IMAGE PROCESSING DEVICES AND IMAGE PROCESSING METHODS

Cross-reference to Related Appli_cations

[0001]  The present application claims the benefit of the Singapore patent application
No. 10201401120T filed on 31 March 2014, the entire contents of which are incorporated

herein by reference for all purposes.

Technical Field
[0002] Embodiments relate generally to image process’ing devices and image

processing methods. -

[0003] - One of the chailenges in digital imagé i)rocessing research is the r_eﬁdering of
a high dynamic range (HDR) natural scene ona ;:Onvehf_tic)nal low. dynamic ;;ange ',(LDR)
~ display. Thus, there may be a néed fof efficient devices ar;d méthods for providing HDR

scenes. -

| ‘Summary
[0004] - According to various embo;iﬁnents; an imzigé processing device may be .
- .provided. The image processing device méy inciﬁdé: an input circuit _c'onﬁgurcd to
* receive input image data inclﬁdihg pixels related to vérying exposure timg's; a selecting

circuit configured to select a reference image from the input images; a- weighting



determination circﬁit configured to determine at least one wgighting for each pixél of the

input image data baséd on the selected -refe:renoe image; a.n output image d_étenninatibﬁ
. ci.rcuit,conﬁgured to determine an outpufiinage based the determined weight_ings; and an
: ﬁ)uti)uf circuit configured to-oﬁtput the_output image.

[0005] According‘ to various embodiments, an image prdceééing metﬁod may Be
provided. The image’ processing method may inclﬁde: receiving input image data

iﬁcluding pixels related to varying exposure times; selecting one of the input images as a
" reference image; detennihing at least oﬁé weig]ﬁing for eeiéh pixel of ﬂ;e ininit_ image
. dqta; de’;eﬁnining an output i_mage based the -determined wéightings; and outputting the

output image.

- Brief Description of the Drawings '
[0006] In the draWingé, like reference characters Agenerally refer to the sz;me parts
throughout the differenf w}iews. The dra_wings are hot ﬂecessarily fo' scaie, emphasis
instead generally béirﬁg pléced .upén illusﬁ‘ating the priﬁciiples of the invention. In the
following descriptioﬁ, various embodiments éu‘_e described with réferenée .to. the folloWin'g
:drawings, in which:: | |
FIG. IIA sho&s an image procéssing device a_ccording to \}arious embodiments;
- FIG 1B_shows a flow diagraﬁl illustrating an irﬂage processing method aécordirig '
to various er‘nbodimenits;' | |
FIG. 2 showé an illﬁs&ation of an image with three row-wiée diffqrcntvexposur}c_s;
- FIG. 3A, FIG. 3B, and FIG. 3C shdw illustr,atioﬂs of three b‘asic'Béycs _col.o_r_ filter

arrays with different exposures; and



FIG. 4A, FIG. 4B, and FIG. 4C show .illustrations of three additioual_‘basrc Bayes color
filter an'ays with different exposures.

. Description

[0007] Embodiments described below in context of the devices are an'a:logously”vali_d

for the respective methods, .and vice versa. Furthermore, it will be understood that the'
embodiments described below may be combined, for example, a part of one ie_mbodiment'

may,be combined with a part of another Iembodiment.. : |

[0008] - In this context, the image processing device as described in .this description

may -irrclude' a memory which is for example used in the processing carried out in the
~ image processing device. A memory used in the embodiments may be a volatile memory,' :
for eXample a DRAM (Dynamic Random Access Memory) or a non-volatile memory, for

: eXample a PROM (Programmable Read Only Memory), an EPROM (Erasable PI;{OM),r

EEPROM (Electrically Erasable PROM), or a flash memory, e.g., a floating gate memory, )
a charge trapping memory, an MRAM (Magnetoresistive Random Access Memory) ora
| PCRAM (Phase Change Random Access Memory) | |

[0009] In an embodlrnent a "circuit" may be understood as any kind of a logic
i.mplvementing- entity, which may be special purpose ‘c1rcu1try or a processor'executmg
software stored in a- memory,i-ﬁrmware, or any combination thereof. ~Thus,. in an
embodiment, a "circuit" ma‘y‘bie a hard-wired'logie :circuit vor a pro.grammable logic
circuit s-uch' as a | programmable processor, €.g. a 'r_nicroprr)cessor (eg : a. - Complex
.Instruction Set Computer (CISC) processor or a Reduced ’Insfruction Set Computer
(RISC) processor) A "cucurt" may also be a processor executmg software, e. g any kmd‘

~of computer program eg.a computer program usrng a vrrtual ‘machine code stich as e. g



| Java.  Any other kind of impleﬁentation of the respective functions which will be
' described in more _dctaﬂ bélow may also be dndé_fstood aS a "circuit" in accordance with
an alternative embodiment.
[0016] - One of thé ‘challenges in digital- imdge' ﬁrocessing .research | rday be the
rendering ofa high dynamic range (HDR)dnaturaI scene dn a conventional low dydamic
range (LDR) displdy. This challenge may be addrdssed by capturing lﬁultiple LDR
images at different exposum levels. Each LDR image may only record a small portion of
| the dyﬁdmic range and partial scene ddfails_but the whole sét of LDR.images éollécﬁvely
may cpntain all sce'r'ie;A details. There afe various methods to synth_esize a more detailed
| and natdral image from fhe differently exposed LDR images. One is called HDR
_ imaging. A HDR image is first syﬁthesized to include details of all input images. It is
thed,conveﬂed into an LDR image by using tone mapping aiéorithni s0 as to visualize the -
'HDR scene byvconventiona.l display device. _The other is cdlle_d exposure fusion. An LDR
image is directly synth'esized from all LDR images without generation of aﬁ intermediate
HDR imdge. | | | |
>[001 1] Accdrding to various embodiments, devices and me_thdds may be provided f(l)r‘
fusion of rhuitiplg diffgarcntly exposed images and 'recovéring an HDR radiance map from
' rr;ul'dple differently exposed images. One df differently eiposed images may be selected
as the fefefenc_:’e image. Aécdrdiﬁg to various émbpd_iménts, the longest exposed image
vdithqut_ iho’tion blurring artefacts may bé selected as the refgteﬁcé image. A similarity -
Weighting may be assigned td each pixel m other.iméges according to the codsistence
' .,bctwecn .vthe pixel and its collocatéd pixel in the selected ‘rcferen'c'e imaée_. According io

various embodiments, the similarity weighting may approach 1 if they are consistent and



0 otherwise.,lt is to be noted that the similarity weightings are 1's for all pixels in the
'reference image. According to various embodiments, ghosting' arcefacts may 'be avoidcd
when there are movin;; objects in differently.exposed images. Even if differenfly exposed
1mages are captured by advanced HDR systems possible motion blumng artefacts in the:
long exposed image may be av01ded from appearmg in the ﬁnal image. |
[0012] According to- various embodiments, devices and methods for ghosting and
motion blurring artefacts free HDR imaging and exposure fusion may be provided. - |
[0013] FIG. lA SllOWS an kimage processing, device 100 according to Avarious
~embodiments. The image processing' device 100 may include an input circuit 102
: conﬁgured to receive input 1mage data mcludmg pixels related to varying exposure times
The image processing device 100 may further mclude a selectmg circuit 103 configured
to select a reference i image from the input images. The image processing device 100 may |
| further include a‘weigbting determination circuit 104 configured to determine at least one |
'wcighting for each pixel of the input image data, for example based .'on the selected
reference image. The image pro:ces_sing device 100 may further include an output image
det'errnination circui_th6 configured to dete.rmine. an output image based the defermined _
weightings. The image processing device 100 may further include an output circuit 108
configured to output the output image. The input ci_rcuit 102; the selecting -circuit‘103, the
uveighting determination circuit 104, the outnut 'image'dctennination circuit 1'06,' and the
output determination circuit 108 may be coupled with each other, like indi.cated b‘y: lines
110," fo.r‘ example electrically coupled, for ‘example using a line or_ a cable, iand/ or ;

mechanically coupled. o



| [0014] In o_thgr wor'ds, according to various .embodiments, an iniage processing
device mayfdétem’aine ét. lcast‘ oné a weighting for each pixel of a plufz;llity of pixels
which correspond to various exposure times, and may determine an output image based
on the'i at leést dne_weighting for each pix‘él. .
[0015] Accérding to yarious eml;odirnents, the Wéi‘ghting determination. ;:ifcuit 104
may be configured to determine an ve.:xp'osedness level weighting.
[0016] - ..Acco_rd_ing to va_rioué embodi_ﬁiénts, the exposedness level weighting may be |
large if a piﬁel is wéll exposed. |
[0017] Adcordi_ng to varioﬁs. cmbodiments, thé exposedness level weighting may be
sniall if a pixel is at least one of undérexp_oséd or overéxposed;
[0013] : According to valji61:13 embodi‘men‘ts,‘the' weighting determination circuit 104
may be cohﬁgured to determine a similarity weightihg.
[0019] According to Various‘e.mbodiments; the 'Similarity .wei.ghting may be‘ close to
one if 'collocatec'l pixels in two ﬁnages are consistent. o -
[0020] According to vafious embodiments, the similaﬁty_ wgighting may be close to
zero if collo;:ated pixels in two images are not COnsisfent. |
‘[0021'] According-to various 'embodimepts, the output_ image deiermination ci}'cﬁit
106 masl be conﬁguréd to determine the outpﬁt imagé Based ona fédiancg map.
[0(_)2_2]:’ A_c_cording to .y.arious enib&dim‘eni@ tﬁe inpu;c .i_m>age data may include or may
be an input image inpludihg 1ows, whéréin the expdsl-.lreg time varies amongst the TOWS.
[0023] ,According'to vaﬁoué emb_odimer}m, tﬁg inpqt image data may iﬁcludé or may -
'be a plufaiity of images, v;/heréin qach image of the plu_rality of il;l'ages has an exposure .

- time, wherein the exﬁbsure time varies amongst th_é images of the plurality of images.



[0024] According to various embodiments, the image processing device 100.may be
configured to convert an input image of the input image data froxﬁ RGB coldr sp’éce to
CIELab cblo_r space..
[0025] According t6 ;(érious embodiments, ‘thé image procesging deyice 100 may be' '
conﬁgufgd to ﬁlsei a lightnessi component of the converted imé'ge using a m‘ulti-scéle.
method and to fusé col'or.component of the converted image via a single-scale method.
[0026] FIG. 1B shows a flow diagram 112 illustrating an image processing method
according to.. various embodiments. In 114, -inpuf image data including pixels related to
varying expésure times may be received. In 115, one of the input images may bg selected
as a reference image. In 116, at legst.one weighting _fof_ each pixel of the inﬁut'iﬁagé data
may be détermi_néd, for example _Bésed on the seiected reference imagé.' In 118, an output
image may be determined based the determined weightings. In 120, tﬁe output image
inay be output. |
[0027] According to varioqs embodiments, the a-t. least one weighting may include or.
may »be an exp.(')’sedness level weighting. ‘
[0028] According to Various cmbodiments',v the exposednesé Tevel weighting may be
large if a pixel is w»elll exposedT |
[0029]  According to various embodiments, the exposedness level weighting may be
' siﬁéll ifa ﬁixel is.at least one' of undefeqused or ovefcxp(')sed. |
[0030] | , Acéoi'diﬁg to various émbodiments; the at least one weighting may include or
may bé' a similarity weighting. |
‘ .[0031] o Accordiné to various embodiments, tﬁe similarity weighting may be cldse to

one if collocated pixels in two images dre consistent.



[0032} | Acédrdlpg to various embddimenrs, the si’milarity.w.eig_hting may be close to
zer(l lf collocated pixels in two iméges_ are nr)t polasistent; _ |

[0033] . | According fo various embodiments, the image prl)Cessing inethod may further
include.detemiinirlg the'rlutput image basécl on a radiance mab.

[0034]  According to v:ariollé émbodimr;,nts; thé inpuf lmage data.rrlay include or may
be an ‘in'p'ut image including rows, wherein the exposure »time varies amor.lgstv the rows.
[0035']. According to various embodimgnts; the _iilput image déta may' include or may
be a plurality of images, ’wherein each imége of the plurality ol‘ images has an éxposure
‘tlme wherein the exposure time varies amongst the images of the plurahty of images.
[0036]  According o 3 various embodiments, the 1mage processmg method may further :
include converting an 1nput image of the input 1r'nage data 'from RGB color space to
CIELab color space. |

[0037]  According to various embodiménts; the irhage processillg method may further
include fusing a lightness rzdmpénexlt of the converted imlige using a multi-scale metllod
vand fuslng color components of the conVex“céd image Vial a single-scale method.

[0038] . In the.follou;ing, HDR llnaglng wilh a refe'rerlce irﬁagc according to various
emediment_s will be descrfbed.‘ : B | |
t0039] Let Z,(1< i< N) be é set of differently e;cpr)sed images .with N br;ing 'rhe A
number of lnpﬁt‘imagesQ ;I‘he‘ eprSurg_time of Z;is Vt, Let p'bre a pixel. Fpr slinpliéity, '

N

let i, be the selected reference image.
-[0040] - According to r/ario'u's embodiments, the‘pixel' Z,(p) may be assighed a

welghtlng w,(Z,(p)) to measure the exposedness level of Z (p) The value of

R (Z( ) may be large if the plxel Z i( p)is well exposed and small if it is over/under— ‘_ _.



exposed. Besides the Weighting w,(Z,(p)), the pixel Z,(p) niay be assigned anqthe'r
‘weigﬁting' w, (Z (P2, (p) to measure the .consistence between the pixel Z, (p) and
the bixel VA ,o ( _p) . For s:i'mpl'i.ci_ty,' it is assumed that the value of Vtio is larggr than thét of
Vi, . i)ue'to the (iiffc;ent éxposures of the images Z, and Z ,0’, there ‘a.re possible large '
intensity changes bejween them. A bidirectional normalization meihod may be provided'
to normalize two ;ollocated pixels Z;(p) and Z i, (P). The pixel Z, (p) may‘b>e mapped
by -usil.ag the intens_itsf mappi‘ngAfunc-tic;ns (IMFs) from thé image Z, td the imaée Z, if it
is not ovcr-expoéed. Otlllerwi.se, the pix61 Z,(p) maybe ndappgd By using the IMFs from B
the 'imag‘e Z; to the imagé AZ-,.o ) Each colo;' component may be mappgd inde-pendeAntly.-v
The nonnalizc;d pi)_gels ‘may then be ad;)ptcd té compute the similarity weighting
wzl(Z,. (p),Z, (p))- The value c;f w,(Z, (p),.Z,o ( pj) approacﬁes 1 if the pixels Z,. (p)and
Z.( é) argiéonsistent and 0 'othelwi§¢.'The value of w,(Z, ( p),Z i ( p)) is al\;vays'_l' for
any pixel Z, (). |
[0041] Accordiﬁg to various embq‘diménts; the overall weighting of the pix§1 Z.(p)
may N 4 , . ,
| w, (Zi(P)) =w(Z W (Z ()2, (p). . A(l)
; [.0'042]: : éuppose thét thé CRF (cafnefa reSpqnse functibﬁ) is f(.). The ﬂnal HDR

 radiance map E(p) may be recovered as

2w Z () or( " (Z () ~log(V1,) o
- E(p)== N )
- Y w @) = o
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where f7'(.)is the inverse CRF.
. [0043]  In the following, exposurtlé fusion with a réference image‘accordii}g to various
embodiments will be described. |
[0044]."‘ AAAccording. t.b' various efnbédimeixts, the pixel Z,(p) may Bg 'as'rsiénéd a
weighting w;(Z, (p)) to measure its exposedness level and/or other quality level; such ;\s
good contrast, and high saturation. According to various embodiments, the _pixel'Z,. (p)
‘may be assigned. énotheri weighting w, (Z, (p),‘Z,o‘( b)) to' measure the .c_ons_istence
betwéen the pixél Z,(p) and the pixel Z, (p). Acgording fo vaﬁoué embodiments, the
overall weighting of the pi);el Z,(p) may,lée_ compu%éd as |
w () =W, (Z, (OI(Zy (), o) e
[0045] The im‘agé Z, is' converted from the RGiB color space tdv the CIELab color
space. Let L,, a, and b, be the lightness and color 'co‘mponents of thé image Z." ,
respegtively. According to various embodiments, only the 1ightness ‘comp'on.ent_ma)Al be
fused using "a multi-scalé m_e‘thbdnlike'cvl.es'cr_ibed in the fc_»llowipg. | |
, [004§] L{Li(p)}' ‘and G{wf Z, (p))}'_ are Laplacian ‘iayrémid'bf- :imagg L and
Gaussian pyramid of weight map w,(Z;(p)) , respectiveiy. Pixel intensities in the

different pyfamid levels may be blended as
N

o =Yoo ae] @

i=l .
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[0047]  According to various embodiments, the py_ramid' L{L /( p)}' may be collapsed
to produce the final lightness component L,(p). The final color compbnenis may be

determined via a single-scale method as

o 2 wZi(p)ay(p)
af(p)= = N ; —,
o zwf(zi(p))
W o
3 : Z wi(Z; (P)b; (p)
) bf(p)= i.=l N . :
‘ > w(Z(p)

i=l

[0048i In the .f.ollio'wi‘ng, a coded .res_et architecturé : f"or‘ capturing of differently
exposed images accofd_ing to various enﬂ#édiméﬁfs §vi11~be' described.

[0049] Differentl&r éxposed images. méy be captured by using the global shutter. This
method performs well for a static HDR Séen’e while it suffers .from ghosting artifacts. due
to mbving objects 'alnc.l motion blurring artifacts due to cameré movement. A -rowfwisé
readout architecture :called 'codcd,rolling‘ -sh'utter.ma‘y be provided for cémpleme‘ntéry
metal—oxidé ‘senﬁcqndﬁctof (CMOS) imE{ge sensors aﬁd_ the architecture 'mz;y be”us‘ed to
alleviate these problems foi’ practical HDR imaging. In the follow._ing,_the réw—wise reset.
a'rchitect.ure‘,to ;:épture differently é)épbsed images while tim readout architecture is kept
as the c_onvention'al one will be descr_ib'ed., ; |
[QOSO] - Let trg (y)‘,’t;,k (y) and ¢, (y) be thc4 reédbut time, ﬂxe réset -tim‘é, apd the
exposure time of the y-th row in the k—tﬂ iinage. Suppbse that the readout time of each
'ro§v fs Vt,. ihe \_/élluez,of tr,,; (y)is giYén as |

tr,k.(y) = tox 'l'__.thr - o (6)
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where ¢ j, is the starting readout time of the first row in the k-th image.
[oo51] It will be' uhderstood that the readout architecture may be the same as the

existing readout archltecture while the reset archltecture is changed as follows:

.\'Ir(y) =, k(J’) tzk(y) - - (7) ‘
whéré the value of t 4 (y) needs to be determined according to the number of different
expdsurés. For example, consider the ;:ase that there are three different exi)osures. Let 75,
T and 7; be tﬁe short exposurehtime, the medium ekposure time and the ‘long exposure
time, respectively. The values of t, (y) are, with k beﬁng any integer number, deﬁned as

r,;  ify=3n

La)=17,: ify=3+1 . @®
7,  otherwise

[0052] An example is shown i in FIG 2 that such a combination of row-wise exposure -
 times are determmed by using three basic patterns in FIG. 3A, FIG 3B and FIG. 3C Itis
to be-noted that there are many dlfferent combmatlons of three different exposures, and
three additional basic patterns in FIG. 4. may Be desired to cbnsﬁ’ucf other combihation -
[0053] ’ In FIG. 2, FIG. 3A, FIG 3B, FIG. 3C, FIG. 4A FIG 4B, and FIG 4C, “R”
indicates a plxel configured to sense red hght “G” a plxel conﬁgured to sense green hght
and “B” a pixel conﬁgured to sense b_lue hght. |

| [0(.)54],‘ , FIG’. 2 shows an ivll'ustratiqr.iZOO of aﬁ. imag’b with three row-wise different
: exposures, in which for example the rows have a sequence of short exposure ‘firne;
Foliowed by medium exposure tirine,' followed by long exposure tﬁﬁe, again followed by
‘short exposure time. _ | - | | | |
[0055] .- FIG 3A,'FIG. 3B, and FIG 3C show ill_ustrationsfof’thfee basic Bayes éplof‘ |

filter arréys with different eprsures. FIG. 3A shows an illustration 300 of a first pattérh
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(wmch' may also be referred to as Paitern 1 , for example short exposure tim‘e.f_olloweid by
medium 'exposuI;e 'tixhe). FIG. ‘3.B shows an illﬁstration 302 of a second pa&em (which
may also be referred to as Pattern 2, for example medium éxpoSure timel followed by lbng’ |
_exposure tinie).' FIG. 3C shoWs aﬁ i]]ustration 304 of é'thil;d pattérn’ (wﬁicﬁ may also be
rcferred to as Pattern 3, for éxample long exposure time followed by shoﬁ exposhre time).
[0056] FIG. 4A, FIG. 4B, and FIG. 4C show illustrations of thi'ge addition'al basic
Bayes color filter arrays wit_h different éxpoS\irés. FIG. 4A shows an illustration 400 of a
fourth pattérn‘ (which may also be referred to aé "Pétten.l 4, for ékample shbrt éxposure
time followed by k;ng exposure time). FIG. 4B s__hoWs-an illustration 402 of a fifth pattern
(whi;ih ﬁxay alsq beAreferred to as Pattérﬁ 5, for eXafnpl_e medium eibééuré time' .follow‘ed.
by short exposure time). FIG. 4C _shoWs avn‘ illustration 404_ of ;i sixth pattefn (Which may
also be referréd to as Pattern 6, for exampie long .exposure time foIioWed by medium
exposure time). |

[0057] According to various en}boiiiments; HDR_hnagmg Iﬁethods gnd ‘dévice and
exposure fusion methods and device may Be pr;)vidéd which select the laifgesf exposed
images witﬁp’u’c motion blurring égtéfagtg aé the r_ef'e'rence‘ i.mage.‘ Besides considering the
exposedness. of each.pii(el, the c’éméisténce '.bethén each pixel in other ‘image and its
‘collocate<_1 pixel .in the reférerice imagé is takén iht§ considerafion -accord'ing't.o various
embodiméﬁts. As such, according to vérioﬁs é'mb‘odim.ent's,-g.l"nostii.pg-‘a-rtefacts. io_r motion
blurring artefacts may be avoid_ed‘_from 5ppeaﬁpg in ﬁhal im‘ages,.. . |

[0058] 'According tovvai‘ious'embodiments, >HDR imﬁging méthods and devices énd

exposure fusion methods and devices may be provided. They can avoid ghost artefacté '
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and motion blurﬁng artefgcts from appearing in fifial images. The deyices and methods

may.l;e very .useful for HDR video. . | | |

[0059] While the invention hgsbeen p‘articularlj shown and described with reference

to speciﬁc embodiments, it should be -ﬁndefstodd by those skilled in the art that various

;:hanges in form and detail may be made therein without departing frorh the spirit and

scope of fhe invention as de-ﬁned'by' the appended claims. The scope of the invention is
thus ind_it:ated by thg appegded claims and all changes which come'within the meaning

and range of equivalenty of the claims are therefore intended to be embraced.



Claims

What is claimed is:

1. An image processing device comprising:
an input circuit configured to receive input image data comprising pixels related
to varying exposure times;
a selecting circuit configured to select a reference image from a plurality of input
images of the input image data;
a weighting determination circuit configured to determine at least one weighting
for producing a radiance map, whefein the at least one weighting comprises a
similarity weighting and the at least one weighting is determined for each pixel of
the input image data based on the selected reference image;
an output image determination circuit configured to determine an output image
based the radiance map, the radiance map being produced based on the at least
one weighting; and

an output circuit configured to output the output image.

2. The image processing device of claim 1,
wherein the at least one weighting further comprises an exposedness level

weighting.

3. The image processing device of claim 1,

15



wherein one of the plurality of input images is selected as the reference image,
and the weighting determination circuit is configured to determine the similarity
weighting of all pixels in the plurality of input images with respect to the

reference image.

The image processing device of claim 3,
wherein the similarity weighting of a pixel is close to one if the pixel and its

collocated pixel in the reference image are consistent.

The image processing device of claim 3,
wherein the similarity weighting of a pixel is close to zero if the pixel and its

collocated pixel in the reference image are not consistent.

The image processing device of claim 1,

wherein the output image determination circuit is configured to determine the
output image based on the radiance map and the selected reference image.

The image processing device of claim 1,

wherein each of the plurality of input images comprising rows, wherein the

exposure time varies amongst the rows.

The image processing device of claim 1,

16



10.

1.

wherein each of the plurality of input images has an exposure time, wherein the

exposure time varies amongst the plurality of input images.

The image processing device of claim 1,
wherein the image processing device is configured to convert an input image of

the input image data from RGB color space to CIELab color space.

The image processing device of claim 9,
wherein the image processing device is configured to fuse a lightness component
of the converted image using a multi-scale method and to fuse color components

of the converted image via a single-scale method.

An image processing method comprising:

receiving input image data comprising pixels related to varying exposure times;
selecting one of a plurality of input images of the input image data as a reference
image;

determining at least one weighting for producing a radiance map, wherein the at
least one weighting comprises a similarity weighting and the at least one
weighting is determined for each pixel of the input image data based on the
selected reference image;

determining an output image based the radiance map, the radiance map being
produced based on the at least one weighting; and

outputting the output image.

17



12.

13.

14.

15.

16.

17.

The image processing method of claim 11,
wherein the at least one weighting further comprises an exposedness level

weighting.

The image processing method of claim 11,
wherein the similarity weighting of a pixel is close to one if the pixel and its

collocated pixel in the reference image are consistent.

The image processing method of claim 11,
wherein the similarity weighting of a pixel is close to zero if the pixel and its

collocated pixel in the reference image are not consistent.

The image processing method of claim 11,

the output image is determined based on the radiance map and the selected
reference image.

The image processing method of claim 11,

wherein each of the plurality of images comprising rows, wherein the exposure

time varies amongst the rows.

The image processing method of claim 11,
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wherein each of the plurality of input images has an exposure time, wherein the

exposure time varies amongst the plurality of input images.

The image processing method of claim 11, further comprising:
converting an input image of the input image data from RGB color space to

CIELab color space.

~ The image processing method of claim 18, further comprising:

fusing a lightness component of the converted image using a multi-scale method,

and fusing color components of the converted image via a single-scale method.
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