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Background
[0003] The human eye is sensitive light over a very wide range of

intensities. Images must have high dynamic ranges to accurately reproduce
real scenes. High-performance image sensors, such as high-performance
CCD arrays are capable of acquiring images having high dynamic ranges.
There are displays, such as the displays available from Dolby Canada
Corporation are capable of displaying high dynamic range images.
However, many computer displays, televisions and the like have limited
dynamic ranges and are incapable of displaying such high dynamic range

images.

[0004] Some image data has low dynamic range because of the way
that the image data is acquired or generated. In other cases, the dynamic
range of image data may be reduced to match the characteristics of
displays on which image of the image data will be reproduced. A tone
mapping operator can be applied to higher dynamic range image data to
reduce the dynamic range of the image data. This may be done, for
example, to provide image data that matches the dynamic range of a type
of display or a particular image data format.
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the expand map to vyield enhanced i mage dat a.
[0008] One aspect of the invention provides a method for increasing

the dynamic range of original image data representing an image. The

20 method comprises, in any order: applying an expansion function to
generate from the original image data expanded data having a dynamic
range greater than that of the original image data; and, obtaining an
expand. map comprising data indicative of a degree of luminance of
regions associated with pixels in the image. The method combines the

25 original image data and the expanded data according to the expand map to
yield enhanced image data.

[0009] Another aspect of the invention provides apparatus for
expanding the dynamic range of original image data. The apparatus

30 comprises: a dynamic range expander connected to receive original image
data and to output expanded data having a dynamic range greater than that
of the original image data; a luminance distribution analyzer configured to
generate an expand map indicative of the luminance of regions associated
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Description of Draw ngs [0012] The appended draw ngs

wWhipafarmeterS hi@ TS i9aumiffhhidengalue corresponding to a pixel in the
original image data.

[0011] In addition to the exemplary aspects and embodiments

described above, further aspects and embodiments are described below
and/or will become apparent by reference to the drawings and by study of
the following detailed description.

Brief Description of Drawings

[0012] The appended drawings which illustrate non-limiting
embodiments of the invention.

[0013] Figure 1 is a flow chart illustrating a method according to an
embodiment of the invention.

[0014] Figure 2 is a block diagram of an apparatus according to the
invention.

[0015] Figure 3 is a block diagram of an apparatus according to

another embodiment of the invention.
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ordgnmmhc rafmﬁdrépxa;yszs to obtain expanded inage data
25.  Expanding maps pixel lumnosity values froma

first range to a second 20 range. The second range
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%4 tgre?ptanﬁadmg %%Iniarr}lié t;éleng'ré"lgig ?heo{mage data 23. In block 26, method
20 expands original image data 23 to obtain expanded image data 25.
Expanding maps pixel luminosity values from a first range to a second
20 range. The second range provides more possible values than the first
range. For example, the first range may permit values in the range of O to
255 while the second, expanded, range may permit values in the range of
0 to 1023 or values in the range of 0.00 to 1.00 to some specified
precision. In some embodiments, the luminosity value of a pixel in
25 expanded image data 25 is a function of the luminosity value of the

corresponding pixel in original image data 23.

[0019] Expanding may involve any of: linear scaling, non-linear
scaling or applying a more complicated expansion function such as the

30 inverse of a tone mapping function. Where block 26 applies an inverse
tone-mapping function, the inverse tone-mapping function applied in block
26 is not necessarily the inverse of any particular tone mapping function
used in the creation of original image data 23. Indeed, in some cases,
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L, (.\',.)f) = —g— L, ( x,y) 1)

w

20 where L, is the scaled value, o is a user parameter, L,, is the luminosity of
the pixel in original image data 23. If original image data 23 is in an RGB
format then L, may be given by:

L,=0213R, +0.715G, + 00728, @
where R,, G, and B,, are respectively the red, green and blue pixel values
25 for the pixel in the RGB color space. L, is the geometric average defined

by:

\
1{2:10g(54—Lw(x,y)U Q)

4 x‘y ’

L, = exp(
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original imge data 23 is in an RGBB format then LW
my be gi ven by: LW= 0.213RW+ 0.715Gn + 0.072Bw (2)
where Rw,. Gv and Bw are respectively the red, green
an¥hered 1@. & smallnoregegattve yalue padpVyisia mtnnb%omels in the
Cohrﬁﬁ space. Lwis the geonetric average defined by:

&p I~f Tog(s + L., (x. V)) (3) x J WO
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Ld is the conpressed aI ue for L,t;]é\ pr)xel at (x, y). In @
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provi ded by: Lm (1:. I L, WYL +a 10 Ld V)

1+ Lm where Lwhite is a paramater that corresponds to

t he snmal |l est. | uni nance ,va
where L, is the compressed vallue for the pixel at (x, y). In a more flexible

embodiment, the compression is provided by:

L (x. 1)(1+ L(‘ ‘)J

white

Ld ('rp.)") = = Lm (x’ J:)

®)

where L, is a parameter that corresponds to the smallest luminance value
from the uncompressed data that will be mapped to white in the
compressed data.

[0023] Equation (5) can be inverted by solving the quadratic
equation:
L ‘ o
(A ‘)+L( ¥ 1= Ly(x.¥)) - Ly(x,¥)=0 ©)
whxte

In Equation (5), L, can be replaced by the value from Equation (1) to
yield:

= (1= L(x.2))L,(x.9)- L(x5)=0 @
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[0025] One way to assign Ew is to use the geometric average

luminance of the lower dynamic range image being processed. It has been
found that the geometric average luminance of a higher- and lower-
dynamic range images of the same scene are typically quite similar (unless

20 the lower-dynamic-range image is significantly over- or under-exposed).
Certain tone-mapping operators tend to change the geometric average
luminance. Where such tone mapping operators have been used in the
generation of original image data 23 it may be desirable to use a function
of the geometric average luminance of the lower dynamic range image

25 being processed for fw . The function may be chosen based upon

knowledge of the tone-mapping operator used to generate original image
data 23 or may be determined empirically.

[0026] One way to assign a value to the parameter L, (x,y) is to
30 realize that L, is the luminance of the lower-dynamic range image being
processed.
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[0028] The expansion function applied in block 26 may produce an

expanded image that is not completely acceptable. If the expansion
function produces output luminance values that are high then the resulting
image may be “blocky” in appearance.

[0029] Method 20 obtains an output image 33 by combining
expanded image 25 with original image 23 according to an expand map 29
generated in block 28. Expand map 29 identifies higher-luminance and
lower-luminance areas of original image 23. Using expand map 29,
method 20 bases output image 33 more heavily on expanded image 25 in
higher-luminance areas and bases output image 33 more heavily on
original image 23 in lower-luminance areas. Block 28 may use any
suitable method for evaluating the luminance level of an area to which a
pixel belongs. For example, block 28 may compute an average luminance
or weighted average luminance of pixels in an area to which each pixel
belongs. Expand map 29 includes weights associated with each pixel. The
weights indicate the relative degree to which original image 23 and
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In the illustrated enbodi nent, block 28 applies a
medi an cut 5 algorithmin block 28A. The nedi an cut
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al 9ogioh8 Bt iked®y HeratifB%he pibless dfedVRIifig The image into regions
n times. The colour of each light source is set to an average value across
20 the region (for example, the colour may be set to equal a sum of pixel
values within the region.

[0032] In some embodiments of the invention # is at least 9

(corresponding to 512 light sources). In some embodiments 7 is 10 or
25 more.

[0033] In some implementations, the point light sources may be

stored in a data structure comprising a 2D tree to facilitate nearest-

neighbour searches that may be performed in creation of expand map 29.
30

[0034] It is not mandatory that the original image 23 be used for

identification of higher- and lower-luminance areas. The distribution of

higher- and lower-luminance areas will be similar in original image data
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30hhPd4dorhé radius ot formadaiple y Othat ateishapegcoald alsade used.
23 be used for, identifjcatiqn of higher- an . . nd
| okensIty AsHEmationasclescripad 1ailduda efali darrm @ﬂgﬂéﬁatwn 2
angr 4 Iy : Y| be simlar in original

[ m%{leﬁ a’tg\}% g@%ﬁb@égzg(’%/ US2007/ 024498 - 10923

and expanded i nage data 25. The nedian cut al gorithm

ma performed on e ded i e data 25..[0035] .. .
nl00s) Fo it il BaRaCimay e SyecDlh fisity SRribtarion is:
light-sources 5 identified by t di an cut

al gorithmperformed in block 28AZist'fo determ ne for
each pixel (x, y) the depsrtwy ofpdA ght sources within 9
S ze)

an area surrounding th N !Eﬂ area may
conveniently conprise a circul ar “amea havi ng sone
radius r for exanple. Other area shapes could al so be
used. Density estimation is described in Duda et al.

Pagiire. & Stheldeddity OX &"the 10cdibl (109) inNHesinage; ¥ is the

I nterscience (2001)°, ) . .
luminance value for a light source at point p; and , P is the set of points
within the area (a circle having radius r and centered at X in this example)

that correspond to light sources identified by the median cut algorithm. r

[0037] The density estimation can be improved in a number of ways
including:
| iterating the median cut algorithm to obtain a greater number of

light sources (i.e. making n larger);

o applying a smoothing filter to the results of the density estimation;

o requiring that at least a threshold number of light sources (for
example, where there are 1024 or more light sources - n=10 the
threshold number could be 4 or more - in some cases 4-6 light
sources) be within a region of influence of a pixel (e.g. within a
radius r of the pixel) before assigning a non-zero density A to the
pixel.



[0036] A basic fornula that may be used for density
estimation is: Z 1 P A(_Y,r)= PEP (9) Anmax where:

Wp§0‘tsﬁ)é6%‘8n3| ty; Xis the location (x.y) in th@thﬂ%@Wﬂm%
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"pis the 15 lum nance value for a |light source at
point p; and , Pis the set ldf-points within the area
(a C|rcle having radius r and centered at X.in this

t hétsmocpthggo fittar My cQMPrise @ Gayssiae ﬁmooﬂaag filter.

n
S RS bR DAl ot o
I ndieJWIelglt ofi merlmrnellggllvbn byedi an cut al gorit hm to
obtain a greater nunber of |ight sources (i.e. making
n larger); applying a snmpothing fil#ler|to the results

of the density estimation requi Pb,{‘ag( hat at |east a
t hreshol d nunmber of |4 ght oudce¢ (for p5 exanple,

where there are 102891 fpre Mght _seurces - n = 10 (10)
the threshold nunber could be #7of noré - in sone

cases 4-6 light sources)|be within a region of

i nfluence of a pixel (e.g.- within a radius r of the
pi xel ) before assigning a non-zero density Ato the

pi xel . 30 WO 2008/ 066840 PCT/ US2007/ 024498 -11- [0038]
A snoothing filter may conprise a Gaussi an snoot hi ng
filter. For exanple a prototype enbodi nent applied a

fi def i ned th . .
ya}elr%; J r@ @?pelgf alﬁ-ﬁlat@epa\{\g e?ggljs()fTﬁlg%ltié? is %lescrlbed,
for example in Pavicic, Convenient Anti-Aliasing Filters that Minimize

Bumpy Sampling, Morgan Kaufmann, (1990). Example values for y and [
are y=0.918 and f=1.953. This filter is normalized and can be applied
by scaling the luminances by w,” when computing the density estimation as
described above. It can be seen that this filter weights light sources that
are closer to the pixel more deavily than light sources that are farther from
the pixel.

[0039] In block 30, original data 23 and expanded data 28 are
combined using expand map 29 to yield enhanced data 33. In an
illustrative example, expand map 29 provides a value in the range [0,1] for
each pixel. This value can be used as weights for a linear interpolation
between original data 23 and expanded data 25. For example:

Lat(%.3)= A(x. )L, (x.3) + (1= A(x.¥))L,(x.¥)  ap

where: L;,, is a pixel luminance value in enhanced data 33 for a pixel at
location (x,y); L,, is a luminance value for the pixel in expanded data 25;
L, is a luminance value for the pixel in original data 23; and A is a weight
for the pixel in the range [0,1] from expand map 29.



5 where: wgP is the kernel; y and R are pararreters

This filter is described, for exanple in PaV|c
WOSAPMPAt Anti-Aliasing Filters that Mnimnz& T@@ﬁ‘f?ﬁm“”s

Sanpl i ng, Mrgan Kaufmann, (1990). Exanple val ues for
y and R are y =0.918 and 132=1.953. This fllter 'S
nornmal i zed and can be applied 10 by scaling

|e gm%ﬁlc es bl Q@@Q/\ﬁ@wdc@fglnﬂllygmmbﬂﬁe@ﬁgwl data 23 and
hEAPRIR 25 PGPSR colimel R RERPIARH pruia be

t haoptly®ar nor e deavi ly than light sources that are
farther from the pixel. 15 [0039] In bl ock 30,
original data 23 and expanded data 25 are conbi ned

5 _uls F(ﬂm X pandrpz E’h&ﬁo&@ d¥éc§h%del%}%§g ﬁﬁpg@é gggﬁed k§ eﬂﬁance the

ustrative exa expan a val ue
i ndyhamicanapgd of d n‘igmad)rstlllemagepuore\hdecmmgesl fior example.

or EnAfecthafd’ 33 iy, Be spliifias BRGRELT b S b REblayed on a
'—f tlidi?ﬂ’éy (2% indidated Arbldede 36w ( ? v + (1 - A( x, 1v))Ld

(11) where: Lfi.Q is a pixel |um nance val ue
|n enhanced data 33 for a pixel at location (x,y); Lw

10! S[@O{Zém nanP e YAvéiSe toe {ﬁ}z)pﬁg(St)%ﬂa?o ?ﬂ)%ﬂ AR with

um nance va In origlna
datde?.a)ceamlEQuamm (@lagidt (7) fhass a;iphcaiwm Ioutsndd: o€ methgé 20.

[gFlb from expand . 25 WO 2008/06684? . .
pcFouszample versj%ztommq’plsg&a@r@@r ¢ouidybe applied directly
OPtd fitkhse ﬁferaymnierﬂaage I f?ﬁhé%%@ adldeo ClPaRdLEmbalianents,

I n ot For e arrp e |nterpo ation COU
bethmnnage n’éaach ﬁqmaﬂhernuia@emwdm prasesseidchy Hea m\ﬁ:rse tone

o o SpAPDiE Bpp fiod, B, BB 56, qudna R RN, (A Gufinded frames

Enhaiiche statad a%a/diiﬂplabed Sbia\tﬁdo padvidedvidad e virny b'd@fhlamlc
34 or djsplayed qn a pl a as i ndicated |n bl ock
3grange hlgher than that of the orlgmal video.

[0043] Typical images contain hundreds of thousands of pixels and,

20 more typically, millions of pixels. The methods described herein are
performed using automated apparatus, such as specialized hardware and/or
programmed computer Systems.

[0044] Figure 2 shows schematically apparatus 40 for producing
25 images having expanded dynamic ranges from original image data 23.
Apparatus 40 comprises a dynamic range expander 44 that processes
original image data 23 to yield expanded data 25. In some embodiments,
dynamic range expander 44 comprises a software module that takes
original image data 23 and applies a dynamic range expansion function to
30 each luminance value in original image data 23 to yield expanded data 25.

[0045] Apparatus 40 comprises a luminance distribution analyzer 46
that processes original image data 23 (or optionally expanded data 25) to



10 [0042] The inverse tone mappi ng operator described

above with reference to Equations (6) and (7% has
WA et on outside of nmethod 20. For exanpl ECTH007/024498

i.nverse tone nmapping operator could be applied

directly to increase the dy1t3amc range of frames in a

video. In such enbodi ments, the inage of each frane

of yield expand map 28e me@@gg@ dlsssxbuh@n ianabizer 4ogitermines the
xR f PSR bixelk AP Grigfha HRARC A 25 BRionkl (S high-

pr dminﬂmncetmrol ]maw—ﬂmgnmndyrmraas:of thengrage gipresetﬂtaah byhertiginal
of .the o gbg video. [0043] Typical 1nmages contain
huﬁ‘@lagﬁ a housands of pixels and, 20 nore

stypically, mllions of pixels. The methods described
herein are performed using automated apparatus, such

as [0Q4a]i al | ZGGIIﬂHDCW\AS eomhines originag image dlato 23 ansr expanded

510 ch SRR g o SARER o AR b pvce

r a@g%ﬁhﬁﬁ@éﬂ Qﬁﬂa%miﬁ baseadgpoirihe value fOPHRY ééreespthding pixel of
conpri, ses a dynam ¢ range expander 44 that processes

or iogiginal lmﬁggedaiaﬂa’» 2yl expan a4 géndrpendatipopghe value of the
102° SFrRRBRRE iR 1 PR eB ™ G ha g data 23
and applies a dynanic range expan3| on functl on to 30
IO oS b o Podf e e T o pseiuion
a 'aHHTR&?f‘ 96 a‘HdSééﬁlB}HegQ%Boﬁﬁg' é(ﬁﬁ rlﬁle’a Haltdvahe gﬁgﬁﬁ@sa

ori gl i mage data 2 ptio y expande
25 combin0i@0 08 hasbgae AT smﬁwawmzmﬁ&umble hardiweare, such as

15 B3P B R e b AR 58 s A9

i g %oﬁ'ﬁ:t énB@dbﬁéﬂ@ga?p‘af@hﬁ;MO hslﬁtdﬁﬂédf 11@ﬁdngh dynamic range
| ow- | um nance _ar eas t he |na%e represent ed

or ielgciiegnic display austempeapable ob desplasingistidl anh{oF gidacnisgages.
o igislah eBRAnfAtS Appalitdls WAARYI activated to enhance legacy

images and/or video images having dynamic ranges lower than a dynamic

20 range that the display system is capable of reproducing.

[0048] Figure 3 illustrates apparatus 50 according to another
embodiment of the invention. Apparatus 50 has a user interface 52 which
permits a user to control values of parameters 31 in a data store 54.

25 Parameters 31 control the operation of a dynamic range boosting system
56 that processes original image data 23 to obtain enhanced image data 33
as described herein. Enhanced image data 33 is displayed on a display 60
controlled by a high dynamic range display driver 58. In the illustrated
embodiment, a user can view the effect of a particular set of parameters 31

30 on the image displayed on display 60 and then alter the values of one or
more parameters 31 by way of user interface 52 to achieve a desired
appearance of the image. The user can then save the enhanced image data
33 for later display on display 60 or on other high dynamic range displays.



data 25 to yield enhanced data 33. The rel ative degree
o whi ch each pixel of enhanced data 33 is based

n
WPI’?@“WP%‘@ for the correspondi ng pixel of ori 5(39;/&]82(%7/024498

i mage data 23 and expanded data 25 depends upon the
val ue of the 10 correspondﬂﬁg‘pixel i n expand map 29.
[0047] Each of dynam c range expander 44, |um nance
di stribution analyzer 46 and conbi ner 48 nmay conprise

Sl TN o rCEtaf ifplcRIdAs OruR!intEhAdRDuRite computer
o peocassdmsbiviiohoew ecyte e@ftWae& thsprucgoamveiick cgasethe processors

FPGAS) .. | mbodi nent tus 40 |
or 44 PREBIIA S06thgf ST RAAEETR, & Otc AR BOR TSRy

5 S%’Tgf@d'és%‘x%aﬁh' &h ﬁﬁa%%g%@éb &t irhé %@MIO s‘@@lﬁ [may implement

ges I'n such |nent appa
ac the,megaodsoobHigied bwaseyutlmgragﬁwaam m&sruomoaeon a program

- ansaioRE Qs b B DRLESS T 4e {pUBRich, HBPAISS teprovided
r e dtblfonmg of [a0frbBkrathi pwdacﬁ The ps@glahepr@dlmrmayusoﬁr@)rlse any
accor go anot her d| nment of Q(S’fa;ﬁ i nventi on.
H&ﬁdg s W Gth%%r%SL?s&’rt (? rRUPPYICETE ¢ SHENaks CMpEISINg
10 Usﬁistﬁ&i%gt\{rlglchv%ﬂé%se)@ﬂ B rtcfdtﬁ ﬁgécéﬁofi‘ Caisa the data

store ar anet er s oper ation o
dy pamassmattgexetmweau mgtlmylsmfeihe ipgention. Bragressproducts

28 I ?ftf:eHWﬁapemn% B.ifAlyPhA0aH R of fins. The
%iﬂd) el ?@dlﬁ:tdh (gﬁﬂse fonexahbRe physicalindédia such as

dynamc ran river 58. In the.illustrate

enbBgnetisda a stogage aaodigiinciuding ﬂopléjcshséqettsSphm @@kairlves

15 pfly PR AR ROV, T

paswregenedid igluding ROMseflasmRexMaomr the like. aTElIm eve a

d d f the i Th h
SasempE re%l%ﬁabﬁe”ﬁﬁn%la@raﬁw;p"raoigamr%dﬁﬁﬁina%f‘é‘wﬁ%@?%be

di ¢g eSRJdY Ugg{ég( hi gh dynam c range displays. WO
2008/ 066840 PCT/ 007/ 024498 -14- [0049] Certain
i npl enentations of the invention conprise conputer

200" 100500 ° V@*Ctgegg %;(é(ﬁﬂf)gnes[ﬁf(‘évfrf sOftRrE HdRAE, PEbsor,

he pr
assembly, device, circuit, etc.) is referred to above, unless otherwise

indicated, reference to that component (including a reference to a
"means") should be interpreted as including as equivalents of that
component any component which performs the function of the described

25 component (i.e., that is functionally equivalent), including components
which are not structurally equivalent to the disclosed structure which
performs the function in the illustrated exemplary embodiments of the
invention.

30 [0051] While a number of exemplary aspects and embodiments have
been discussed above, those of skill in the art will recognize certain
modifications, permutations, additions and sub-combinations thereof. For
example:



to performa method of the invention. For exanple, one
nore 5 processors in an image-processing or i
ngzg@/q%s “Bystem may i npl ement the nethods of iepa{prsgooilomms
by executing software instructions in a program
menory accessible to the prchessors The invention may
al so be provided in the formof a mm pr odyct ..

Igrer p;oélpah‘\%ﬂ@@ @é tth W@éﬁmnswltdwlte anihpaktiewar formats
| es
ot 19t EPhe @ T o5 330 Ay hATRURr TR Sies.

pr ocessArlt,hou hslannhmmvduewam:pmss&dg iexenot peaessary that the

net hod of. t he.i nve Pr ucts

Uo the PHEUR IBRERAAS A3 ar BEy DR raeg%‘afae?i%sflﬂ a LUV
sforns. §P%tho?qrfegﬁﬁmmﬁemumyarﬁewu@ﬁaref IRARYD

physi ca la suc magnetic data stor medl a
i ncl udi represeyied. drmgtveaapnmncbmpmn@ﬁdwagn oflgr image

ol ect r offi T Tt T IIGRrGhandton Fol e HiRinAvatues can
RAM  or bé¢ leriveld e Fof exanfepuhere ire %@ﬂha Bi Igpaé@n&m in a RGB

the pro ramproduct rray opti onal |y resse
encrypt frmato lyminance \yadues %?Ibg Fygd tﬁ@rtr&h e app?lcatlon of

sof t war m;]

100| r cui tEqH?HHl;' %‘I?')SB¥ %??é ?églgtatb })@g%ove %u%%g?gﬁg)trﬂg?%ss%value
i ndi cat e&iatadetbeluﬁnnenmmﬁmmwahmnfonendlv(duadIcobtburg in the image.
reference to a "means") should be interpreted as
i ncluding as equivalents of that conmponent any
COPRNGBiefore titeR@Ed Biatthé HEll6wWnH appbmfedtdlsnﬂﬁaﬁd icheighs

25 component (i.e., that is functional li equi va
312

i nbeteafiey Iogeduaethate IMBIRIRtes:© inlude 3l achvgca 0ns,
1551 'e¥r§h§a{ifo(gﬁoaﬁﬁﬁhoqissﬁdoﬁﬁijcﬁﬁlgﬁg}fg&ﬁla‘gr’ﬂr‘ét\wnhtﬂigf {h%'h"ﬁue spirit

ofanﬂscopaventlon 30 [0051] Wile a nunber of

exenpl ary aspects and enbodi nents have been discussed
above, those of skill in the art will recognize
certain nodifications, pernutations, additions and
sub- conbi nati ons thereof. For exanple: WO 2008/ 066840
PCT/ US2007/ 024498




-15- Application of the inventionis not limted to

articular formats for representing inage data
wpgogigory

5

rt| cul ar col our spaces. Although | uﬁpﬁ/zﬂ?&@mz“”s

values are processed, it is not necessary that the
or| g| nal |mage data 23 or tH® enhanced I mage data 33

a or other format in which | um nance
vaI‘MH&ABJS Q&AIIMEDMS: represented. The invention can
be practiced with other image formats that contain
information from which | um nance val ues can be
deii vedA iﬁe[hc&kﬁominema&ing dynamgeraigeaof erigimal emage eldta

| um nan can .be derived
{hr oughTAPESCIPIE 2B IRS ofe MRALRIBAIERE or ot her
sui t abl ﬁ,ﬁ@, ard@nshi p which produces a value related
to |l um nance fromval ues for individual colours in_ the
image. It is thapplying amexpanstpn functionetor ganesakerigom the

hrer pr et oo VOBAL el R BB ia b e S5 faffic range
per nut at i onsgreacsti thapnhateoitheuwdriginabimage dag; andar e
wthin their true s irit and %3@5)@ WO 2008/86684

PCT/ US2007/ 024499 LEAHNAE EKDR RRIHprising datg n dicative of

1omethod for ii‘ﬁégﬂﬁ:‘ @tghﬁmaﬂk@oﬁ@@éngfas%a@a%myﬁas in the

15
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data representrng an | nmage conprisin

in any orderimagel yi ng an expansion function to
generate (&yomthe original imge data expanded data
havi ng nam c range (dreater than that of the

original | me@smBRiiA dg m@@ng@manm EQia?m aﬁdﬂh@@xpﬁﬂded data
conpri sing data indi gr ee, of

cati ve of ]ﬁ
| um nandeCAHHING iesexaidcnapde m wrgzaﬁe@'@ 1n3ge Klata.
I mage; and,

2. A method according to claim 1 wherein obtaining the expand map
comprises performing a median cut algorithm on data representing
the image.

3. A method according to claim 2 wherein the data representing the
image comprises the original image data.

4. A method according to claim 2 wherein the data representing the
image comprises the expanded data.

5. A method according to any one of claims 2 to 4 wherein obtaining
the expand map comprises estimating a density of light sources
identified by the median cut algorithm in the regions associated with
the pixels.

6. A method according to claim 5 wherein the regions associated with
the pixels comprise circular regions centered on the pixels.



conmbi ning the original imge data and the expanded

data according to the expand map to yield enhanced
WOBA8E4Pa. 15 2. A nethod according to cl ai mPgT/US2007/024498

wherei n obtaining the expand_map conprises perform ng

a medi an cut algorithmon dat'a representing the

i mage. 20 3. A nethqd accordin o clajm2 wherein the

data refir@stiad %rgcqrﬁglg tofﬂ@anc%néaer@esth@ [rarcyargregaens have

i mage dalfs iftth 4plede) iR€st 0 claim 2 wherein

t he datgk&%breggﬁggng t(gﬁpgﬁ ée conprises the

expanded data. 25 5. A nethod according to any one of

cl gi ns to..4 erei.n optainin t he expan . .

cofior sBsmetadAtaryhe BLALY bE of cisighs S 21/, WErein estimaing

i dent i fipedddngity@mpHs&welghtibleddei1ighn solrddieadcosdidgsto a
5associ at ed V\Attzr@)t he pi xel ggh 30 6. gHrFet hodd%accor di %g

to cl ai $MEOYNHRE SURCHOL regi ons associated with the

pi xel s conprise circular regions centered on the

pi xel s. WD 2008/ 066840 PCT/ US2007/ 024498 -17- 7. A

medhod AcmetliidacdordinigaiontlaimiBmdiereinithe smaothmg function

regions have, radii i.n the range .oi %O to gO'pi felal. .
8. A motHBRTISEL COMPHYDEATLAPTDNSH Of Ajegalive value Hiat is 2
10 Wher ei ”ﬂ{?ﬂi‘oﬁ%ﬂ Ddistandel St ARMEFRYSCHPEP ﬁo’iﬁ%h?“ﬁb@é],t ing

the lig sources according to a snoothing nction.
9. A nethod according to claim8 wherein the snpot hi ng

fupgtion ¢ | ses . c0 ' | imati
nodbi i vB pERTE iR RT AGenERr RIS % v Bordlp estimatine
the |i gtie @ensitgefolrraopixeheomiprises \ﬂéighﬁnm%]rmmﬁght sources
acc_ordl ng tao, an%/ Qne Qf cl alfms 5to0.7 elilel.r}1

est i mat a¢kprding to their distance from the pixel with light sources closer to

15 the pixel weighed more heavily than light sources further from the
pixel.

11. A method according to any one of claims 2 to 7 comprising
performing the median cut algorithm to obtain at least 2" light
20 sources wherein # is at least 9.

12. A method according to claim 11 comprising setting a pixel value in
the expand map to a predetermined value if there are not at least a
threshold number of light sources in the region associated with the
25 pixel.

13. A method according to claim 12 wherein the threshold is at least 4.

14. A method according to claim 13 wherein the threshold is in the
30 range of 4 to 6.



the density for a pixel conprises weighting the |ight
ources according to their distance fromthe

i xel
WaAZPW/QG?Qth sources closer to 15 the pixel wei 5?‘@@%@?@24498
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heavily than Iight sources further fromthe pixel.
11. A nmethod according to arl;g one of clains 2 to 7

congrising perform ng the nedian cut algorithn1tq .
obldi n Atmeghiog accardyig to sry 986 0f cdaimpel 40 i 4nwheredn applying
| east 9 : i t j (.S ;
set i ng"s TRERIEEE RARUBAh S AGke dorl) BlafBef InVeRUP lork Rldpping
pr edet eoperaést.val ue if there are not at |east a

t hreshol d nunber of |ight sources in the region

associated with the 25 pixel. 13. A nethod accordi ng

tolel ai @ &%tﬂé@ﬁ@éd}diﬂgefd @ﬁﬁ??@m dlgin® 1 g as wﬁereiﬂahpplying

A nmet hod according to claim13 erein the threshold °,
is in tHe expansingefwsictiontcomaprisgs lngre/sgaing eixel luminosity

the
PCT/ USZ%)I {e%ﬁﬁ$8ﬁﬁﬁaﬂiﬁla&é ([g%‘ri_hod according to any

one of wheréin applying the expansion
function conprises applying an inverse tone-napping
operator. 5 16, A nethod accordi t.0 any e of . .

of AT A mgthod agrardimg any, ong of wiaims b ia dAowherein applying
functio éxpﬂ' ricFigar is¥ondt-Kakat SEHIRSHiXEl luminosi
val ues g]fect eﬂgrﬁﬁgfqngp%?n%ge dat a.(ml7. A ﬁﬁﬂ%ﬁp"% Uminosity
accor di values ofirte onigindl imagendatd. t o 14 wherein

applying 10 the expansion function conprises

non-1linear scaling pixel lumnosity values of the

ori|gi nalA meresl dédcrdingBio dAnyrenb et Agiawy Uitod 4t whareinapplying
of clains 1 to 14 wherein appl.ying,. fhe_ expansion )
functi oﬂlec@fﬁmsmsﬁgm@nr@mwsqwawr@n@rdﬁam the; quagsatic

equatiogqugtfdn:Lw(,.t:m:H a (I- Ld)- Ld(O

(362 > - o . : N\ g ' ’
I (o) 2 (1m L (v DE(wy) = Lu(5.3) =0

white

or a mathematical equivalent thereof, where o, L,,,, and L are

parameters and L, is a luminance value corresponding to a pixel in’
the original image data.

19. A method according to claim 18 comprising setting ]jw equal to a

geometric average luminance of the original image data.

20. A method according to claim 18 or 19 comprising setting Ew and

L, to have values that are of the same order of magnitude.

21. A method according to any one of claims 1 to 20 wherein combining
the original image data and the expanded data comprises computing
weighted averages of pixel luminance values of the original image



Lwhite Lw LWor a mathemati cal equival ent thereof,
where a, Lwhtte, and L. are paraneters and Ld is a

WOINSHaHe val ue corresponding to a pixel in FPREUS2007/024498

original image data. 20 19. A nethod according to
claim 18 conprising settingl9-, equal to a geonetric
average | um nance of the original imge data. 20. A

met hod datecng expangded|datanwith weighging wplues idetersuned dgpm the
E .’ angX a%%f{n%ite to have values that are of the
same or NG gnitude. 21. A nethod according to any
one of clains 1 to 20 wherein conbining the original
[ e data and, the expanded data . ri ses . conputi.n ..
wepdnt ch Bedioaccasainig teany ORe of dEM] (82 0oWhergin tombining
ori gi najpal icac 19

Saata andeciamat Al 8aC ot e tRparc M €ofiptises
det er ni mgerpolating pixel dumamahceayalu@of thenetigimal image data and

di t f cl.ai 1 wher ei
Conoi i FparsiefarEoiig? ke aae? deleritiikd ot sgpand
data comamp. ses interpolating pixel |um nance val ues

of the original imge data and expanded data with
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24. Apparatus according to claim 23 wherein the luminance distribution
analyzer is configured to perform a median cut algorithm.

25 25. Apparatus according to claim 24 wherein the luminance distribution
analyzer is configured to generate at least 512 light sources by
applying the median cut algorithm.

26. A method for enhancing the dynamic range of original image data,
30 the method comprising processing luminance values for pixels of the
original image data according to the inverse tone mapping operator
given by:
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