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Abstract- This paper propose a new image enhancement &ligouising color stereopsis between red and blue
colors and also shows it's advantages over depttedang algorithm. Color stereopsis is a phenoméanahe
human visual system (HVS) in which a long wavelangtlor is perceived as being located closer thahaat
wavelength color. Although many psychophysical Esidn color stereopsis have been carried oypréstical
application is not fully investigated. First, thelationship of red and blue colors to the depthceation is
analyzed. Then, a simple but practical image erdraeat algorithm is presented based on the anakysist.
The experimental results shows the effectivenesthefalgorithm. This is a simple and efficient nuethto
enhance the perceptual quality of images that aomtepth informationHere it is demonstrated that a depth
map can be used for enhancing the visual qualignamage by manipulating the lightness of thedovand or
background of the scene.

Index Terms- Color stereopsis; depth map; human visual systevagé enhancement.

1. INTRODUCTION since depth darkening provides better separation
among objects.

This paper provide a new image enhancement

gcq?rl]5|_t|on technlgues, a depth map, oftten ca:jllet(:]aq orithm using the color stereopsis between thie re
ep '(;na?ﬁ' IS le)coméng ml(_)ret_accurae and Ry plue colors. Based on our experimental studies,
many depth map-based applications aré TecelVifly  cnaracteristics of the color stereopsis are

significant attention. To this.end, interesting gea investigated and the solution for enhancing depth
gnhancement approaches using depth maps have_b eption of an image is presented. The algorithm
introduced [1] [2] and [3]. In [1], the image is differs from the conventional method [2], [3] inath

mﬁmﬁaltlz sigghr;nented 'Qto hthree I?yers,h flouow'n%anual depth map segmentation is not required and a
whic € lghtness and chroma of each layer aRﬁeight map used for intensity modification is

adjusted based on experimental studies on CO'EBtained by using the input color image and its

stereopsis_. Color stereopsis is a phenqmenon in t 8rresponding depth map. Especially, weight values
humaln wﬁual syst(;em_ (HVS). 'r(‘j Wh'gh. a Ilongare first computed in the edge regions of depth map
V\fave enr?t ' e.gr.] rec, 1s Ipercehlve a?)l €ing Ocat%%d then the computed weights are propagated using
closer than a short wavelength, e.g. blue .[4] [5]' the joint trilateral filter (JTF). The algorithm mifies

[2], the Ilghtness and chroma of an Image 1S a.det a color image in such a way that foreground objects
on the basis of selected reference artistic pajatiim can be perceived as being located closer than

particular, the adjustmen_t is performed by manuall ackground objects for the depth perception
segmenting the image into four depth layers an hhancement

refining each. layer separately. This ph(_anorr)enqn S" This paper is organized as follows. In Sett?
usgally explained by a color-based opt!cal |Iluss|onSteps of algorithm is explained. A new image
W.h'Ch results from the_ fact that_colored I|ghtsragt enhancement algorithm is presented in Section 8. Th
differently and thus stimulate disparate pointdia effectiveness of the algorithm is evaluated in Bect

eye. A reversal phenomenon (a short wavelength P and finally, conclude this paper in Section 5.
perceived as being located closer than a long '

wavelength) is also observed when the background
lightness becomes close to white. The psychophysica STEPSOF ALGORITHM
reasoning for the reversal phenomenon can be found
in literature [5] [6].

Although the previous studies have slightl

Due to the progress of stereo matchingdeqth

In the image enhancement algorithm depth ma
information, red and blue color information is used

different assumptions and consequences [4] [6] aﬁcfe .human stereopsis pheno_menon is the background
of this algorithm. Since color image enhancemest ha

[10], it is consistently found that the color stgusis . )
especially occurs between the red and blue colors. been thorc_>ugh|y _stud|ed n last decades, a new
[3], it is demonstrated that a depth map can bel us pproach is Teq“”ed. to bring about technolc_)glcal
for’ enhancing the visual quality of an image b rgakt_hrough n c_olor image enhancemé’r‘lte_ main
manipulating the lightness of the foreground Oijectwe of this image enha_ncement algprlthm Is to
background of the scene. Especially, darkening tHacrease the depth perception of the image. _The
background region, called depth darkeninga gor!thm IS compared with t_he depth darkening
effectively enhances {he depth perception of argéma algorithm [3], which also exploits the depth map to
enhance the image. In the depth darkening algorithm

better object separation is achieved by darkenirg t
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background regions. However, since the c
information is not used and the foreground regisne
left unchanged, the image enhancemeipability is
restricted. But thalgorithm can effectively adjust tl
intensity of the foreground and background regioh
the image because in this algorithnlor information
is used.

For increasing the clarity of the image it
necessary to use image enhancement process. Ti
of the image enhancement to improve the
interpretability or perception of information in &mges
for human viewers, or to providebetter' input for
other automated image processing techniques.
enhancing the image different image enhancel
algorithms are available. The clarity of the imag:
depends on the different factors. The depth of
image is one of the factor on whiclarity of the
image is depend. Depth of the image cont
information relating to the distance of the surfaoé
the scene objects from a view point. By increasime
depth perception of the image we can ider
differences between foreground and tground
things. In this algorithm depth map information
color image is used along with the color blue aewi
color information. Depth map is an image t
contains the information relating to the distantéhe
surfaces of scene objects from a viewnt. It is a
gray scale image that describes the distance o
objects in the image.

2.1. Sobel Edge Detection

The Sobel operator is usecimage processing,
particularly within edge  detectiol algorithms.
Technically, it is a discretélifferentiatior operator,
computing an approximation of 1gradient of the
image intensity function. At each point in the img
the result of the Sobel operator is either
corresponding gradient vector or the norm of
vector. The Sobel operator is based on convoluie
image with a small, separable, and integer va
filter in horizontal and vertical direction and
therefore relatively inexpensive in terms
computdions. On the other hand, the gradi
approximation that it produces is relatively crude
particular for high frequency variations in the gmea
The Kayyali operator for edge detection is ano
operator generated from Sobel oper:

The operator usetwo 3x3 kernels whic
are convolvedvith the original image to calcula
approximations of the derivativeone for horizontal
changes, and one for vertical. Since the inter
function of a digital image is only known at discr
points, derivatives of this function cannot be defl
unless we assume that there is an underl
continuous intensity function which has been sanh
at the image points. With some additio

assumptios, the derivative of the continuous inten
function can be computed as a function on
sampled intensity function, i.e. the digital imade
turns out that the derivatives at any particulamp
are functions of the intensity values at virtuadli
image points. However, approximations of th
derivative functions can be defined at lesser ayele
degrees of accuracy.

The Sobel operator represents a rather inacc
approximation of the image gradient, but is still
sufficient quality b be of practical use in mal
applications. More precisely, it uses intensityues
only in a 3x3 region around each image poin
approximate the corresponding image gradient, &
uses only integer values for the coefficients wt
weight the imagenitensities to produce the gradi
approximation. As a consequence of its definitite,
Sobel operator can be implemented by simple m
in both hardware and software: only eight im
points around a point are needed to compute
corresponding resuland only integer arithmetic
needed to compute the gradient vector approximi
In general, an algorithm of edge detection finds
sharp intensity variation of an image and in thag/wt
obtains the edges of the objects contained or
image. Thee are various methods to detect the e«
which use descrete gradients, laplacians, etc.
most common methods used in the detection of €
are Roberts, Sobel, Preview, Laplacian, Canny,
Their operators are masks of 3x3 windows (
windows in the Roberts algorithm) which ai
convolved with the incoming image to assign €
pixel a value of 0 or 255. To obtain better resalish
method applies between two and four masks to
edges in the image. This tutorial explains
implementation of one fothe most commonly use
methods for edge detection called Sobel ¢
detection algorithm. This algorithm uses 4 oper
(also called masks or kernels) of 3x3 windows wt
measure the intensity variation of the image w
they are convolved with it in directions: horizontal,
vertical, right diagonal and left diagonal. Now
describe the Sobel Edge Detection algorit
Consider an input image of size M x N as shon
below fig. 1. :-

A(1,1) |A(1,2) |A(1,3) A(1,n)
A2,1) |A22,2) |A22,3)
A(3,1) |A(3.,2) |AB,3)
A(m,1) A(m,n)

Fig. 1 Arrangement of pixels for amage.

Since the masks are of dimension 3x3, i
necessary to select a 3x3 window of the imag
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T 211 110 1 Tablel.Codes for Edge Directior
g=[0]0]0 v= 210 ]2
1 A Alo0l 1 DIRECTION CODE
Positive Horizontal 000
01112 - -
DL= [T o | 1 DR= ? ; 2 Negative Horizontal 001
2,110 01-1]=2 Positive Vertical 010
Fig.2. Sobel edge detection masks in four direc Negative Vertical 011
convolve it with each mask. To explain this proc | Positive Right Diagonal 100
we select the first 3x3 window of tlimage as shown Negative Riaht Di | 101
in the shadowed part of the previous figure. 1 egative Rig lagona
algorlthm uses four_masks as _shown below, we [Mpositive Left Diagonal 110
observe in the equations how this masks are apfdi
the original image. _ _ Negative Left Diagonal 111
To convolve the image with these masks,

have to solvesome equations, which are describe:
the following paragraphs. Note that these equal
are implemented in the package of image proce:
as functions which are specified for each eque

Edr = (A(1,2) + 2A(1,1) + A(2,1)) (A(2,3) +

2A(R) +A(3,2)) (L

Eh = (A(1,1) + 2A(1,2) + A(1,3)) €A(3,3) + 2A (3,2)

+AGBL)Y) (z
Ev = (A(1,3) + 2A(2,3) + A(3,3)) €A(1,1) + 2A (2,1)
+AG@LY)Y) K
Edr = (A(1,2) + 2A(1,3) + A(2,3) (A(2,1) +
2A3,1)+A(B2)) 4

After finding the values in each direction w
eaxh function, the gradient magnitude and
direction of the intensity variation must be conguls
The formula that is used for this purpose is
following :-

Mag = max [ Eh|,|Ev|,|EdI|,|Edr|] + 1/8
[E]]

In this equation, it can observed that we hav
find the maximum value of intensity variation ardt
the value of E/8, where E is the intensity variatio
in the direction that is perpendicular to the dii@t
of the maximum intensity variation. To find t
maximum value of intensity variation, the functi
comparemust be used. This function receives
values of the intensityariation of each direction th
were computed in the previous part and returns
maximum absolute value, the absolute value .
and a binary code indicating the direction of thge
of the figure. The codes for each edge directian
shown in table 1 :-

Finally, to decide which pixel is part of :
edge or which is not, the magnitude value has t
compared with a signal of the edge detector «
called thresholdThis comparison is made in the et
detector code. If the magnitude greater than the
threshold, the wvalue 255 is assigned to
correspondent pixel establishing that it is an e
Otherwise it is assigned a 0. This process is tpesl
for all the pixels of the image. After applying abgl
edge detection method we ghe edge map of an
image as shown fig. 3:-

(a) (b)
Fig. 3.(a) Original Coloimage.(b) Edge Map Using
Sobel Edge Detectic

2.2. Morphological Dilation Operation

Morphological operations are affecting the fol
structure or shape of an object. Applied on bir
images (black & white image— images with only 2
colors: blackand whitd. They are used in pre or pt
processing (filtering, thinning, and pruning) orr
getting a representation or description of the shai]
objects/regions (boundaries, skeletons convex):

The two principal morphological operations
dilation and erosion Dilation allows objects t
expand, thus potentially filling in snl holes and
connecting disjoint objects. Erosion shrinks olgdy
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hite (255 3. ALGORITHM
white
(239) Let | denote the image consisting of R,G,B

channels in the RGB color space, and H,S,I channels
in the HSI color space, respectively, while D be th
black (0) — 1= (X X depth map corresponding to I. D(x,y) represents the
horizontal disparity value at the (x,y) positiomda
thus closer objects have higher depth values. Since

4 neighbors 8 neighbors our image enhancement attempts to improve the depth
structuring structuring perception of the image, we first detect the binary
element element edge map of D by using the Sobel edge detector.

Fig.4. Typical Shapes of the Structuring Elements (8)! NN, the morphological dilation operation is agpli
to the edge map by using a 5 x 5 square-shaped

structural element. Letgedenote the dilated edge map
of D. The weight Wx,y used for modifying the
intensity component at (x,y) is obtained i E,y) =

1. The computed weights are then propagated to the
region of B (x,y) = 0 by using the JTF [8]. From
here, let (x,y) satisfy E£(x,y) = 1, Nx,y and be the
spatial neighborhood of the size;Hx Wy:. Nx,y is
divided into the foreground and background regions
by using the binary block truncation coding method
[8] as follows :-

(,)) € Fx,y if D (i,j)> Dmean (Nx,y) ,
Bx,y if D (i,j) < Dmean (N®, ..... (1)

(a) (b)

where (i, j)e Nx,y, Dmean (Nx,y) is the average depth
value in Nx)y, Fx,y and Bx,y and are the set of
foreground and background pixels in  Nx,y,
Thes spectively. The average red values for the
oreground and the backgroundand ¢ , are defined

Fig.5.(a) Original Image. (dmage After Applying
Morphological Dilation.

etching away (eroding) their boundaries.
operations can be customized for an applicatiothby
proper selection of the structuring element, whiclS -
determines exactly how the objects will be dilated 1
eroded. re = Trea] Yiperey? (L)),
The dilationprocess is performed by laying the
structuring element B on the imageahd sliding it
across the image in a manner similar to convolution
(will be presented in a next laboratory). The )
difference is in the operation performed. It is tbesvhere | X | denotes the number of elements in the set
described in a sequence of steps :- X. The average blue values for the foreground aed t
1. If the origin of the structuring element coiresd Packground, b and Iy , are defined in a similar
with a 'white' pixel in the image, there is no cpan Manner.
move to the next pixel. Let d, d», and @ represent the difference values
2. If the origin of the structuring element coiresd between the center position and the neighboringlpix
with a 'black’ in the image, make black all pixetem in Nx,y for r, b and D, respectively, which are giv

1 PR
FmZ(i,j) eBxyT ((77) (2

the image covered by the structuring element. as -
Notation: A® B d = d( XY, Iv J) =r (X,y) =r (I!])r -(3)
d=d(xy:i,j)=bxy)-b(), .4
The structuring element can have any shgpe. d=h(X,y;i,j)=DXY)=D@j). ... (5)

gray scale image is as shown below in fig.5.(apAft

applying Morphological Dilation operation we geeth Then, let Nx,y denote the set of pixels ( i, NXx,y
image shown in fig.5.(b). When we apply sobel edggatisfying ¢d, < 0. Note that the pixels in can
detection method we do not get continuous edges. F@ntribute to the color stereopsis between theareti

get continuous edges we app'y morpho'ogica@lue CO!OI‘S. Based .On our pll’eViOUS empil‘ica|
dilation. observation, we consider four different cases for

computing W, which is obtained as :-
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Wij=a.db+1,0)ENy . (6)

Thus, the deviation of WWfrom 1 linearly increases fai
with the Depth ¢ difference.

If dr > 0 and db < 0, the weighing facteiis obtained
as :-

= by if(xy)EFy (i) €Byy,
' if (vaﬁ Bx,y ) (|,J) [S FX,y,

1
0, otherwise
....... @)

255
Where B, = B,y N Nyy , Fy = Fy N Ny @NA0axiS ‘\
defined by :-

1 1
- i(x,y) ) E
In other words, if the center position (x,y) belertg
the foreground and its color is reddish compared t_
the background pixel (i,j), increases asibcreases. ] o ]
Hereamay, is simply used for preventing the saturationFig-6. Artimage . (a) Original color image. (b) Depth
of the intensity value. On the other hand, if (x,y) Map. (c) Dilated edge map of (b). (d) Weight map
belongs to the background and its color is reddish scaled by 128.
compared to (i,j), W is set to be independent to the ) ) _ )
foreground blue value and<OW;; < 1. where N, is the spatial neighborhood of the sizg,H

If db > 0 and dr < 0, the weighing facteiis obtained * Wz and C is a normalization factofe®, Go; , and
as :- Goy are the zero-mean Gaussian kernels with the

standard deviations ef, o; andoy , respectively.
amax : ] The weight propagation is performed until
. (255 - f eF €EB . i . . .
255 - ( B) 1T (%) € By, (i) € By, the weight is assigned to every pixel. Fig.3.2d).1(
shows an example of the weight map in which the

Omax

amax

a=N\"—.(c-1), if(xY)EB (i) EFy. weights are scaled by 128 for visualization. The
resultant per-pixel weight map is multiplied to the
0, otherwise ...(9) intensity channeli, and the enhanced image is

obtained by transforming the color space back & th
where g is the red value in which the reversalRGB space. The fig.6.(a) — 6.(d) shows an original
‘phenomenon of the color stereopsis occurs, which iimage, depth map of an original image, edge map of
empirically determined by 128. Here, if (x,y) besn an original image after applying sobel edge detecti
to the foreground and its color is bluish compa@d and morphological dilation operation and weight map
(i,j), o decreases as, lincreases. However, \Vis of an original image respectively.
always greater than 1 to increase the foreground Note that the algorithm is strongly depemdm
intensity value. If (x,y) belongs to the backgrowardl the results of our empirical study. In addition|yotie
its color is bluish compared to (i,j), decreases as r intensity component of the image is considered and
increases. Note that \\> 1 if r; > r., otherwise W, <  the saturation and hue components remain ignored.
1. Finally, W, is obtained by combining the weightsThus, a more improved solution can be devised from

in Ny as follows :- better understanding of the color stereopsis. It is
emphasized that the goal of this work is to devaop
W = L) eNxy W L] (10) automatic image enhancement algorithm based on the
’ [Neyl 7 color stereopsis using the color image and its

) _ corresponding depth map.
Until now, we have computed,yfor the region of

Ep (X,y) = 1. For the region of
Ep (m,n) = 0 , the computed weights are propagated
using the JTF [3] as follows :- 4. EXPERIMENTAL RESULT

Gos(x-m,y-n
( y ) In order to evaluate the performance of the

Wm,n:%Z(x,y)eNm,n, Goi (i(x,y)- i (m, n)) Wy algorithm, the color images and their corresponding
ED (xy)=1 _ ground-truth depth maps available in the Middlebury

God (D (xy) = D (m,n)) database are used [2]. The hole region in the gFoun

truth depth map is filled by [3]. The algorithm is
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compared with the depth darkening algorithm [9]algorithm can effectively adjust the intensity bt
which also exploits the depth map to enhance the  foreground and background regions of the image. It
should be noted that we assume that an accurate dep
map is available before applying the algorithm.
Therefore, if the quality of the depth map is not
accurate enough, a preprocessing step for depth map
enhancement is required.

5. CONCLUSION

In this paper we studied the Sobel edgedtien
method for edge detection. The Sobel edge detector
uses a pair of 3X3 convolution masks, one estirgatin
gradient in thex direction and the other estimating
gradient iny—direction. It is easy to implement than
the other operators. Transferring2aD pixel array
into statistically uncorrelated data set enhantes t
removal of redundant data, as a result, reduction o
the amount of data required to represent a digital
image. Considering data communication especially
] . ) the internet, massive data transfer causes serious

(a) Art (463 x 370). (b) Books (463 x 370) (C)  detection helps in optimizing network bandwidth and

Laundry(447 x 370). (d) Reindeer (447 x 370) it s needed to keep track of data flowing in and af

the network. It helps to extract useful features fo

image.The standard deviations are chosen accordipgttern recognition. Although the Sobel operator is
to [8]. The parameters related to the size of ffatial slower to compute, it's larger convolution kernel
neighbourhood are determined by;H Hy, = Wyi = smoothes the input image to a greater extent and so
Why,. We found that the performance of the algorithnmakes the operator less sensitive to noise. Thyedar
is not strongly dependent on the size of the sbatithe width of the mask, the lower its sensitivity to
neighborhood. noise and the operator also produces considerably
higher output values for similar edges. Sobel apera
effectively highlights noise found in real world
pictures as edges though, the detected edges beuld
thick. The Canny edge detector and similar algorith
solved these problems by first blurring the image
slightly then applying an algorithm that effectiyel
thins the edges to one-pixel. This may constitute a
much slower process, hence, Sobel operator isyhighl
recommended in massive data communication found
in image data transfer.The Sobel operator is baged
convolving the image with a small, separable, and
integer valued filter in horizontal and vertical
direction and is therefore relatively inexpensive i
terms of computations. On the other hand, the
gradient approximation which it produces is relelyv
crude, in particular for high frequency variatioims
the image.

This paper provide study of a new image
ngnhancement algorithm using the color stereopsis

: . : between the red and blue colors. For this algorithm
For the sake of visual quality comparison, the klac . .
boxed regions in Fig.7.(a)-8.(d) are magnified irEhe relationship of the red and blue colors todbpth

Fig.8. As can be seen in Fig.8.(b), better Obje&erception was analyzed and the enhancement

separation is achieved by darkening the backgrour"f'('jgorithm was designed to produce the image tallore

regions. However, since the color information ig not© the analysis result. The enhanced image was

used and the foreground regions are left unchange%bta.lin?d.by Weightiggtrt]he int_enhstity componenttcﬁz‘jt?)
the image enhancement capability is restricted. Thoéﬁg'nab Itr;\]at%e’ ar|1 he weig dsﬂ?redcog:pu € Thy
experimental results in Fig.8.(c) show that thé'sihg 0o € color Image an € depthmap. The

C]
Fig.8.(a) Original image, (b) Resultant image aixdi
by depth darkening algorithm.(c) Resultant Image
obtained by the algorithm.

Fig.8. shows the results obtained by the algorith
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experimental results demonstrated the effectiveagss
the algorithm.
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