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METHOD AND DEVICE FOR IMAGE PROCESSING

Cross-reference to Related Applications

[0001] The present application claims the benefit of the Singapore provisional patent
application 201200405-7 filed on 18 January 2012, the entire contents of which are

incorporated herein by reference for all purposes.

Technical Field

[0002] Embodiments relate generally to signal processing. Specifically, embodiments

relate to a method and a device for image processing.

Background

[0003] Many natural scenes have wider dynamic ranges than those that can be
recorded by ‘cbnventional' low dynamic range (LDR) imaging systems. An LDR image
with small exposure time is under-exposed in the dark scene regions‘but captures the
bright areas well. In contrast, an LDR image with large exposure time is saturated in the
bright scene regions but captures the dark areas well. In other words, one LDR image is
not able to represent the whol¢ scene. A high dynamic range (HDR) image can be
produced to represent the whole scene by sequentially capn;ring multiple differently
exposed LDR images using normal cameras.

[0004] . One of the challenges of digital image processing is the generation of natural

scene which possesses HDR image on a conventional LDR display. Two types of
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methods were p_foposed to address this challenge by processing multiple of differently
exposed LDR images. The former, called HDR imaging, first generates an HDR image
by using these LDR images, and then converts the HDR image into an LDR image so as
to visualize the HDR scene via an LDR display. The vlatter,» called exposure fusion,
generates an LDR image directly by fusing all LDR images. Exposure fusion is much
siméler than HDR imaging, and is more suitable for smart phones and digital carﬁeras
where complexity can be an issue. Furthermore, exposure fusion does not require lighting
conditions of all images to be the same as required by HDR imaging. Therefore, exposure
fusion is more attractive from mobile application point of view.

[0005] In exposuré ﬂsion of differently exposed LDR images, extraction of fine
details is required. Many othgr applications, such as de-noising of images, tone mapping
of HDR images, detail enhancement via multi-light images and so on, requires extraction
of fine details as well.

[0006] Fineb details can be either noise, e.g. a randoﬁ pattern with zero mean, or
texture, e.g. a repeated pattern with regular structure. There are many methods for
extraction of fine details from a single input image, such as the total variation based
method, the half quadratic optimization based method, the bilateral filter, etc. However,
when there are multiple input images, using these methods directly would be complex -
because each input image needs to be decomposed individuallv‘y.

[0007] Recently, a quadratic optimization based framework is proposed which can be
adopted to extract fine details from a set of images simultaneously. The quadratic
optimization problem is solved by using an iterative method which may be complex for

mobile devices with limited computational resources. Given the increasing popularity of
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multi-shot imaging and the intense response from camera manufacturers with their latest
digital camera for multi-shot capability, it is desirable to provide a better solution that
extracts optimally captured details from a number of individual photographs and

integrates them together to form a better image.

Summary
[0068] - Vaﬁoué embodiments pfovidé a method for proceséing an input image having
a plurality of pixels, wherein each pixel ﬁas a pixel p‘osition. The method may include
determining, for each‘pixel position, a vector based on the input image; and detérmining,
for each pixel position, a detail value fqr the pixel position based on the determined
vectors at a plurality of neighboring pixel positions within a predetérmined neighboring

block of the pixel position.

Brief Description of the Drawings

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

Fig. 1 shows a flowchart illustrating a method fbr processing an image according
to various embodiments.

Fig. 2 shows a flowchart illustrating a method of enhancing an intermediate image

according to an embodiment.
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Fig. 3 shows a block diagram of a device for processing an image according to

various embodiments.

Description

- [0010] Various embodiments are directed to a method for processing an input image »
having a plurality of pixels, wherein each pixel has a pixel position. The method may |
include determining, for each pixel position, a vector based on the input image; and
deterrhining, for each pixel position, a detail value for thé pixel position based von the
determined vectors at a plurality of neighboring pixel positions within a predetermined
neighboring block of the pixel position. |

[0011] The pixel position of each pixel may be represented by an index/coordinate
along a horizontal axis of the image and an index/coordinate along a vertical axis of the
image, for exaniple. The vector determined for each pixel position may also be referred to
as a modified vector.

[0012] | According to an embodiment, determining the vector for each pixel position
may include determining a gradient vector for a pixel at the pixel position of the input
image based on intensity values of the input image; and modifying the gradient vector of
the pixel at the pixel position to determine the vector for the pixel position.

[0013] According to an embodiment, the detail value for the pixel position is
determined based on the détermined vectors at the plurality of neighboring pixel
positions, a first weighting factor and a second weighting factor. The first weighting

factor may be determined based on the distance between the pixel position and each of
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the neighborin,éi pixel positions. The second weighting factor may be determined based
on the determined vectors at the neighboring pixel positions.

[0014] In aﬁ embodiment, each modified vector may include a horizontal vector
component along a horizontal axis of the input image and a vertical vector component
along a vertical axis of the input irhage. The modified vectors of the plurality of pixels of
the input image may form a vector field (which is also referred to as a modified vector
field). -

[0015] In an embodiment of determining the detail value for each pixel position; a
sum vector value for each neighboring pixel position relative to the pixel position is
determined for each neighboring pixel position, by summing the vertical vector
components of a set of vertical pixel positions and the horizontal vector components of a
set of horizontal pixel positions. In an embodiment, the set of vertical pixel positions
includes pixel positions between the heighborin\g pixel position and an intermediate pixel
position having the same horizonfal position as the neighboring pixel position and having
the same vertical position as the pixel position. In an embodiment, the set of horizontal
pixel positions includes pixel positions between the intermediate pixel position and the
pixel position.

[0016] According to an embodiment, the detail value for the pixel position is
determined to be a weighted average of the sum vector values for the plurality of
neighboring pixel positions within the predetermined neighboring block of the pixel
posit‘ion> using the first weighting factor and the second weighting factor. In an
embodiment, the second weighting factor is determined basgd on the sum vector values

for the neighboring pixel positions.
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[0017] In another embodiment, the second weightir;g factor for the pixgl position may
further include a perceptual factor of the pixel posifion for which the detail value is
détermined. The perceptual factor may be determined based o;l_é_ ‘variance of the
predetermined neighboring block of each pixel position.

[0018] In an embodiment, the variance of the> prédetermined neighboring block of a |
pixel position may be determined to be the maximum varianée of the predetermined
neighboring block of the same pixel position among a plurality of input images, wherein
the plurality of input images are captured with different exposure time. For example, the
plurality of input images may be a sequen;:e of low dynamic range (LDR) images.

[0019] In an émbodiment, the perceptual factor of the pixél position, for which thé
detail value is determined, may be determined based on a respective .ratio between the
variance of fhe predetermined neighboring block of the pixel position and the respective
variance of the predetermined neighboring block of the pixel positions of the plurality of
pixels.

[0020] According to a further embodiment, the method may further include
determining, for each pixel position, a second vector based on a weighted average of the
determined vectors (i.e. the determined modified vectors) at the plurality of neighboring
pixel positions within the predetermined neighboring block of the pixel position. The
second vectors at the plurality of pixel positions of the plurality of pixels may form a
second vector field.

[0021] In an embodiment, a detail value for each pixel position may be determined
based on the modified vectors and the second vectors at the plurality of neighboring pixel

positions within the predetermined neighboring block of the pixel position.
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[0022] In an embodiment, the secqnd vector for. each pixel position may be
'determin‘ed based on at least one >of the distance between the pixel position and the:
respective neighboring pixel position, and the difference of the determined modified
vectors at the pixel position and the respective.-neighboring pixel position within the
predetermined neighboring block of the pixel position.

[0023] Each modified vector may include a horizontal vector component along a
horizontal axis of the input image and a vertical vector component along a vertical axis of
the input image.

[0024] In an embodiment of determining the detail val}ze for each pixel position, a
sum vector value for each neighboring pixel position relative to the pixel _position is
determined for each neighboring pixel position, by summing the vertical vector
components of a set of vertical pixel positions and the horizontal vector components of a‘
set of hoﬁzontal pixel positions. In an embodiment, the set of vertical pixel positions
| includes pixel‘positions between the neighboril;g pixel position and an intermediate pixel
position having the same horizontal position as the neighboring pixel position and having
the same vertical positién as the pixel position. In an embodiment, the set of horizontal
pixel positions includes pixel 'positions between the intermediate pixel position and the
pixel posi_tion. For each neighbofing pixel position, an auxiliary value may further be
determined based on the sum vector value for the neighboring pixel relative to the pixel
position, and based on the second vector determined forv the pixel position.

[0025] Accofding to an embodiment, the detail value for each pixel position is
determined based on the auxiliary values at the plurality of neighboring pixel positions

within the predetermined neighboring block of the pixel position.
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[0026] In an embodiment, the detail value for each pixel position is determined to be
a weighted average of the auxiliary values determined for the plurality of neighboring
pixél positions within the predetermined neighboring block of the pixel position using a
ﬁ£st weighting factor, a second weighting factor and a third weighting factor.

10027) According to various embodiment, the first weighting factor may be
determined based on the distance between the pixel position and each of th¢ neighboring
pixel positions. The second weighting factor may be determined bésed on the auxiliary
valﬁes for the neighboring pixel positions: The third weighting factor may be determined -
based on the second vectors at the pixel position and the neighboring pixel positions.
[0028] According to one embodiment, the modified vector for each pixel position
~ may be détermined by modifying gradient vectérs of a plurality of pixels at the same
~ pixel pbsition of a plurality of input images. The plurality of input images may be
captured with different exposure time, e.g. an image sequence of differently exposed
LDR images.

[0029] The modified §ector for each pixel position may be determined to be a
weighted average of the gradient vectors of the plurality of pixels at the same pixel
position of the plurality of input images. In an embodiment, the weighting may be based
“on the intensity values of the pixels at the current pixel position and intensity values of a
neighboring pixel of the current pixel position along at least one of a horizontal and a
vertical axis of the respective input image. In a further embodiment, the weighting may
be based on at least one of the deviation of the intensity values of the plurality of pixels
and the neighboring pixels from a predetermined intensity value , and a mean intensity

value of the respective input image.
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[0030] Accordtng to another embodiment, the modified vector for each pixel position
may be determined by modtfying gradient vectors of a plurality‘ of pixels at the same
pixel position of a plurality of input images, wherein the plurality'of input images are
captured under different lighting conditions, also referred to as multi-light images.
[0031] In determining the modified v‘ector for a pixel position, the largest gradient
vector and the second largest gradient vector among gradient vectors of the plurality of
pixels at the same pixel positidn of the plurality of input images are determined. The
modified vector for this pixel position may be determined based on one of the largest
gradient vector and the second largest gradient vector, dependent on the difference
between the largest gradient vector and the second largest grad.ient vector.

[0032] In an embodiment, determining the modified vector based on one of the
larg“est gradient vectorl and the second largest gradient vector may further include
weighing one of the largest gradient vector and the second largest gradient vector,
wherein the weighting is based on the intensity value of the pixel at the pixel position and
the intensity value of a neighboring pixel of the pixel position along at least one of a
horizontal and a vertical axis of the input image having one of the largest gradient vector
and the second largest gradient vector. In an embodiment, the weighting is further based
on the deviation of the intensity values of the pixel at the pixel position and the
neighboring pixel from a predetermined intensity value range.

[0033] . Accotding to a further embodiment, determining’ the modified vector for each
pixel position may include modifying a gradient vector of a pixel at the same pixel

position of a selected image, the selected image being an image having the largest



WO 2013/109192 PCT/SG2013/000025

exposufe time selected from a plurality of input irﬁages captured with different exposure
time. The selected image may be the brightest image in the plurality of input images.
[0034] The modified vector for each pixel position may be determined to be a
weighted gradient vector of the pixel at the same pixel position of the selected image,
wherein the weighting is based on the intensity value of the pixel at the pixel position of
the selected image and the intensity value of a neighboring pixel of the pixel position
aloﬁg at least one of a horizontal and a Veﬁicél axis of the selected image.

[0035] In an embodiment, the weighting may be monotonically decreasing with the
intensity value of the pixel at the pixel position of the selected image and the intensity’
value of a neighboring pixel of the pixel position along at least one of a horizontal and a
vertical axis of the selected image.

[0036] According to an.embodiment, the method may further include outputﬁng a
.detail image, wherein the detail image includes the detail values determined for the pixel
positions of the plurality of pixels of the input image in accordance with various
embodiments above.

[0037] Various embodiments provides a device for processing an input image having
a plurality of pixels, wherein each pixel has a pixel position. The device may include a
vector determiner configured to determine, for each pixel position, a vector based on thé
inpﬁt image; and a detail value determiner configured to deténnine, for each pixel
position, a detail valué for the pixel position based on the detemﬁned vectors at a
plurality of neighboring pixel positions within a predetermined neighboring block of the

pixel position.

10
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[0038] Various features described above in the context ‘of the image processing '
method may analogously hold true for the corresponding device for processing an image,
and vice versa. |

[0039] In this context, the image processing device as described in the various
embodiments may include a memory which is for example used in the processing carried

| ouf by the tmage processing d;vices. 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 (Programmablé Read Only Memory), an EPROM
(Efasable PROM), EEPROM (Electrically Erasable PROM), or a flash memory, e.g., a
floating gate memory, a charge trapping memory, an MRAM (Magnetoresistive Random
Access Memory) or a PCRAM (Phase‘ Change Random Access Memory).

[0040] In this context, the image processing devices as described in this description
may be or may include an image pfocessing circuit.

[0041] fn 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 lbgic circuit or a programmable‘ logic
circuit such as a programmable processor, e.g. a microprocessor (e.g. a Complex
Instruction Set Computer (CISC) proceséor or a Reduced Instruction Set Computer
(RISC) processor). A "circuit" may also be a processor executing software, e.g. any kind
of computer program, e.g. a computer program using a virtual machine code such as e.g.

Java. Any other kind of implementation of the respective functions which will be

11
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described in more detail below may also be understood as a "circuit" in accordance with
~ an alternative embodiment.

[0042] Fig. 1 shows a flowchart 100 illustrating a method for processing an input
image according to various embodiments. The input image includes a plurality of pixels,
wherein each pixel has ‘a pixel position.

[0043] At 102, for each pixel position, a vector is determined based on the input
image.

[0044] | At 104, for each pixel position, a detail Vaiue is deterrhined for the pixel
. position based on the determined vectors at a plurality of neighboring pixel positions
within a predetermined neighboring block of the pixel position.

[0045] Various embodiments of the method are described in more detail below.
[0046] In the following, a bilateral filter will be described.

[0047] For a given input image Z, the intensity value or luminance value of a pixel
at a pixel position (i, /) is represented by Z(i,j) , wherein i represents an
index/coordinate along a horizontal axis of the input image and j represents an

index/coordinate along a vertical axis of the input image.
[0048] A bilateral filter is applied to the pixels of the input image Z in accordance
with the following equation:

w(Z,i, j,k,I)
(kDEQ, (i.)) ZWI(Z’i’f’k>l)

(ke (i.))

2,6, /)= Z(k,1), (1)

where Q= {(k, DIk-ilgr|l-JI r} represents a predetermined neighboring block of

(_ (k - 1)2 +2(l - .])2) and

R

the pixel (i,j) . w(Z,i,j,k,0) is the product of exp

12
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(ZG, ) - Z (kD))

r

. 0. and o, are two parameters. Z i, j) represents a base
s r p b j p

exp(—

value, and the base values of the plurality of pixels in the input image may form a base

image (which may also be referred to as a base layer).

[0049]  Let Z,(i, /) denote (Z(, ) - Z,(i,f)) , it follows that

5 fe s W(Zai3.jakal) P | |
Z,@,j)= : ———(2(, j) - Z(k;1)). )
’ » (k,l);}(i,j) Zwl(Z,l,J,k,l)
(k.1eD, (i)
[0050] Z , (i, J) represents a detail value, and the detail values determined for the

pixel positions of the plurality of pixels in the input image may form a detail image (also
referred to as a detail layer). The detail values may represent information about fine
details of the input image in some embodiments, and may represent information about
noise of the input image in other embodirﬁénts.

[0051] The gradient vector of the pixel Z(i, j) is defined as

VZ G, )=2G+L,)-2G))VZ,G,)=20j+D)-20,))

wherein VZ (i, j) represents a horizontal gradient vector component along a horizontal
axis x of the input image, and VZ,(i, j) represents a vertical gra‘dient vector component

along a vertical axis y of the inptit image. The gradient vectors of a plurality of pixels in
the input image Z forms a gradient field.

[0052] Based on the gradient field, a sum vector field is formed. For example, the
sum vector represented by G(VZ i, j,k,l)includes a horizontal component and a vertical

component in accordance with the following equations:

13
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i-1
Y VZ(q.)); ifi>k

q=k
: k-1
G (VZ,i,j,k,)=3->VZ (q,)); ifi<k

q=i

0; ifi=k

( j-1 ‘

DVZ,(kq); ifj>1
g=l

. RS o

G,(VZ,i,jk,)=3-D VZ, (k,q); if j<I
q=j

0; if j=1

[0053] It can be verified that

Z@G,))-Z(k,) = Y G,(VZ,i, j,k,D).

ge{x.v}

[0054] In other words, Z , (i, j) can also be computed as

Ao w,(VZ,i, j,k,I) ..
Z,G,))= 2 — G, (VZ,i,j,k,0), 3)
I kDeQ, (i, ) ZWZ(VZ,Z,_],k,l) qE{Zx;y} !

(k,NeQ, (.j)

wherein  w,(VZ,i,j,k,l) may be the product of cxp(_ﬂ":_(l_—_j)_z_) and
e

5

( 2.G,(VZ,i, j,k, D)’
exp(— getx.v} , )
O-I'

[0055] The bilateral filter in accordahce with equation (3) above is in the gradient
domain. This bilateral filter is applied to a vector field of the input image wherein an

exemplary vector field is the gradient field VZ of the input image. In other embodiments,

‘14
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other types of vectér ﬁeld may be used .in thé bilateral filter, as will be described in
various embodiments below.

[00‘56]. Defining a vector field ¥, also referred to as a modified vector field, a bilateral
filter applied to the vector field may be carried out in accordance with the following

equation:

> s s w. (V,i,j,k,l) ‘ PR
V,(i,))= . — G,(V,i, j,k,1), 4)
4 (k,/)g(i,j) sz(V,l,J,k,l) qe{.zr,y) ! : )

(k). (1))

wherein I7d (i, j) represents the detail value determined at the pixel position (i, j). The

weightage w,(V,i, j,k,l) may include a first weighting factor exp(_w) and a

5

( X6, Wi, j, kD)) _
exp(— L) X In an example, w,(V,i, j,k,l) is the
0_2 - .

r

second weighting factor

product of the first weighting factor and the second weighting factor.

10057) Each modified vector V(i, N=W.G10,V,3G))) of the vector field may
include a horizontal vectpr component V (i, j) along the horizontal axis of the input
image and a vertical vector component V| (7, j) along the vertical axis of the input image.

‘The modified vectors of the plurality of pixels of the input image form the modified
vector field V.
[0058] The vector field ¥ may be determined based on the input image according to

different methods in different applications of the bilateral filter.
[06059] In an embodiment according to equation (4), the detail value Vd (i, j) for the
pixel position (i, j) is determined based on  modified vectors at the plurality of

neighboring pixei positions, the first weighting factor and the second weighting factor.

15
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iohti (k=i +(-j) i i
The first weighting factor exp(————<—~> "7/ ymay be determined based on the distance
. v P o |

s .

between the pixel position' (#, j) and each of the neighboring pixel positions (k,/). The

( )G ¥, ),k D)
exp( qgfy; ’ , may be determined based on the
UZ

r

second weighting factor

modified vectors 7 at the neighboring pixel positions.

[0060] Accordingly,

(il
dVa. ) ifi>k

Tl |
Gx(V:h]:k’l):ﬁ—ZVA(q,]), ifi<k .
. por

0; ifi=k

N

[ s
DV, (k) ifj>1
=/

/-1
G,(V.i,j. kD =4->V,(k,q); if j<I
q=J

0; if j=1

[0061] In accordance with the above equations, a sum vector value

ZGq (V,i, j,k,I) for each neighboring pixel position (k,[) relative to the pixel position

gel{x.y}

(i, j)1s determined for each neighboring pixel position (k,/), by summing the vertical
vector components of a set of vertical pixel positions and the horizontal vector
components of a set of horizontal pixel positions. In an embodiment, the set of vertical
pixel positions includes pixel positions between the neighboring pixel position and an

intermediate pixel position having the same horizontal position as the neighboring pixel

16



WO 2013/109192 PCT/SG2013/000025

position and having the same vertical position as the pixel position. In an embodiment,
the set éf horizontal pixel positions includes pixel positions between the intermediate '
pixel position and the pixel position.

[0062]  According to an embodiment of equation (4), the detail value for the pixel

position (7, j) is determined to be a weighted average of the sum vector values

ZGq(V,i, J,k,0) for the plurality of neighboring pixel positions (k,/) within the

g{x,p} :

predetermined neighboring block of the pixel position (i, j) using the first weighting

( X.G,(V.i, 4,k 1))?

w2 N2
factor exp(_(i"_’)_*Z(_l_'_J_)_) and the second weighting factor exp(— 252 y- Inan
o 2

s r

( 2.6, .1, kD)

exp(— 1 ~ yis determined based on

r

embodiment, the second weighting factor

the sum. vector values Z G, (V, i, j,k,I) for the neighboring pixel positions.

geix.v}

[0063] In agcordance with the equation (4), a bilateral filter in gradient domain is
provided. The input to the bilateral filter is the vector field, wherein the vector field may
be various typés of vector fields depending on different scenario in which the bilateral
filter is to be applied. The vector field may be generated in different manner for different
applications, and some examples of the vector field will be described below. The output
of the bilateral filter of equation (4) is an image having fine details, also referred to as a
>detail image or a detail layer. Whereas' for the bilateral filter of equation (1), its input is
an input image to be filtered and its output is a reconstructed image formed by
homogeneous regions with sharp edges.

[0064] In the following, a perceptual bilateral filter will be described.

17
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[0065] According to another erﬁbodiment,. the bilateral filter in gradient domain used
for detennining the detail value may be further enhanced by taking a feature of human
visual system (HVS) into consideration. It is observed that the HVS is more sensitive to
fine details in less complex regions, i.e. smoother regions. Based on this observation, a
percv-‘eptual weight (Whicﬁ may alsp be referred to as a perceptual factor) may be

introduced to the bilateral filter of equation (4) such that w,(V,i, j,k,I) is the product of

"the first weighting factor exp(“(k _")Zf(l ‘f)z) and the second weighting factor

5

2
w, (i,j)( ZGq(V,i,j,k,l)]
qe{x.y)
exp(- g )

r

[0066]  In this embodiment, the second weighting factor further includes a péfceptual
factor w, (i, j) of the pixel positién (i, /) for which the detail value is to be determined.
The perceptual factor w,(i,j) may be determined based on a varance of the
predeterminéd neighboring block of each pixel stitioh.

[0067] In an embodiment, the variance of the predetermined neighboring block of a
pixel position may be determined to be the maximum variance of the predetermined
neighboring block of the same pixel position among a plurality of input images, wherein
the plurality of input images are captured with different exposure time. For example, the
plurality of input images may be a sequence of LDR images.

[0068] Taking a set of N differently exposed input images Zm(ISnisN) as an
example to illustrate the determination of the perceptual factor w, (i, j), the value of
w, (i, j)is computed using all luma components Y, (i, /)(1 < m < N) of the input images.

Due to different exposures, a well exposed pixel in one input image could be under/over-

18
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exposed in another input image. Let aﬁm, ,(i,J) represent the variance of a neighboring
block of the pixel position (7, j) with the radius as p . The value of p is selected as 4, in
an example. It is understood that the value of oﬁm_ (i, j)is different for different input

images indexed by m. It is noted that‘ there may be overlapping among neighboring
blocks. The objective is to prevent possible blocking artifacts from appearing in a
resulted image.

[0069] Gradient magnitude becomes larger when a pixel gets bettef exposed, and

decreases as the pixel becomes under/over-exposed. Therefore, the largest value of

oﬁm‘ (i, /) along all m’s is' chosen to represent the overall local variance of pixel (i, j).

The value of w, (i, /) is then determined according to the following equation

1 M, M, zlnla)]s,{a}% ,p(l.,j)}"‘l"cl
S 7’“ s (5)
MM, 5 2maxios , (Pa)f+e, |

w, (i, /) =

where the value of ¢, may be selected as 0.03*256*256 in an example. M) and M,

represent the width »and the height of the input image, respectively.

{0070} According to the abov¢ embodiment, the perceptual factor w, (i, j) of the pixel

position (i, j)ymay be determined based on a respeétive ratio between the variance of vthe ‘
pfedetermined neighboring biock of the pixel position (i, ) and the respective variance of

thve predetermined neighboring block of the pixel positions (p,q) of the plurality of

pixels.
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[0071] Ilustratively, define ar'z—% representing a local content adaptive
w, (i, J
g

2
we (i, j)( > G, V.1, )k, 1)]

indicator, the second weighting factor exp(- gcty) 5 ) can be
O-r
) 2
[ > G, j,k,l)]
represented as gyp M y- When the pixel (i, j) is in a complex region,

(O_rv)Z
the value of w, (i, j) is large and the value of the local content adaptive factor o, is

~small. When the pixel (i, /) is in a flat area, the value of w, (3, /) is small and the value

of the local content adaptive factor o, ' is large. Accordingly, sharp edges are excluded
and fine details are preserved better in the detail image using the second weighting factor
o [ > G, (V. i,

N2
j,k,l)J
exp(—9=Y) . ) in equation (4). Halo artifacts could also be avoided from
(o,

appearing in the final image.

[0072) With the introduction of the perceptual factor wy (i, /) into the second

weighting factor, a perceptually weighted bilateral filter in gradient domain is achieved in
accordance with equation (4). It is Ashown that the perceptually weighted bilateral filter
can be adopted to improve visual qﬁality of final images. |

[0073] In the following, a trilateral filter will be described.

[0074] According to ‘a further embodiment, the method may further include
determining, for each pixel position, a second vector based on a weighted average of the

modified vectors at the plurality of neighboring pixel positioris within the predetermined
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neighboring block of the pixel position. The second vectors at the plurality of pixel

positions of the plurality of pixels may form a second vector field.
[0075]  Based on the modified vector field V(i, ) =(¥,(i )., (i, )) described in
various embodiments above, a second vector field U(i, ) is defined in accordance with |

the following equation:

. w,(V,i, j,k,1) '
UG, j)= 2 ——V(k,]), (6)
’ (k,l)g;(i,j) ZW3 V,i,j,k,0)
k,)eQ, (1))

(k=) +2(1—j)2) and

5

[0076] where wy,(V,i,j,k,l) is the product of exp(

oo W D=V @I

r

[0077] In an embodiment, the second vector U(i, j) for each pixel position (7, j) may
be determined based on at least one of the distance between the pixel position and the
respective  neighboring pixel pdsition (e.g. as in the weighting factor

(ki) +2(l —j)z)of w,(V,i, j,k,1)), and the difference of modified vectors at the pixel
o} ' -

5

exp(-
position (i,j) and the respective neighboring pixel position (k,/) within the
predetermined neighboring block- of the pixei position (i, j) (e.g. as in the weighting
factor exp(_llV(kJ);zV(w)llz) of wy(V,i, j k) ).

[0078] In an embodiment, a detail value for each pixel position may be determined

based on the modified vectors and the second vectors at the plurality of neighboring pixel

positioﬁs (k,I) within the predetermined neighboring block of the pixel position (i, j).
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[0079] For example, the detail value for each pixel position '(i, j) may be determined

in accordance with the following ‘equation:

Z W4(UaVaiaj,k>l)

k,1)eQ, G, ) > we (U, V4, j, k1)
(k,1eQ,(i,)) )

I}d(i,j)=— (D(U9V>i:jak;l)5 (7)

[0080] where w,(U,V,i, j,k,l) is the product of the  first weighting factor

e);p(— (k

w2 w2 2 .o
)] +2(l = J) ), the second weighting factor exp(-q) (U’V’f’f ’k’l)) and a third

5 r

weighting factor W(U,, 1, j, k,[).

O = ZGq(Vaiajakal) _U,\(l’])(k_l)—Uy(laJ)(l —j)a

ge{x.y}

o B EWED-UG <&
0; otherwise ’

where & is a threshold.
[0081] Similar to the description above, for each pixel position, a sum vector value

ZGq ¥,i, j,k,1) is determined for each neighboring pixel position (k,/) relative to the

ge{x.y}

pixel position/ (i,j) . For each neighboring pixel position (k,/), an auxiliary value

@,V ,i, j,k,I) may be determined based on the sum vector value ZGq(V,i,j,k,l)

geix,y}
and based on the second vector U(i, j) determined for the pixel position (i, j) in the

equation of @ above.
[0082] According to an embodiment, the detail value for each pixel position is

determined based on the auxiliary values ®(U,V,i, j,k,I)at the plurality of neighboring

pixel positions within the predetermined neighboring block of the pixel position.
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[0083]  According to the embodiment of equation (7), the detail value for each pixel

position (i, /) is determined to be a weighted average of the auxiliary values
@U,V,i, j,k,I) determined for the plurality of neighboring pixel posiﬁons (k,1) within

the predefermined neighboring block of the pixel position (i, j) using the first weighting

. N2 W2 2 .
factor exp(~ (k—1) +2(l — /) ), the second weighting factor exp(_q) (U’V’f’f ’k’l)) and
. o ;

the third weighting factor WU, i, j,k,[).
[0084] According to various embodiment, the first weighting factor

(_(k—'i)z + (- j)

5

)ymay be determined based on the distance between the pixel

exp

position and each of the neighboring pixel positions. The second weighting factor

exp(- o (U, V,zz

+J ’k’l)) may be determined based on the auxiliary values for the

neighboring pixel positions. The third weighting‘ factor W(U.,1i, j,k,{) may be‘determined»
based on the second vectors at the pixel position and the neighboring pixel positions.
[0085] In an embodiment, the third we;ighting factor Y(U,1i, j,k,l) is determined
based on the difference of the second vectors at the pixel position (i, j) and the ;esf)ective
neighbon'ng pixel position (%,/) within the predetermined neighboring block of the pixel
position (i, f).
[0086] Inia.ccordance with the equation (7), a trilateral filter in gradient domain is
obtained. The input to the trilateral filter is the vector field, wherein the vector field may
be various types of vector fields depending on d.iffe_rent scenario in which the bilateral
filter is to be applied. The vector field may be generated in different manner for different
applications, and some examples of the vector field will be described below. The output
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of the bilateral filter of equation (7) is an image having fine details, also referred to as a
v detail image of a detail layer. Whereas for the bilateral filter of equation (1), its input is
an input image to be filtered and its output is a reconstructed image formed by
homogeneous regions with sharp edges.
[0087] In another embodiment, the trilateral filter may also include a perceptual
factor as described above in the second weighting factor.
[0088] The bilateral filter, the perceptual bilateral filter and the trilateral filter
described in various embodiments above may be applied to various applications, such as
exposure fusion of differently exposed LDR images, de-noising of images, detail
enhancement via multi-light images, tone mapping of high dynamic range (HDR) images,
and so on. In the following, Qarious embodiments in which the bilateral filter is applied
are described in more detail in which a respective vector field or modified vector filed is
determined accbrding to. the respective appiication. It is understood that ‘the perceptual
bilateral filter and the trilateral filter may be applied in a similar way in other
embodiments. In accordance with various embodiments of the bilateral filter, a modified
. vector field is determined according to various embodiments.
[0089]  In the following, exposure fusion of differently exposed images wili be
described.
[0090] The objective of exposure fusion is to generate a single intermediate image
which is more detailed and natural. To prevent seams in the merged image, exposure
fusion algorithms usually inélude smoothing effect of the Laplacian pyramid, which may
cause fine details to be lost or blurred in the output images. For this reason, exposure

fusion may not preserve local detail as good as the HDR imaging.
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[0091] The method according to various embodiment can preserve local detail, aﬁd
can be applied to extract fine details from a plurality of input images 'simultaneousiy.
[0092] According to one embodiment, the modified vector for each pixel position
may be deténnined by modifying gfadient vectors of a plurality of pixels at the same
pixel position of a plurality of input imagés. The plurality of input images may be
captured‘ with different exposure time; e.g. an image sequence of differently exposed
LDR images.

[0093] Let the plurality of input images be denoted as Z, (1<m < N), and Juminance
value or intensity value of pixels be denoted as Y, (i, /)(1<m < N). Normally, the

gradient of a pixel With the largest abéolute value along differént exposures corresponds.
to the most desirable detail at the pixel position of the pixel. However, there is a high
likelihood that the maximum gradient is noisy, especially in dark regions of an HDR
scene. Accél‘ding to an embodiment, the modified vector field ¥ may be determined
using a weighted average of gradient vectors over all exposures. |

[0094] In accordance with an embodiment, the modified vector
v, ) =.q, sV, (0, j)) for each pixel position (i, j) may be determined to be a
weighted average of the gradient vectors of the plurality of pixels at the same pixel
position (i, j) of the plurality of input images.

[0095] Define the gra&ient vector(VY, (i, /), VY, (i, ) at the pixel position (i, j) of
the input image Z, as

[0096] . VYm,x (l! .]) : Kn (l + 13 .]) - Kn (l’ ])’Vxnv (l’ .}) = Kn (l’ J + 1) - Xn (l’ ])
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[0097] In another embodiment, the modified vector field V (i, /) =V, (6, NV, 3G, 1)
may be determined based on a weighted average of the gradient vectors of the plurality of
pixels at the same pixel position (7, j)of the plurality of input images in log domain in

accordance with the following equation:

N
Z W:n,q (i’ j)VIOg(),m,q (i’ j))
v, G, j) =22

m - g =X, Y. (8)
2 Wog ()

m=1

wherein the weighting factors of the gradient vectors are determined in accordance with

the following equation

W, (i, j) = wi(¥, G, Nw (T, G+ 1, )T,
W, (b J) = wy (T, (4, D)ws (X, 6, j + DT,

9)
where Y, is the mean value of ¥, (i, ). ¥ is a constant, and its value is selected as 2 in
one example. In an example, the values of o, and o, may be chosen as 2 and 1.25,
respectively.
[0098] In an embodiment, the weighting factor W, (i, /) may be determined based
on the intensity values of the pixels at the current pixel position (i, j) and intensity values

of a neighboring pixel of the current pixel position along at least one of a horizontal (e.g.

the neighboring pixel at(i +1, /) ) and a vertical axis (e.g. the neighboring pixel at(i, j +1))

of the respective input image.
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1

[0099] In a further embodiment, the weighting factor W, (i, /) may be determined

based on at least one of the deviation of the intensity values (e.g. luminance values) of the

plurality of pixels and the neighboring pixels from a predetermi'ned intensity/luminance
value, and a mean intensity/luminance value ¥, of the respectivé input image. The
predetermined intensity/luminance value may be a middle value of the
intensity/luminance value range of the input images.

[00100] In an embodiment, the weighting function w,(z) is defined as

. ) z+1;  if z<£127
w(z) = .
5 256 —z; otherwise

[00101] The weighting function w,(z) may represent th¢ deviation of the intensity .
value z (e..g. luminance value) from a predetermined intensity/luminance value 127. In
this exemplary embodiment wherein the intensity/luminance value range of input images -
is [0, 255], and the predetermined intensity/luminance value may Be determined to be the
middle value 127.

[60102] In another embodiment wherein the intensity/luminance value of the inpﬁt
‘image is in a range of [0, 65535], the predetermined intensity/lﬁminance value may be
determined to be 32767. In other embodiments wherein the input image is a 32-bit or 64
bit image, the predetermined intensity/luminance value may be determined to be the
middle value of the intensity/luminance range acéordingly. The weighting function

~ w,(2z) may be implemented using other forms of functions in other embodiments.
[00103]  The function of W, (i, ) and W, (i,;)in accordance with equation (9) are

used to reduce possible noise from the modified vector field.
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[00104] By applying the modified field determined in equation (8) to the equation (4)
or _(7), fine details, i.e. detail value for each pixcl position, can be simultaneously

extracted from the input images Z, (1<m < N) using the bilateral filter or trilateral filter
described in various embodiments above, thereby obtaining a detail image/layer ¥, for
the input images Z, (1<m < N).

_[00105] In an embodiment, an intermediate image may be determined by exposure

fusion of the input images Z_(1 < m < N). The extracted details, i1.e. the detail image/layer
V, may be added (e.g. through a multiplication) to the intermediate image that is fused to
generate the final image. The detail image/layer ¥, is used to enhance the intermediate

image determined using exposure fusion schemes. During the enhancement of the

intermediate image, the detail image/layer ¥, may be determined according to various

embodiments above, ér may be determined using other existing methods.

[00106] Fig. 2 shows a flowchart 200 illustrating a method of enhancing an
intermediate image according to an embodiment.

[00107]) At 202, an intermediate image may be determined from a plurality of input
images. The plurality of input images may be differently exposed.

[00108] - At 204, a detail image may be determined based on the plurality of input
images. The detail image may be determined in accordance with the embodiments above,
or may be determined using other existing methods.

[00109] At 206, the intermediate image 1s enhanced based on the detail image.

[00110] In accordance with the method of various embodiments, the desired fine

details of all input iinages can be extracted simultaneously, i.e., by using the bilateral
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.ﬁltér” once, compared to the existing methoﬂ Wherein each input image need to be
decomposed by uéing the existing bilateral filter. When the number of input images is
large, the bilateral filter of various embodiments can be applied to reduce the
computational cost on the extractioﬁ of fine details from the input images. Moreover, the
exi)osure fusion scheme according to the embodiment extracts fine details from all input
images and then adds them to the intermediate imag'e. As such, fine details are well
preserved in the final image.

[00111] In the following, detail enhancement via multi-light images will be described.
[00112]  According to another embodiment, the modified vector for each pixel position
may be determined by modifying gradient vectors of a plurality of pixels at the same
pixel position of a plurality of input images, Wﬁerein the plurality of input images are
captured under different lighting‘ conditions, also referred to as multi-light images.
[00113] Multi-light images that capture the same scene under different lighting
positions can collectively provide a much more detailed description of the scene than a
single image. The information lost in one image can be complemented by the information
from other images. This feature of multi-light images can be applied to enhance the shape
and surface detaﬂs of a scene. The bilateral filter, perceptual bilateral ﬁ.lter and trilateral
filter in various embodiments above may be adopted to extract fine details from multi-
light images simultaneously.-

[00114]  Let input images be denoted as Z, 1<m< N) and the luminance/intensity
- components of the pixel at (i, j) be denoted as Y, (i, /)1 < m < N). As the contents of an

image are usually indicated by the intensity variation, the maximal gradient at each

location around the input images may be used for the construction of vector field.
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However, shading information from different imageg could also be included in the vector
field, as a shadow often has large intensity variations at its boundary. As a result; shadow
regions will cause artifacts in the final image. To remove the intensity variation caused
by shadow edges from the vector field, a shadow detecﬁon approach can be adopted to
divide an image into shadow and non-shadow areas; the ‘gradients near shadow edges are
not included in the vector field. However, it can be complex to detect shadows for each
input image.

[00115] A simple method according to an embodiment is adopted to determine the

modified vector field ¥ (i, /). The value of the horizontal vector component V.(@i,j)is

determined according to

g.(m™ 2, )i, ) VY, G )D>3IVY . G )]
g.(m™ (i, )i, ), otherwise ’

K@ﬂ={ (10)

[00116] The value of the vertical vector component 7, (i, ;) is determined according to

(amn

y Vs

v i) g, (" (i, )k ) VY, ()31, ()]
’ gv(m )

](i, ]): i: ])’ OtherWiSC

wherein m?' (i, j) and m?%(i, j) (q=x,y) denote the indices of two input images with the
largest gradient and the second largest gradient at position (i,j) along direction x and vy,

respectively. The functions g.(k,i,j) and g (k,i, j)are defined as

gx(m,i,j) = WG(Ym (la.]))w6 (Ym (z+1,]))VYm(z,]),

. . . . (12)
g, (m,i, j) = we (¥, (0, N, (1, (5, j+ DIVY,, (0, )),

[00117] In an embodiment, the weighting function w,(z) is determined as
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z/30; if z<30

wy(z) =4(255-2)/30;  ifz>225 . | (13)
1 if 2252z >30 |

[00118] In determining the modified vector for a pixel position according to the above
: embodimenté, the largest gradient vector and the second largest gradient .vector among
gradient vectors of the plurality of pixels at the same pixel position of the plurality of
input images arev determined. The modified vector for this pixel position may be
determined based ‘on ‘one of the largest gradient vector and the second largest gradient
vector, dependent on the difference between the largest gradient vector and the second
largest gradient vector. For exémple, as shown in equations (10) and (11) above, if the
difference between the largest gradient vector and the second largest gradient vector is
_too high, the modified vector is determined baéed on the second largest gradient vector.
~ Otherwise, the modified vector is determined based on the largest gradient vector.
[00119] In accordance with an embodiment, determining the modified vector based on
one of the largest gradient vector and the second largest gradient vector fnay further
include weighing one of the largest gradient vector and the second largest gradient vector,
wherein the weighting is based-on the intensity/luminance value of the pixel at the pixel
position and the intensity/luminance value of a neighboring pixel of the pixel position
~along at least one of a horizontal and a vertical axis of the input image having one of the |
largest gradient vector and the second largest gradient vector (e.g. as shown in equation
(12)).
[00120] In an embodiment, the weighting is further based on the deviation of the
intensity values of the pixel at the pixel position and the neighboring pixel from a

predetermined intensity value range (e.g. as shown in equation (13)). The predetermined
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 intensity value range may be a range in the middle of the intensity value range of the
‘ input image. For example, in the embodiment of equation (13), the predetermined

intensity value range is selected as (30, 225]. The weighting function w,(z) may be

implemented using other forms of functions in other embodiments.
[00121] The modified vector field determined according to equations (10) and (11)
" may be applied to the bilateral filter of equaﬁon (4) or trilateral filter of equation (7). In

an exafnple, the values of », o, and o, may be chosen as 2, 4, and 0.5, respectively.

[00122] The method of various embodiments may be used for details enhaﬁcement of
multi-light images. In the conventional scheme, the base layer is calculat.ed as a Weighfed
sum of the input images. Even though useré can control the strength and location of
shadows through adjusting the weight factors of input images, the shadows of the final
images are a littlé messy. Compared with the conventional scheme, the method of various
embodiments. can provide natural shading information in the ﬁnal output images. In
addition, when there are multiple input images, the bilateral filter of various embodiments
can be used to reduce the time on extraction of fine details.

[00123] In the following, de-noising of differently exposed images will be described.
[00124] The bilateral filter and trilateral filter of various embodiments above may be
used fqr de-nosing of differently exposed LDR images. Thé filter of variéus
embodiments can be applied to remove noise from selected areas of an image.

[00125] | A set of differehtly exposed LDR imageé are usually taken from an HDR
scene and they are used to synthesize an image with desired details. To capture an HDR
scene under low lighting condition, cameras are usually set to high ISO (International

Organization for Standardization) settings so as to reduce motion blur of the differently
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exposed LDR images. However, high ISO setting causes noise on LDR images and this
eventually degrades the quality of the final HDR image.

[00126] A weighted frame averaging method has been used to reduce noise from
differently exposed LDR images. Conventional methods are based on an observation that
an image with a longer exposure time, i.e., a brighter image, normally includes less noise.
All LDR images are firstly arranged according to their exposure times. Since the
knowledge of exposures might not be available in some applications, the average
intensity values of an image are used ‘in the scheme. Each LDR image is corrected using
several su;:cessive LDR images with longer exposures in the same sequence. Instead of
mapping all LDR images to the HDR doxhain, all LDR images with‘longer exposures are
first calibrated according to the image to be de-noised by using the IMFs (Intrinsic Mode
Functions). All mapped LDR images and the image to be de-noised are then averaged
with a predefined weighting function to generate the corrected LDR image. With the
observation that LDR images with longer eprsures include. less noisé, the weighting
function is designed such that higher weights are given to pixels captured with longer
exposure times.

[00127] The noise in the LDR image with a shorter exposure can thus be reduced and
the noise in the corresponding areas of synthesized image is also effectively removed.
Conventional methods can be applied to reduce noise from images with smaller exposure
times well. Howev>er, the conventional methods may not be able to remove noise from

the brightest image which could also include noise, especially in dark areas.
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| [00128] The bilateral filter and trilateral filter of various embodiments may be applied
to remove noise only from dark areas of the brightesf image, according to an

embodiment.

[00129] In an embodiment, the modified vector field 17'(1', j) may be determined as

VoG, ) =wy (Z, (i +1, )y (2,5, NV Z, (0, )

. . . . (14)
V(. ))=w, (2,0, j+D)w; (2,6 V2, G ).

[00130] According to this embodiment, the modified vector V(i) for e‘ach pixel
position (i, j) may be determined by modifying a gradient vector of a pixel at the same
| pixel position (i, j) of a selected image Z,, wherein the selected image Z, is an image
having the largest exposure time selected fromva plurality of input images captured with
different exposure time. The selected image may be the brightest image in the plurality of
inbut images.

[00131] In an embodiment, the weighting function w,(z) may be determined as

1
M) = (= 128)78) \ ()

[00132] In accordance with the embodiment of equation (14), the modified vector
v, ) fc;r each pixel position may be determined‘to be a Weighted gradient vector of the
pixel at the same pixel position (i, j) of the selected image Z,, wherein the weighting is
based on the ihtensity value of the pixel at the pixel position (i, ;) of the selected image

and the intensity value of a neighboring pixel of the pixel position along at least one of a

horizontal (e.g. the neighboring pixel at(i +1, j)) and a vertical (e.g. the neighboring pixel

at (i, j +1)) axis of the selected image.
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[00133] In an embodiment, the weighting may be monotonically decreasing with the
intensity value of the pixel at the pixel position of the selected image and the intensity
value of a neighboring pixel of the pixel position along at least one of a horizontal and a

vertical axis of the selected image. For example, the weighting function w,(z) is a
monotonically decreasing function. The weighting function w,(z) may be implemented

using other forms of functions in other embodiments.

[00134] By applying the modified ﬂ/ector field of equation (14) to the bilateral filter of
equation (4), the noise is extracted from the vector field V(i, /). In an example, the
values of r, o, and o, are chosen as 2, 4, and 26, respectively.

[00135] . In existing de-noising scheme based on the conventional bilateral filter, the

entire image is de-noised, i.e., the value of w,(z) is always 1. In contrast, the method of

the embodiment can be used to remove noise from dark areas of the input image, e.g. the
brightest LDR image from a set of differently exposed LDR images, and at the same time
keep sharpness in bright regions of the input image.

- [00136] Fig. 3 shows a block diagram of a device 300 for processing an input image
according to various embodiments.

[00137]  The device 300 is provided for processing an input image having a plurality of
pixels, wherein each pixel has a pixel position.

[00138] The device 300 may include a vector determiner 302 configured to detemine,
for each pixel position, a vector based on the input image.

[00139] The device 300 may further include a detail value determiner 304 configured

to determine, for each pixel position, a detail value for the pixel position based on the
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determined vectors at a plurality of neighboring pixel positions within a predetermined
neighboring block of the pixel position.

[00140] The device 300 may be configured to process the input image according to
various embodiments of the method as described above.

[00141]  The method and device of various embodiments above can be used té extract
fine details from a vector field. The various embodiments are based on' the following two
observations: 1) the details of an image are usually captured by its luminance variations;
and 2) it is easy to generate the gradient field of its luminance, but more complex to
calculate an image for a given vector field via solving the Possion Equation. From the
various embodiments applied for fusion and de-noising of differently exposed LDR
images as well as detail enhancement via fnulti—light images above, it is shown from
these applications that 1) it is easier fo use the filters of various embodiments to extract
the desired fine details from a set of images; and 2) it is more flexible to use the filters of
various embodiments to remove noise from an image in the sense that the filters of
vartous embodiments can be used to reduce noise from selected areas of an image.
[00142] While the invention has been particularly shown and described with reference
to specific embodiments, it should be understood by those skilled in the éﬂ 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 and all changes which come within the meaning

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

36



WO 2013/109192 PCT/SG2013/000025

Claims

What is claimed is:

1. A method for processing an input _imége comprising a plurality of pixels, each
pixel having a pixel position, the method comprising:
for each pixel position, determining é vector based on the input image; and
for each pixel position, determining a detail value for the pixel position based on
the determined vectors at a plurality of neighboring pixel positions within a

predetermined neighboring block of the pixel position.

2. ‘The method of claim 1, wherein determining the vector for each pixel position
comprises:
| determining a gradient vector for a pixel at the pixgl position of the inpdt image
based on intensity values of the input image; and
modifying the gradient vectorvof the pixel at the pixel position to determine the

vector for the pixel position.

3. The method of claim 1 or 2, further comprising:
determining the detail value for the pixel position based on the vectors at the
plurality of neighboring pixel positions, a first weighting factor and a second

weighting factor,
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wherein the first weighting factor is determined based on the distance between the
pixel position and each of the neighboring pixel positions, and the second
weighting factor is determined based on the vectors at the neighboring pixel

positions.

4. The method of claim 3,

wherein each vector comprises a horizontal vector component along a horizontal

axis of the input image and a vertical vector component along a vertical axis of

the input image; and

wherein determining the detail value for each pixel position further comprises::
for each neighboring pixel position, determiningka sum vector value for
each neighboring pixel position relative to the pixel position by summing
the vertical veéto.r components of a set of vertical pixel positions and tﬁe
horizontal vector components of a set of horizontal pixel positions,
wherein the set of vertical pixel positions comprises pixel positions
between the neighboring pixel position and an intermediate pixel positioh
having the same horizontal position as the neighboring pixel position and
having the same ~ve:r’tical position as the pixel position, and the set of
horizontal pixel positions comprises pixel positions between the

intermediate pixel position and the pixel position.

5. The method of claim 4, wherein determining the detail value for each pixel

position further compriseé:
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determining the detail value for the pixel position to Be a weighted average of the
sum vector values for the plurality of neighboring pixel positions within the
predetermined neighboring block of the pixel position using the first weighting
factor and the second weighting factor,

wherein the second wéighting factor is determined based on the sum vector values

for the neighboring pixel positions.

6. The method of any one of claims 3 to 5, wherein the second weighting factor
further comprises a perceptual factor of the pixel position for which the detail
value is determined, the perceptual factor being determined based on a variance of

the predetermined neighboring block of each pixel position.

7. The method of claim 6, wherein the variance of the predetermined neighboring
block of a pixel position is determined to be the maximum variance of the
predetermined neighboring block of fhe same pixel position among a plurality of
input images, the plurality of input images being captured with different exposure

time.

8. The method of claim 6 or 7, wherein the perceptual factor of the pixél position,
for which the detail value is determined, is determined based on a respective ratio
between the variance of the predetermined neighboring block of the pixel position
and the respective variance of the predetermined neighboring block of the pixel

positions of the plurality of pixels.
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10.

11.

The method of any one of claims 1 to 8, further comprising:

for each pixel position, determining a second vector based on a weighted average

of the determined vectors at the plurality of neighboring pixel positions within the
predetermined neighboring block of the pixel position; and

for each pixel position, determining a detail value for the pixel position based on
the determined vectors and the determined seéond vectors at the plurality of
neighboring pixel positions within the predetermined neighboring block of the

pixel position.

The method of claim 9, wherein
for each pixel position, the second vector is determined based on at least one of
the following:
the distance between the pixel position and the respective neighboring
pixel position, and
the difference of the determined vectors at the pixel position and the

respective neighboring pixel position.

The method of claim 9 or 10,

wherein each of the determined véctor comprises a horizontal vector component
along a horizontal axis of the input image and a vertical vector component along a
vertical axis of the input image; and

wherein determining the detail value for each pixel position further comprises:
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12.

‘for each neighboring pixel position, determining a sum vector value for

each neighboring pixel position relative to the pixel position by summing

the vertical vector components of a set of vertical pixel positions and the

horizontal vector components of a set of horizontal pixel positioné,
wherein the set of vertical pixel pésitions comprises pixel positions
between the neighboring pixel position and an intermediate pixel
position having the same horizontal position as the neighboring
pixel position and having the same vertical position as the pixel
position, and the set of horizontal pixel positions comprises pixel
positions between the intermediate pixel position and the pixel
position;

for each neighboring pixel position, determining an auxiliary value based

on the sum vector value for the neighboring pixel relative to thevpixel

position, and the second vector for the pixel position; and

determining the detail value for the pixel position based on the auxiliary

values at the plurality of neighboring pixel positions within the

predetermined neighboring block of the pixel position.

The method of claim 11, wherein determining the detail value for each pixel
position further comprises:
determining the detail value for the pixel position to be a weighted average of the

auxiliary values determined for the plurality of neighboring pixel positions within
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13.

14.
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the predetermined neighboring block of the pixel position using a first weighting
factor, a second weighting factor and a third weighting factor,

wherein the first weighting factor is determined based on the distahce between
the pixel position and each of the neighboring bixel positions, the second
weighting factor is determined based on the auxiliary values for the neighboring
pixel positions, and the third weighting factor is determined based on the second

vectors at the pixel pbosition and the neighboring pixel positions.

The method of any one of claims 1 to 12, further comprising:
outputting a detail image comprising the detail values determined for the pixel

positions of the plurality of pixels.

A device. for processing an input image comprising a plurality of pixels, each
pixel having a pixel position, the device comprising:

a vector determiner configured to determine, for each pixel position, a vector
based on the input image; and

a detail value determiner configured to determine, for each pixel posi?ion, a detail
value for the pixel position based on the determined vectors at a plurality of
neighboring pixel positions within a predetermined neighboring block of the pixel

position.
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