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description that is presented later.

[004] Previously, Poisson blending has been used for image blending including
cloning an object onto a target background and blending pairs of source images
together. Such Poisson blending works well in many situations. However, whilst this
method is always workable, we have found that discolorations sometimes occur. We
realized that these discolorations occur when the gradient of the source image is
preserved too insistently, at the expense of preserving object and background color.
In some situations object outlines become smeared or blurred. We develop a color
preservation term and a fragility measure to address these problems. This gives a
user additional control to obtain smooth compositions and reduce discoloration

artifacts.



preservation termand a fragility neasure to address
t hese problens. This gives a user additional control
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[0017] FIG. 5d shows the result of a bilateral gradient blending process on the

WI\IGS

image of FIG. 5¢;

[0018] FIG. 5e shows the result of an improved image blending process on the
image of FIG. 5¢; 4

[0019] FIG. 6 shows a composite image formed by blending six source images using
a method of the present invention.

[0020] Like reference numerals are used to designate like parts in the accompanying
drawings.

DETAILED DESCRIPTION
[0021] The detailed description provided below in éonnection with the appended

drawings is intended as a description of the present examples and is not intended to
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I5, but forced also to agree with the target image on the boundary a5. The

minimization can be solved exactly by variational calculus to give a Poisson equation
V*u = V'I5, subject to the Dirichlet conditions, giving rise to the term “Poisson”
blending.

[0027] While Poisson blending is often effective, we have found that there are
circumstances where it fails. For example, consider the source image of FIG. 3a
comprising an object to be cloned onto a target image. The source image comprises

a portrait of a person 30 standing against a dark background 31. A line 32 has been
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image formed from the second image (see box 21 of Fig. 2);
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because the gradient term of the functional E(u) operates around object outlines to
preserve the same degree of contrast as in the source image, even though the new
target background demands a change of contrast. In another embodiment of the
invention we address this issue by using a measure of the degree of contrast in the
source image.

[0037] We introduce a "fragility” term in the cost E to disable the gradient constraint
on abject outlines. This term can be considered as reducing the tension in the

membrane where there is high contrast in the source image. This acts as a form of
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blending in Wthh two or more images are used to form a composite image. For

example, FIG. 6 shows a composite image formed from six source images using an
embodiment of the present invention.

[0045] Image stitching aims to blend together pairs of source images which are
already similar in the most seamless possible way. For example, for photo montage,
image tapestry, or forming any suitable type of composite image. This can be
achieved elegantly by minimizing a mismatch functional along the stitch boundary as

described in Kwatra et al. 2003 “Graph cut textures; image and video synthesis using
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calculation. In the case that automatic calculation is used any suitable algorithm can
be used for identifying object edges or outlines in the source images and placing the
boundary as close to those edges or outlines as possible,
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[0054] where pe are indices of pixels in the domain for £, and N is the set of

s\

neighboring pairs of pixels in @ In the unilateral case, v, are simply the pixels of Ig
and v,= v, In the bilateral case, the domain is segmented as Syus,and the pixels lie
in domain S, or 5y, so that v, are correspondingly pixels of I, or of 1,. Similarly
gradients v,, are computed over f, or over J,, and the only issue is how to define v,
and w,, where pg straddles the segmentation boundary. In those cases we evaluate
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softwdre scerupabeprogame BZHématively, the local computer may download pleces
of the software as needed, or execute some software instructions at the local
terminal and some at the remote computer (or computer network). Those skilled in
the art will also realize that by utilizing conventional techniques known to those
skilled in the art that all, or a portion of the software instructions may be carried out
by a dedicated circuit, such as a DSP, programmable logic array, or the like.

[0060] The methods described herein may be performed by software in machine
readable form on a storage medium. This acknowledges that software can be a
valuable, separately tradable commodity. It is intended to encompass software,
which runs on or controls “"dumb” or standard hardware, to carry out the desired
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provi ded as an exanple and not a limtation. As those
skilled in the art will appreciate, the present
exanpl es are suitable for application in a variety of
di fferent types of inmmge processing systens. [0059]
Those skilled in the art will realize that storage
devices utilized to store programinstructions can be
di stributed across a network. For exanple, a renote
conmputer may store an exanple of the process described
as software. A local or term nal conputer nmay access
the renote conputer and downl oad a part or all of the
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needed, or execute sone software instructions at the
| ocal term nal and sone at the renote conputer (or
comput er network). Those skilled in the art will also
realize that by utilizing conventional techniques
known to those
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array, or the |ike. [0060] The methods descri bed
herein may be perfornmed by software in machine
CLAIMSadabl e formon a storage nmedium This acknow edges
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of 41 hi sA mpthedts daimet Xl MBm1iwhArairesaitbdodificabbeisdi Nng a
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i mge sai d method conprising the steps of: (i)

E(u}iﬂ ANy At vhead)| pabikcab bbiiRal oRditibntRge whek At
st part of the second inage to formthe constructed
represnutg ehe donstjucteddmbgd, i ragresenisousutarymage dande. Ganedghtiot ed
para;nggge bei ng between a region in the constructed i mage
formed fromthe first image and a region in the
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has tie dfféqy imasetolh eorcofimy thicdegekel dfbiadiay beeebagifisstahd t he
t of at | east part of either of the first and
Secogae?gdﬁgp and (iv) wherein said nodification is
al 8o cédt m%ad ButlaipRd fheaimasvhergn agrighgig Ryp@eter is used

to control a trade off between modification on the basis of the color preservation
term and the modification on the basis of the gradient.

7. A method as claimed in claim 6 which further comprises. receiving user
input specifying a value for said weighting parameter.

8. A method as claimed in claim 7 which further comprises receiving user

input specifying an ordered sequence of values for said weighting parameter,
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of : a color preservation termand an indication of a

degree of contrast in at |east one of the first and
wa@ewantb3dnmages. 2. A nmethod as clained in clai PELUS2006/029326

wherein at |east part of the first inmage is cloned

onto the second image to formthe constructed i nmage
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fect in use of control endi ng
beﬁmeen f"}?éhqdlars§{a“%‘%‘i'd“§'é%h&h?rﬁﬁg§é§’ ogndasy isddensitiechas

a resght af medinpnt.cl ai m 1 wherein a weighting paraneter is

used taq EQ{HBH o] clﬁﬁmteii 8RN wWRELNESH b aR} Iggt %%d%@

mge basi s of the co preservatl on term’an
a resih gf YRR HFIBRNEHRD °8§‘§’P§‘“6'? the gradient. 7. A nethod
asix| aiAmeekhbd actiaimet & adiinald Whardihedid 6mAtGiSRGmentation

r ifying a value for said
C°m$‘§%§“"v°.bﬁ9”*§?a%%ﬂ"§;“ mEHR method as claimed in cl aim 7
h

MF‘]‘?@? azeiped gb%a'mécféhew'h gRidi ey impages are
arrargpeé o ﬁaymanlg o&dfrlamrad& i eke Baqid a0 ada0yf is wathihehe f'@?on&ﬁl d.
overléﬁb&ﬂ/% ter.9. Anethod as clained in claim$8
urt onprises: (i) reconputing said
colfstr lft"f‘%‘ﬁ"ﬁ‘ ARERmeth In Padm Pandhesein faid éinimizddoneld cardedience
out Wingualukesicdl aretHdaebavei ivinita @lfﬁ?én@é'f&ﬁﬁéxnmaf% dfidradients.
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di spl ay claim
arrange éVﬁ“‘sfé‘ied"%'&Oé'rOthmi is received via a graphi cal
user i Mnebhaes EEANNMAGirs ishdetinaG @EHANMEGd tol FHIMIA

cons{r&géd '"‘E“g’ Adrﬁ%gyrg%s% m'g:rli anlgrr_ed in claim1l wherein said

egree O contrast in the source |mage
adP én frerggespapinet weanasﬁ;@rve@bm apltgepagof thetfirsttimage arsle,

at Jedshgart of the second image to form the constructed image;

(ii) a processor arranged to identify a boundary in the constructed image
being between a region in the constructed image formed from the first image and a
region in the constructed image formed from the second image;

(i) an image processor arranged to modify the constructed on the basis of
the gradient of at least part of either of the first and second images; and wherein said
image processor is further arranged to modify the constructed image on the basis of
one or more of: a color preservation term and an indication of a degree of contrast in

at least one of the first and second images.
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nodi fication is arranged to preserve absence of edges
in the constructed image. 12. A nethod as clained in

waeb@rmeaBowher ein said nodificati on on the basi BCDUSZNG/029326

i ndication of the degree of contrast conprises using a
fragility term 13. A nethod as clainmed in claim1l
whév-ei mMnsapparabisaa giimyed; in clatie h whéreid saig processulst of
arrahigedlio rRBIA useld thpuAdERIANAYsABhSUnahgBd I N claim 1 wherein
said boundary is identified as a result of automatic
segnent ati on conputation. 15. A nethod as clained in
claim 14 wherein said automatic segnentation
conmput ation conprises a graph cut nethod. 16. A nethod
as claimed in claim3 wherein said source images are
arranged to partially overlap and wherein said
boundary is within the region of overlap between those
i mges. 17. A nethod as clainmed in claim4 wherein
said mnimzation is carried out using a nunerica
met hod based on finite difference approximation of
gradients. 18. A conputer program stored on a conputer
readabl e nedi um and arranged to carry out the nethod
of claim1l. ' 19. An apparatus for blending a first
i mage and a second inmage to forma constructed inmage,
sai d apparatus conprising:- (i) an inmage conbi ner
arranged to conbine at least part of the first image
and at | east part of the second inmage to formthe
constructed image; (ii) a processor arranged to
identify a boundary in the constructed i nmage bei ng
between a region in the constructed image formed from
the first image and a region in the constructed i mage
formed fromthe second image; (iii) an inmage processor
arranged to nodify the constructed on the basis of the
gradient of at |east part of either of the first and
second i mages; and wherein said i mage processor is
further arranged to nodify the constructed i mage on
the basis of one or nore of: a color preservation term
and an indication of a degree of contrast in at |east
one of the first and second inages.20. An apparatus as
claimed in claim19 wherein said processor is arranged
to receive user input identifying said boundary.
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