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IMAGE PROCESSING DEVICES AND IMAGETROCESSING METHODS
Cross-réfefence to Related Applications

. [0001] The present application claims the benefit of the Singapore patent application
No. 10201401118V filed on 31 March | 2014, the entire contents of which are

: incorpbrated herein by reference for all purpo»s’esl .

Technical Field -
[0002] Embodi_inehts relate generally to image processing devices and "image

processing methods.

.- Background
[0003] . | One of the challenges in digital image 'processing research is the rendering of
‘ahi gh 'dynamilc range (HDR) natural écene on a _conyéﬁtiénél low.‘dyn;mic -rahge (LDR) ,
display. Thﬁs, there may be a need for efficient devices and methods for providing HDR

scenes.

Summary

[0004] According to various embodiments, an image processingv device may be
provided. The image processing device may include: an input circuit configured to
receive input image data including pixels related to varying ‘exposure times; an

interpolation circuit configured to determine an output image based on an interpolation
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based on th,e' input imége ;iéta; and an output circuit conﬁguredAto output the outpqt
image. |

[0005]  According to various embodimeﬁts; an image processing method may be
prbvi'déd. The 'imége processiﬁg ﬁléthod maAy .inclutlie: .rééeiviﬁé inj:ut ﬁnage >datav'
including pixels related to varying exposure times; determining an output image based on

an interpolation based on the input image data; and outputting the output image.

Brief Description of the'Drawings
[0006]  In the drawings, like refer‘ence' chéfaéters éeﬁerally refer t§ the same ‘parts
throughout thg: different vi_ews. The draWiﬁgs are' not necessarily to scale, emphasis
instead generally being placed ﬁpon illﬁstrating ltlie principies of the inv_entién. In the
following description, Varioué embc;diments are described with reference to the following
drawings, in which:
FIG. 1A sﬁows an image processing device according to various emBodiments;
- FIG. 1B shows an image processing device according to various embodifnc:nts; )
‘ EIG: ‘1C shows a flow diagrém ilhistratihg an image i)rocessing Iﬂetﬁod according
' .to various embodiments; - | |
FIG.2 sh;)ws an illustraﬁoh of an imagevwith three row-wisé different exposures;
FIG. 3A, FIG.‘ 3B, and FIG. 3C shdw illustraﬁéns of three basic Bayes coLor filter |
arrays with diffefent expésﬁ?es; and | o
FIG. 4A, FIG. 4B, and FIG. 4C show illustrations of thre;e additional basic'Bayes.

color filter arrays with different cxposﬁres.
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Descrip tion

~[0007]  Embodiments described below in context of the devices are analogously valid
for the respective methods, aud vice versa, Furtlrer"more, it wrl'l. be _understood that the
embod.i.ments described below may be combined, for'eXample, a part of one embodiment -
may be'combined with a part of another embodiment. |
[oo08] - in this context, the image processing device as described in this description
may include-a memory whichi is for eirample used in the processing carried out in the
1mage processing devrce A memory used in the embodrments may be a volatile memory,
for example a DRAM (Dynamrc Random Access Memory) ora non-volatlle memory, for.
| example a PROM (Programmable Read Only Memory), an EPROM (Erasable PROM),
EEPROM (Electrlcally Erasable PROM), ora ﬂash memory, e.g., a floating gate memory,
a cherge trapping memory, an MRAM (Magnetoresistive Random Access Memory) or a
PCRAM (Phase Change Random Access Memory).
[00()9] : In an embodiment, a "circuit" may be understood as any kind of a. logic
implementmg entity, which may be specral purpose c1rcu1try Or a processor executmg
. software stored in a memory, ﬁrmware or any combmatlon thereof Thus in. an
.Aembodlment,' a "circuit" may be a hard-wired logic circuit or a programmable logic |
circuit such as. a- programmabie’ | processor, e.g. a microprocessor (e.'.g.. a Comple)( -
insﬁruction Set Computer (CISC) processor or a Reduced Instruction Set Computer
(RISC) processor) A "circuit" may also be a processor executmg software, e. g any kind-
of cornputer program e.g. a computer program using a Vlrtual machme code such as e.g.

' Java. Any other kmd of 1mplementat10n of thc respectrve functrons which w111 be’
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descn'bed -in more detail below may also be understood as a "circuit" in accordance with -

an altematix}e embodiment.

. [0010] _ One of the challenges in digital image processjng research is the rendering of
a high dynamic r-ang‘el(HDR)_ﬁatﬁral seene ona conventienel iow". dynamic. raﬂge (LDR) ‘_
display. This challenge may bev addressed by capturing multiple LDR hnages at different
expoAsure Ievels or one eingle image with spatial varying exposures. Camera movements
and meving objects may be two issues for the fprmer while reduction of _spatial resolution
is an issue for the -laﬁer. The latter may be more attractive because registratioﬁ of
differently exi)osed imagee is much 11:1'0re4a' challenge tﬁan upsainpling ef differeptly.
exposeel imeges. A cubic intefpolation method n_iay-be'adopted te increase the resolution '

of aifferently exposed images. However, tﬁe con;elation among differently exposed
images may not be well utilized and the quality of ui)sampled imagesmay be desﬁ‘ed te
be improved.

[0011] ~  According to.Vari'ous embodiments, 5 ‘_ero_ss image cubic intexpoiation hlefhod
may be provided .'for differeﬁtly e;(posed images. The temperal correlation among all the
inpﬁt images ma§ be utilized to determine tWo coefficients of the ‘cubic intel-polation
method. Intermediate pixels may be constructed for those 'posi'ti(‘)ns to be iﬁterpolatec{ by

- using the ten;poral correlation among the-.differentl.y exposed images. .T'he intermediate
piXels may serve aé guided pixels .fer thev_cubic interbolation. B_oth the spatial correlation
in the ﬁ{terbbleted image and the temporall correlétion among all fhe input images ‘mary be
utilized in the invented algorithm. The temporal con'elatiop may dominate _.the '
interpolation if it is reliable. Otherwise, the. spetial correlation. nday' dominate the

“interpolation. Experimental results show that the devices and methods according to
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various 'cmbodimcn’gs oigniﬁcantly outperformlthe' corrlmonly used cubicv interpelation
method and lhe PSNR (Peak sig11al§loénoise ratio) may be improved by up to 22.76dB.
[0012] According to uarious' embodimcnts, efﬁclent devices and methods may be’ |
providecl for f;rouiding HDR scexles. ' | |

| [0013] Rolling shutter may be arl efficient way tolcall)ture differently ekposed' imagec

A for HDR scenes. Camera movement and moving objects émong the differontly exoose(l
. images may be avoided by using such_ a capturcd'r_notBOd_whilc the res_olutioh, of captured
images is reduced. According to uaﬁous embodiments, a cross imagc cubic interpolation
for differently. eXposecl images may be provided. Both the spatial correlation within an
interpoléted' image and the »t‘e’mpol'al corcelation among the'diffcreutly eki)osekl images
may be utilized to determine two cocfﬁcients of the cubic int.erpolotionl. As suCh, quality
of upsaﬁipled ilnages may be significantly improved and‘ the PSNR. value of the
upsampled image can be improved by up to 22. 76dB |
[0014] FIG. 1A shows an image processing device 100 accordlng to various
embodiments. The image processing dCV‘ICC‘ 100 may include an input circuit _102
conﬁgured to rcceivé input Ai1;1>1age data including oixdo related to varyiné cxposufe tilnés(
The image processing deyicc 100 may further irlclude an interpolation circuit 1(l4
configured to determine ‘an output image béscd on an interpolation based on the input
ima_ge’data. The imag'eiprocecsﬂi.ng device 100 may fu_fther.includc an_output .circuvit 106
conﬁgure(l to output the output image. The ihput circuit 102, the interpolation circuit 104,
" and the output circuit 106 may be coupled Wlth each other, like 1ndlcated by lmes 108, for
example electncally coupled for example using a line or a cable, and/ or mechamcally~ ,

' coupled. .
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[0015] In ‘(l)ther wofds, acqording to various embodiments, an interpolation wh.ich. .
provides a spatial correlation and a témporal‘ correlation of differently exposed image
data may be provided; |

[0016]  According to various eﬁlbodiméht's, the interpblation may ipclﬁdé or,-_ma.§'f bea
s_iaatial and temporal interpoiation Qf the input 'imagé data. |

[0017] FIG. 1B shows ..an imégg pro,cessing dévice 110 according‘ to varibus
embodiments. The .imagé procéssing .devic'e‘ 110 méy, simil’ar to the image processing
device 100 of FIG. 1A, ihclude an input circuit 102 configured to receive inpu»tivm‘age
data including pixels related to v_afying exﬁosure times. The imége pfOéesSing device 110 |
niay, similar to' the image‘ prOcésSing devic¢ 100 of FIG. 1A, further .include an
intexpolati(;ri circuit 104 configured to detenniﬁe | an outpufl imagé based on anA
interpolation based on the input image data.-’fﬁe image processing device 110 may,
similar to the image processing device 100 of FIG. 1A, further inciude én output circuit
106 configured to oﬁtput the output i_mége. The iﬁiage processing device 110 may further
include a weighting factor détcrﬂ;inatjoﬁ circuit 112, like will be described in more defail |
below. Tﬁe .inpﬁt cirbui_t' 102, the ihteipOlation circuit 104, the outpuf circﬁit 106, _and the
weighting factor determination circuit 112 may be coupled with each other, 1ike indicated
by lines 114, for example 'elAectric.ally cQupled, for examﬁle using a Iine or a cable, and/ or
mechgnicaliy coupled.' - | | o |

[0.018] | Acqordiﬂg to various embddiments, ihe wéighting factor ;Ietennination circuit ,
>112 may be configured to detemiine a weightiﬁg factér (for exam_f)le w(p); like will be

- described In more detail b_'eloW). According to various embodiments, the interpdlatipn
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~ circuit 104 may further Be configured to determine tﬁe output imége further bééed onthe
weighting factor.

[0019] According to various embodiments, the we’ithiné faétdr determination circuit
112 may ‘be éonﬁgqred to ‘determ_i.ne t_hé weightiﬁg facgér based on an intermediate pixei :
(for example 2 12 (p) , like will be described in more detail beiow).

[0020] = A.ccorAding‘ tc‘i various embddiments,' the intermediate bixel may Bé based on an
intensity mapping 'ﬁmction' (for e;(amplé /112 (2) and 43, (2), ‘h;ke wili‘ be. ngéribed m
mdre detail below). | |
[‘002‘1] : Accqrding to .various embodiméhts, the weightihg factor may’bé close to 'oﬁe
if the intensity mapping funct'ioln‘is r'eliablé. | |

[0022] ) According to \-/an'ous emBodiments, the weighting factor may be close to zero "
if the intensity mapping function is .not relidble. - | o

[0023]  According to various emb'odiments,. the inp‘ut‘ iﬁagé data may include an input
image including rows, wherein the exposure time varies amongst tﬁe ro.v§s (fof example |
like shown and described with reference to FIG.-Z below). |
[0024] _ Accordir}g‘ .to .various emi)odiments, the ‘input iniage data may include a
plurality of iinages, Whérein eaéh image of th'é pluralify of images has an expoéure time,
wherein thé gxposilre time varies amongst the images of the plurélity'of images.

[0‘025]‘: | AAcc‘o‘rdingv to \}ari:ous émbodiments, the interbolation ﬁlay 'inclﬁde or may be a - |
cﬁbic interpblation. | |

[0026]  According to various embodiments, the inte‘rpolatioﬁ may include or may be

T minimizing a cost function (for example like shown in Equation 10 below). -
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[0027] Aécor,ding to various embodiments, the ‘in'_telpolation may include or may be

an interpolation of an HDR image obtainéd based on the input iiﬁage_ data to restore

under-exposed and éaturated pixelé of the HIVJR.iI.nage'.

[0028] FIG; ic Ashovsvls a ﬂow 'd.iaglf'am 116 ‘illus_tra'tin‘g' gn:ixhage pré'cessinév‘rnetho_d' .

according to various embodiments. In 118, inpﬁt image dafa including pixels related to

varying e;kposure times méy be received. In 120, an output'ifnage may be detef.mined

based on an interpolation based on the input ii;:l'age. dlafa.' In 122, the output ixﬁage may be

outpuﬁed. | o |

[0029] According to varidﬁé embodiments, the interbdlatidﬁ may include or may bea

spatial.and teﬁporal interpolation of the input i'rri‘age datq. '

[0030] According to various embodiments, the jmégé proéessing method may further

include: determining a w'eighfing. féctor; and detelminiﬁg the_oufput iinage fﬁrther based
~on the weighting factor. |

[0031] According tor various embodiments, tﬁé image processing method may furthér _
“include detenﬁining the weigh;ting factor based on éln intermediate pixel.

[.0032]. - According fo various embodiments, the intquédiate pixel mayrbe based oﬁ an-

inténsity mapping fun;:tion. |

[0033] According to various emedimepts, the weighting factor may be close to one

if tile inte,n'sit}} mapping ﬁmctibﬁ is reliable. | | |

[0034] | According té ‘van'oﬁs embodiments; the weighting f;dcto; inay be close fo zero _

if the intensity mapping function is not reliable. -

f0035] According to various embodiments, the input image data may include or may

be an input ithage including rows, wherein the exposure time varies amongst the rows.
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[0036]  According to various embodiments, the input image data may include or may
be a plurality of images, wherein each image of the plurality of images has an exposure
_ trme, whereln the exposure time varies amongst the i images of the plurahty of images.
[0037] Accordmg to vanous embodiments; the 1nterpolatlon may 1nclude or may be a
cubic interpolation. |

[0038] According to various embodiments, the interpolation may include or may be
minimizing a cost funcuon | | |
[0039] - Accordlng to varlous embodiments, the mterpolatlon may include or may be
an mterpolatlon of an HDR 1mage obtamed based on the 1nput image. data to restore
» under—exposed and saturated pixels of the HDR image.

[0040] In the followmg, a coded reset architecture for capturing of dlfferently
exposed 1magesJaccordmg to various embodlments will be described. |

[0041] Differently exposed images may be captured by using the global shutter. This
method performs well for a static HDR scene while it suffers from ghosting artifacts due
to moving Ob_]CCtS and motion blurring artlfacts due to camera movement. A row-wise .
- readout archltecture called coded.rolhng shutter may be provided _i'or complementaryi
' metal-oxide semiconductor (CMOS.) image sensors and the architecture may be used to
alleviate these problems for practical HDR _imaging. In the following, the row-wise reset-
architecture to capture-differently exposed images while the‘readout architecture is kept
as the conventional one will‘ be described.

[0042] - - Let trv(pj , tg (p)i and‘ te (p)‘ be the readout time, the reset time, and the
e‘x'posure.time of 'the_pth row in the captured image. Sup'posethat the readout time of

each row is Atr."l‘he value of t,. (p).is given as
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t.(p) =ty +pAt R | (Y
where to is the starting readout time of the first row in the captux ed 1mage \
[0043] It will be understood that the readout aichltecture may be the same as the
. exlstmg readout architecture while the reset archltecture is changed as follows |
ts(p) =t — AN | )
where the value of t,(p) needs to be determined according to the number- of dif_fefent :
exposures. For example, consider{ the case that thereare three different exposures.v Lettg,
T, and 7; be the short exposure time, the medium exposure time and the long'ex.posure'
time, fespectii/ely. The values of te (p) are, with k being any integernumber', defined as.
ot p=3k+l
te(p) ={Tm; ifp=3k+2 G
T, otherwise '
.[0(_)44] - An example is shown in FIG. 2 t_liat such a combination of row-wi_se exposure
times are determined l)y using three basic patterns in FIG. 3A, FIG. 3B., and FIG. 3C. Tt is
to be noted that there are many different coinbinations of three different eipoSures and
three addmonal basm pattems in FIG. 4 may be desired to construct other. combmation
[0045] In FIG 2, FIG. 3A, FIG 3B, FIG. 3C, FIG. 4A, FIG. 4B and FIG. 4C, “R”
_indicates.a plxel configured to sense red light “G” a plxel conflgured to sense green light,
~and “B” a pixel conﬁgured to sense blue light.
[0046] FIG 2 shows an 1llustratlon 200 of an 1mage with three .fow-w1se dlfferent_ .
exposures, m which for example the rows have a sequence of short exposure time,
'followed by m'edium exposure time, followed by long expo_sure time, again fol]owed_by .

A

short exposure time.

10
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[0047] - FIG. 3A, FIG. 3B, and FIG. 3C_show iflustrations of three basic Bayes color
filter arrays with different exposures. FIG. 3A shows an illustration 300 of a first pattefn
(whxch may also be referred to as Pattern 1 for example short exposure.time followed by
medlum exposure time).: FIG 3B shows an 1llustratlon 302 of a second pattern (which
may also be referred to as Pattern 2, for example medium exposure time followed by long
exposure time). FIG. 3C shows an illustration.304 of a third péttern (whieh may also be
_referred to as Pattern 3, for example lorlg exposure time followed by short exposure tlme).
[0048] FIG. 4A FIG. 4B and FIG 4C show 1llustrat10ns of three additional basic
Bayes color filter arrays with dlfferent exposures FIG. 4A shows an 1llustrat10n 400 of a
; fourth pattern (whlch may also be referred to as Pattern 4, for example short exposure
time followed by long exposure tnne) FIG. 4B shows an illustration 402 of:a fifth pattern
(which may also be referred to as Pattern 5, for example medlum exposure time followed
. by short exposure tlme). FIG. 4C shows an illustration 404 of a sixth pattern (which may
also be referred to as f’aﬁerri 6, for exém}ﬁle long exposure time followed by medfum
exposure time). ) .
[0049] Aeeording to variotls embodiments, three irrlages with differently exposures
may be captured by the rglling shutter simultaneouSly. Neither 'camera_mo_vements nor
moving “objects among differently exposed i.meges may be an issue for ‘the three
differently exposed imeges. However, ti;e-resolution of the captured images may be L o
~ reduced to one .third of the orfgfnal | image 'size:. It rnay be desired_ to provfde an
* interpolation method for upsamp_ling of ‘the captured images.

.[0050]"_ In the following, the cubic inte_rpolation method will be ('l‘escribed.‘

11
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[0051] ~ The cubic ‘interpolator may be a spline where cach piece is. a third-degree.
polynomial specified in Hérmite fdrm, ie., deﬁnéd by its values and first derivétives at
the end points of the corresponding domain interval, Tt mayt be used for interp;)lation of
numeric data specified at given argun;.ent Qalués, to obtam a sm’oéth continuqu_s ..functién._
| [0052] The cubic intérpolation methc;d may be used in computer g}abhics and
géometriq modeling to obtain curves or Iﬁotion trajectoﬁes that péés 'Fhrdugh speciﬁed
| pointé of the plane or three-dimensional space. It may also be used to increase the
reéo.lution of differently exposed images.
[0053] | Let Zi(p) be an input image and its ﬁpsamp’led image is denot¢d a’s.Z"U,‘i ).
: Given two values Zi‘(pk) énd Z i(;)kﬂ), V4 Ui (p) is inferpbiated in the iﬁtérval [Dr: Drea]
as follows: | |

Zy,i (@) = hoo®Z; (1) + by o(t) Prer — PrID: (D) -

| . +ho,1(t)zi(l7k+1) + hy,1 (8) (Pr+1 — Pk)l¢i(Pk+,1) @

[0054]  where the values of ¢, hoo(t), hy,0(6), hox (), hys(8), bi(pk) and by (Pisr)
5ré vgiven as B

_ PP
Pr+1— P

hoo(®) = (1 +26)(1 - t)z,.
| h-l,act)' =t -t
- , ﬁo,l(t) =t2(3 _ 2t),
hy () = t2(t— 1),

A:Zi(pk-l;l) — Zi(pw) + Zi(Pk) ~-Zi(pk-1) -
. 2(Pk+1— Pr) 2(Pr _'p__k—-1l).. '

- i) =
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Zier2) — Zi@rrn). Zi(rs1) — Zi(px)
2(Prs2 — Pk+1~) ) 2Pke1—Dx)

B Prrs) =
[0055] C_énsider the case that pp.1 = 3k',+‘ 3, we have
A Zy(3k+1) =2 Z,3k) + §¢i(3k) ~20iGk+3) + =23k +3), - T ®)
73k +2) = %éi(3k) + gépi(ék) - §¢-i(3i;: F3)+ 7,3k + é)f e

[0056] In the existing cubic interpolation method, the values of ¢;(3k) and ¢;(3k +

3) are

v . N Z; 3.k—3. —z'- 3k+3) - ' |
$; (3k) = HELABED, o
e k+3) ‘=_Zl(3k‘-|-62—'zl(3k). ®)

[0057] In the"_folloWing, the cubic. interpoiati_oﬁ .method _accérdiﬁg to vél_‘ious
embodiments will be described.
[0058] LetZ;(1 <i<3)beaset of differently exposed images. The exposure tiﬁle.
of Z; is\At,—. Let p(=lv (Px,Py)) be épixel. The middlé imagc Z, is taken as an eXample to
illustrate the method and devices according to varibus embodiments. Since the image is
interpolated a,lo‘x;g the x — axis, py Iﬁay be émittcd in the dev:s‘c.l.iption; fér -sake of -
readability (Sf éhe description. - |
[0059] For sixﬁplicity,- it 'méy be assuined that thé value of At, is large;j than that of
Aty bqt smaller than that of Ats. Due to thé« different eXpo,sur'es of the images Z (=<sis
3), there may be poésible _large i.ntenlsity'»chénges between therri. The inteﬁsity mapping‘
functions (iMfs) among differently e%(posed iméges rﬁay be used to pr(;duce iﬁtemiediate

' pixels. Let A5(2) and A3 2(2) b’e‘ the IMFs froxﬁ fhe .image Zyto fhe image Z, and from.r

the image Z3 to the image Z,, respectively. The IMF A;,(2) is. computed by using the .

13
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histograms of images Z, and Z,. Similarly, the IMF A3, (2) can,be‘cbinputed. The

intermediate pixel Z 1,2(p) may be constructed’as

'21;2(29) {/11 2(21(k)) lfpx =3k+1 (9)

Aaz(zs(k)) 1fpx =3k+2
[0060] The 1ntermed1ate pixels may serve as gulded plxels for the cubic mterpolauon
ThlS 1mpl1es that the temporal correlatlon among all the input 1mages is taken into
consideration accordmg to vanous embodlments In add1t1on, the spat1a1 correlatlon in the :
image is also cons1dered asin the ex1st1ng cubic interpolation algonthm.

[0061] A ‘weighting factor w (pj Vis; assigned to | the i'nt‘ermediate pixel Z;, (p)
accérding to the réﬁability of the IMFs. Its value may be v('or may af»pr‘oach) 1 if the IMF
is reliable, and may be (or may.épproach) 0 otherwise. A'

[0062] . Insfead of cbmputing thg \_ralues of $;(3k) and ¢;(3k + 3) as in Equations (7) |
and (8), their values may according to various embodiments be obtgincd by minimizing

the following cost function:

. : 3k+2
(93K, $i(3k +3) =2 Z @G - 91
- p=3k+1
+(1 = ) 3342, wp) (Zu20) - 212()) (10)

where the values of Z u2(3k + 1) and Z uz(3k + 2) may be determined by using the |
method in Equatlons (5) and (6) and the values of ] (3k) and qbl (3k +. 3) may be given |
in Equauons (7) and (8)

[0063] It will be undcrstood that both the spatlal correlation and the temporal

correlatlon are utlhzed in the cublc 1nterpolat10n method accordmg to various

14
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. embodiments, while ..only the spatial correlation is used ‘in ihe commonly used cubic
interpolaiion method.
[0064] Defining one matrix A and three vectors b, ¢, and d as

aw@Bk+1) —2w(@k + 1)1

s 9 ~ 9
2wBk+2) —4w@k+2)|

9 5

w(3k + 1)(Z,, 3k + 1) - Zz(3k) _L 22(3k + 3))

w(3k + 2)(Z,2(3k +2) - —7—Zz(3k) 20 ZZ(3k + 3))

[ d)L )
¢; 3k +3))'

_[ ¢i(Bk)
2= 4G +3))

the values of ¢i(3k) and ¢;(3k + 3) may be computed as

d=((1=DATA+ DA -Db+Ac), (1)
‘whe'r'e lisa2x2 idemity matrix. 4 is a constant and iis value is less tlian l/é. it.Will b‘e :
understood that the iemporal correlation may dominate the interpolation if it is reliable.
Other:wise, the spatial correlation may dominate the inter'polation.. o
[0065] - According io -various‘ embodiments, .d Cross image cubic ixitei‘poléiion for
differently exposed images may be prov1ded Besides the spatial correlatlon in the
mterpolated image, the temporal correlation among the dlfferently exposed i images mdy o
also be utihzed to determme two icoefﬁments of the cubic 1nterp01at10n. The ‘temporal _
correlation may dominate the interpolation if it is reliable. Otherwise, the _spatial

correlation may dominate the interpolation.

15
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[0066] The PSNR value of upsampled image may be nnproved by up to 22.76dB. It
is to be noted that the devices and methods accordmg o various embodlments may be
utilized to improve the performance of other interpolation methods for a set of differéntly
exposed images. | | | | |

[0067] Besides mterpolatmg pixels as above, accordmg to various embodiments an
alternative way is to first generate an HDR 1mage usmg all the dtfferently exposed
nnages. A cubic mte'rpolatron‘ method is de31gned to resto_re all those under—exposed and
saturated pixels and smooththe HDR. image. The details are.given as below;

[0068] _ Here, a -new cubic interpolation-method is introduce(i in HDR tiomain; The
objective is to ensure that the reso]utlon of the composed HDR image is close to the
actual resolution. In other words, all saturated plxels as well as unde‘r-exposed pixels are
 restored using neighboring information. | |

[0069] Two sets of points are defined in image space namely, on-grid points that
correspond to the pixel locatlons and off-gnd points that lie in between the pixel
locatlons The method accordmg to various embodlments may have two steps First, all -
off-grid points are estlmated from the on—grtd points. Then, all off-grid pomts are used to
interpolate the on-grld ones. As an example, the cubic mterpolatlon which is close to the
‘ 1dea1 sinc mterpolatlon is adopted. Let My(i +0.5,j + 0.5) be the set of off-gnd
| brightness values located at the centers of all sets of four plxels If the Movalues were
' known the desired on-gnd br1ghtnesses M (i, ]) can ‘be determmed by the cubic
' mterpola_tmn as: -

Y30 230 f (15 —m, 1.5 = n)M, (i +m—15j+n-15), - (12)
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‘where f is the cubic convolution kernel. If a speciﬁ_c off-grid point i$ focused on, fhen the
a‘bove’ equation cz‘u'llbe written in the following vec;tor form®
M, —FMO | o ; )
"where the vector ‘M, includes 16 X 1on-gr1d bnghtnessivalues, the matnx’F includes
16 X 49 cubic convolution kernel elements? and the vector Mo includes 49 X 1 off-grid
brightness values. Unfortunately, th_e off-grid brightness M;, is not available, its.;zalu_e
needs to be estimated. -
[0070] - All pixels are classified into-two groups:
| Ql = {plplxel pis well exposed} o (1%
92 = {plpixel p is saturated or under exposed} (15:).

Using the cubic interpolation method, it can be derived that

] ]MO, | o o (16)
where My and M. z'cor;espond to all pixels in the sets’ 'Ql and Q,, reépectiv_ely.
[0071]‘ N Instead of discarding all pixels in the set .92 , a new |, | norm based
. optimization problém is forni}ilatgd as follows: |
Comeow), o an

where E (Mo) is deﬁned as |

E(Mo) E1(Mo) + BEz(Mo), ' S :(18)
| p(= 0) is a 'cpnstant. The terms E1 (M,) and E; (Mo) are given as |

Ex(Mo) = 2IMGIE + T (EaMy — M), (19)

CE(M) = 1My~ MW (M- M), (0
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.[0072]‘. " Here, W is the measurement"of tﬁe reliability of M, . The value of Wis
determined by the exposedﬁéss level of the cdrrcsponding pixel in the differently expdséd
- images. - | |
Tﬁe optimal éolution_ to :the l,norm baséd optimization' ﬁroblem (‘6). 1s givenv by .
| Mé =+ ﬁF:zTWFz)'i(ﬁFzT'WMz - ), - (2D
the value of A* is computed as | | | |
I = (B + BEFWE,)-EFY |
. (BF;(I + BF{WFz)_iF;zWMz -My)- (22)

[0073] It can b.e' verified th.ai.;' : o -

| | RMi=M,. L ®
[0074]  However, the following equation “ | |

FEM,=M, o @4

[0075] is usually not true. Clearly, a stricter constraint is imposed to the piﬁelé in the "
set 2, than the pixels in the set 92 . As‘such, the pixels .in the set 91 play a moré
important role in the proposed method thanvthe-pixelé in f(he.' sét Q,. This 1s bécausel that
the pixels in the set Q 5 are not. a;s feliable' as the pixelé in fhe set {2,. Since all thc. pixels
in the set Q, are taken into gbnsideration in the proposed met'hod:rather than being
discarded. as in thé existing infci'pél_ation method, the qﬁality of the interpolated HDR
. image is exp?:cted to be imprm'(ed. by the proposé;d neW méthdd. :
' [0076] If the value of 8 is 0, fhe prbposed optimization problem will be the s_amé; as -
'thé existing opfimization pi‘oblem._Thé optimal §olﬁtion’ is» givén by | |

M = FT(FFDY™ M, (25)
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[0077)  While ‘;he inv-ention ha§ been p‘articul_érl‘y showfxland described with reference |
to speciﬁévembodiments, it should be understood. by those skilled in the art that various
Chanées in form and detail may be made ‘therein without:(ieparting from the spirit and
. scope of the invention as déﬁqed by the abpeﬁded claim.s.‘The scope of the invention is
thus indicated by the éppended clairﬁs énd all changes whichAc.ome within the meaning .

- and range of equivalency of the claims are therefore intended to be embraced.
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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, the input image data comprising a plurality of
input images;

an interpolation circuit configured to determine an output image based on
an interpolation based on the input image data; and

an output circuit configured to output the output image,

wherein the interpolation circuit is configured to perform the interpolation
with respect to at least one of the plurality of input images to produce a
corresponding upsampled input image, the interpolation comprising a spatial
interpolation based on the pixels of said one input image and a temporal
interpolation based on the pixels of said one input image and the pixels of at least

another one of the plurality of input images.

2. The image processing device of claim 1, further comprising:
a weighting factor determination circuit configured to determine a weighting
factor,
wherein the interpolation circuit is further configured to determine the output

image further based on the weighting factor.
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The image processing device of claim 2,
wherein the weighting factor determination circuit is configured to determine the

weighting factor based on an intermediate pixel.

The image processing device of claim 3,

wherein the intermediate pixel is based on an intensity mapping function.

The image processing device of claim 4,
wherein the weighting factor is close to one if the intensity mapping function is

reliable.

The image processing device of claim 4,
wherein the weighting factor is close to zero if the intensity mapping function is

not reliable.

The image processing device of claim 1,
wherein each of the plurality of input images comprises rows, wherein the

exposure time varies amongst the rows.
The image processing device of claim 1,

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

exposure time varies amongst the plurality of input images.
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10.

11.

12.

The image processing device of claim 1,

wherein the interpolation comprises a cubic interpolation.

The image processing device of claim 1,

wherein the interpolation comprises minimizing a cost function.

The image processing device of claim 1,

wherein the interpolation comprises an interpolation of an high dynamic range
image obtained based on the input image data to restore under-exposed and
saturated pixels of the high dynamic range image without discarding any pixels in

the high dynamic range image.

An image processing method comprising:

receiving input image data comprising pixels related to varying exposure
times, the input image data comprising a plurality of input images;

determining an output image based on an interpolation based on the input
image data; and

outputting the output image,

wherein the interpolation is performed with respect to at least one of the
plurality of input images to produce a corresponding upsampled input image, the

interpolation comprising a spatial interpolation based on the pixels of said one
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13.

14.

15.

16.

17.

18.

input image and a temporal interpolation based on the pixels of said one input

image and the pixels of at least another one of the plurality of input images.

The image processing method of claim 12, further comprising:
determining a weighting factor; and

determining the output image further based on the weighting factor.

The image processing method of claim 13, further comprising:

determining the weighting factor based on an intermediate pixel.

The image processing method of claim 14,

wherein the intermediate pixel is based on an intensity mapping function.

The image processing method of claim 15,

wherein the weighting factor is close to one if the intensity mapping function is

reliable.

The image processing method of claim 15,

wherein the weighting factor is close to zero if the intensity mapping function is

not reliable.

The image processing method of claim 12,
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19.

20.

21.

22.

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

exposure time varies amongst the rows.

The image processing method of claim 12,
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 12,
wherein the interpolation comprises a cubic interpolation without discarding any

pixels in an high dynamic range image.

The image processing method of claim 12,
wherein the interpolation comprises minimizing a cost function with different

constraints to different pixels according to their reliabilities.

The image processing method of claim 12,
wherein the interpolation comprises an interpolation of an high dynamic range
image obtained based on the input image data to restore under-exposed and

saturated pixels of the high dynamic range image.
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