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Abstract

In order to get clear information regarding patient it is necessary to enhance medical images like MRI, CT scan, ultrasound etc. For clin-
ical diagnosis, we have to transmit it through the communication network. During this process information must be protected from mali-
cious users. In this process these images are manipulated, so to protect these images we have to follow some security requirements. In
this paper, we are increasing the quality of the image by using enhancement with clahe technique and that enhanced image is water-
marked for security purpose by using DWT, SVD transforms with a scaling factor as uniform distribution function. The performance
evaluation parameters will give better results for medical as well as under water images. The obtained results are very helpful for integri-
ty of medical images. The technique will provide better response for medical images. This method will give good results in terms of im-
provement in output, Peak Signal to Noise Ratio (PSNR) and Mean Square Error (MSE).

Index Terms: Discrete Wavelet Transform (DWT), Singular Value Decomposition (SVD), Peak Signal to Noise Ratio (PSNR), Mean Square Error (MSE).

1. Introduction

The recent technology is rapidly increasing with computer net-
works. Generally, there is lot of importance of medical images to
store patient information in the form of MRI, CT scan etc. Medi-
cal images are used to observe tissues, body parts or organs of a
person and these are helpful for diagnosis and treatment of the
patient. Data security for storing and transmitting between differ-
ent hospitals is an important task. Now the trend is going with the
evolution of information and communication technology (ICT) in
the fields of tele medical applications. The information can be
transferred through communication network is becoming low cost
without losing their quality. These images must be protected from
malicious users [2]. Digital image watermarking is the process of
hiding the original image in to watermark image and this it will be
access by authorized persons only [3].The biomedical image can
be placed in to cover image without changing the originality of
image [4]. Like this we can embedded different types of images
like codes, text files or numbers etc [5]. The Watermarking is best
technique for security purpose [3]. The water marking methods
can be categorized in different manners like transform and spatial
domains. The spatial domain provides less complexity and good
embedding process but week in terms of robustness. The im-
portant technique is LSB [7] and local binary pattern LBP [8]. The
transform domain provides more robust images. The common
techniques are DWT [9], DFT [10], and SVD [6]. It is a factoriza-
tion of real or complex matrix. The factorization form is USV' of
real or complex value of A (mxn).The diagonal entries of ‘S’ are
known as singular values of ‘A’=USV'.

Contrast limited adaptive histogram equalization (CLAHE) has
produced good results on medical images. Adaptive Histogram
Equalization (AHE) gives the histogram of a local window at a

given pixel [14].In this technique the image is divided in to sever-
al non overlapping regions with equal sizes. In the next step the
histogram of each region is calculated. Depending on the limit
histogram is obtained, and then it is redistributed.

In this paper, we are using CLAHE technique for image enhance-
ment and DWT, SVD techniques for watermarking and uniform
distribution function as a scaling factor. In Section | contains the
introduction of Watermarking, Section Il contain the related work
of image watermarking and SVD, Section Il contain the proposed
work, Section IV contain the results and discussion, Section V
contain the conclusion of research work with future directions.

2. Proposed Work

Here the original image in enhanced by using CLAHE method.
Then we are applying one level DWT for both cover and original
image. The proposed method is combination of techniques like
DWT, and SVD. The main theme of DWT is compositing the
watermark image into four bands called LL, LH, HL, and HH. LL
sub band represent high scale low frequency coefficient set.

Original | —— 1\ LL | LH
image DWT T
HH

Fig. 1: DWT decomposition
Watermark Embedding

The steps to embed watermark are as below:
1) split the cover image into equal parts by using DWT
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dwt(c)= {LL, LH, HL, HH} ... ..occeovirerineee., 1)

2) Apply Singular Value Decomposition technique to LL sub
band of cover image

[USV]=svd(LL) .......oevevvinnnnnnn. v ()

3) Apply CLAHE technique to original image to improve the
quality of the image and treat it as watermark image.

4)  Apply DWT to watermark image.

5) Modify the Singular Values ‘S’ by embedding watermark ‘W’

8) Then inverse SVD is applied on transformed host image.
LLnew = U*S1*VT ..., e (6)

9) Modified coefficients of high frequency LL sub band are
used to apply inverse DWT results in obtaining watermarked im-
age.

wd =IDWT {LLnew, LH, HL, HH} ............ ..(D

Watermark Extraction

with a scaling factor < &
1) Apply DWT to watermarked image.
SneW = S + O!VV .............................. (3) DWt(Wd) = {LLWd, LHWd,HLWd,HHWd} ..... (8)
6) The scaling factor & is taken as uniform distribution func-  2) Apply SVD to LLwd of watermarked image.
tion
[Uwd Swd Vwd] = svd(LLwd)................. . (9)
a=f (c/a, b) — . 1 I(a,b) (C) 3) Apply Inverse SVD with singular value Swd, U1, V1
—a @) ASUL*SWA*VAT L .. (10)
7) SVD technique is applied on singular value of Snew sub  4) Extract water mark image as W= (A-S)/a ...(11)
band of the watermark image.
[UL S1 V1] =svd(SNEW) «..vvvveeeeeeeeenn... .. 5
Cover Image Watermark Image
CLAHE
DWT technique
v
v v v v
LL LH HL HH
[U S V] =SVD(LL)
Take singular values CLAHE
of LL coefficients of Technique

cover imag\e—h/

Snew=(S+a*w)

[U1l S1 V1] =svd(Snew)

LLnew=U*S1*V"

X

wd=IDWT{LLnew,LH,HL, HH}

v

Watermarked image

Fig. 2: Watermark embedding block diagram
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Apply SVD to LLwd
[Uwd Swd Vwd] =SVD (LLwd)

v

Inverse SVD , .
A=U1*Swd*Vv1T Fig. 5: Output results for img4

Watermarked Image Extracted Image

* Original Image Enhanced Original Image

IDWT
v

Extracted Watermark
Image

Cover Image

Fig. 3: Watermark extraction block diagram

3. Results and Discussion

Mainly there are two types of quality metrics used to determine
the performance of techniques those are Mean Square Error (MSE)
and the Peak Signal to Noise Ratio (PSNR). The existence of
MSE and PSNR is as follows.

Mean Square Error

m n o 2 Fig. 6: Output results for img5
> XA, D)-ya )]
MxNij=1j=1

MSE =

---------------- (12) Original Image Enhanced Original Image Cover Image

Peak Signal to Noise Ratio

PSNR(dB)=10+*log,, MSE

Original Image

Fig. 7: Output results for img6

Fig. 4: Output results for img2
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Table 1: The Image watermarking performance evaluation parameters PSNR & MSE, ME, STD,NCC

Figures Parameters PSNR (db’s) MSE ME STD NCC
Img2 Existed method 40.240 6.152 116.81 60.955 1.000
Proposed method 81.244 0.000 81.606 60.712 1.000

Img# Existed method 40.173 6.248 117.02 60.950 1.000
Proposed method 74.707 0.002 81.607 60.714 1.000

Img5 Existed method 39.754 6.880 116.90 60.849 1.000
Proposed method 77.636 0.001 81.607 60.714 1.000

Img6é Existed method 39.768 6.858 116.55 61.076 1.000
Proposed method 77.78 0.0011 81.607 60.713 1.000
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Fig. 8: Comparison between existed and proposed PSNR
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Fig. 9: Comparison between existed and proposed MSE
120
100
80
60 W EXISTED ME
40 m PROPOSED ME
20
0
FFEE

Fig. 10: Comparison between existed and proposed ME
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Fig. 11: Comparison between existed and proposed STD

4. Conclusion

In this paper we are discussing about Enhanced image watermark-
ing scheme with DWT & SVD techniques by using uniform dis-
tribution function as a scaling factor. Here the original image is
enhanced by using CLAHE method and watermarking is applied
to that enhanced image. The results will gives better response for
enhancement and as well as security purpose. This method is also
used for underwater images to observe clearly the existence of the
underwater images. Future work will focus on extending the pro-
posed algorithm using advanced transformation techniques.
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