ng net hods based on intensity

t hreshol ds cannot handle thin cloudséand cloud shadows. They often confuse
bright |and surfaces as clouds, and dark |land surfaces as shadows. In
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f rom cl ocerdlétionsiovenpeoduce a nuaepleasimptisual, @ffegr ey scal e i nages, the col our
information is absent, and it is even nore difficult to discrimnate

bri ght nd,.sur.f aces from cl s,.,and dark. | and.surface; rom cl oud
ohadovst TG iR Ewata0 & RHGRIBF ova'S Kivcprreicn pavelke L B ¢ he
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a method for producing cloud free, and cl oud-shadow Tree, ~1mages from

cl oudy Yatherlondafiee amas gn dhe sef xnfeimagay exssuntingi thatl the pret towets thenopr esent
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a cloud free and cl oud-shadow fee inmage froma plurality of inmages of a
regi on the nmethod including the steps of: (a) ranking pixels in order of

cl oudi e ighegt rakingipirpls a2y b yonsideesdaas aepdopiseld aad dhe Fvrstvankings by
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may. p pings.plehe rdasgificationymay depeandeomphether thepixet imensify ivbelaw shape

i sor | of Bopsy iishoR] KR Yo kP RS, Mot X BP RO} Bviay a1 s0 be
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‘According fo a second aspect of the present invention, there is provided a cloud free and

cloud-shadow free image produced by the above method.

According the a third aspect of the present, there is provided a computer usable medium
‘having a computer program code which is configured to cause a processor to execute one

* or more functions to enable a computer to perform the method described above.
‘Description of the Drawing

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

method of the present invention.

Description of Preferred Embodiment




predi ct the approximate | ocations of cloud shadows based on the know edge

of solar illunmination direction, sensor view ng direction'ait¥200pi cal

cl oud hei ghts. The exanpl e enbodi ments al so provide for the use of

intensity gradients to enable automatjc searching for the | ocations of

cl oud shadows near the edges of cl ouds’. The exanpl e enbodi nents al so :

provide for applying a norphological filter to the cloud masks detected by
hreshol d process in order to include thin clouds
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i's providad & &SRl seemstricakshapesw free i mage produced by the above
met hod. According the a third. aspect of the present, there is provided a
conput er, gsabl e nmedium having a conputer program code which is configured
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_gdequately 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 directi('m',
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.




In order that the invention may be fully understood and readily be put into
practical effect, there shall now be described by way of Hof3%8+tative
exanple only a preferred enbodi nent of the present invention, the
description being with reference to the acconpanying illustrative draw ng
which is a schematic flow chart of thespreferred met hod of the present

i nvenf i orfhe pieet rankingprooddubt aff Erides ¢h i .y 2006 .7 5, The inputs
| to the g%lcﬁ%g@&%rge a%#ral .nunmber ﬁmg%’ﬁ%dn%’%%&gﬁﬁp&%&?m%ctraI

i mages of Y gbﬁp therjxels storden of "alondimpest iafid CghaldwiRsiirRE g&kr and

t hat ar eradi tuld : i s are.subjected to two different
processi sl}tg?ggrrs. Iﬁ&%“ Eﬁ%@g?{e@%&?&ﬁfnﬁ%ﬁ ely inordes of ¢loudinesst andi ng, at

2 an int iiQ‘VnQSh'F@;@htdimgtmdeﬁnb&rdmthfgi@jtérya_ applied to generate a cloud
mask, and a cl oud shadow mask, for each inmage. Confusion may arise when

bri ght pixels of open | and surfaces or buildings are m staken as cl oud
pi xelts. Buthis proeedits £EhadBw maki ng .use of ;size and shape
i nformation of the bright 15 Eﬁﬂéﬁmﬁ%@{c@f& dy¥estaten Riansity fheepkoléhyr),

t hr eshol andst dpud Ditensii trbeol ESske td@teﬁﬁin@@%ﬁxdtgg ety ﬁﬁg@%ﬁ Sfl}eé; o

i ndi vi dual buil dings. Man-nmade features suc

cl ear i ng8nkigg prdceduraises %mm&m,w&&%ﬁ&@bnéaﬁwg&gx%ﬁfﬂg@ ’t%%a%g ﬁ%ﬁg‘g‘; ht hgo

bri ght t s.cab.cul ated, and the lines an S

t hi ngs 2@ ‘E‘Eugllsﬁif n‘&g“ %ssdé'lpgcts ownees"i Baenef the hou-elohd| Bd inbdddsipes not
wor k  agéxplatethe e RESIALIAG 160 dow masks. By using geonetric
modeling, as. well ag int engk?ylﬁ{é}ra |(an$v§ol?r82§ﬁl§6§?ﬁgﬁeﬂl qnggeaﬁenmtyf or cl oud
shaddws ﬁgﬁf‘tl%fﬁlﬁicb@dg&, the preferred nethod of the present invention
conpensates for the patch identified inproperly in the automatic mask

met hod. Furthernore, solar illum nation direction, 25 sensor view ng

di rect i &nr esahdinagei £ Montiteudt bei g%@irb' : tion may be used to predict

t he Iikg%si{ | qcati on of cl oudtshggo . @%ﬁé@‘séaocg pd’é%it"’il%&}PSﬂ'the(Fe’géﬁce once

the | ocBrteid Brnk e i baseion dhedipinelr intemsitly Y46, /) heédiig Yo e ﬁimokvmsgtensi ty
30

gradi en cl oud edges, a fixed threshold nmethod is used at ep 4 to
| abel any thin clouds at cloud edges, as non-cloud pixels. A norphol ogical
20 '

63 For T, s T Yy) < Ty, if ¥y < ¥y, (class = "vegetation"), then r,, < ry;
(i)  For T, < (¥, Yy) T, if ¥y < ¥y, (class = "building"), then ry, < i
(i) IfY,, <Tgand ¥y, > T,, then Fin <ty

(iv) ForY,, Yy <Tg, if ¥, > Yy, then ryy, < g

25 (v) For Ym; Yy> T¢, if Yy < ¥y, then P <ty

In this scheme, pixels with lower rank values of ¥ 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 pixeis 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




filter'is used to dilate the cloud mask patch. The gray level is then

bal anced at 8 to conpensate for differences caused mainl ylbA%®spheric
effects. After constructing the cloud nask and cl oud shadow nask for each
conponent image, in 35 the second-strgam at 5 the gray levels are

bal anced; again to conpensate for differences caused mainly by atnospheric

ef f ect s. lacationg ywhereadl pigelshabedern datsificdds " full: ses.the
shadow, Wiﬁ'ﬁgs(%lgre hol ds, and ranking cri teriuapﬁﬁgsggﬁrl‘?g%%esggro PSS r ank
the pixelsin &P of ' cl oudi ness” and "shadowness”. The pi xel ranking

procedure uses the pixel intensity to rank the pixels in order of

" cl oudi ng&é“ and "shadowness” according to predefined ranking criteria. 10
In this DGEEmkieg the Bineldothe iraken hidey iy AING) Ebp}_ée&}inéeﬂgti@&e&ogl 0# E%'enm ty

t hreshol d_ Tv dﬁﬁﬂ cloud intensity threshold TC are determ ned m t he

i nt ensi tvwrﬁes‘f’ﬁﬁ(f " gtde piseblocatiomij Hopanrteqrterarduses, k fi‘@ﬁx%fé—%bﬁdtﬁ%
vegetoat | &y 3 raaliOtghd S to rank the pixels in order o

“cloudi ness” and s ad%?@&&’@ﬁ%ﬁ%fg@?ﬂémﬁéﬁd@PHlfgr n3ecinrgonerstingithy  pi xel s
in the | #egbéeemashigssified into one of two broad classes based on the
intensity: 15 vegetation and building. For each image n fromthe set of N
acquired i mages, each pixel at a location (i, J) is assigned a rank rn(i,

j ) basednasrdéher Bb#ss] irh ' Y0t .according to the follow ng rules:
20 (i) For TS < (Ym Yn ?%y‘fsydvér#éﬁtsvf\‘) e QSLI%&E tg\}’éljfé%mm"glgcels en rm <

rn; (i iPPs§tble in the yeighbowmodSofTe giveh Mgitich ¥ The Oithd §hAgk )4 then rm
< Irn; (:.bh%i}iohgl nY:gb<TSﬁ1?nd Yn. > ',Igc, -t .hen rm'<?ﬁrﬁé%ﬂgo$H¥m%§%'éTs, i f
Ym > Yn, then T m oy ilies grocgqure is dpplied taprovigle this.f Ym < Yn, then rm < rn:
In this schene, pixels with |ower rank values of rn are nore superior and

. to, be selected. Pixels with intensities falling between

are nor E%#%}' kelﬁly .
the shadbiedRerangRfiFubtimegssat dsthe aowmditibenl mogdzits inerel inkifHdSY & JsEPar ded as
the " gogd nRirge ik inp]ih%ﬁi@-@@% %)i x%\l s" are 30 further classified into
"vegetation pixels™ or gried ﬁlba &aX%I o0 procaesed |byothe rgsaystierel baleince.
\SLS; 13 ?g‘?qlf ?anagels gvitirclodat; tloed shddewiih X ah@ﬂﬁriﬁérké(d fn?agg eglcl?éllyatgcri fr%]bnove the

: erging of sub-images procedure, the final cloud-free mosaic is composed at 7, The

1mages 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 pregent 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 ong 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,




t hreshol d. The darker "good pi xels" are preferred over the brighter "good
pi xel s" as the brighter "good pixels" nmay be contam nat ed"b{}‘"yt P% clouds.
Where no good pixels are available, the "shadow pi xel s" are preferred over
the "cloud pixels". Wiere all pixels g} a 35. given location are "shadow
pi xel s", the brightest shadow pixels wll be chosen. In 13 July 2006 9 5

| ocat? ons where all pi xel s have been classified as "Cd oud pixels", the

dar kest Lxel will be selected.. After ranking the pixels, the
rank-r in e%gtrfia%%é(ﬁ?s(slﬁenjfsqr B &% thetipregoingalescrifsiona éfetrbe embb@gRaMeE N T ank

r at thetheiptedent &aktid it(vil) nerated.at .10, It is preferred that
ioonly the rank-1 and %ank-bfq'lﬁlﬁgggoogg)ﬁsth%ee&‘b@ﬂéi’éliee’ﬁc}!m@%ébﬁ mhany use in

gener at i YJiaq8s opmedifichtions imtisemethod lof tiy skesent fveiMt @ Had g(gfn%g ﬁwt}ﬁ' sual
Il é |

ef fects, gdars ixable o haye as many pi xels as poss A
nei-ghbor%gggh%fg(gﬁélﬁevgﬁsepgl?g?‘?t&?-to cone fromthe sane image. A 15

conditional majority filter procedure is applied to provide this. In the
mergi ng of sub-imges at 6, the conditional majority filtered ranking index
is used to nerge the input multi-scenes that have been processed by the
gray-l evel balance. Using the imges with cloud, cloud shadow masks and
the nmerged i mage generated from 20 the nergi ng of sub-inmages procedure, the
final cloud-free nosaic is conposed at 7. The inages resulting fromthe
mosai ¢ process are co-registered with the map. The npbsaic generation
procedure will put the inmage fromthe nosaic process into the map at 11.
When nerging sub-imges, the rank-1 and rank-2 index naps are used to nerge
the 25 multiple scenes fromthe sane set of inmages. If the pixel at a given
| ocation has been <classified as "vegetation pixel"”, the pixels fromthe
rank-1 image and the rank-2 inage at that |ocation are averaged together
in order to avoid spatial discontinuities in the final nopsaic inage.

O herwi se, the pixels fromthe rank-1 i mage are used. 30 The present

i nvention al so provides a conputer readable nedium such as a CDROM  di sk,
tape or the like, having a conputer programthereon, the conputer program
being configured to cause a processor in a conputer to execute one or nore
functions to enable to conputer to performthe nethod as descri bed above.
35 The present invention also provides a conputer usable nmedi um having a
_conput er




progran1code which is configured to cause a processor to execute one or
more functions to enable the method described above to belp8¥Pfed on at
| east one conputer. 13 July 2006 10 5 Wiilst there has been described in
the foregoing description a preferred enbodi nrent of the present invention,
It will be understood by those skilled in the technol ogy that many
variations or nodifications in the nethod of the present invention may be
made ‘wi t hout departing fromthe present invention. 13 July 2006 11 The
Claims 1. A nethod for generating aitloud free and cl oud- shadow free i mage
from a -~ pl ufkeGlams of I mges of a region, the nethod including the steps of
5 (a) ranklng plxels in order of cloudiness and shallowness; (b) using a.
tter on the plurality of inages of the region to

condi ti onal rit ?5“8

i ncl ude as Farg % hgwmmlﬁﬂﬂﬂﬁr?@dgb%s']@ﬂ%m fmaganfreweh of the
plurality om!umltmmmgeaﬁamma,lt&dmhodmﬂu@@wm g cloud and shadow masks by
classifykng a g¢8KRk s%ffdn&er O o o shadow, ornoncl oud- nonshadow,
and (d) creatlngga mﬁ))ianfac rom gﬁ:ﬁe p urallg%lmﬁs ‘ nages to formthe cloud
free and cloud fter on th emcbfwges ofi thredgionioc| ai m 1,

‘wher ei n eadtx:tqdeaehmeapaamnnaghbbdﬁeggmmfmeawofmmw@%g@l ng to
predefined g gggb@g criteria,.and the highest ranked pixels are used to
conpose the nosaic. 3. A method as claimed in claiml or claim2, wherein

~ size and shape {ChP¥eRRg devd a5 shdpw masksi byedlassiiyioy @rgoupr o pixsleds t 0
~di scri mlmatokzudils!gedbm@hﬁnclbmngmot@éms and buildings 20 fromclouds. 4. A
met hod as cl ai ~ wherein solar illum nation
di recti on; dsenrsr@? Vi e ﬁ%ﬁ@ﬁkﬁgmgﬁiﬁlm@%@meﬁwg | nf or mati on
Is used to®° ﬂmﬁqe.m@p.y Iocatlons of cloud shadows. |

2 A methad as cIaimed in claim 1, whetein each pixel in each of the images is
15 ranked accordi Ing 1o predefined ranking criteria, and the htghest ranked pixels are used
to compose the mosaic,

-8 A method aé; clafmed in claim 1 or claim 2, wherein size and shépe information
of bright pixel clusters are used to dlscnmmate any bﬂght land surfaces and buildings '
20°  from clouds. : ~

.4, A method as claimed In any one of ckims 1 to 3, whereln solar iliumination
" direction, sensof viewing direction and typical cloud heights lnfotmanon is used to
predict likely locaﬂons of cloud shadows.

- 5 Amethod as dlaimed in any one of claite 110 4, whereln Intensity gradients are
used to search-for locations of cloud shadows near cloud edgés. ‘ :

_ 6. . A melhod s claimed in cim 5, further including the step of applying a
o morphological filter to the cloud masks detected bythe intensity grad:ents to locate and
include thin clouds around the edges of thick clouds,

7. A method as dalmed in any one of claims 1 to 6, wherein the pluralityaf images
I panchromatic satellite. imagee.
35




25 5. A nethod as clainmed in any one of clains 1 to 4, wherein Intensity
gradients are used to search for |ocations of cloud shadol&We®F6cl oud
edges. 6. A nethod as clainmed in claimb5, further including the stop of
applying a 30 norphological filter to the cloud nasks detected by the
intensity gradients to |ocate and include thin clouds around the edges of
thick clouds, 7. A nethod as clainmed in any one of clains 1 to 6, wherein
the plurality of images is panchronp;ic satelite inmages. 35 13 July 2006

12 8. A netBod asmethed #5hindd i “of. ol ai,me. |10 6. wherein the
plurality of, w@ﬂ%ﬁ_%es ul tiﬁ%gwaﬁgvﬁm‘gég%‘ é‘{hte%mn@f’%ﬁahﬁ's‘r‘}cl ai med in
any one of clarne 1o B MH#E ein the highest raking 5 pixels are

consi dered as good pixels and the | owest ranking pixels are considered as
bad pi xel s. 910. AAneRéd a0y 1 aj ' | 3i,m9. , wherein the good pixels are
further glaﬁéaijsfér%g? f’dntgﬁ%@t"gt‘ﬁ% ‘fé?’%@s?tgﬁd%ﬂ?'ﬂmemﬁ%mg. 10 11. A
net hod a3 clai ned T eraPHPord Pk andie lowast randing gixely api coadideredas | ude | and

cl earings. edpixds.met hod as clainmed in claim10 or claim 11, wherein the
classification depends 15 on whether the pixel intensity is bel ow or above
a threshol of or vegetation pixels. 13. A nethod as clainmed in any one of
clains 9 to'%12 A dian cigimed iy claip §owhstelreths goak pixelsr 24 Rt dlagiied bri ght er
good pi xel dnto R@etdtion pikelsandidildifiggmegnd cl oud-shadow free image produced by
the met pd of any one of clainms 1 to 13. 15. A conputer usable nedium
having a conputer program code which is configured to cause a processor to
execute ondlor od tasplaimes i reidh 40,anteon theeblilding pikde PALJeORAY t he et hod of
any one of cedrimgsis 1 to 11

12.  Amethod as claimed in claim 10 or glaim 11, wherein the classification depends
15 onwhether the pixel intensity is below or above a threshold for vegetation pixets.

13. A method as daimed in any one of claims 9 to 12, wherein darker good pixels
are preferred over brighter good pixels, '

20 4. Acloud free and cloud-shadow free image produced by the method of any one
of claims 1 to 13,

15. A computer usable medium having a computer program code which is
configured 10 cause a processor o execute ene or more steps to enable a computer to
25 perorm the method of any one of claims 1 fo 13,






