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10 This invention relates to a method for producing cloud free, and cloud-shadow free,
images and refers particularly, though not exclusively, to such a method for producing

- such images from remote sensing using optical sensors.

Background to the Invention
15
It is well known that optical remote sensing images often encounter the problem of cloud
* cover, either partial or complete, eSpeciaIly 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 méthod 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 1o 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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15
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 local segmentation of the image and discriminates 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
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

7 35 image.

Japanese 10-063836 relates to a method for the highlighting of the image using a
'morphologi_cal operation. '




probl em of clouds appearing in inmages of a region, the inmges bei ng taken

using optical 20 renote sensing. The conventional nethod PoklYg&ferating a
cloud free nosaic is by renmoving the clouds. |In undertaking this process,

an i mage containing the |least cloud cover is taken as the base imge. The
cloudy areas in the inmage are nmasked 8ut, and then filled in by cloud-free
25 argas fromother images acquired at different times This is no nore than
a manual "cut- and-paste" nethod. There have been attenpts to automate the
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out put | e regardl ess of the processing result for that pixel. This
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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 causéd 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
. ¥5  intensity histogram. The pixel ranking pIOGedm;e 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,
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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 bfight land surfaces as clouds, and dark land
surfaces as shadows. In multi-specu'al 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, '




atnospheric effects. After radionetric bal ancing, the brightness of pixels
at the same location fromtw different scenes wll be a Bt 208 £ f er ent
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scenes for the differences caused mainly by atnospheric effects. After
radionmetric balancing, one image fromthe set of inages 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
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" shadowineagss fromapdendypandieomalie asigerydcala tnagesn- shadow pi xel s in the inages is
classified into one of four broad classes based on the band ratios:
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nost superior, and are regarded as the "good pixels". Were no good pixels
are avajl able, the _"shadow pixels" are preferred over the "cloud pixels".
Wier e avtmpargef the Inventiam 10 | ocation are "shadow pi xel s", the bright est
shadow pi xels will be chosen. In locations where all pixels have been

cl assi fAcestdRg toCh Tl RpXe! T the tPAReRtaink&iftfonC kiRkd iP prefided W tlethdg fobel ect ed.
The rank-1 and rank-2 1ndex nmaps are used to nerge the nmulti-scenes from

t he sagenesaing athudifree anddoud-tiadowdeqimagt fram aplygialiyrofimeages pbaragis, been

classified gs."vegetation pixel", . the .pixels from.the.rank:1 imge and the
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pi xels fromthe rank-1 i'mage are used. 20.,% many pi xels as possible in the
nei ghbelerdabadast, on nenclaid-nanskadpwhansgbcreating @ mosaic from the plurality of

images to form the cloud free and cloud-shadow free image.

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
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i mges are geo-referenced to a base émp using control points. The npsaic
generation transfornms the coordinates of the pixels in the merged images
and t he; 1 | I p3LfS . i to the
final ilr?g%g%ﬁ%%ag%d&%&r?gg%'@gn@%‘%gg?baseldﬁgﬁr%?g&%ﬁ]?/ﬁqéﬁrkes ol ds cannot
handl e tdnditionk aiagtpratade a aloesislesingddsal, effby of t en confuse bright | and
surfaces as clouds, and dark |land surfaces as shadows. In nulti-spectral

images wmith.two or nore spectral bands, the 35 spectral,. col our,
| o nak iR g Rt SR berch $ et won aih bl KayBes 1 rom
cl ouds. bd{aaKEble th BerRANE R FQARRbE Psudi&confRbfe éc@ﬁé?l?ysereﬁtﬂ% £RbQE

information is abSent, .and it i's even nore difficult to discrimnate
bri ght dfathd chendf freesrchs omtld salidd, images, adsunking dimed theildndcesefs domnot oud

shadows,, 13 July 2006 5 1t is therefore the principal object,of the

ot esentchefir it i s it TER Y o5 eapieaEy el kR mBBIECEIRL: { o pr ovi de
a met hogbeh @iulisQaE MoRsicEoPARcHr B ic AAfbr phdidphatamifié Rages. Mges from

cl oudy panchromatic or grey scale imges. A Tinal object of the present

invention is to provide cloud free, and cl oud-shadow free, inmges from
cl oudy Thahighestedkineapixelranpyshe swnsiderss af saadepikels and ithmlomesioranking to a fir st
aspect t resent, I pventi.on re i rovided a h generating
a cl ou‘&’i;{f"%selteﬁ"el E’& %%(Sjlu%r- sﬁg 3\% q“l%%é' ihﬁ%aeg%o‘%%r %85 p?%’u?rgfe?%)}y %g 1|£1%%Ies of a

regi onclasdifiel mes hegktdtion piglngnd hdldiiepikeRl Thé Blildiagkixel Mhy @lchuden or der of
cl oudi ness and shadowness; (b) gener ating cloud and shadow masks by
may

cl assi fapdrideasings. oilys cdassificaténs epandun, whetherdhe pixel indensity iibelewshadow, and

' ' ' o f | oud f
andl o Shabfe SRR\ ol VAR il ol og fiERERSY b8 SRR OFT 027, cnkea
accor dbrighteoggqudgigdts.ned ranking criteria,

-According to 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




and .t he hi ghest ranked pixels may preferably be used to conpose the nosaic.
By using size and shape information of the bright pixel cl@¥t¥286¢t nay be
possible to discrimnate bright |and surface and buildings fromclouds. It
may al so be possible to predict the approxi mate | ocations of cloud shadows
based on the know edge of solar ill uffi nation direction, sensor viewi ng .
direction and typical cloud heights. The exanpl e enbodi nents al so provide

for the Jgﬁe.of |Etensity gradients to enable automatic searching for the

| ocat i on§ 0 PSolide Eatiiste Atsas phinal eniges of basdhesitisic dWor MABpECtral

enbodi MepS5ed e hd? | de.for L,yi.ng a norphological filter to the cloud
masks det e%’fed by %@Z& %’F’I élna?qilﬁgﬂ)s{w&g“ FWE@ﬁ?ﬁf&%r’@E@%, jnd Badare we i ncl ude
t hi n cl owgisterak ound t he edges of thick clouds. The exanpl e enbodi nents al so
provi de for using a conditional majority filter in addition to the ranking
criteria to include as |arge a patch of nei ghbouring "good pixels" as
possighbl em&'nﬁgbym%(ggg- ' eration.of the sai ¢, The nerging of
rank-1 and rank-2 pi gPtgﬂg% ‘2§ dglgér}?lgipﬁoceﬁ%?ﬁj?qqam%s fustodrgem, slongr e

pl easi nghefepefithe dfabwing, at Dfanritdehéin) tardsHElE AR HRRTY inififllPhopod tehillad | B OVEr

a given_rgqjion are availahle, .it ma be practicab gener

r easonabl @glé(fgf?ﬁﬁ’f e? € o@?@%‘”é’é‘i@ fop waelr beagen Gonfusivaanay agde when cl oud
free aréeaighi pixeheofs 8perOfani "RYS ). at.the |land covers do not
change within the tieﬁrre Nt er va?%f.:S ﬁ?gﬁ% %‘hg lﬁlgwﬂﬁfgé}?ﬂﬂ Pigelsy angh 1 or
conposi fgniugiongBay be easolved byi maling @seTod size SndEhapa WoFAMRI &7 ﬂé‘%igﬁt

mul §4-s | L mages. The hi ghest raking pixels my

consi de gﬁi g@gtggsg&ﬁ‘lbﬁlt%&% © iy dhyeshigld step olondsythapnsed) to bemyasked erensi der ed
as bad piuchllargeiTthan godistiduak BhisdiA@y MMEhedAR. e bl .classifi.ed into
veget at i%n. | xel Sﬁ]i)Dg bui | di ng pi xels. The gﬁ?‘f&dﬁuﬁg a%h:%élfigl%wérlwgl ude

| and cl & F‘ﬁ"ﬁ%fs’%on? vgsimpleggpmeiicakshaphspend on whet her the pi xel
intensity is below or above a threshold for vegetation pixels. Darker good
pi xel s may be preferred over Dbrighter good pixels. According to a second

aspect Of 3t he sizeof the bright patcheris chloaleRd] MmdREOMhSRIA; ﬂ)l@‘éﬂarﬂ Eg?svféﬁd

cl oyd- s@ﬁggw rbsﬁ | mage péoduc(fd y .t he above nethod. ‘Acco (‘:fl ng the a

thitd. aspect o flipss pPEsEected. nEhe intensityo threrbalda msshaslitdoes umabvaknedi um
adequately in generating cloud shadow masks, By using geometric modeling, as well as
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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
.ﬁiter 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.




having a conputer program code which is configured to cause a processor to
execute one or nore functions to enable a conputer to per1f"”d\"'l"r£?°ﬁe net hod
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By using geonetric nodeling, as well as intensity gradients to
automatically search for cloud shadows near cloud edges, the preferred
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@ For T s (Y Yi) S Ty, if Yy < ¥, (class = "vegetation"), then r,, < ry;
(i)  For Ty <Yy, V) < T, if Yy < Yy, (class = "building"), then Fm <ty
@iii) If ¥, <Tgand ¥, > T, then m <ty |
(iv)  For Yy, ¥, < Ty, if Y, > ¥y, then Pm<ry

25 (V) For Yy, Y,> T, if ¥, < ¥y, then P <rp

~ In this scheme, pixels with lower rank values of Fy, 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




the clrouds is determined. As there may be an intensity gradi ent at cloud
edges, a fixed threshold method is used at 30 step 4 to ['AHdY2% thin

cl ouds at. cl oud edges, as non-cloud pixels. A norphological filter is used
to dilate the cloud mask patch. The gray |level is then balanced at 8 to
conpensate for differences caused nai r?ly by atnospheric effects. After

const¥ uclocagonsheheart all pixelHava Bebnlaygh o h, Gomponent i mage,
in 35 th lgecqnd tream at 5 the grgéa?geé‘l@g?g’%%ﬁge&ﬁor%wgﬁto
conpensa P E%%-er ences caused mainly by atnospheric effects. 13 July
2006 8 s The pixel ranking procedure at 9 uses the shadow, cloud

threshol ds, and ranking criteria described below, to rank the pixels in
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hi st ogr anloudFfree piozsits. r anki ng procedure uses these shadow, vegetation and

cloud thresholds to rank the pixels in order of "cloudiness" and
"shadowness". Each of the non-cloud and non-shadow pixels in the inages is
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20 the merging of sub-images procedure, the final cloud-free mosaic is composed at 7. The

‘mages 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.




are the nost superior, and are regarded as the "good pixels". The "good

pi xel s" are 30 further classified into "vegetation,pixelsﬂdeyg%@iIding

pi xel s" (that also include lLand clearings) dependi ng on whether the pixel
intensity is bel ow or above the vegetgﬁion t hreshol d. The darker "good

pi xel s" are preferred over the bright "good pixels" as the brighter
"good pi xel s" may be contami nated by thin clouds. Were no good pixels are
avaiIablﬁgﬁt{&§1§@§q§m1aixels"_are preferred over the "cloud pixels". Were
all pixe It theredias been, describrcin the fepegoing destoptin ¥ pleférred digbddirelitogst
shadow pih¥ @k&teMd 1 C |y, 2006,.9. .5 | ocati ons where al
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(i,J) can GStPar Hiedyesent tpgention. j s preferred that 10 only the rank-1 and
rank-2 index maps are generated and kept for use in generating the
cloud-free nosaics. In order to obtain inproved visual effects, it is
desirable to have as many pixels as possible in the nei ghborhood of a
given location to come fromthe sane image. A 15 conditional mpjority
filter procedure is applied to provide this. In the nmerging of sub-inages
at 6, the conditional majority filtered ranking index is used to nmerge the
input- nmulti-scenes that have been processed by the gray-Ievel bal ance.
Using the images with cloud, cloud shadow nasks and the merged i nage
generated from 20 the nergi ng of sub-inmges procedure, the final cloud-free
nosaic is conposed at 7. The inmages resulting fromthe nosaic process are
co-registered with the map. The npsaic generation procedure will put the
imge fromthe nosaic process into the map at 11. When nergi ng sub-i nmages,
the rank-1 and rank-2 index maps are used to nerge the 25 nultiple scenes
fromthe same set of images. If the pixel at a given |ocation has been
classified as "vegetation pixel", the pixels fromthe rank-1 inmage and the
rank-2 image at that |ocation are averaged together in order to avoid
spatial discontinuities in the final nopsaic imge. O herw se, the pixels
fromthe rank-1 i nage are used. 30 The present invention also provides a
conput er readabl e nedi um such as a CDROM disk, tape or the like, having a
~conputer programthereon, the conputer program being




confl gur ed to cause a processor in a conputer to execute one or nore
functions to enable to conputer to performthe nethod as 18d4¥%9%ed above.
35 The present invention al so provides a conputer usable medi um having a
-conputer program code which is confidured to cause a processor to execute
one & nWhe (laigft i ons to enable the nethod descri bed above to be perforned
on at | east one conputer. 13 July 2006 10 5 Wil st there has been descri bed
in the foregoing description a preferred enbodi ment of the present
inventio be under st y those skilled in the technol ogy that
many VaII:]I :ﬁl onghg?r i géﬁ?‘ﬁﬁs&qeﬁn@ﬁ@uﬁébmﬁbmh@ foora aghiralityognt i on
may be nmadémagdsiofutreginiRé hi ARk invention. 13 July 2006 11
5 The d ai ns A rregt hod foreﬁg)grlllgrat|§:g1 g{e§?8ﬁd free and cl oud-shadow fee

i mage froma é} fAking pixels in prdenyelirlafdiress agi shadovwgs; et hod i ncl uding the

t f. d f cl oudi d shad 10 (b
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cl oud, shadow shadowp ochanetbudadaadew: ,@nd (c) creating a nosaic fromthe
pl urallty of rges to formthe cl oud ree and cloud-shadow free image. 15
2. A method & e Mesalq &P the phirelityiof inmghs R fothn ihe el aidhe | mages

is ranked accodqghdlglgdg gi’dﬁ ped ranking criteria, and the highest ranked
pi xel s are used to corrpwgll"sr %" mpsaic. 3. A nethod as claimed in claim1l

or claim2, wherein size and shape information of 20 bright pixel clusters
ar e, gise | and surfaces and buildings from

t I, nat br i ght
¢l olds. 2 RE%EQ[%;] Flajge I’EuG Iithﬁmnwmeelcmaammh&nna’geszﬁHdn sol ar

i ormat 1 on s teed to. "S5 bredk e et P '?ﬁwgﬂ kBl wheddovs.

COIIIPOSC € 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 ] 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 mtensxty 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.




5. Anmethod as clained in any one of clainms 1 to 4, wherein intensity
gradients are used to search for locations, of cloud shaddWdy #¥%&r cl oud
edges. 30 6. A nethod as clainmed in claimb5, further including the step of
applying a norphological filter to th cloud nmasks detected by the
intensity of attEdd S e _and.include thin clouds around the edges of
thi ok ¢l pugs A%n%tﬁﬁigg‘i'ién%f’%‘?ﬂ%ﬁmm Liey7, orherein thel plinatityl oftimages ik nc! udi ng
the step ofpaneirogatic s3dliedndids onal mejority filter in addition to the
ranking criteria to include as large a patch of nei ghbouring good pixels
as possible in the generation of the nosaic. 13 July 2006 12 5 8. A nethod
as clai ned A fe . | I .7, wherein the plurality of images is
panchr omati ¢ §gitaélllalgi%'?déISi Fﬁg@ﬁ@.ogﬁ?ﬂ’é‘?ﬂ&ﬂ Taghetei the pluralityrof imagesdé  cl ai ns
| to 7, V\hélﬂéiil-tﬂmdmlimhageality of images is nulti-spectral inmages. 10 10. A
methgd as clainmed in any one of clains 1 to 9, wherein the highest raking
pi xel s are considered as good pixels and the | owest ranking pixels are

consi derl@dAasnethad as RiakRtF; : t hod as,cl ai ,.n claim 10, wherein
the good gé:é;'os ar edf urt h?r@l%%sﬂf?f“gﬁsﬁﬁ?(??%ﬁ& ggﬂ%heﬂi seking pieds bui | di ng
pi xel s. 122 REEPSE aagood pivebdaridithe | lowast kdnking gixel il dj i xel s
include | ggdesg! earings. 20 13. A nethod as cl alﬁme %%Q@%%#%dpcl aim

12, wherein the classification depends on whether the pixel intensity is
bel ow or above a threshold for vegetation pixels. 14. A nethod as clai ned

in y e, of clai .10, to 13, :wherein darker good pixels are preferred
ove?snbr?gtﬁg?eﬂb%ﬁ@ efl dn claign 16, whereinathel gbscgixals drechuamie hagRwikhee 1 mge

produced %gétbﬁoﬂ*ﬁ&@@%@ﬁui%%eeléof clainms 1 to 14. 16. A conputer usable

~medi um havi ng a conputer pro ode which is configured to 30 cause a
processor to execute one or nore steps to enable a conputer to performthe

nmet hod one of .claj A to 14.
_ Bj AN %s Cfalmedm mrgfalm 1 1,_: 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 pixelé.
25

15. A cloud free and cloud-shadow fre¢ image produced by the method of any one of

claims 1 to 14.

16. A computer usable medium having a computer program code which s 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.




