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Ab.\-rmd—%s research work proposes a novel method to
improve quality of animal leather images using digital image
processing approach. In this work, piecewise linear contrast
stretch based on unsharp masking algorithm is employved for
image enhancement. The proposed method minimizes contrast
problem. Experiments had been done on four categories of
animal leather images namely crocodile leather, monitor lizard
leather, cow leather and goat leather. The proposed method was
then compared with other piecewise Iiné’ transforms based
image enhancement techniques including intensity level slicing,
bit plane slicing and contrast stretching methods. PSNR, MSE
and SSIM values were obtained by using our proposed method
and our proposed method produced better result. The values of
PSNR when using piecewise linear contrast stretch unsharp
masking (PLCSUS) respectively for crocodile leather, monitor
lizard leather, cow leather and goat leather are 30.06 dB, 18.97
dB, 20.66 dB and 14.73 dB. This value is higher when compared
to using other methods on the same image. Experiments show
that our proposed method is better compared to conventional
methods with respect to special characteristics of animal leather
to be used as raw materials of artworks.
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L. INTRODUCTION

Small and medium enterprises in Indonesia experiences
significant growth recently. One of them is leather craft
industry. A leather craft industry has spread in many places in
Indonesia, for example Sidoarjo, Cibaduyut, Yogyakarta,
Magetan and other places outside Java Island. Bantul (a district
in Yogyakarta Province) had a center of leather craft industry
namely Manding leather craft zone. Leather craft in Manding
produces various leather craft products such as gloves, belt,
sandals, shoes, bags and other leather goods. Most of those
products manufactured from cow leather, buffalo leather, goat
leather, sheep leather and stingray skin, which are processed in
home industry. Development of variations of types and designs
of leather artworks in Manding is not balanced with the
knowledge of their industry players. Leather industry
practitioners in that area do not have knowledge about the
standards of feasibility and scientific classification of processed
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leather. Knowledge of types and quality of leather to be used as
leather craft raw materials is gained traditionally from
generation to generation. The understanding of leather quality
and authenticity and certain skin damage to craft products is
very minimal. One common problem in craft production
caused by this lack of knowledge is a certain craft product may
be made of inappropriate raw materials. When such problem
occurs, leather craft industry players incur loss because of
unsound leather craft product produced.

There are many criteria to consider when selecting leather
raw materials to create a certain leather craft. Therefore,
determining appropriate raw materials for a certain leather craft
requires sound knowledge on the materials. Initial step on this
subject is to perform image enhancement on digital animal
leather Ehages prior to pattern recognition process on animal
leather images. This is based on the fact that at the time of
shooting animal leather images, the images cannot be used
directly but they must go through image processing (image
enhancement) first because the image obtained may have low
contrast, too dark or too bright.

Image enhancement is one of the classic problems in image
processing and pattern recognition. Image enhancement is
widely used for image processing and is used as a pre-
processing step in pattern recognition, classification, texture
synthesis and many other image processing applications [1-3].
Several image contrast enhancement algorithms are proposed
in previous studies including gray level manipulation, filtering,
histogram  equalization [EHE) and piccewise lincar
transformation, including: intensity level slicing, bit plane
slicing, contrast stretching. Contrast is one of the important
qualities in evaluating quality of images in subjective manner.
Contrast is obtained from the difference in illumination
reflected by two adjacent surfaces. In other words, contrast is a
visual characteristic difference so [t objects can be
distinguished from their backgrounds. In visual perception, a
contrast is determined through the difference in color and
brightness of the object with other objects. Several algorithms
for contrast ahancement have been developed and
implemented in image processing problems. The main purpose
of the image enhancement is to display the hidden detail in the
image or to increase the contrast of a low contrast image [4].
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The purpose of this study was to evaluate different image
enhancement methods, especially piecewise linear transform
methods, and compare them with our proposed method. Our
proposed method is image enhancement method based on
unsharp masking algorithms to be applied in leather image
processing. The reason for using unsharp masking algorithms
in this study is because unsharp masking algorithm [5] which is
a halo effect analysis [6], and rescaling process requirements.

Moreover, the organization of this paper is as follows. In
part I, the background of this study is presented. In part 1T it
explains the image enhancement method which includes spatial
domain and frequency domain along with image enhancement
methods which are included. Part I1I is specifically explained
about piecewise linear transforms methods that include
intensity level slicing, bit plane slicing and contrast stretching
methods. In section IV, it is explained about the unsharp
masking algorithm framework and the proposed framework
which includes the use of adaptive contrast stretching on
contrast enhancement, low pass filter is replaced by bilateral
filtering, and the use of adaptive gain control. In part V is
explained about the use of Image Quality Measurement (IQM)
which includes the subjective measurement and objective
measurement. In  Section VI presented the results of
experiments conducted, comparing the results of image
enhancement methods used in this study. Section VII presents
conclusions and suggestions that can be done for further
research.

1L

Image enhancement is a process to get an image becomes
easier to be interpreted by human visually. Image enhancement
can also be said to be afffocess for obtaining a better image for
a particular application than the original image. The methods of
image repair can be categorized into two parts, namely:
methods that work on spatial domains and methods that work
on the frequency domain.

IMAGE ENHANCEMENTMETHODS

In spatial domain - image enhancement method, the
transformation is directly applied to the pixels. This method
works on the wholeaixel and can be written in (1).

glx,y) =T[fx y)] (1)

where f (x, y) is the treated image, g (x, y) is the processed
image and T is the operator acting on f. Spatial methods may
also work on sub-images defined in a particular neighborhood
area. In its implementation, is a window or mask is often used.
The notion of a mask is a two-dimensional array with an
element value selected according to the feature to be detected
on an image. Some of the methods included in the spatial
domain are: Gray Level Transformation [7], Image negative
[8], Log transformation [9], Piecewise linear transformation
including contrast stretching [ 10], intensity level slice [11], bit
plane slice [12], Histogram Processing [13], Adaptive Power
Transformation[14].

In frequency domain image enhancement method, the
transformation is computed and then the enhancement method
is applied. This method is based on convolution theory.
EBppose g (x, p) is the image obtained from the convolution
image f (x, y) with the position-invariant operator h (x, y) i.e. g
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(x, ¥) = h (x, ¥) *f (x, p) then from the theory of convolution
obtained (2).

1

g(u, v) =H(u,v) *F(u,v) (2)

Where G, H, F is the Fourier transform of g, &, f. The

function H (u, v) is Uftcacfcn’cd to as a transfer function. The
purpose of this process is to select H (u, v) so that the desired
image, g (x, 3) = FENH (u, v) F (u, v)], shows the feature f (x,
¥). Example: Edge in f(x, y) can be clarified by selecting the
function H (i, v) which accentuates the high frequency
component at f(x, y).

1.

In piecewise linear transform every pixel of the image will
be manipulated. This transformation technique aims to improve
quality of the image by changing the range of pixels intensity
values in the original image. A common advantage of this
technique is that changing complex functions can be solved
using the piecewise linear method. There are three types of
transformation: contrast stretching method, intensity level
slicing method, bit plane slicing method [4].

A. @11‘1‘051‘ Stretching Method

Contrast stretching is applied to the image to stretch the
Estogram to fill the full dynamic range of the image [4]. Two
popular types of contrast stretching techniques are basic
stretching contrast and end-in-search. Basic stretching contrast
works well on the image where all the pixels concentrate in
one part of the histogram, for example in the middle. Besides,
contrast stretching is used to overcome deficiencies or excess
light during shooting, extending the distribution of pixel-gray
values, where images are usually grouped in: low contrast,
fine contrast or normal contrast, and high contrast. The image
with low contrast is characterized by most of its bright or
mostly dark image composition. The histogram shows some
degree of grayness in groups together. If the pixel grouping is
on the left, then the image tends to be dark and vice versa. The
image with low quality can be improved quality with contrast
stretching operation. The contrast stretching algorithm is as
fola)vs:

1. Find the lower bound of pixel grouping by scanning the
histogram of the smallest gray scale to the largest gray
scale value (0 to 255) to create the first pixel that exceeds
the predefined threshulnﬂalue.

. Find the upper border of pixel grouping by scaming the
histogram of the largest gray scale value to the smallest
value of the predefined second threshold value.

. The pixels below the first threshold value are given a value
of 0, while the pixels above the second threshold value are
255.

. The pixels between the first threshold value and the second
scaled threshold value to satisfy the complete range of gray
scale values (0 to 255) with the mathematical in (3).

PIECEWISE LINEAR TRANSFORMS METHODS

g =— r-rmax w255

Fmin~Tmax

(3
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where r is the gray scale value of the original image, s is the
new gray scale value, the lowest gray scale 7,,;,, value of the
pixel group, the highest gray scale 1;,,,, of the pixel group.

B. Intensity Level Slicing Method

Intensity level slicing method often highlights a certain
range of desired gray level imagery. The application includes
improving certain features such as water masses in satellite
imagery and flaws in X-ray imagery. There are two basic
methods for level slicing. One is to display a high value on all
gray levels there is a desired range and a low value for all other
gray levels. Another approach is based on transformation, such
as brightening the desired gray level range but still maintaining
background and gray level tonalities in image [4].

C. Bit Plane Slicing Method

The low contrast image is strengthened using the image
enhancement method. Often the image enhancement method
brightens all pixels of input image. This weakness is usually
overcome by using bit plane slicing. In bit-plane slicing,
image is divided into eight parts of binary field [4]. Bits that
are in bit plane 0 are categorized as least significant bits and
the bits in plane 7 bit are categorized as the most significant
bits. The intensity value of each pixel can be represented by an
8-bit binary vectorVi (V7, Vg, Us, Vg, V3, V2, V1, Vg ), where
i is a value of 0 to 7 and each v; can have a value of '0' or '1".
The equation of the bit plane can be written as (4).

L 1 1,

Lo (i, ) = R {E Floor [;, f(;,;)]} (4)
where 7 (i, j) is the original image, /bit (i, j) is the bit plane
information, R is remainder, Floor (i) is the round of elements
to the nearest integer less than equal to i.

IV. PROPOSED METHOD

In this research we proposed method piecewise Linear
Contrast Stretch Based on Unsharp Masking (PLCSUM)
Method for leather image enhancement. Unsharp masking
(UM) is an image manipulation technique. The unsharp
masking technique can well improve detail appearance
through small scale enhancements of edge contrast of an
image. In general, unsharp mask is used to sharpen an image
where this will help us to affirm image texture and image
details. The classical unsharp masking algorithm can be
written as (5).

z=n+y(m-—-n) (5)

Where m is the input image, » is result of the process using a
linear low-pass filter, whereas y is the gain with (y> 0) which
is real scaling factor. Signal d = m-n often amplifies (v> 1) to
increase sharpness. The signals consist of image details, noise,
over-shoot and under-shoots in an area of sharp edge caused
by smoothing edges.

When enhancement of a noise is not possible to perform,
enhancements of over-shoot and under-shoots are obtained
through a visually unpleasant halo effect. Here we need a filter
that is not sensitive to noise and not smooth sharp edge.

Previous research works had used several known filters,
including cubic filters and edge preserving filters to replace
linear low-pass filters, However, both techniques possess
some constraints. Cubic filter is not sensitive to noise, while
edge preserving filter is not smooth sharp edge. Thus in this
work, we proposed adaptive gain control. Fig. 1 shows block
diagram of the classic unsharp masking algorithm which is
used as the basis of unsharp masking algorithm proposed in
this study. This paper will introduce an unsharp masking
framework for leather image enhancement. This framework
introduces a generalization of the unsharp masking algorithm
combined with the operations of contrast stretching methods.

m ) n z
Lowpass N + nxd
filtering -

yXd
Y d=mn
] .,
g
¥
Gain

Fig.1. Block diagram of general unsharp masking algorithm.

This paper will introduce an unsharp masking framework
for leather image enhancement. This framework is based on a
generalization of the unsharp masking algorithm combined
with the operations of adaptive contrast stretching on halo
effect issues solved using an edge preserve filter. In this paper
the edge preserve filter used bilinear filtering to generate the
signal [15]. Bilinear filtering is selected due to its simplicity
when compared to the median filter [16]. In this study the
concept of enhancement and sharpening uses a different
process that is using adaptive contrast stretching algorithm
[17] and the output is called w (y). Image details are processed
using g (d) = y (d) &d, where d is an adaptive gain control and
is a function of the amplitude of the detail signal of 4. While
the final result of the algorithm is written in (6).

u=w()®[y(d)®d] (©)

Frame piecewise linear contrast stretch based framework on
unsharp masking algorithm is shown in Fig. 2.

" Piccewise
i .
Bilincar | " | Linar
Fittering Contrast
c=mAn
g i

Fig.2. Framework piecewise linear contrast stretch based on
unsharp masking algorithm.
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V. IMAGE QUALITY MEASUREMENT
There are two approaches to perform image quality
measurement, namely: objective measurement and subjective
measurement  objective  measurement and  subjective
measurement [ 18].

—
~saeviili

Mﬁmg‘gig
»aaut BHAR -

e ma IR

Image01

S

Image04

(a) (b) (c)

A. Objective Quality Measurements

Quality measures objectively use two measures: Peak
Signal-to-Noise Ratio (PSNR). PSNR is an evaluation standard
of reconstructed image quality. The small PSNR value of the
image means that the image has a low quality. PSNR is
evaluated in decibels. PSNR is defined as (7).

(zn_)z
PSNR = 10l0g, = (7

Mean Squared Error (MSE)is defined as (8).
MSE = -, B () — y(0. )2 )

where x (i, j) represents the original image (reference) and y (i,
J) represents the distorted image and i and j represents the
pixel position of the image M x N. The MSE will be zero when
x (i j) =y (i)

B. Subjective Quality Measurements

One type of subjective quality measurement is to use SSIM
(Structural Similarity Index Metric) defined as (9).

- (2x X xy+C1)(2 xoyy, +C2)
el (od+ad +C2)x((R)2+(7)2+C1) ©)

where C1 and C2 are constants,x, y, 2, cr}? and g, and

Oyyare givenas (10), (11), (12), (13), (14) respectively.

o

(d) (©)

Fig.3.Image enhancement using different methods (a). Original images, (b) contrast stretching, (c¢) intensity level slicing, (d) bit
plane slicing, (e) piecewise linear contrast stretch based on Unsharp Masking algorithm.

2 5 x (10)
7=2%k.y (11)
07 = =T (x; — %) (12)
oF = S B (i — 7)° (13)

gxyzﬁzi-l(xg_f)(yi_?) [14)

VI.  EXPERIMENT RESULT

A. Image Dataset

The image enhancement method introduced in this paper
was tested on 4 different animal skin images. The four types
of skin are crocodile skin of the body (image(1), lizard skin
(image02), cow skin (image03) and goat skin (image04).The
image used in this research is 512 x 512 pixels. The original
image is formatted RGB (*.bmp and *_jpg) and converted into
grayscale image for easy processing.
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B. Performance Comparison Image Enhancement

In this study, we compared intensity level slicing (ILS)
methods, contrast stretching (CS), bit plane slicing methods
(BPS) [4] and the proposed methods namely Piecewise Linear
Contrast Stretch Based on Unsharp Masking (PLCSUM). The
results obtained by using the four image enhancement methods
are shown in Fig. 3. While the image quality measurement
used PSNR, MSE and SSIM

In this research, image quality measurement is done
through subjective and objective measurement. Objective
evaluations used are mean squared error (MSE) and peak-
signal-to-noise, as written in (7), (8). The subjective
evaluations used are the SSIM (Structural Similarity Index
Metric) as defined in (9). Four image enhancement methods
applied to four types of animal skins are the crocodile skin of
the back (image01), lizard skin (image02), cow skin (image03)
and goat skin (image04). The application results of these
methods are shown in Table I. PLCS is piecewise linear
contrast stretching, ILSM is intensity linear slicing method,
BPSM is bit plane slicing method and PLCSUS is piecewise
linear contrast stretch unsharp masking.

TABEL L. PSNR, MSE, AND SSIM RESULTED FROM
IMPLEMENTATION OF FOUR IMAGE ENHACEMENT METHODS

Images | IndexQuality | PLCS | ILSM esm | PLCSY
imagcdl | PSNR(dB) | 4.0 910 167 30.06
MSE BT | 10470 | 273664 | 6457
SSIM 02669 | 00995 | 00214 | 09063
fmage02 | PSNR(dB) | 1180 | 367 714 13.97
NSE 33380 | 281780 | 4000833 | R30.21
SSIM 08335 | 0168 | 00004 | 06521
fmagc03 | PSNR(dB) | 112 637 793 70.66
MSE 47205 | 151217 | 1056285 | 363.09
SSIM 08510 | 01124 | 00081 | 035314
fmagedd | PSNR(dB) | 7.02 737 784 1373
MSE 10582 | 12004 | 1077828 | 220336
SSIM 07770 | 02702 | 00016 | 03668

In Table I, PNSR, MSE and SSIM values for different
leather images is calculated. From Table III, we can see that
the highest PSNR value is achieved when using the PLCSUS
method for image processing i.e. 30.06 dB for image01, 18.97
dB for image(2, 20.66 dB for image03, 14.73 dB for image(4.
From this it can be concluded that method PLCSUS is better
than the other method in leather image enhancement.

VIL

In this paper, a new technique for leather image
enhancement has been proposed. The new technique uses
piecewise linear contrast stretch based on unsharp masking
algorithm. Experiments had been done on four animal leather
images, namely crocodile leather image, lizard leather image,
cow leather image and goat leather image. The PSNR, MSE
and SSIM values obtained by using our proposed method show
the best results compared to the other three image enhancement
methods. The values of PSNR for piecewise linear contrast

CONCLUSIONS
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stretch unsharp masking respectively for crocodile leather,
monitor lizard leather, cow leather and goat leather are 30.06
dB, 18.97 dB, 20.66 dB and 14.73 dB. The higher the value of
PSNR means that the image enhancement result produces
better image quality compared to the original image. From this
it can be concluded that method PLCSUS is better than the
other method in leather image enhancement.

ACKNOWLEDGMENT

The rescarchers expressed gratitude to Institute for
Research and Development (LPP) of Universitas Ahmad
Dahlan Yogyakarta who has funded this research with Internal
competitive research (PP) Scheme as outlined in the research
contract number: PP-001 / SP3 /LPP-UAD /1V / 2017.

REFERENCES

M. Righi, M. D"Acunto, and O. Salvetti, “An Image Enhancement Tool:
Pattern Recognition Image Augmented Resolution”, Journal Pattern
Recognition and Image Analysis, Vol.26 No.3, 2016.

BKr. Singh, "Mammographic image enhancement, classification and
retrieval using color, statistical and spectral Analysis." International
Jouwrnal of Computer Applications 10(2011): 18-23.

Polesel, Andrea, G. Ramponi, and V.J. Mathews. "Image enhancement
via adaptive unsharp masking." [EEE mransactions on image processing
9.3 (2000): 505-510.

R.C. Gonzalez, R.E. Woods, “Digital Image Processing”, 2nd edition,
Prentice Hall, 2002.

G. Ramponi, “A cubic unsharp masking technique for contrast
enhancement,” Signal Process., pp. 211-222, 1998

Z. Farbman, R. Fattal, D. Lischinski, and R. Szeliski, “Edge-preserving
decompositions for multi-scale tone and detail manipulation,” ACM
Trans. Graph., vol. 27, no. 3, pp. 67:1-67:10, 2008.

A. Raji et al. "A gry-level transformation-based method for image
enhancement." Pattern Recognition Letters 19.13 (1998): 1207-1212.
Maini, Raman, and H. Aggarwal. "A comprehensive review of image
enhancement techniques." arXiv preprint arXiv:1003.4053 (2010).

5.5, Bedi and R. Khandelwal. "Various image enhancement techniques-a
critical review." International Jowrnal of Advanced Research in
Computer and Communication Engineering 2.3 (2013).

Arici, Tarik, S. Dikbas, and Y. Altunbasak. "A histogram modification
framework and its application for image contrast enhancement." [EEE
Transactions on image processing 18.9 (2009): 1921-1935.

M.M. Fraz, et al. "Anapproach to localize the retinal blood vessels using
bit planes and centerline detection." Computer methods and programs in
biomedicine 108.2 (2012): 600-616.

K. Vi and Y. Singh. "Enhancement of images using histogram
processing techniques." Int. J. Comp. Tech. Appi 2.2 (2009): 309-313.
1A Stark, "Adaptive image contrast enhancement using generalizations
of histogram equalization." IEEE Transactions on image processing 9.5
(2000): 889-896.

S. Snonivasan and N. Balram. "Adaptive contmast enhancement using
local region stretching.” Proc. of ASID. Vol. 6. 2006.

C. Tomasi and R. Manduchi, “Bilateral filtering for gray and color
images,” in Proc. [EEE ICCV, Jan. 1998, pp. 839-846.

M. Fischer, IL. Paredes, and G.R. Arce, “Weighted median image
sharpeners for the world wide web,” IEEE Trans. Image Process., vol.
11, no. 7, pp. 717727, Jul. 2002.

1. Dijk, et al. "Local adaptive contrast enhancement for color images."
Visual Information Processing. 2007,

AM. Eskiciogly and P.S. Fisher, “Image Quality Measures and Their
Performance™ IEEE Transactions on Communication, Vol 43, No. 12,
pp. 2959-2963, December 1995,

2

[3

[4]
(5]
(6]

(7

(9

(101

(1]

[12]

[13]

[14]
[15]

[16]

(17

[18]




HASIL CEK 6002388 Image Enhancement Using Piecewise
Linear Contrast Stretch Methods based on Unsharp Masking

Algori

ORIGINALI

9.

SIMILAR

thms for Leather Image Processing (1)
TY REPORT
5% 6% 9%
ITY INDEX INTERNET SOURCES  PUBLICATIONS STUDENT PAPERS

PRIMARY SOURCES

.

David D. Zhang. "Automated Biometrics",
Springer Science and Business Media LLC,
2000

Publication

1o

E2

Submitted to SASTRA University

Student Paper

1o

e

akademik.del.ac.id

Internet Source

1o

=

calhoun.nps.edu

Internet Source

1o

£l

"The Application and Development of Statistical
Technology in the New Times", Clausius
Scientific Press, Inc., 2017

Publication

1o

Submitted to University of Sheffield

Student Paper

1o

=0

Submitted to Institute of Technology, Nirma



University
Student Paper

1o

shodhganga.inflibnet.ac.in

Internet Source

1o

Submitted to VIT University

Student Paper

1o

Adhi Prahara, lwan Tri Riyadi Yanto, Tutut
Herawan. "Chapter 35 Histogram Thresholding
for Automatic Color Segmentation Based on k-

means Clustering", Springer Science and
Business Media LLC, 2017

Publication

RN
(@)

1o

Exclude quotes On Exclude matches <1%

Exclude bibliography Off



	HASIL CEK_6002388_Image Enhancement Using Piecewise Linear Contrast Stretch Methods based on Unsharp Masking Algorithms for Leather Image Processing (1)
	by Sri Winiarti 60020388

	HASIL CEK_6002388_Image Enhancement Using Piecewise Linear Contrast Stretch Methods based on Unsharp Masking Algorithms for Leather Image Processing (1)
	ORIGINALITY REPORT
	PRIMARY SOURCES


