A METHOD AND A DEVI CE FOR MERG NG A PLURALI TY OF DI d TAL PI CTURES

[ 0001] The present application clains the benefit of the US

provi si onal patent applications 61/433,534 (filed on 18 January 2011)
and 61/461,658 (filed on 21 January 2011), the entire contents of

whi ch are incorporated herein by reference for all purposes.
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Background

[0003] Due to optical limitation of ordinary cameras, it is often impossible to capture
the entire dynamic range of a real scene in a single image when there is large irradiance
variation in the real scene. In an attempt to cover the entire dynamic range of the real
scene, one way is to capture a set of differently exposed images and synthesize these
images into a high dynamic range (HDR) image [cf. 1, 2], in which a pixel is represented
by three 32-bit float point numbers. Although this HDR image is generally able to
reproduce the real scene and is theoretically perceived by human eyes, the HDR image
cannot be directly displayed or printed out because of low dynamic ranges of monitors
and printers. Therefore, to visualize the HDR image, many tone mapping algorithms have
been proposed to convert HDR image into low dynamic range (LDR) image [cf. 3, 4, 5],
but these solutions are not so ideal for mobile devices in which there are obvious
limitations.

[0004] Recently, a new image fusion technology, called exposure fusion, was

proposed to overcome this problem. The input of exposure fusion is a set of differently



proposed to overcone this problem The input of exposure fusion is a
set of differently exposed inmages. The output is an LDR i mage rather
than an HDR image as in the above solution. The chall enge of exposure
fusion is howto seam essly nerge the information of input inmages
together. As objects in the input inmges have obvious intensity gap,
it is necessary for the imge fusion algorithnms to find sone way to
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Summary of the Invention

[0005] Various embodiments provide a method and a device for merging a plurality

of digital pictures which solves at least partially the above mentioned problems.



[0008] It should be noted that the enbodi ments described in the
dependent cl ainms of the independent nethod claimare anal ogously
valid for the correspondi ng device clai mwhere applicable, and vice
versa. Brief Description of the Drawings [0009]In the draw ngs, |ike
reference characters generally refer to the same parts throughout the
different views. The drawi ngs are not necessarily to scale, enphasis
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the invention. In the foll ow ng description, various enbodi nents of
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digital picture.
[0007] In one embodiment, a device for merging a plurality of first digital pictures is
provided, wherein each first digital picture includes a plurality of pixel values. The
device may include an extractor configured to extract details from the plurality of first
digital pictures. The device may further include a combiner configured to combine the
pixel values of the plurality of first digital pictures to generate a combined digital picture.
The device may further include a modifier configured to modify the combined digital
picture with the extracted details to generate a merged digital picture.
' [0008] It should be noted that the embodiments described in the dependent claims of
the independent method claim are analogously valid for the corresponding device claim

where applicable, and vice versa.

Brief Description of the Drawings

[0009] In the drawings, like reference characters generally refer to the same parts
throughout the different views. The drawings are not necessarily to scale, emphasis
instead generally being placed upon illustrating the principles of the invention. In the
following description, various embodiments of the invention are described with reference

to the following drawings, in which:



Description [0010] The follow ng detail ed description refers to the
acconpanyi ng drawi ngs that show, by way of illustration, specific
details and enbodi nents in which the invention nmay be practiced.
These enbodi ments are described in sufficient detail to enable those
skilled in the art to practice the invention. In this regard,
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enbodi nents or designs. [0012] FIG | illustrates a nethod 100 for
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enbodi ment. Each first digital picture may include a plurality of

pi xel values. The met hod 100 i ncl uBeserib@ignextracting details fromthe
plurality of first digital pictures. The nethod 100 further includes
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pictures to generate a conbined digital picture. The nethod 100
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some embediments can be combined with one or more other embodiments to form new
embodiments. The following detailed description therefore, is not to be taken in a

limiting sense, and the scope of the present invention is defined by the appended claims.



object in a second input digital picture at a second exposure may be
under or over exposed. Simlarly, a second object in the first input
digital picture which nay be over or under exposed may be well
presented in the second input digital picture. The nethod nay be used
to snoothly nmerge the plurality of the input first digital pictures
into a single LDR i mage which is content-enriched i nage contai ni ng
the i nf oromts] on THe wbrd "exdmbilary’ fsSisedhdbih @b mRhi€ S48z asldh KRG,
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Il1lTustratively, the nodification of the conbined digital picture with
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digital picture with the extracted details. [0014]In one enbodi nent,
conbi ni ngidines. Ahx edetival 108Suwolier idvdudel U0Rtdrhbiniaf tHd pisd] vaiugs dfahe pluedlity es
i ncl udes averagi ng the pixel values of the plurality of first digital
pi ct ur es of¥ies dighel gittasds t6lp@iciAd a PhBbinERE gitdl paRner Bicen&hod V& Rgher
digital picture. In a further enbodi nent, averaging the pixel values
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for each of a plurality of colors. In this enbodi ment, conbining the
pi xel valllids of the plurality of first digital pictures includes, for
each pixel and each color, conbining the pixel values of the

pluralit o8] fi rlgwothyr giords ingnetembedinfest, atpheraliiyyoé fird digiehricoisoray ben a
further enbodi nent, conbining the pixel values of the plurality of
first pi cwargalstofgenerathe npirges digitad pichere €ial. em owtpet indes). Rlustr@gichy eachef

pi xel values of the plurality of first digital pictures for the pixe
and the ald gioralibost dégianlpicaired gy 98 alloal dyinymédf rafigd @DR )Iifygéd, A6d thde r ed,
green and blue. Each first digital picture may include, for each
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y) for green color, and a pixel value B(x, y) for blue color.
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pi ctures includes determning a gradient field for each of the
plurality of first digital pictures and averaging the gradient field
over the plurality of first digital pictures to generate an averaged
gradient field. hi a further enbodi nment, averaging the gradient field
over the plurality of first digital pictures includes weighted
averaging of the gradient field over the plurality of first digital
pi Cct ur es.obfedf in@xsesaidanpd dipita iSRG dtia@bcbnaRYpdiarefhdyshd Yhdeestervet ed by
using the gradient fields conputed from!|um nance conponents of al
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detail |ayer based on the averaged gradient field includes solving a
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digital picture includes a pixel value for each pixel of a plurality
of pi xel Sayanchré ReepdiRibid for bawling M@k dl0esceptidebBihk oh@UELDRIimeke, Vidhlie

for each pixel of the plurality of pixels. The detail |ayer may be

used to adidisHdepiRecsifdbRN@Ssh. The Idho@ WU trthdPhhd R trhdting defall€ £ORY 9ed
digital picture). In a further enbodi nent, the conbined digital

picture i lped pi i
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further idetlistorssnergtethe meresd érgétﬁL@cw- Uyiseetiowhy, themodification oftheand t he
nmerged digital picture is a |low dynam c range picture. That is, in
one enbodPwhived digial piethregpith the gxirag detailsmady ipsledamelsiphenjiopef ther ged
into a LDR picture directly. In contrast, according to sone

convent i enwbined Higitglustureav gethe ekirafitéd detadlat | y exposed LDR i mages i s
firstly synthesized into a high dynam c range (HDR) i mage and then

t he HDR i[fge | dneasembbditheht)t@mbibRgithagieclbpluds bhde phnsditprapfitsndigital
algorithns. [0020]In one enbodinent, the first digital pictures show
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of first digital pictures.
averaging the pixel values of the plurality of first digital pictures over the first digital
pictures includes weighted averaging of the pixel values of the plurality of first digital

pictures. For example, all the pixel values for a same pixel (x, y) throughout all the first



[0021] I n one enbodiment, the first digital pictures show the sane
scene at different exposures. [0022] The nmethod 100 nmay be earned out
by a transitory or non-transitory device. Illustratively, the nethod
may be executed by a conputer. For exanple, a conputer readable
medi um may have a programrecorded thereon and the program nay be
executed to nmake the conputer to performthe nmethod 100. [0023]FIG 2

shows a Q@iabgicef lﬁ@rbermréﬁ;géwmawa%ue@hﬁrafgeafto %éxfe_ﬁafte dtghbinéd ket ur es
according to one enbodi nent. Each first digital picture includes a

plural ity,pf i el (V3) Uede cNBindf Hiohl A0 TBY2veRLE ARRANIhR) L he
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met hod 100 as described hereln. 24]"The device 20 | ude an
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first di pictures. i nclude conoi ner

202 configured to. conbi th i xel .val ues of. the ur.al it f. first
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merged digital %lqture._[OOZS]The method for nerging a plurality of
first di gp}_omcom aring e pael vduesof Heegplwaliwy of first digital pictures for the pixel and

the color. In a further embodiment, combining the pixel values of the plurality of first
pictures for the pixel and the color includes averaging the pixel values of the plurality of
first digital pictures for the pixel and the color. For example, the plurality of colors may
include red, green and blue. Each first digital picture may include, for each pixel (x, y), a
pixel value R(x,y) for red color, a pixel value G(x, y) for green color, and a pixel value
B(x,y) for blue color. Illustratively, combining the pixel values of the plurality of first
digital pictures may include, for each pixel (x, y)_and each color (each of red, green, and
blue), combining the pixel values of the plurality of first pictures for pixel (x, y) and that
color. For example, for red color and pixel (x, y), pixel values R(x,y) of all the plurality

of first digital pictures may be combined, e.g. by averaging or weighted averaging the
pixel values R(x,y)of all the first digital pictures, to generate a combined pixel value for
pixel (x, y) and for red color of the combined digital picture (or average digital picture).
[0016] In one embodiment, extracting details from the plurality of first digital
pictures includes determining a gradient field for each of the plurality of first digital
pictures and averaging the gradient field over the plurality of first digital pictures to
generate an averaged gradient field. In a further embodiment, averaging the gradient field

over the plurality of first digital pictures includes weighted averaging of the gradient field



wi |l now be described according to an exenplary enbodi nent as

foll ows. [0026] Assum ng there are a nunber of Nfirst digita

pi ctures taken for a sanme scene under different conditions (e.g.
exposure conditions and/or lighting conditions); 141 k N) denotes the
kth digital picture of the Nfirst digital pictures and (X, Yy)
denotes a pixel of the kth digital picture; RA (X, y), GA (X, y), BA

(X, y) derettbe pligalitP6f it Egital pGurbd. For %akipes a @hidahoetield ¥ay ¥ fiksfiyt he
kt h exposed digital picture; t< (x, y) is the lum nance value o

pi xel (X, | j , Dted
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extracting.a detail |ay 1}é§ %g by usin 11| 7 ?'s%'
Step 5 TR hgornihiL &t tisonele it Bl sty sesiged bgitaet
[ 'P nmbj ned, di gital  pict ( i nt ti
pictures fo generatfe.a co ne igital picture (e.qg.. integrating
base | ay&h&ee Pt%?f vayes aggse prce) ocion and may beippmppied i sroAipUlg i
and bl ue conponents by using all RA (x, y)'s, G (x, y)'s, BA(x, A
's, respdegyigaicyyield may be compgsedyirem eradléant ipldy t he conbi ned di git al
picture with the extracted details to generate a nerged digital
pi cture, [@01F] sylmtonesinpedigment axipagting BRailsfaene teypleelityi ofifmg didiel det ai |
| ayer 1D (x, y) with the base | ayer of each col or channel separately
as pictures further includes determining a detail layer based on the averaged gradient field.
In a further embodiment, determining the detail layer based on the averaged gradient field
includes solving a quadratic optimization problem which may be formulated on the
extraction of small scale details from the guidance field. The quadratic optimization
problem may be called “small scale detail extraction problem”. This embodiment will be
further illustrated with reference to equation (6).
[0018] In one embodiment, each first digital picture includes a pixel value for each
pixel of a plurality of pixels and the detail Jayer includes a detail layer pixel value for
each pixel of the plurality of pixels. The detail layer may be used to adjust the sharpness
of the output LDR image (i.e. the merged digital picture). In a further embodiment, the
combined digital picture includes a combined pixel value for each pixel of the plurality of
pixels, and modifying the combined digital picture with the extracted details includes
combining, for each pixel, the combined pixel value with the detail layer pixel value, In a
still further embodiment, combining the combined pixel value with the detail layer pixel

value includes multiplying the combined pixel value with the detail layer pixel value,

This embodiment will be further illustrated with reference to equation (1).



Ro (x, y) G(pc, y) Bo (x, y) = mn(255 RB (x, y) (ein mn(255, GCB
(x, y) (eiD(""))9) mn(255, BB (X, y). (en vy))0 (I) where e is the
Eul er' s nunber, R(X,y) is the nerged pixel value for red color and
for pixel (x, y) in the nmerged digital picture; G.x, y) is the
merged pi xel value for green color and for pixel (x, y) in the merged
digital picture; B (x, y) is the nerged pixel value for blue color

and for Qoo (X ok eiBoditRniBlast cﬁllgiga: bhardN 4L WP dyAREE QnbSIDR)

constant and'its function is to contfol "the sharpness of the out’put

00 () BBy PR ST ™

:Egﬁ :: IS Or'?sBen‘éb)éShr%e}?a tl%ﬁ& c?)<f 1}‘%\@6@2@ fl\%giik('p)gémye% mrg?r){)e tr)r?erge%qgt%ta ﬂ%;cn e
directly. In contrast, according to some conventions techniques, a set of differently
exposed LDR images is firstly synthesized into a high dynamic range (HDR) image and
then the HDR image is converted into LDR image by using tone mapping algorithms,
[0020] In one embodiment, the first digital pictures show the same scene at different
lighting conditions. For example, there may be several lighting sources, and different
number of lighting sources may be applied to different digital pictures of the plurality of
first digital pictures.
[0021] In one embodiment, the first digital pictures show the same scene at different
€XpOosures.
[0022] The method 100 may be carried out by a transitory or non-transitory device.
llustratively, the method may be executed by a computer. For example, a computer
readable medium may have a program recorded thereon and the program may be
executed to make the computer to perform the method 100.
[0023] FIG. 2 shows a device 200 for merging a plurality of first digital pictures
according to one embodiment. Each first digital picture includes a plurality of pixel
values. The device 200 may correspond to the method 100 as described herein.
[0024] The device 200 may include an extractor 201 configured to extract details
from the plurality of first digital pictures. The device 200 may further include a combiner
202 configured to combine the pixel values of the plurality of first digital pictures to

generate a combined digital picture. The device 200 may further include a modifier 203



[0028] I n one enbodi ment, the color of the final imge may be adjusted
by converting the RGB space into the HSI space and tuning the S
conponent according to a user's preference [cf. 101. In this context,
HSI space is a col or space where H stands for hue, S stands for
saturation, and | stands for intensity. HSI and RGB may be converted
bet ween each other. [0029] Step A (i.e. extract details fromthe

plural i t VoRfigNedlioGhdddy (RE &SibiRsd dikbd] iAWk (HeSGFabRE detalls Y cBerdRlAl |
as follows according to an exenpl ary enbodi nent. [0030] Exposure

fusion u e snoot hing effect to prevent seamfromthe
mer ged p?%?%%%hgﬁﬁhﬁﬂgguses fine details to be lost or blurred in the

out put i T revent .the l.oss pf details,. cordin 0. Qn .
onbba metiEShes | PRTHEbIr SRrpias Epfialty ifesP gl BROmH  deforfhyd pprein
first digital pictures by sglving a new quadrati c optimn zation

pr obl em i B e DA RaRE RS omBRE! M Eaemen aaleoPSext r act i on
probl em. [0031] A guidance field V/(x ) may be firstly built up to
contai n d¥B6} od Aepmingthere afq 4 mymber gf Na%'stph@tabp@gﬂqm@fe@ foxq sqme scgne =
(vi, (x, y),V1 h(x, ))T) where V/,, (X, y) is guidance field in the
verti cal vdileraidtif¢ront canditivgsteg, gaposwre goniditéams end/pelighting comditions);i zont al
direction. Normally, the gradient of a pixel wth the |argest

absol ut e a{pk e Al daghtel thé etheliditabyipastiste NAlseEgeN gRnires ddde(xpst
desirabl e detail at the position. However, in under exposure areas,

noi se. 1 Agtdel BRI e Ak plad AR SCALRGE T o) 0 el PR
gradient, in one enbodi nent, the guidance field may be built up by
usi ng a \geieghhétluawelegyef miel dradi iettesktvwgrosal digikal posurees’ (x, ) is the
luminance value of pixel (x, y) in the log domain. For example, I* (x, y) may be
computed as
108(0.209R* (x, y)+0.587G* (x, y)+0.114B* (x, y)).
[0027] The method of merging the number of N digital pictures may include:
Step A: Extracting details from the plurality of N digital pictures (e.g.
extracting a detail layer I° (x, y) by using all 7* (x, y) 's);
Step B: Combining the pixel values of the plurality of N digital pictures to
generate a combined digital picture (e.g. integrating base layers, R® (x, y), G* (x, y) and
B*(x, y) for the red, green and blue components by using all R*(x,y)'s, G*(x,y)'s,
B*(x, »)'s, respectively);
Step C: Modifying the combined digital picture with the extracted details to

generate a merged digital picture, e.g. synthesize an output LDR image by combining the

detail layer I° (x, y) with the base layer of each color channel separately as

10



[0032] Il lustratively, the follow ng two weighting functions w,9,1 (2z)
and WD, 2(4 may be used to reduce the possible noise and to excl ude
sharp edges fromthe guidance field. One weighting function wD, 1(2z2)
may be defmed on the | um nance val ue of a pixel and is provided as
where z is the |um nance value of a pixel (i.e. z = ek (T'-"9). The
ot her wei ghting function wa2(4 nmay be defined on the anplitude of
gradi ents which is based on LZe observ tLo Eghat the distribution of

derivatives in natu éww g* n Al Lapl aci an one [9]. The
wei ghting functi p (Z) y be given as

Go(x,y) = mln(ZSS,GB(x,y) ( 7. "))g] )

5) mln(ZSSB ) “y))gj

where e is the Euler’s number, R%(x, ) is the merged pixel value for red color and for
pixel (x, ) in the merged digital picture; G°(x, y) is the merged pixel value for green
color and for pixel (x, y) in the merged digital picture; B° (x, y) is the merged pixel
value for blue color and for pixel (x, y) in the merged digital picture; and & is a constant

and its function is to control the sharpness of the output image (i.e. the merged digital

picture). The default value of 8 may be selected as 1. The detail layer 7° (x, y) , as well

as the base layers R®(x, ), G®(x,») and B®(x, y) may be computed using Equations (6)
and (10), respectively.

[0028] In one embodiment, the color of the final image may be adjusted by
converting the RGB space into the HSI space and tuning the S component according to a
user’s preference [cf. 10]. In this context, HSI space is a color space where H stands for
hue, S stands for saturation, and I stands for intensity. HSI and RGB may be converted
between each other.

[0029] Step A (i.e. extract details from the plurality of N digital pictures) will‘now be
described in more detail as follows according to an exemplary embodiment.

[0030] Exposure fusion usually includes smoothing effect to prevent seam from the
merged picture which causes fine details to be lost or blurred in the output image. To

prevent the loss of details, according to one embodiment, desired details are extracted

11



W (2.) = Dal+ exp(1l6. exp(z) - 25) (3) [0033] The overal |l weighting
function of a gradient may be conputed by Wik (x,= wD,i(es (x4))*
wh, | (ei k (x14))* w0, 2(Vihk (x, y)) Pick (x, )= Wil (elk (xj)).
wD,i(eik (x"'Y+1)). WD, 2(V Ivk () -31)) (4) where Whk , y) is the
overall weighting function for gradients in the horizontal direction,
and Wk (x, Ais the overall weighting function for gradients in the

vertical fein @ethpheflity bPERAHTERE Bethndane SollinglaGeWabiaticHtohizatead as

problem which may be referred to as “small scale detail extraction problem™.

[0031] A guidance field VI(x, y) may be firstly built up to contain desired details of
first digital pictures where (Vf (x, y) = (Vf . (x, y), VI 5 (x, y))T ), where va(x, y) is
guidance field in the vertical direction and V7, (x, ) is guidance field in the horizontal

direction. Normally, the gradient of a pixel with the largest absolute value along different
exposures corresponds to the most desirable detail at the position. However, in under
exposure areas, it is highly possible for the maximum gradient to be corrupted with noise.
Instead of generating the guidance field by using the maximum gradient, in one
embodiment, the guidance field may be built up by using a weighted average of
gradients over all exposures.

[0032]  Illustratively, the following two weighting functions wy), (z) and wD!Z(z) may

be used to reduce the possible noise and to exclude sharp edges from the guidance field.

One weighting function w;,, (z) may be defined on the luminance value of a pixel and is

provided as

1

1+exp((16-2)/16)’
1

1+exp((z—235)/4)

if0<z<128
2

Wh. (z) =

otherwise

where z is the luminance value of a pixel (i.e. z = e’ *”). The other weighting function

Wp, (z) may be defined on the amplitude of gradients which is based on the observation

that the distribution of derivatives in nature images is a generalized Laplacian one [9].

The weighting function wﬂgz(z) may be given as

12



vi IV =(x,y).wt (x, vy )/E(x, y) k=1k=1 (5) vi = k=1k=1 where ' Wk
(x, y) is gradient field in the vertical direction for pixel (x, y)
of the kth digital picture of the plurality of Nfirst digital
pictures; and VI:, (X, y) is gradient field in the horizontal
direction for pixel (x, y) of the kth digital picture of the
plurality of N first digital pictures. [0035] The detail |ayer may be
extracted fromthe Egldance fipeld Vi(x, y) by solving the follow ng

quadratic opti ni ¥atiz 15 eXp{18"exp(z) - 25)°

3

[0033] The overall weighting function of a gradient may be computed by

H/hk (x’ y) =Wp, (eﬂ (x’y))' Wp1 (e]k (".H’y))' Wpa (VI: (x’ y))

. 4
I‘Vvk (x, y) = Wp, (el* (.\',y))_ Wp, (el*' (.\'.y+1)). Wp (V]f (x, y)) )

where W (x, y} is the overall weighting function for gradients in the horizontal direction,

and W} (x, y) is the overall weighting function for gradients in the vertical direction.

[0034] The guidance field may be calculated as

VI, =S W (x,y)- VI (x,y)/ S W (x,)
k;l k;l . (5)
v_fr = Zth(an’)'VI:(X:J’)/ZW:(%J’)

where VI! (x, y) is gradient field in the vertical direction for pixel (x, y) of the ith digital
picture of the plurality of N first digital pictures; and VI; (x, y) is gradient field in the
horizontal direction for pixel (x, y) of the kth digital picture of the plurality of N first
digital pictures.

[0035] The detail layer may be extracted from the guidance field Vf(x, y) by

solving the following quadratic optimization problem:

arg min{(xzv)[ld -CD(VID (x,v), Vf(x,y))+ (ID (x,y))2 ]}, (6)

P(x,p)
where the first term of CD(VI P(x, y), VI(x, y)) measures the fidelity of the gradient field

of detail layer with respect to the guidance field. The function ®(X(x,»),¥(x,y)) may

be defined as

13



arg mn{ Ekd O(v/D(x, y), VI(x, A+ (ID (x, y))2]},(6) IDy)(Xx,Yy)
where the first termof 4:1:1(V/ID (x, y), VI(x, A neasures the
fidelity of the gradient field of detail |ayer with respect to the
gui dance field. The function (I)(X(x, Y(x, A nmay be defined as (x(X,

y)! y(X1 y))' (X1 (X1 y)' Y, (X1 y))2 (Xh(X, y)' Yh (X1 y))2 (7)
WOC YDPO h (x, where X, (x, y) is the vertical conponent of X(x, y), X
h(X, y) is the horizontal comgpepnt)yol (X(R? Y)x Xy 8 y)S the

verti cal conponeﬁ{thy}fﬁmy»;H ?’ 7)) + Ged?: % conffnent
of Y(x, y); the function co(z) na?}%@%§ | ect ed ag”ﬂi%y 4 and the
values of y and ¢ may be selected as 1.25 and 0.0001, respectively.

The secontheteenM{x0F) is the ¥ertisal p@mpeneanoft Héx, 5§, e, pf is flied@irizontal t he
detail layer. It is required that the scales of pixels in the detai

I h | gr.i zat i t Ad b d hi
2 1 adeorPBgL e ede T it B Ry S asn ST Y RS Sl 1
(x, y))2 . [0036]Step B (i.e. conbining the pixel values of the

pl ural i t yoQborbidbibbidnt B TLUSPIhd RnGRAEHE) % lﬁ%elb&te@gsv\gémk d th
pi cture) 6GI? nOM/Be géscrgbgg in #Dre %g?afﬁ as follo J }%n ©

values of ¥ and & may be selected as 1.25 and 0.0001, respectively. The second term of

(I b (x, y))z is on the scales of pixels in the detail layer. It is required that the scales of

pixels in the detail layer are around 1. The regularization term A, may be used to achieve

a tradeoff between these two items (I)(VI b (x, y), vI (x, y)) and (I P (x, y))2

[0036] Step B (i.e. combining the pixel values of the plurality of N digital pictures to
generate a combined digital picture) will now be described in more detail as follows.
[0037] The combined digital picture may include one or a plurality of base layers.
lustratively, each base layer may correspond to one color component. For example, if
there are three color components red, green and blue, then the combined digital picture
may include three base layers, i.e. a base layer for red, a base layer for green and a base
layer for blue. The base layers may be integrated separately for all color components.

Similar to the extraction of detail layer, two weighting functions w, (z) and
Wp, (2,,2,,2,) may be defined for the integration of base layers. In one embodiment, one

weighting function wy (z) is to measure level of expose and the other Wy,(21,2,,2,) is to

measure the colorfulness of a pixel. To prevent the base layers from color shifting, the

weighting function wB,l(z) may be computed by using the luminance component. Well

exposed pixels may be given large weighting factors and thus well exposed pixels are

14



[ 0037] The conbined digital picture may include one or a plurality of
base | ayers. Illustratively, each base |layer may correspond to one
col or conponent. For exanple, if there are three col or conponents
red, green and blue, then the conbined digital picture may include
three base layers, i.e. a base layer for red, a base layer for green
and a base layer for blue. The base |ayers nmay be integrated

separ at eldgpnfimant &l the oelghtedaoepgng Tenirabivise| aver bouddeLepobddasikelOmapbe
detail layer, two weighting functions wm (z) and wB, 2(z1, z2> z3) my

be def i ng@rtiafly of Rallyli@ghaéd BthefvelRsi8g FRYR! Based Bn BROLEGPAGNIENt , One
wei ghting function wii,l(z) i's to measure |evel of expose and t he

)
other W %&%&g pafe t101’1 b é? glv\?thtao‘dgﬁ Hfoﬁ il EJOVQIQ(I] Q{CHHZ{I t%sfﬁﬁgtm% (@ fﬁel

To preven ronlco sh

function wB, | may be conputed by u5|ng t he | um nance conponent.
Vel | exp@éémé est, wichies bettee adapiabiey seexprsurafrsiaict ors and t hus
wel | exposed pixels are dom nant in the weighted averaging.

Contrariw se, over or (ndér E%p i xel s may be partially or
totally elimnated by h@{me+gh§§§§- agﬁnzsza&ed on the observation
a wei ghting functiqg ( Zurti A ' Gauss' |ook is provided
according to equ¥s.i L— i n,one di nent, which has better &)
adaptability to exposu gq{ sﬁbﬂLjﬁgp’lgykﬁwggp/ exp( (z -128)2

rdoa’gmg 1 8

where z is the luminance value of a pixel; 7, and 7, are two constants that may

be used to control the strength of burning and dodging effects, respectively.
[0038] FIG. 3 shows the weighting factor curve 301 and 302 for the weighting factor

wj,(z). The horizontal axis is the intensity of the luminance, and the vertical axis is the
value of the weighting factor W3,1(Z)- For curve 301, 7, issetto 2 and 7, isset
to 2. For curve 302, 7, issetto4and 7.,  issetto 4. It can be seen that the width
of weighting factor curve for weighting factor w;, (z) is decided by the two

constants 7, and 7., . The default values of z,,,,. and 7., maybesetas2's. In
one embodiment, user may interactively adjust the values of 7, and 7., . When the
values of 7, and 7, are decreased, the curve of weighting factor wB,l(z) becomes

narrower, In this case, the burning and dodging effects is enhanced. Most pixels of the

output image may distribute in middle dynamic range. As such the output image may

look sharp, colorful, but lack of depth field,

15



if Oz128

; ot herwi se (8) j. rburning .1282 z-128)2

[0039] Besides the luminance of a pixel, the colorfulness of a pixel also may be
considered for the overall weighting factor calculation. A pixel with saturated color may
have a large weighting factor [cf. 6]. In one embodiment, weighting function

Wy(2,,2,, 2, ) to measure the colorfulness of a pixel is provided as follows:

K3

1
B\p
—-1|+1; ifp<w

z- Y- Zz } J L otherwise

where vis a constant and its function is to adjust the colorfulness of the final image. The

v-
3x255 {

Wa o (21322’23)= 9

V| ———-max,
| 255 {

,» (9)

default value of v may be set as 0.75. i is index of color channel; z is the pixel value in

one color channel. For example, assuming i = 1 represents the red color channel, then
= R°(x,y) wheni=1. p is an exponential parameter.
[0040] With the proposed weighting functions (8) and (9), base layers R? (x, y) ,

G*(x,y), and B®(x, y) may be computed as;

=

GB(x,y) = Z[ xyW (xy]/ZW" x,7)

B(xy)) |

=

(10)

-

>

LRV DAY

k=1

where W} (x,y) is

5 (e, ) = wan 60 wg (R (5, 7). 6 (3, ), B (5, 9)
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r dodging .128 where z is the |um nance value of a pixel; roorong
and rdodg,", are two constants that nay be used to control the
strength of burning and dodgi ng effects, respectively. [0038]FIG 3
shows the weighting factor curve 301 and 302 for the weighting factor
w. 8,1(z). The horizontal axis is the intensity of the |um nance, and
the vertical axis is the value of the weighting factor wii,|(z). For
curve 3010041p" , "Tig hé&thé@for irergln@d glukARdloNGrsi diglf pidire(i.cF&posiie ve
302, oom"g is set to 4 and rdodgng is set to 4. It can be seen that

the wi dt BuQdén #Bbisihn) BYAdsBEE@Mmerail iéeevfilﬁﬁteél\@y gé%fam St{ SCifEr ewify é}(p%);ed' S

deci ded by the two constants z- onD" g and rdodgng . The default

val ues of; el set as 2's. I n one enbodi nent,
mhéks! WHidh & &gqga Hﬁkd Qf‘e

user nmay in eractlve ust t ues of rb"nng and rdodgng . When

th_e va! U4 roj'\ t@ eg nt eg %d ageg 1npu Ve ggés) flaseisecu \égd using the
act or m?,,g' Be

wei ghtin

method 100. Due to the optical limitation of ordinary camera, it is often difficult of
capture the entire content of a real scene. Through the method 100 for merging a plurality
of digital pictures as described herein, the optimally exposed areas of input images are
smoothly merged into a single LDR image which is a content-enriched image containing
the information of all input images.

[0043] The detail layer may enable interactive detail manipulation. Fusion result
using different choices of parameters using the method 100 as described herein has
shown that users may enhance the sharpness of output image through increasing the value
of & in Equation (1).

[0044]  The optimal values ofz,,,,, .and 7, may be adaptive to the content of a

scene. For an indoor scene, the perception of depth is generally not as important as

outdoor scene, and the values of 7, and 7, .. may be chosen relatively smaller.
Smaller z,,,,.and 7.  may result in strong burning and dodging effects. Then the

information in dark and bright area may be more visible.

[0045] The method 100 described herein has been compared with two state-of-the-art
exposure fusion methods in [cf. 6, 8] by testing several sets of differently exposed
images. The result shows that all three methods produce images without artifacts. But
when they are zoomed in, it can be found that the method as described herein preserves

details much better than the methods in both cf. [6] and cf. [8] which is due to the
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narrower. In this case, the burning and dodgi ng effects is enhanced.
Most pixels of the output image may distribute in mddle dynamc
range. As such the output inmage may | ook sharp, colorful, but |ack of
depth field. [0039]Besides the |um nance of a pixel, the

col orful ness of a pixel also nmay be considered for the overal

wei ghting factor calculation. A pixel with saturated color may have a
| ar ge weicghikiboigorf @fcleti] ik as @dscribed heren. etdxnch, M ethvd hgddseritgdfharedd | on
W8,2(Z 1, Z2, Z3) to neasure the colorful ness of a pixel is provided

as fol | owsay wigé@to\@rb@casmt@agesand its function is to adjust the
colorfulness of the final imge. The default value of v may be set as

0.75. 1| '%dﬁTdeXFd?fmd%%ﬁos&QMﬂﬁﬂ sch&néssthte'l%htﬁ)di&}nﬁﬂi%h gﬁ'irélﬂﬁ bE B0

channel . "For "exanple, assumng | = represents the re
555 RSl IO S BRSO T 7L
RB (X, y)Experlmélﬁé hz}/\«)e 'sh&\Wh thaF th{e etﬁ/c)d h3%s laescrlg erem is apphcable for

merging a plurality of digital pictures which show the same scene at different lighting
conditions (e.g. different lighting positions and lighting strengths).
[0047] FIG. 4 shows a flowchart of the method of merging a plurality of first digital
pictures according to one exemplary embodiment. In a first step, digital pictures 401, 402
and 403 are input for further merging, wherein pictures 401, 402 and 403 are LDR
images captured for a same scene under different exposures. In a second step, details of
the digital pictures 401, 402 and 403 are extracted and a detailed layer 404 is built up.
Through this, the desired details of all input images may be combined into a single detail
layer. A main problem of exposure fusion schemes is detail loss. Through increasing or
decreasing the local contrast of detail layer, the detail sharpness of output image may be
manipulated. Also in the second step, pixel values of the digital pictures 401, 402, and
403 are combined and a base layer 405 is formed in RGB channels separately. In other
words, a base layer is integrated from the input images 401, 402 and 403 to provide
overall perception of output image. Thereafter, in a third step, the base layer 404 is
modified with the detailed layer 404 to generate a merged LDR digital picture 406, e.g.
each color channel of base layer is multiplied with the detail layer and the final output

image is generated.
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where WBk (x, y) is

Pri(x,y)=w",1(e/.(x"Y)).wB, 2(Rkce, y1&(x,y),Bk(x,y)). [0041] The
nmethod for nmerging a plurality of first digital pictures (i.e.
exposure fusion algorithm as described herein is eval uated by
several sets of differently exposed i mages, which has indoor and
out door scenes. [0042] A set of differently exposed i mages (i nput

i mges) Hast8heenVinssdmbsdingntshpeovidd dimhgt Gikiomdehriiquet Géren iripucsadi
limtation of ordinary canera, it is often difficult of capture the

entire cQnf@sitlyodxpasedee dgaRe rankd r(ppg)wnﬁ?i}es 5B frefk, I diquERLGHuRG: a
plurality of digital pictures as described herein, the optinmally

exposed &/&aseaT DR RMse! HRUBSrIELheMMOLIMeY o TR AFSkel Blels Gf ciletPre. LDR
i mage which is a contéent-enriched i nage containing the i nformtion of

TP o ORPLIR SR oL Y pRTERS, B0

o e it A A9 SERCE S PTG PR

the val u?us%il sganiﬂQSSE/qilrjl%[ ei s?r?glf(, HJ'R image. |
[0049] In various embodiments, a method for merging a plurality of first digital
pictures is provided which may fuse a set of differently exposed low dynamic range
(LDR) images into an LDR image with desired details. The method may includes two
main parts: one is to extract fine details from all input images as a detail layer that
contains all fine details of all input images by addressing a new quadratic optimization
problem. This detail layer not only prevents the detail loss from the output image but also
can provide better detail manipulation. Interactive mode is also provided which allows
users to tune the appearance of the output image according to their preferences. The other
is to integrate a base layer for each color component. The base layers provides the overall
perception of the output image, such as color and field of depth. The base and detail
layers are combined together to synthesize the final LDR image with all desired details.
To meet different users’ preferences, the method also supports an interactive mode, which
allows users to control sharpness and global contrast of the output image. Besides
differently exposed images, the method may also be used to fuse different exposed
videos.

[0050] In various embodiments, a exposure fusion algorithm is provided to

synthesize an LDR image directly from a set of differently exposed LDR images. The
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[ 0044] The optimal values ofr."g and Vdodgjflg nay be adaptive to the
content of a scene. For an indoor scene, the perception of depth is
generally not as inportant as outdoor scene, and the val ues of
rb",.,,ing and rdagi ng may be chosen relatively smaller. Small er
rb""nagand rdodgng may result in strong burning and dodgi ng effects.
Then the information in dark and bright area may be nore visible.

[ 0045] Thelgueithmo ¢k cbiposkelsaftivb &ey tranminanteds. egnatioamd daedaystrd dndt wo
state-of-the-art exposure fusion nmethods in [cf. 6, 8] by testing

several sRirgetidh ofl b dE@1l ¢yet. The Xp@B el HRGRSto adfiet the Shinesd¢iBe blipde al |
t hree net hods produce inmages without artifacts. But when they are
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preserves det s nmuch better” than t ods 1 n both cf.

cf. [8] %aqllad "‘?mﬂpfcafecﬂe%h%txﬁﬁgﬁhr h?ogérﬁ"?'}x 1&&%%51%1&%&# %gleragad bY. o
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applicable for nmerging a plurality of digital pictures which show the
sane scengtads frgmrthe akiang fgld ilisgostdhention SpmpYiEes Gwo Eirms-<Preris onfhgnt | ng
positions and lighting strengths). [0047]FIG 4 shows a flowhart of
t he net hdulely oféiregiradjent fisldofzniatlyscalé déthitsto thii giidaice ficld. The other is on

the energy of the desired small scale details. A regularization factor is adopted to obtain a
tradeoff between them. Finally, the detail layer may be extracted by using an iterative
method to solve the new optimization problem. The base layers are integrated by using
weighted average function in equation (10). Through amplifying the detail layer, the
sharpness of the final output image may be enhanced. The construction of detail layer
may overcome the common disadvantage of exposure fusion, such as loss of details [cf,
6, 8]. Method as described herein is applicable to multi-lighting images and dynamic
scenes.

[0051] While the invention has been particularly shown and described with reference
to specific embodiments, it should be understood by those skilled in the art that various
changes in form and detail may be made therein without departing from the scope of the
invention as defined by the appended claims. The scope of the invention is thus indicated
by the appended claims and all changes which come within the meaning and range of
equivalency of the claims are therefore intended to be embraced.

[0052] Throughout the description, the following references have been cited:
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pi ctures according to one exenplary enbodinent. In a first step,
digital pictures 401,402 and 403 are input for further merging,
wherein pictures 401, 402 and 403 are LDR i mages captured for a sane
scene under different exposures. In a second step, details of the
digital pictures 401, 402 and 403 are extracted and a detailed | ayer
404 is built up. Through this, the desired details of all input

i mages mgy]. e Ec @ebevee dind It MatiksiRagbecrilet lph dysaneit rankeradiander miysefiom f
exposure fusjon schenes is. detai Q Thr ou i ncreasjng or

decr easi ng tphgtoglaegq ’nﬁfﬁﬁ? %Ofﬁéggﬁ}h PPa@F%tﬁBg‘&érg}lﬁp shar pness
of out putp)i BRRENARY aRE TMRIHsPHeA! ‘@l gh M Shit PankBn )RFhi RIS RaryRigifkel
val ues of[ ]t he digital pictur esga401‘,%r 402, andtg403§g2]$g; gaonbl?nelg and a
base | ayer 48Bpspeest,dERECanferRER anhaemputer ¥isparad Bptjern Recegfiféan, Wel.dis,
a base layer i 841 fromthe input images 401,402 and 403 to
provi de ove?gﬁ?zéﬁ’?g%?lﬁ(gﬂ' of output image. Thereafter, in a third
step, thebdsei,lSaRehardadsi YadyddiiengdndiW.hY dd) EHibhatdynbreld rhageatondBeksion

generate a rged LDR.digital pigt 0 e.g. each col or, chan of
Dose Layer DY MRCERTRCAI R SEEC e R Hor et Tous Gt
i mage is generAnRRembEIYM8] Vari ous enbodi ments provide a inmage fusion
technique. Gven inputs of differently exposed I%W]gignan‘i C range

B¢

(LDR) i mifed- ofatbmadenB, Fajtalt dehnkigeldskdutapdit R a bsSEdeL-DRSTHEge.
It is obser : I 0f ' an
cort espond Hemipiihs oriflscRY R SAPRAET phARLGY, AR TERHRA of

exposur e f uéiraphitsefrheredngs aSAGRERIGEHRAPHEY el 7, Aupest@®0B.- exposed ar eas

of all input. i.mge b ed se sly,in a si,ngle LDR i e.
00497 1 n Lar SEUTERL B R: & SR TRBreHihr EoiBe BPP s g 0T
first digitdr pligitallr RSages’, PACM deehnediitiohs &Y GispRicaPERbeddigs of ACM
differently exgosed | ow dynam c range (LDR) imges into an LDR i mage
wi th desi reé"_ﬂa Réi%}’@ﬁés%%%» may includes two main pails: one is
to extrags i NgerQtaj |18ty 900 2l . iR “ERBASR: ASiof fid chARhcd BA
contains all fine details of ail inpuf inages by addressing a new
quadr ati ¢ oplomputes Graphigsrod Aeplicatiohs Ndetmbér 208Yer not only prevents
t he det ai 0 f t out ' but. al.so can provi de bet.t
detan | mifh urars BT SRl s aRdEn Pt 38 or SOnRRCIRE oK ThE
users to tuMearishtioappeaomnt@icafiod, EOMLBIAL-J40pps3according to their
preferences. The other ig to integrate a base | ayer for gach col or
conponents! fh 2" 6§f’§gtaf"ﬁ’y erusiog, %\W‘gg‘sex???é‘reo\?@‘lgﬁq b YW@éBt\lﬁﬂ AN GPMpHing,
out put | Mag&;o] UCH, &31%9801008Nd field of depth. The base and detail

layers are conbined together to synthesize the final LDR image wth
al | desi 1¥d Bdét QlshgusemgnérPed. delds dinegrgengs of simphir-edfllaresptive field peonesissod

al so suppor . ti L Chss S&fS QR T

ahar pnoos. agd GRihER SiAcoE TRl b R RV 1° S b B 805, 1806,

di f f er ent{loy. ReXp Goazhléznmad &s E. Wedsddipbd inaye plosasig, Risstite tHnllf DOOER.

di fferent exposed videos. [0050]In various enbodi nents, a exposure
fusion algorithmis provided to synthesize an LDR image directly from
a set of differently exposed LDR i nages. The algorithmis conposed of
two key conponents, i.e. integration of base |ayers and extraction of
a detail layer. The detail layer is used to adjust the sharpness of
the output LDR image. This is extracted by addressing a new quadratic
optim zation problem which is called "small scale detail extraction
probl em. A guidance field is firstly generated by using the

| um nance conponents of all input images to include all desired
details. The new quadratic optim zation problemis then formul ated on
the extraction of small scale details fromthe guidance field. Its
cost function conprises two terns. One is on the fidelity of the
gradient field of small scale details to the guidance field. The
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to specific enbodiments, it should be understood by those skilled in
the art that various changes in formand detail may be nade therein
w t hout departing fromthe scope of the invention as defined by the
appended cl ai nrs. The scope of the invention is thus indicated by the
appended cl ai ns and all changes which conme within the neaning and
range of equivalency of the claims are therefore intended to be
enbraced. [0052] Throughout the descgighlson. the follow ng references
have been cited: [I1]. P. E DebeveC_aﬁé Mal i k, "Recovering high
dynam ¢ range radi ance naps fron1photographs Proceedi ng of

S| GGRAPH Wit is daimed 78, August 1997. [2]. S. K Nayar and T.
Mt sunaga, "H gh dynam c range imagi ng: spatially varying pixel
exposures", | EEE Conference on Conputer Vison and Pattern

Recognition, Vol. 1, pp.472-479, June 2000. [3]. Z. Li, S. Rahardja,

S. Yao, J. Zheng mgodNor asging kibgiaamyaﬂmssdigﬁmmﬁemwﬁﬁﬂmngm hal f
quadratic regul ari zation", | EEE Conference on I nage Processing, pp.

3169- 31 %kmbRyapRan dg gﬁﬁgahtil 61 pixd- vaﬁ@§ bRBRethbd clRbdsdg: D. Li schi ski

and R Szeliski, "Edge-preserving deconpositions for nultl-scale t one
and detail mani S- Proceedlngs of
ACM S| GGRAPH, Q#H-a%gi}é)@?&ﬁlglgust %%&ia%]"%%t(a&éﬁgn‘ﬂ U Stark. B
Shlrley and J. Ferwerd ".Phot I di gi t al
Cmgest, ACM Tr SHLHEPEhePiaH e A Bk Pk RE ek AR LA vt tRiasicdly
Vol . 21, Ju Mertens, J. Kautz and F V. Reeth,
"Exposuréomhé?%a@“mﬁ£@$ﬁiEmtbnference on Conputer Graphics and
Applications, Novenber 2007. [7]. P. Burt and T. Adelson, "The

| apl aci an pyr anf@di¥ing thegombinedidigibpishapwith rmtmfa%%h tg genestfe a
Communi cation, COW 31:532-540, 1983. [8]. A A Coshtasby, "Fusion of

nultl-exm@mwﬂehﬂﬁég@gﬂe | mage and Vi sion Conputing, Vol. 23, pp.
611-618, 2005.

2. The method according to claim 1, wherein combining the pixel values of the
plurality of first digital pictures comprises averaging the pixel values of the plurality of

first digital pictures over the first digital pictures to generate an average digital picture.

3. The method according to claim 2, wherein averaging the pixel values of the
. plurality of first digital pictures over the first digital pictures comprises weighted

averaging of the pixel values of the plurality of first digital pictures.
4. The method according to any one of claims 1 to 3, wherein each first digital

picture comprises, for each of a plurality of pixels, a pixel value for each of a plurality of

colors and wherein combining the pixel values of the plurality of first digital pictures
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[9]. B. AL dshausen and D. J. Field, "Energence of sinple-cel
receptive field properties by learning a sparse code for natural

i mges", Nature, Vol. 381, pp.607-609, 1996. [10]. R C. CGonzal ez and
R E. Wods, Digital inage processing, Prentice Hall, 2002. d ains
What is clainmed is: 1. A nethod for nmerging a plurality of first
digital pictures, each first digital picture conprising a plurality

of pixel ¥ALHES, fob BRRL QR S&RARSILS IcBfbirfid thapixeNehIEs batHeDLirhRFE he
plurality of first digital pictures; conbi ni ng the piXe

val ues of i f_ %l igital pictures to generate a
conbi ned ﬁé%t ?"tt%{ey%’??i‘etﬁ’é? aﬁig{e%kﬂ modi fyi ng the conbined di gital

picture with the extracted details to generate a nerged digital
picture. 2. The method according to claim1, wherein conbining the

pi xel values of _the plyrality of first digital .pjictures copprises
Bveragi ngt he plhemedaf aeeordibe i fierdly caRoRineShe g GHPs pi B8 ur es
over the first digital pictures to generate an average digital
pi ct ur e. Plwalityipéifspicbucslor be dinghanddhe pelprsomprigpedveraging be Bigehiluche
pi xel values of the plurality of first digital pictures over the
first di gifthelphpalitywf disstpistpes ethepstclmdihegoler.agi ng of the pixel
val ues of the plurality of first digital pictures.

6. The method according to any one of claims 1 to 5, wherein extracting details

from the plurality of first digital pictures comprises determining a gradient field for each

of the plurality of first digital pictures and averaging the gradient field over the plurality

of first digital pictures to generate an averaged gradient field.

7. The method according to claim 6, wherein averaging the gradient field over the
plurality of first digital pictures comprises weighted averaging of the gradient field over

the plurality of first digital pictures.
8. The method according to claims 6 or 7, wherein extracting details from the
plurality of first digital pictures further comprises determining a detail layer based on the

averaged gradient field.

9. The method according to claim 8, wherein determining the detail layer based

on the averaged gradient field comprises solving a quadratic optimization problem.
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4. The method according to any one of clains 1 to 3, wherein each
first digital picture conprises, for each of a plurality of pixels, a
pi xel value for each of a plurality of colors and wherein conbining
the pi xel values of the plurality of first digital pictures
conprises, for each pixel and each color, conbining the pixel values
of the plurality of first pictures for the pixel and the color. 5.

The nmethqd accofgi BRHoA a6l fo alfBe @ BlafRPioY, Mheletfeddh ¥Rt d¥@alieS
of the plurality of first pictures for the pixel and the color

conpris e%}j&Nr@ rcﬁlgblg&sta e 'v%lﬁ% g&f%g%g;??{afog% %ﬁg@ltﬁéﬁ%%% afld 11! %Igl l%yce):r

pictures‘for t I xel""and t 0 accordi any

one of clains 1t awherein.extracting.details fromthe plurality
of tirst arBre GrdiaesnEb R ob Sharey R e alay PEbe: Pt era 1 or
each of the plurality of first digital pictures and averaging the
gradient field over the plurality of first digital pictures to
generate an averaged gradient field. 7. The nethod according to

cl ai m 6, Mher ei Ahapsthagiapeprding typlaia Ehiwheredn he gombinethdigiplpigtiret y of
first digital pictures conprises wei ghted averagi ng of the gradient
field ovepmptisesplcambinet pixed vilie fir eaihgiixel lof ghiepluraléy of p&els Thé wiretefrod
according to clains 6 or 7, wherein extracting details fromthe

pl ur al i t ynafifyfrigrisé cathlgihédadigipdl picture svifhithé baraced dpiails esnplaeecambining, a
detail |ayer based on the averaged gradient field. 9. The nethod
accor di ngort Qck hixeINtiz, cobeiedipixell 0dlge Wth itktetdiidagtebadel vdlgg/er based on
the averaged gradient field conprises solving a quadratic

optim zati on problem 10. The method according to any one of clains
8 to 9, wherein each first digital picture conprises a pixel value
for e.aCh B! xel ?fl %emoﬁra@édr&iﬁ %clﬁh{(ﬁfﬁvlﬁf'&% %Jh%lgiﬁkﬁﬁel confblreld pixel .
conprises a detal | ayer plxe% val ue for each pixel of the plurality
of pixels., 11. The nethod.agcording to claim.10,. wherein th

conbi ned Valg o feufl 3R FRLE O pliSafuing s Pe s s valug

pi xel of the. plurality .of pjxels and wherein nodifying the conbi ned
di gi t al ﬁWﬂVﬁ?ga 'Lﬁegmédégb?acted details conprises conbining, for
each pixel, the conbi ned pixel value with the detail |ayer pixe

val ue.

13. The method according to any one of claims 1 to 12, wherein the first pictures
are low dynamic range pictures and the merged digital picture is a low dynamic range

picture.

14, The method according to any one of claims 1 to 13, wherein the first digital

pictures show the same scene at different lighting conditions.

15. The method according to any one of claims 1 to 14, wherein the first digital

pictures show the same scene at different exposures.
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12. The method according to claim 11, wherein conbining the conbi ned
pi xel value with the detail |ayer pixel value conprises nultiplying
t he conbi ned pi xel value with the detail |ayer pixel value. 13. The
nmet hod according to any one of clains 1 to 12, wherein the first

pi ctures are | ow dynam c range pictures and the nmerged digital
picture is a |l ow dynam c range picture. 14. The nethod according to

any one Qqf, cl ai BBdelideForldergMaQrinRlifNE fikdt dffitaliGtuted)! ea@h %"rét' Hﬁg%als how
t he sane scene at dlffereng i ghti ng conditions. 15.

accor di ng, Sn{?ﬂ’ %H%IBHH{? QEIu?élgdéHP?&%}t\@ b th ISl B ﬁ;ﬂ@‘iné' r St d' 9' ta'

pi ctures sce er “ent exposu 16. A devi ce for

o cture compri sPhitadsr ot G fio Bl Run Rl el °

conpri si 9 an extractor configured to extract details fromthe
plural it P8 ¥irst digital pictures; a conbi ner confi gured
to conbi ne the pixel values of the plurali of first dlgital

pi ctures to gendrFemBingr caskBIISE & enghipgthe ;ﬁi’@ilﬁﬁl‘éﬂs of ke plurality of firgy

nodi fier configured to nodify the conbined digital picture with the
ext r act edliglet pictugestto gepenase arembinpe digiel niétyiet anid pi ct ure.

a modifier configured to modify the combined digital picture with the extracted

details to generate a merged digital picture.

25



