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IMAGE PROCESSING DEVICES AND IMAGE PROCESSING METHODS

Cross-reference 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

incorporated herein by reference for all purposes'.

Technical Field
[0002] Embodiments 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
a hjgh dynamic range (HDR) natural scene on a conventional low dynamic range (LDR)
..display. Thus, there may be a need for efficient devices and methods for providing HDR

scences.

Summary

[00(_)4] According to various embodiments, an image processing 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 image data; and an output circuit conﬁgured.to output the output
image.

[0005]  According to various embodiments, an image processing method may be
provided. The image processiﬁg method may include: .receivihg input image >drata
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 reference characters éenerally 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, Varioué embodiments are described with reference to the following
drawings, in which:
FIG. 1A shows an image processing device according to various embbdiments;
FIG. 1B shows an image processing device according to various embodiments;
' ‘FIGT 1C shows a flow diagrém illustrating an image brocessing rﬁetﬁod according
| to various embodiments;
FIG. 2 shows an illustration of an image with three row-wisev different exposures;
FIG. 3A, FIG: 3B, and FIG. 3C show illustrations of three basic Bayes color filter
arrays with diffefent exposﬁres; and
FIG. 4A, FIG. 4B, and FIG. 4C show illustrations of threé additional basic Bayes

color filter arrays with different exposﬁres.
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Descrip tion

[0007] Embodiments described below in context of the devices are analogously valid
for the respective methods, ar;d vice versa. Furthermore, it will be undersfood that the
embodiments described below may be combined, for example, a part of one embodiment -
may be combined with a part of another embodiment.

[0008] in this context, the image processing device as described in this description
may include a memory which is for example used in the processing carried out in the
image processing device. A memory useq 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 (Programrnable Read Only Memory), an EPROM (Erasable PROM),
EEPROM (Electrically Erasable PROM), or a flash memory, e.g., a floating gate me@ory,
a charge trapping melriory, an MRAM (Magnetoresistive Random Access Memory) or a
PCRAM (Phase Change Random Access Memory).

[0009] In an embodiment, a "circuit" may be understood as any kind of a logic
implementing entity, which may be special purpose circuitry or a processor executing

| software stored in a memory, ”ﬁrmware, or any combination thereof. Thus, in an
embodiment? a "circuit" may be a hard-wired logic circuit or a programmable logic
circurt such as. a- programmable processor, €.g. a MmiCroprocessor (e.g. a Complex -
Instruction Set Computer (CISC) processor or a Reduced Instruction Set Computer
(RISC) processor). A "circuit" may also be a processor executing software, e.g. any kind
of computer program, €.g. a computer program using a virtual ,mac-hine code such as e.g. -

~ Java. Any other kind of implementation of the respective functions which will be
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described in more detail below may also be understood as a "circuit" in accordance with
an alternative embodiment. |

[0010] One of the challenges in digital image processing research is the rendering of
a high dynamic fange (HDR) natural scene on a conventional low dynamic. range (LDR)
display. This challenge may be addressed by capturing multiple LDR images at different
expo‘sure levels or one éingle image with spatial varying exposures. Camera movements
and moving objects may be two issues for the former while reduction of spatial resolution
is an issue for the latter. The latter may be more attractive because registration of
differently exposed images is much more a challenge than upsampling of differently.
exposed imgges. A cubic interpolation method may be adopted to increase the resolution
of differently exposed images. However, the corfelation among differently exposed
images may not be well utilized and the quality of upsampled images may be desired to
be improved.

[0011] According to various embodiments, a cross image cubic interpolation method
may be provided for differeﬁtly ef(posed images. The temporal correlation among all the
inpﬁt images may be utilized to determine t§vo coefficients vof the cubic interpolation
method. Intermediate pixels may bé constructed for those positions to be interpolateci by
using the temporal correlation among ther‘differently exposed images. The intermediate
pixels may se;rvc as guided pixels for the cubic interpolation. Both the spatial correlaﬁﬁon
in the iﬁterbbléted image and the temporal correlation among all the input images may be
utilized in the invented algorithm. The temporal con’elation may dominate the
interpolation if ‘it is reliable. Otherwise, the.- spétial correlation may dominate the

interpolation. Experimental -results show that the devices and methods according to
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various embodiments significantly outperformvthe commonly used cubic interpolation
method and the PSNR (Peak signal-to-noise ratio) may be improved by up to 22.76dB.
[0012] According to various embodiments, efficient devices and methods may be
provided for ﬁroviding HDR scenes. |

[0013] Rolling shutter may be ari efficient way to.capture differently exposed images
for HDR scenes. Camera movement and moving objects among the differently exposedv
images may be avoided by using such a captured method whilé the resoluﬁon of captured
images is reduced. According to various embodiments, a cross image cubic interpolation
for differently. eXposed images may be provided. Both the spatial correlation within an
interpolated image and the temporal corfelation among the 'differently eXbosed imagés
may be utilized to determine two coefficients of the cubic interpolation. As such, quality
of upsampled iinages 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 procéssing device ’1 00 according to various
embodiments. The image p?ocessing device 100 may include an input circuit 102
conﬁgﬁred to receive inpﬁt .ilpage data including pixels related to vawiné éxposufe times.
The image processing device 100 may further iﬂclude an interpolation circuit ld4
configured to determine an output image based on an interpolation based on the input
image data. The image'processiﬁg device 100 may fqrther include an outpui rcirguit 106
conﬁgured to output the output image. The input circuit 102, the interpolation circuit 104,
and the output circuit 106 may be coupled With each other, like indicated by liﬁes 108, fof
example eleétricélly coui)léd, for example using a line or a cable, and/ or meéhanicaliy-

~ coupled.
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[0015] In other words, according to various embodiments, an interpolation which
provides a spatial correlation and a temporal correlation of differenﬂy exposed image
data may be provided;

[0016] According to various embodiments, the interpolation may include or-may be a
s_ﬁatial and temporal interpolation of the input -image data.

[0017]  FIG. 1B shows 'an image processing device 110 according to various
embodiments. The image processing device 110 may, similar to the image processing
device 100 of FIG. 1A, include an input circuit 102 configured to receive input image
data including pixels related to varying exﬁosure times. The image pfocessing device 110
may, similar to the image processing device 100 of FIG. 1A, further include an
interpolation circuit 104 configured to determine an outpuf image based on an
interpolation based on the input image data. The image processing device 110 may,
similar to the image processing device 100 of FIG. 1A, further include aﬁ output circuit
106 configured to output the output image. The imége processing device 110 may further
include a weighting factor détermination circuit 112, like will be described in more detail
below. The input circuit 102, the interpolation circuit 104, the output circuit 106, and the
weighting factor determination circuit 112 may be coupled with each other, like indicated
by lines 114, for example electrically coupled, for example using a line or a cable, and/ or
mechanicaliy coupled.v )

[0A018] According to various embddiments, the weighting factor determination circuit
112 may be configured to determine a weighting factor (for example w(p), like will be

described in more detail beldw). According to various embodiments, the interpdlatipn
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circuit 104 may further be configured to determine the output image further based on the
weighting factor. |

- [0019] According to various embodiments, the weightin;c,7 factor determination circuit
112 may be configured to determine the weighting facfbr based on an intermediate pixei
(for example Z; , (p) , like will be described in more detail below).

[0020]  According to various embodiments,‘ the intermediate pixel may be based on an
intensity mapping function (for example A, ,(z) and A3,(2), like will be described in
mdre detail below).

[0021] - According to various embodiments, the weighting factor may be close to one
if the intensity mapping function is reliablé.

[0022]  According to Qarious emBodiments, the weighting factor may be close to zero
if the intensity mapping function is not reliable. |

[0023] According to various embodiments, the input image data may include an input
image including rows, wherein the exposure time varies amongst tﬁe rows (for example
like shown and described with reference Vto FIG. 2 below). |
[0024] Accordi{lg‘ to ‘Various embodiments, the input image data may include a
plurality of images, wherein each image of the plurality of images has an exposure time,
wherein the exposure time varies amongst the images of the plurality of images.

[0025]  According to v.arious embodiments, the interpolation may include or may be a
cubic interpolation.

[0026] According to various embodiments, tﬁe interpolation may include or may be

minimizing a cost function (for example like shown in Equation 10 below).
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[0027] According to various embodiments, the mferpolation may include or may be
an interpolation of an HDR image obtained based on the input image data to restore
under-exposed and saturated pixels of the HDR‘image.

[0028] FIG. IC shows a flow diagram il6 ‘illustra‘ting’ an image pré’cessiné method
according to various embodiments. In 118, input image data including pixels related to
varying e_:Xposure times may be received. In 120, an output image may be deteﬁnined
based on an interpolation based on the input image déta. In 122, the output image may be
outpuﬁed.

[0029] According to various embodiments, the interpolatioﬁ may include or may be a
spatial and telﬁporal interpolation of the input image data.

[0030] According to various embodiments, the imégé processing method may further
include: determining a weighting féctor; and determining the output image further based
on the weighting factor.

[0031] According to various embodiments, tile image processing method may further
include detemﬁning the weighting factor based on an intermediate pixel.

[0032] According fo various embodiments, the intérmediate pixel may be based on an
intensity mapping function.

[0033] According to various embodiments, the weighting factor may be close to one
if the intensity mapping function is reliable. | | |
[0034] According té various embodiments, the weighting factor_ may be close to zero
if the intensity mapping function is not reliable. |

[0035] According to various embodiments, the input image data may include or may

be an input image including rows, wherein the exposure time varies amongst the rows.
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[0036]  According to various embodiments, the input image daté may include or may
be a plurality of images, wherein each image of t.he plufality of images has an exposure
time, wherein the exposure time varies amongst the images of the plurality of images.
[0037] Accbrding to various embodiments, the intefpolation may include or may be a
cubic interpolation.

[0038] According to various embodiménts, thé interpolation may include or may be
minimizing a cost function.

[0039] 7 According to various embodiments, ‘the interpolation may include or may be
an interpolation of an HDR image obtained based on the“input image data to restdre
under-exposed aﬁd séturated pixels of the HDR image.

[0040] In the following, a coded reset architecture for capturing of differently
exposed images-according to vérious embodiments will be described.

[0041] Differently exposed irhages may be captured by using the global shutter. This
method performs well for a static HDR scene while it suffers from ghosting artifacts due
;co moving objects and motion blurring artifacts due to camera movement. A row-wise
readout .ar(;,hitecture called coded rolling shutter may be provided Jfor complementaryr
metal-oxide semiconductor (CMOS) image sensors and the a;rchitecture may be used to
alleviat¢ these problems for practical HDR imaging. In the follbwing, the row-wise reset
architecture to cap'rcurerdifferently exposed images while the}reédout érchitecmre is kept
as the conventional one will be described.‘

[0042] Let trv(pj , t:(p) and t,(p) be the readout time, the reset time, and the
éxposure time of the pth row in the capt_tired image. Supvposerthét the readout time of

each row is At,. The value of t,. (p).is given as
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t-(p) = to + pAt, (1)
where t; is the starting readout time of the first r0\'7v in the captured image.
[0043] It will be understood that the readout architectLlre may be the same as the
. existihg readout architgcturé while the resef architecture is changed as follows:

t®) =t — t.(p) @)
where the value of t,(p) needs to be determined according to the number of different
exposures. For example, consider the case that there are three different exposures. Let 7, ,
T,n and 7; be the short exposure time, the medium exposure time and the long exposure
time, respectively. The yalues of ie .('p) are, with k being any integer number, defined as

T ifp=3k+1

te(p) ={Tm; ifp =3k +2 ' 3)
T, otherwise

[0044] - An example is shown in FIG. 2 that such a combination of row-wise exposure
times are determined by using three basic patterns inFIG. 3A, FIG. 3B, and FIG. 3C. It is
to be noted that there are many different combinations of three different exposures, an(i
three addi_tional basic patterns in FIG. 4 may be desired to construc;c other combiﬁation.
[0045] In FIG. 2, FIG. 3A, FIG. 3B, FIG. 3C, FIG. 4A, FIG. 4B, and FIG. 4C, “R”
indicates a pixel configured to sense red light, “G” a pixel configured to sense green light,
and “B” a pixel configured to sense blue light.

[0046]  FIG. 2 shows an“illustrz‘itio.n 200 of an imarge_wiith three ;ow-wis'e differenf
exposures, inr which for example the rows have a sequence of short exposure time,
followéd by medium exposure time, followed by long exposure time, again followed by

A

short exposure time.

10
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[0047] FIG. 3A, FIG. 3B, and FIG. 3C show illustrations of three basic Bayes color
filter arrays with different exposures. FIG. 3A shéws an illustration 300 of a first pattefn
(which may also be referred to as Pattern 1, for example shoﬁ exposure time followed by
medium.exposqre time). FIG. 3B shows an illustration 302 of a second pattern (which
may also be reférred to as Pattern 2, for example medium exposure time followed by long
exposuré _time). FIG. 3C shows an illustratio,n 304 of a third pattern (which may also be
referred to as Pattern 3, for example loﬁg exposure time followed by short exposure time).
[0048] FIG. 4A, FIG. 4B, and FIG. 4C show illustrations of three additional basic
Bayes color filter arrays with diffefent exposures. FIG. 4A shows an illustration 400 of a
- fourth pattern (Whiqh may-also be feferréd to as Pattern 4, for example short exposure
time followed by long exposure time). FIG. 4B shows an illustration 402 of'a fifth pattern
(which may also b@ referred to as Pattern 5, fbr example medium exposure ‘;ime followed
by short exposure time). FIG. 4C shows an illustration 404 of a sixth pattern (which may
also be referred to as Pattern 6, for example ldng exposure time followed by medium
exposure time). |

[0049] According to Varioﬁs embodiments, three images with differently exposures
may be captured by the {9lling shutter simultaneously. Neither camera movements nor
moving objects among differently exposed images may be an issue for the three
differently exposéd images. However, the resolution of the captured images may ber "
reduced to one third of the original image size. It may be desired to provide an
interpolation method for u‘péampling of the captured images.

,[0050]: In the following, the cubic interpblation method will be described.

11
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[0051] = The cubic interpolator may be a spline whc_are each piece is a third-degree
polynomial specified in Hermite fdnn, ie., deﬁnéd by its values and first derivatives at
the end points of the corresponding domain interval. It mayt be used for interpolation of
numeric data specified at given argument Valués, to obﬁin a smooth continuous.function.
[0052] The cubic inferpolation methéd may be used in computer graphics and
geometric modeling to obtain curves or ﬁotion trajectoﬁes that pass through specified
points of the plane or three-dimensional space. It may also be used to increase the
resolution of differently exposed images.
[0053] | Let Z;(p) be an input image and its ﬁpsampl,ed image is denoted as Zy ; (p).
Given two values Z;(py) and Z i(%),ﬁl), ZU,i (p)‘ is interpdlated in thé interval [Py, Pr+1]
as follows: |

Zyi(0) = hoo()Z;(0x) + hy,0(t) Drs1 — Pr)D: (D1)

+h0,1(t)zi (Pr+1) + h1,1 () Pr+1 — PR Di P+ 1) “4)

[0054] where the values of t, hyo(t), hy (), ho1(t), h11(t), ¢;(px) and q.')i(pkﬂ)
are given as

_ P — Pk
Pr+1 — 129

hoo(t) = (14 28)(1 —t)?,
| hl,-o(t)‘ =t(1-6)%,
hoa(t) = t2(3 _ 2t),
hia(8) = £2(t — 1),

_ Zi(Pr41) —Zio)  Zi(p) — Zi(pk-1) -
B TV B T )
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Zi(Or+2) — ZiPk+1) Zi(Pr+1) — Zi(or)
+ X
2(Pr+2 = Pr+1) 2(Py+1 — Dx)

¢i(Dr+1) =

[0055] Consider the case that py,.1 = 3k + 3, we have
 Zy Gk 1) = 2 2,3k) + 5 9i(3k) — 23k + 3) + - Zi(3k + 3), - (5
Gk +2) = 22,310 + 10300 - L0 Gk + D + 22,3k 43, ©

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

3) are
* Zi(3k—3)—Z;(3k+3
¢; (3k) = LEDAEED NG
. Zi(3k+6)-Z;(3k
$; 3k + 3) = LEHOUED ®)

[0057] In the following, the cubic interpolation method accordiﬁg to various
embodiments will be described.

[0058] Let Z;(1 < i < 3) be a set of differently exposed images. The exposure time
of Z; is At;. Let p(= (px,py)) be a pixel. The middle image Z, is taken as an example to
illustrate the method and devices according to various embodiments. Since the image is
interpolated aldﬁg the x — axis, p, may be omitted in the description for sake of
readability of ihe description.

[0059] For simplicity, it ‘méy be assumed that the value of At, is larger than that of
Aty buft smaller than that of At;. Due to the different exposures of the images Zi(l <i<
3), there may be possible large intensity changes between them. The intensity mapping
functions (IMFS) among differently exposed images may be used to préduce intermediate
pixels. Let Ay ,(z) and A3 ;(z) be the IMFs from the image Z, to the image Z; and from.r

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

13



WO 2015/152822 PCT/SG2015/000106

histograms of images Z, and Z,. Similarly, the IMF A3,(2) can be computed. The
intermediate pixel Z 12(p) may be constructed as

A1,2(Z1(k))3 if py = 3k+1

if p, 9
As5(Z5(k)); ifpx = 3k +2 ©)

'21,2 (p), = {

[0060] The intermediate pixels may serve as guided pixels for the cubic interpolation.
This implies that the temporal correlation among all the input images is taken info
consideration according to various embodiments. In addition, the spatial corre_laﬁon in the
image is also considered as in tlie existing cubic interpolation algorithm.

[0061] A weighting factor w(p) is assigned | to the intermediate pixel Z;,(p)
accbrding to the reliability of the IMFs. Its value may be (or may approach) 1 if the IMF
is reliable, and may be (or may épproach) 0 otherwise.

[0062] Instead of computing the values of ¢;(3k) and ¢;(3k + 3) as in Equations (7)
and (8), their values may according to various embodiments be obtgined by minimizing

the following cost function:

3k+2

WG, pi Gk +3) =2 ) (i(3p) ~ i Gp))?

p=3k+1
| 3k+2 5 5 2
+(1 -2 Zp=3k+1 w(p) (Zu,z (@) - ZI,Z(p)) ’ (10)
where the values of >Z~U,2 (3k +1) and Z;,(3k + 2) may be determined by using the
method in Equations (5) and (6) and the values of ¢; (3k) and ¢; (3k +-3) may be given |
in Equatibns @) and 8). -
[0063] If will be understood that both the spatial correlation and the temporal

correlation are utilized in the cubic interpolation method according to various

14
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embodiments, while only the spatial correlation is used in the commonly used cubic
interpolation method.

[0064] Defining one matrix A and three vectors b, ¢, and d as

aw@Bk+1) —2w@k+1)7

2wk +2) —4w@k+2)|

9 BBE
20 7
w3k + D223k +1) = 55 2,(36) — 2= 2,3k +3))

b= 7 20
w(@k + 2)(Z;,(3k + 2) — 57 22(3K) - —ZZ(3k + 3))

»

[ b; &)
¢; 3k +3)/

_[ $G0
4= g +3))

the values of ¢;(3k) and ¢; (3k + 3)7 may be computed as

d = ((1=DATA+ D)1= Db + Ac), (11)
where [ isa 2 X 2 idehtity matrix. A is a constant and ifs value is less than l/é. It will be .
undgrstood that the temporal correlation may dominat;a the interpolation if it is reliable.
Othefwise, the spatial correlation may dominate the interpolation.
[0065] - According fo -Variousl embodiments, a cross irhage cubic interpolation for
differently ‘exposed images may be provided. Besides the spatial correlation in the
k‘interpolated image, the temporal cdﬁélation among fhe (iifferently exposed images méy
also be utilized to determiﬁe two vcoefﬁcients of the cubic interpolatibn. The temporal
correlation may dominate thé interpolatidn 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 improved by up to 22.76dB. It
is to be noted that the devices and rmethodsr accc-n‘ding to various embodiﬁlents may be
utiliied to improve the performance of other infer-polation m;ethods for a set of differently
ex:jioéed images.

[0067] Besides interpolating pixels as above, according to various embodiments. an
alternative way is to first generate an HDR image ﬁéing all the differently exposed
images. A cubic interpolation method is designed to restore all those under-exposed and
saturated pixels and svmoothvthe HDR image. The details are given as below.

[0068] Here, a new cubic interpc_)lation method is introdu;:ed in HDR domain. The
objective is to ensufe that the‘ resolution of the composed HDR image is closé to the.
actual resolution. In other words, all saturated pixels as well as under-exposed pixels are
restored using neighboring informati_én. |

[0069] Two sets of points are defined in image space, namely, on-grid points that
correspond to the pixelvlocations and off-grid points that lie in between the pixel
l;)cations. The method according to various embodiments may have two stei)s, First, all
off-grid points are esﬁrﬂated from the on-grid points. Then, all off-grid points are used to
interpolate the on-grid dnes. As an example, the cubic interpolation which is close to the
ideal sinc interpolation is adopted. Let My(i + 0.5,j + 0.5) be the. sef of off-grid
brighfness values locfgted at the centers of all sets of four pixels. If ‘the Mgvalues were
known, the desired on-grid brightnesses Mr(i, j) can be determined t)y the cubic

interpolation as:

T30 X3 f (L5 —m, 1.5 — n)My (i + m — 15,j +n — L5), (12)

16
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where f is the cubic convolution kernel. If a specific off-grid point is focused on, then the
above equation can be written in the following veétor form?
‘M, =FM,. | (13)
‘where the VC(‘;tOI‘ M, includes 16 X 1on-grid brig'ﬁtn‘ess values, the matrix F includes
16 X 49 cubic con\\zoliltion kernel elements, and fhe vector M,y includes 49 X 1 off-grid
brightness values. Unfortunately, the off-grid brightness M, is not available, its value
needs to be estimated.
[0070] All pixels are classified into two groups:
| Q= {plpixel p is well exposed), (14)
Qz = {p|pixel p is saturated or under exposed}. (15)

Using the cubic interpolation method, it can be derived that

M _ IR
AL 19

where M, and M, correspond to all pixels in the sets (4 and Q ,, respectively.
[0071] Instead of discarding all pixels in the set Q,, a new |, norm based

optimization problem is formulated as follows:
min{E (o)), - an
where E _(MO) is defined as
E(My) = By (Mo) + BE,(My), | (18)
| B (= 0) is a constant. The terms E1 (M,) and E;(M,) are given as

Ey(My) = 2 ||MolI3 + A7 (F Mo — My), | (19)

Eo(Mo) = 2 (FMy — M)W (FyMy — My). (20)

17
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[0072]  Here, W is the measurement of the reliability of M,. The value of Wis
determined by the exposedhéss level of the corresponding pixel in the differently exposed
images. | |
The optimal solution to the I;norm based optimization broblem (6) isv given by
My =+ BEIWR) I BFIWM, - FTA), Q1)
the value of A* is computed as
= FEU+BFIWF) T F)™
BRI+ BEIWE)Y WM, — M) )

[0073] It can be verified that

FM,=M,. | (23)
[0074] However, the following equation

FMy=M, | (24)
[0075] is usually not true. Clearly, a stricter constraint is imposed to the pixels in the
set 1, than the pixels in the set £,. As such, the pixels in the set 0, play a more
important role in the proposed method than the pixels in the set Q,. This is bécauseA that
the pixels in the set Q » are not as reliable as the pixelé in the set {},. Since all the pixels
in the set Q, are taken into cbnsideration in the proposed method rather than being
discarded- as in the existihg interpélation method, the quality of the interpolated HDR
image is expécted to be improved by the proposéd new method.
[0076]) If the value of B is 0, the proposed optimization problem will be the same as
the existing optimization problem. The optimal solution is given by

Mg = F{ (F,F)™"M,. ‘ (25)

18
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[0077] While the invéntion 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 spirit and
- scope of the invention as deﬁned by the appended claims. The scope of the invention is
thus indicated by the appended claims énd all changes which come within the meaning

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

19
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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 timeég |
an intérpolation circuit configured to detérmine an outf)ut image based on an
interpolatioh based on the input image data; and

an output circuit configured to output the output image.

2. The image processing device of claim 1,
wherein the interpolation comprises a spatial and temporal interpolation of the

input image data.

3. The image processing device of claim 1, further comprising:
a weighting factor determination circuit coﬁﬁgured to determine a weighting
fac.tor,;r :
wherein the interpdiation circuit is further configured to determine the output

image further based on the weighting factor.

4. - -The image processing device of claim 3, |
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wherein the weighting factor determination circuit is configured to determine the

weighting factor based on an intermediate pixel.

5. The image processing device of claim 4,

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

6. The image proéessing device of claim 5,
wherein the weighting factor is close to one if the intensity mapping'function is

reliable.

7. The image processing device of claim 5,
wherein the weighting factor is close to zero if the intensity mapping function is

not reliable.

8. . The image processing device of claim 1,
wherein the input image data comprises an input image comprising rows, wherein

the exposure time varies amongst the rows.

9. The image processing device of claim 1, -
wherein the input image data comprises a plurality of images, wherein each image
of the plurality of images has an exposure time, wherein the exposure time varies

' amongsf the images of the plurality of images.
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10. The image processing device of claim 1,

wherein the interpolation comprises a cubic interpolation.

11.  The image‘processing device of claim 1,

wherein the interpolation comprises minimizing a cost function.

12.  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 .restort‘a under-exposed and
satufated pixels of the high dynamic range image without discarding any pixels in |

the high dynamic range image.

13.  Animage processing method comprising:
receiving input image data comprising pixels related to varying exposure times;
determining an outpﬁt image based on an interpolation based én the input image
- data; and | |

outputting the output image.
14.  The image processing method of claim 13,
wherein the interpolation comprises a spatial and temporal interpolation of the

input image data.

15. | The image processing method of claim 13; further comprising:
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16.

17.

18.

19.

20.

21.

determining a weighting factor; and

determining the output image further based on the weighting factor.

The imége processing method of claim 15; further comprising:

determining the weighting factor based on an intermediate pixel.

The image processing method of claim 16,

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

The image processing method of claim 17,
wherein the weighting factor is close to one if the intensity mapping function is

reliable.

The image processing method of claim 17,
wherein the weighting factor is close to zero if the intensity mapping function is’

not reliable.

The image processing method of claim 13,

wherein the input image data comprises an input image comprising rows, wherein

‘the exposure time varies amongst the rows.

The image processing method of claim 13,
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22.

23.

24.

wherein the input image data comprises a plurality of images, wherein each image
of the plurality of images has an exposure time, wherein the exposure time varies

amongst the images of the plurality of images.

The image processing method of claim 13,
wherein the interpolation comprises a cubic interpolation without discarding any

pixels in an high idynamic range image.

The image processing method of claim 13,
wherein the interpolation comprises minimizing a cost function with different

constraints to different pixels according to their reliabilities.

The image processing method of claim 13,
wherein the interpolation comprises an interpolation of an high dynamic range

image obtained based on the input image data to restore ﬁnder-exposed and

saturated pixels of the high dynamic range image.
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