TAP CHi PHAT TRIEN KH&CN, TAP 19, SO K2- 2016

Constructing texture maps using enhanced

Beltrami method

e Thai Van Nguyen
e Tuan Do-Hong
e Dung Trung Vo

Ho Chi Minh city University of Technology, VNU-HCM
(Manuscript Received on June 16", 2015, Manuscript Revised January 15", 2016)

ABSTRACT

Image quality enhancement is a crucial
requirement in many applications of digital
image and video processing. Removing artifacts
which are suffered from image compression will
lose simultaneously image texture components.
This paper combines Beltrami method and the

window derivative to construct the texture map in
an attempt to preserve image details during
filtering artifacts. Texture map enhancement is
also proposed. Simulation results show that the
texture map is robust to noise and matches to real
texture components of image.
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1. INTRODUCTION

Image compression is an inevitable
requirement to reduce storage space of mobile
devices and channel bandwidth. But compression
also reduces quality of the original images.
Removing artifacts and still preserving image
texture is thus very important. The texture map
plays an essential role in order to control the
filter’s strength. The edge map guided post filters
are proposed to enhance image quality in [3], [4],
[6], [7]. In these methods, the variance and
standard deviation operators are used to construct
the edge map [10], [11], [12]. But these operators
are sensitive to noise. The authors in [5] use the
Sobel operator to classify edge pixels and non—
edge pixels. Filtering the artifacts using this
classification may blur the image due to leak of
texture information. Obviously, constructing the
texture map is a challenging problem since it is
very difficult to define texture in mathematical
terms. In [1], [2], texture feature based on the

Beltrami method is used to locate texture in
image segmentation.

This paper constructs an enhanced texture
map based on the Beltrami method. The texture
feature in pixel by pixel accuracy is sensitive to
noise. To be more robust and less sensitive to
noise, the patch idea is introduced in [2], [8], [9].
However, the texture map using the patch texture
feature isn’t smooth. The concept of the window
derivative is thus introduced in this paper to
overcome this issue. The texture feature based on
the window derivative produces the texture map
with higher accuracy and higher robustness to
noise. In this map, there are still many isolated
pixels. In order to increase accuracy of the texture
map, this paper proposes a novel method to
further enhance the texture map quality by
removing isolated pixels.
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The paper is organized as follows. Section 2
presents the texture map construction methods
based on operators. Section 3 proposes the novel
method to construct the texture map based on
Beltrami method and another method to further
enhance the texture map. Simulation results are
presented in Section 4. Final, Section 5 gives the
conclusions.

2. TEXTURE MAP BASED ON
OPERATORS

Texture map is constructed by classifying
pixels. Normally, the map quality depends on the
classification feature. The pixels in the texture
map are generally classified as strong edges,
weak edges, strong texture, weak texture and flat
areas. Usually, the texture map is estimated based
on operators such as standard deviation and edge
detector. The threshold wvalues for pixel
classification are selected experimentally.
Besides, the texture map quality assessment
bases on subjective observation. Furthermore, the
texture map is used to remove artifacts in
compressed images. So, accuracy of the texture
map influences image enhancement, which are
shown quality metrics such as PSNR, SSIM and
visual quality.

2.1 Texure Map Based on Standard Deviation

In every pixel I(x,y), the standard

deviation (STD) at this pixel is calculated with a
3x3 window as follows.

STD(x, y)=\/%( le le[l (x+m,y+n)- Imean]z}

m=-1n=-1

Imeanzéi lel(x+m,y+n) (2

The classification is based on the value of
STD(x, ), as shown in (3).

Strong edge, if STD(X, y) >35
Weak edge, if

30<STD(x,y)<35
Strong texture, if

Pixel type = 10 < STD(x,y)<30

)
Weak texture, if
5<STD(x,y)<10

Flat ,if STD(x,y)<5
2.2 Texture Map Based on the Sobel
Operator

The Sobel operator in [10], [11], [12]
consists a pair of 3x3 convolution kernels. The
kernels along x and y directions are defined in (4)
and (5), respectively:

1] 0|1
G,=| 2 | o | 2 (4)
1] 0|1
1| 2 |1
(5)
Gy=| 0 | 0|0
4| 2|

The gradient magnitude at each pixel is
calculated by:

G| =/G? +G? (6)

The classification is based on the value of
6|, as show in (7).
Strong edge, if IG|>0.17
Weak edge, if 0.95<|G|<0.17

Pixel type = Strong texture, if 0.35 < G| <0.95

Weak texture, if 0.15 < IG|<0.35

Flat, if |6]<0.15
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3. PROPOSED TEXTURE MAP
ESTIMATION METHOD

3.1 Texture Feature in Beltrami Method

The authors in [1] represent two-
dimentional gray level image to three -
dimentional Cartesian space, as show in (8).

X:00y)> (X =xX5 =y, X5 =1(xy)) (g

The texture feature is defined in [2] as
follows:

F(xy)= exr{— MJ )

o
where o2 >0 isascaling parameter and g,

is defined as in (10).
(ax jz (axj(ax}
1+ = 2=
oX ox )\ oy
Oy = 2
(10) (a_XJ(a_XJ 1(6_XJ
ox )\ oy oy

Pixel classificaton based on F (x, y)is then
used to construct a texture map as in (11).

Strong edge, if F(x,y)<107°

Weak edge, if 195 < F(x, y)< 103
Strong texture, if

-3
Pixel type = 107° <F(x,y)<0.35

Weak texture, if
0.35<F(x,y)<0.75

(11)

Flat, if F(x,y)>0.75

F (x, y) based on pixel by pixel is sensitive

to noise, so the texture map cannot obtain high
accuracy. To be more robust, the authors in [2],
[8], [9] propose estimating F(x,y) based on

patches. A P(x,y) square patch of size
(r +1)x(z +1)around pixel (x,y) is defined as

in (12).
P(x,y)={l(x+t, ) 1y +t,)} (12)
" E{_%ﬂ b e{_%ﬂ (13)

The value ofg, from [2] is derived as in

(14).

=( 1+(0,P(x, y))? axP(x,y)ayP(x,y)J
W a,P(x,y)a,P(x,y) 1+(ayP(x,y))2
(14)

Pixels are then classified as in (15).
However, texture map based on patch is not
highly accurate since the error of classification is
large.

Strong edge, if F(x, y)< 510718

Weak edge, if
510 <F(x,y)<2107®

. Strong texture, if
Pixel type =4 2.10% < F(x,y)< 0.12
Weak texture, if

0.12 < F(x,y)<0.75

Flat, if F(x y)>0.75 (23

3.2 Texture Map Estimation Based on New
Feature

In this paper, F(x,y) based on window

derivative is introduced to obtain the texture map
with higher accuracy. Let W (x,y) window be

the size of (2R +1)x (2R +1) pixels. The value
of g, is defined

as in (16 where the window derivatives are
defined in (17 ) and (19.
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. { 1+ (0,W(x, y))?
Yolow(xywixy) 1+ (6 yW (x, y))2

(16)

a,W (x, y)a,W(x, y)}

w<x,y>=J§”§M<m+1, ) wimnF

m=1 n=1 (17)

2r+12r+1

a,W(x, y)=JZZM(m, n+1)-W(m,n)f (18)

m=1 n=1

Texture map based on window derivative is
estimated as in (19).

Strong edge,  if }
rong ecd F(x,y)<5.10™

Weak edge, if

510 <F(x,y)<210°®
Strong texture, if

Pixel type =1 2.107° < F(x,y)< 0.12
Weak texture, if
(29) 0.12<F(x,y)<0.6 (19)

Flat ,if F(x,y)>0.6

Slide a 3x3 window
on the texture map

Input [y

Compare the center
pixel to its neighbours

A A

The center pixel
is majority in
the window?

3.3 Texture Map Enhancement

Removing isolated pixels in the texture map
is essential. Since textures are geometric
structures and noise is not, this paper proposes
the method to enhance the texture map quality as
shown in Figure 1 by removing isolated noisy
texture pixels.

In Figure 1, the input is the texture map with
many isolated pixels. A 3x3 window is slided on
the texture map. In each window, the algorithm
compares the center pixel to its neighbours. If the
pixel type of the center pixel is not the majority
type of all pixels in the window then the center
pixel is replaced by its majority neighbour pixel.
If the isolated pixels are all removed the process
is finished otherwise it is repeated.

Replace the center
pixel by its majority
neighbour pixel

Move to next pixel

Move to the first pixel

Isolated pixels
are all removed?

Output

Figure 1. Flow chart of the texture map enhancement.
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4. SIMULATION RESULTS

Many methods on the texture map
construction are simulated on a large image data
set. Howerver due to space limitation, the only
simulation results on the Lena image and the
Brick—house image are shown in this paper. The
Lena image has a few textures but with various
areas. The Brick-house image contains mostly
textures with various texture types. The
simulation parameters are as follows:

Size of a sliding window: 3x3 pixels
The scaling parameter in (9): o =15
Iteration number: 10

Computer configuration for simulation is as
follows:

CPU: Intel(R) Core(TM) i5 2.4GHz
RAM: 4GB

Operating system: Window 7
Simulation software: Matlab 7.10.0
(R2010a)

Simulation results of texture map are shown
in Figure 2 to Figure 6. In these figures, the left
images are the results for Lena image and the
right images are results for Brick—house image.

Colors of the texture map are defined as
follows:

Red: strong edge
Green: weak edge
Blue: strong texture
Yellow: weak texture
Others: flat

(a) Lena original image

(b) Brick-house original image

(d) Texture map of Figure 2(b)

Figure 2. Texture map based on STD: (a) and (b) original image, (c) and (d) texture map.
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(© )

Figure 3. Texture map based on Sobel operator (a and b), and on pixel by pixel Beltrami method (c and d).

@a) (b)

Figure 4. Texture map based on patch Beltrami method.
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(©

(d)

Figure 5. (a) and (b) texture maps based on the window derivative Beltrami method, (c) and (d) texture maps with
further enhancement.

Figure 2 and Figure 3 show the texture maps
based on STD, Sobel and Beltrami, respectively.
These maps detects texture areas of the images.
However, there are many isolated pixels in the
texture map. The texture map is thus not smooth
and is sensitive to noise.

Figure 4 shows the texture maps based on
patch. These maps are less sensitive to noise but
there are many raw edges because classification
error is large. Figure 5 is results of the proposed
method. The texture map is more robust and
smooth in Figure 6(a) and Figure 6(b). But there
are still many isolated pixes in these maps. The
further enhanced maps are shown Figure 6(c) and
Figure 6(d). The results validate the efficiency of

the proposed algorithm. The texture map is
smoother and more correspoding to texture areas.

5. CONCLUSIONS

This paper has reviewed the methods of
constructing texture maps such as STD method,
Sobel operator method and Beltrami method.
These methods are sensitive to noise and the
texture classification is not highly accurate. The
patch Beltrami method produces the texture maps
with higher robustness to noise but they are not
smooth. This paper proposes a novel texture map
estimation based on the window derivative
Beltrami method. The texture map constructed by
this feature is more accurate than the other
methods. However, these maps still have many
isolated pixels. Another step is proposed to
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further enhance the texture maps. Simulation
results on a large image set show that the
proposed method introduces the smoother and
highly accurate texture maps.
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Thiét 1ap ban do texture dung phuong phap

Beltrami nang cao

e Nguyén Viin Thai

e PJ Hong Tuin

e V0 Trung Diing

Truong Dai Hoc Bach Khoa, PHQG-HCM

TOM TAT

Nang cao chdt lirong anh nén 1a yéu cau
khéng thé thiéu trong cac #ng dung vé xiz Iy anh
va video sé. Viéc loc bé cac thanh phan suy giam
chdt lwong danh nén dong thoi sé lam mat di thanh
phan texture cua dnh. Trong bai bdo nay, phwong
phép Beltrami két hop viéc tinh dao ham cira s6
duoc sir dung dé thiét |dp ban do texture véi muc

dich diéu khién b loc nham han ché danh huéng
dén thanh phan chi tiét cua anh. Mot phuwong
phap nang cao chdt hrong ban do texture ciing
g dé nghj. Cac két qua md phong cho thay ban
do texture bén viing véi nhiéu, phil hep véi céc
thanh phan texture thyec té cia anh.

Tir khoa: B léch chudn, Sobel, Beltrami, ban do texture, dao ham cua so.
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