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Abstract In some legal, medical and military applica-
tions, image authentication is a mandatory requirement
for copyright protection and security. In this paper, a
novel dual (robust and fragile) watermarking scheme
based on self-fractional Fourier functions and bivariate
empirical mode decomposition with cyclic error correct-
ing code is proposed. In this technique image is decom-
posed into M self-fractional Fourier function (SFFF)
images, The SFFF images are further decomposed into
intrinsic mode functions (IMFs) using bivariate empirical
mode decomposition (BiEMD).Watermarks are encoded
using cyclic error correction coding and embedded in the
residue signal obtained by BiEMD of SFFF images. A
procedure to generate a new type of fragile watermark
called barmark is developed. Proposed scheme has the
capability of self-authentication of the watermarked
images along with robustness and security. The proposed
decomposition technique provides flexibility in the num-
ber of watermarking bits that can be added (payload

capacity) in a given image. Use of some transform before
SFFF decomposition will provide additional degree of
freedom in security and robustness. Robustness of recov-
ery is improved by error correction coding of the water-
marks. The proposed scheme can be used for complex
images due to the use of bivariate EMD. Simulation
results under different test conditions are presented to
validate the efficacy of the proposed scheme.

Keywords Image watermarking . Empirical mode
decomposition (EMD) . Fractional Fourier transform .

Self-fractional Fourier transforms

Introduction

With rapid growth of digital multimedia and internet
technology, the issues related to the copyright violation,
illegal distribution, forged authentication have become
important. The prevention of piracy of digital multime-
dia objects has, therefore, been a major challenge [1].
Digital watermarking provides a solution to prove the
ownership of digital data and to prevent illegal duplica-
tion, interpolation and distribution of multimedia data
[1–6]. The watermarking algorithm should meet few
basic requirements like imperceptibility, robustness, se-
curity and authentication, etc., [2–4].

A digital watermark is a secret imperceptible signal
which is embedded into the original data in such a way
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that it remains present as long as the perceptible
quality of the content is at an acceptable level.
The owner of the original data proves his/her
ownership by extracting the watermark from the
watermarked content in case of multiple ownership
claims. Digital watermark can be classified as ro-
bust watermark, fragile watermark and semi-fragile
watermark [4]. The robust watermark survives
when the watermarked image is attacked and thus
it is used for copyright protection. The fragile

watermark changes slightly due to changes done
in the watermarked image content. Because of this
property, fragile watermarking is used for image
authentication [7]. Semi-fragile watermarks provide
a compromise between robustness and fragility.
They are robust to “content preserving” operations
(such as JPEG compression) and fragile to “content
altering” transforms as reported in [8].

The watermarking schemes have been proposed
in spatial domain [1, 2] as well as transform domains

(a ) (b)      (c )

(d)                         (e)      (f)

Fig. 3 a Cameraman image
f Watermarked image b, c,
d, e Water marked SFFF
image

(a ) (b)      (c )

(d)                          (e)    (f)

Fig. 4 a Goldhill image f
Watermarked image b, c, d,
e Watermarked SFFF
images
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[3–14], where the spatial and transform coefficients of the
image are modified either in multiplicative manner or in
additive manner. Transform domain watermarking techni-
ques using discrete cosine transform (DCT) [3, 4], discrete
wavelet transform (DWT) [6, 7] and Fractional Fourier
transform (FrFT) [5] have been proposed, where the
transform coefficients of the image aremodified, to embed
the watermark. A robust watermarking scheme based on
decomposition of the host image using self fractional
Fourier functions is proposed in [9]. Different robust
watermarking schemes using empirical mode decomposi-
tion (EMD) have also been proposed in [10–14].
However, none of the existing methods employ SFFF
decomposition combined with bivariate empirical mode
decomposition (BiEMD). The use of BiEMD with SFFF
improves the robustness and security.

In this paper a new robust and fragile dual watermark-
ing technique based on bivariate empirical mode decom-
position of complex self-fractional Fourier functions and
cyclic error correction code is presented. A procedure to
generate a new type of fragile watermark called barmark
used for self authentication of image is also proposed.
Fragile watermark is a function of original image, water-
mark being embedded, encoding scheme and number of
SFFF components. This self generated fragile watermark
can be used for image authentication.

Decomposition of image in self fractional Fourier func-
tion images before bivariate empirical mode decomposition
provides flexibility to embed multiple watermarks and
transform before SFFF decomposition. Encoding of water-
mark and encryption/decryption of key provide additional
robustness and security. Self generated fragile watermark
provides the ability to self authenticate the image.

The rest of the paper is organized as follows: In
section II a review of fractional Fourier transform,
self-fractional Fourier functions, bivariate empirical
mode decomposition and cyclic error correcting cod-
ing is presented. Section III describes the proposed
watermark embedding and detection strategy. Section
IV gives the simulation results and the conclusions of
work are given in section V.

Overview of FRFT, SFFF, EMD, bivariate EMD

Fractional Fourier transform

The fractional Fourier transform is the generalized
verson of the Fourier transform. The α order fractional

Fourier transform Fα(u) is defined as [15–20]:

F aðuÞ ¼
Z1
�1

f ðxÞKa ðx; uÞdx; ð1Þ

and

f ðxÞ ¼
Z1
�1

F a ðuÞK*
a x; uð Þdx ; ð2Þ

where transform kernel Kα(x,u) of the FRFT is given
by

Ka x; uð Þ

¼

ffiffiffiffiffiffiffiffiffiffiffiffiffi
1�j cot a

2p

q
e j u2þx2

2

� �
cot ae�jux csca

if a 6¼ Np; N is integer
d x� uð Þ; if a ¼ 2Np; N is integer
d xþ uð Þ; if a ¼ 2Nþ 1ð Þp; N is integer

8>>><
>>>:

α is the rotation angle of the transformed signal in
the wigner domain and the superscript * denotes com-
plex conjugation. The FRFT reduces to the conven-
tional FT when α=π/2.

(a)  WM1 (b) WM2

Fig. 5 Original watermarks

( a )      ( b)

Fig. 6 Recovered watermark
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Self-fractional Fourier transform

Self-fractional Fourier function (SFFF) is a function,
which is invariant under the fractional Fourier trans-
formation for some angle α. A function from Hilbert
space of finite energy signal can be represented as a
sum of M SFFFs which are orthogonal to each other
[17–20]. The self-fractional Fourier function (SFFF) F
(x) of rational order α=N/M is defined as [16, 17],

ð3Þ
where g(x) be any generator function . We can repre-
sent g(x) through the sum of M orthogonal SFFFs of
order M as,

gðxÞ ¼
XM�1

L¼0

FðxÞM ;L; ð4Þ

where

FðxÞM ;L ¼ 1

M

XM
k¼1

exp
i2pL k � 1ð Þ

M

� �
R

2p k�1ð Þ
M gðuÞ½ �ðxÞ

ð5Þ
F(x)M,L is a SFFF. Here k and L are the smallest

integers that satisfy kN/4L for the given N and M.

Empirical mode decomposition

Empirical mode decomposition proposed in [21] is a fully
data driven, self-adaptive technique for decomposition of
signal into oscillatory components called intrinsic mode
functions (IMFs) and the coarsest component which is
termed asmean trend or residue. In this method, a signal is
projected onto basis functions which are directly derived
from the data, instead of predefined basis functions [22].
The coarsest component of EMD based decomposed
signal is highly robust for attacks like noise and JPEG
compression [10, 14]. Using EMD, the input image f(x,y)
is decomposed as [21]:

f ðxÞ ¼
Xn
j¼1

CjðxÞ þ rðxÞ; ð6Þ

where Cj(x) are called Intrinsic Mode Functions, r(x)is
residue or mean trend. The details of EMD algorithm to
decompose a signal is available in [21] for ready
reference.

Bivariate empirical mode decomposition

For complex signals a different approach for empirical
mode decomposition is adopted. Bivariate EMD pro-
posed by Gabriel Rilling et al. [23] is more general-

(a)  (1,4)wf (b) (2,4)wf (c) (3,4)wf (d) (4,4)wf

Fig. 7 a–d Barmarks of
four SFFF components of
Cameraman image with
WM1 watermark

(a)  (1,4)wf (b) (2,4)wf (c) (3,4)wf (d) (4,4)wf

Fig. 8 a–d Barmark for
Cameraman image
withWM2 watermark

( ) ( ) ( ) ( )/1/ ........N M k N MF x = + + g x−F F F ,
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ized extension of EMD for complex domain [24].
The bivariate EMD algorithm is designed to extract
zero mean rotating components. The zero mean
rotating components are termed as complex valued/-
bivariate IMFs. Rotating component IMFs make it
more stable and generalized. Algorithm used for
Bivariate EMD is available in [23].

Proposed watermarking scheme

The proposed watermarking scheme is based on de-
composition of an image or its transformed version
using SFFFs and BiEMD. This combination of SFFF
with BiEMD offers increased robustness of the water-
marking scheme.

Direct EMD is applied on image signal in the
schemes proposed in [10–14], but in this scheme EMD
is applied on SFFF decomposed complex images.

Error correction coding (ECC) is used to reduce the
error added by the attacks on the watermark. Cyclic
encoding provides flexibility to specify generator
polynomial for encoding. Hence, cyclic encoding
gives additional degree of freedom for watermark
security with the error correction.

The original image f(x,y) or its transformed version
is decomposed into M SFFF images f(L,M)(x,y), L=1,

2…, M using (5).

f x; yð Þ ¼
XM
L¼1

f L;Mð Þ x; yð Þ ð7Þ

All the SFFF decomposed images f(L,M)(x,y) are
further decomposed by BiEMD into IMFs Cj(L,M)(x,
y) and residue r(L,M)(x,y) signals using (5) .We has

f L;Mð Þ x; yð Þ ¼
Xn
j¼1

Cj L;Mð Þ x; yð Þ þ r L;Mð Þ x; yð Þ ð8Þ

where L=1, 2, 3......M, j=1, 2, 3.....n.
Watermark wL(x,y) is first encoded using cyclic

error correcting coding, with generator polynomial as
a row containing the coefficients in order of ascending
powers.

Encoded watermark hL(x,y) is then added into res-
idue signals r(L,M)(x,y) of each SFFF image according
to respective key kL.

Watermarked residue signal rW(L,M)(x,y) is obtained
by adding watermark hL(x,y into residue signals r(L,
M)(x,y) as follows:

rW L;Mð Þ x; yð Þ ¼ r L;Mð Þ x; yð Þ þ ahL x; yð Þ; ð9Þ

(a)  (1,4)wf (b) (2,4)wf (c) (3,4)wf (d) (4,4)wf

Fig. 9 a–d Barmark for
Goldhill image with WM1
watermark

(a)  (1,4)wf (b) (2,4)wf (c) (3,4)wf (d) (4,4)wf

Fig. 10 a–d Barmark for
Goldhill image with WM2
watermark
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where scaling parameter a is multiplied to adjust the
visibility and robustness against attacks.

The watermarked SFFF images fW(L,M)(x,y) are
obtained by adding all the IMFs Cj(L,M)(x,y) of (8) and
the watermarked residue rW(L,M)(x,y) in (9) as follows

fW L;Mð Þ x; yð Þ ¼
Xn
j¼1

Cj L;Mð Þ x; yð Þ

þ rW L;Mð Þ x; yð Þ: ð10Þ
The above scheme is shown in Fig. 1(a) and (b).

The watermarked image fW(x,y) is reconstructed by
adding watermarked SFFF images fW(L,M)(x,y),

fW x; yð Þ ¼
XM
L¼1

fW L;Mð Þ x; yð Þ; L ¼ 1; 2; ::M : ð11Þ

The above procedure is summarized as follows:

Step 1: Decompose the original image into M SFFF
images using Self-fractional Fourier func-
tions using (7).

Step 2: Decompose each SFFF image into IMFs and
residue using (8).

Step 3: Encode input watermarks WL(x,y) using sys-
tematic cyclic error correcting code to get
encoded watermark hL(x,y) and generate
key kL.

Step 4: Embed the encoded watermark hL(x,y) in the
residue r(L,M)(x,y) of the SFFF image using
(9) and key kL. Obtain watermarked SFFF
image fW(L,M)(x,y) using (10).

Step 5: Find watermarked image fW(x,y) by adding
all the watermarked SFFF images fW(L,M)

(x,y) using (11).

Robust watermark detection and fragile watermark
generation procedure

Detection of watermark is performed by repeating
the process of decomposition of any test image f′
(x,y). Process of robust watermark detection and
fragile watermark generation is shown in Fig. 2. f′
(x,y) is decomposed to obtain SFFF images

f
0
L;Mð Þ x; yð Þ and further into IMFs C

0
j L;Mð Þ x; yð Þ and

Table 1 Coordinates of black bars in fragile watermarks of images

Image Cameraman Goldhill

wf(1,4)(x,y) wf(2,4)(x,y) wf(3,4)(x,y) wf(4,4)(x,y) wf(1,4)(x,y) wf(2,4)(x,y) wf(3,4)(x,y) wf(4,4)(x,y)

Watermark First watermark WM1 using letters M, N, I, T M, N, I, T

No. of BARS 1 1 1 2 1 1 2 2

Column coordinates of start
and end of Black BAR

69,114 51,128 (1,128) (1,81) (32,90) (65,128) (38, 65), (1, 38)

(111,128) (106,108) (70, 126)

Watermark Second watermark WM2 using letters P, Q, R, S P, Q, R, S

No. of BARS 1 1 2 1 1 2 2 2

Column coordinates of start
and end of Black BAR

(10,81) (5,63) (1,36) (1, 53) (34, 124) (1,27) (23,62) (1, 34)

(89,128) (75,128) (93, 128) (94, 128)

(a)      (b) (c)              (d)

Fig. 11 a, b Attacked image
and recovered watermark
with 25 dB SNR. c Attacked
image d Recovered water-
mark with 40 dB SNR

J Opt



residue r
0
L;Mð Þ x; yð Þ using (5),and (6) as

f
0
x; yð Þ ¼

XM
L¼1

f
0
L;Mð Þ x; yð Þ; L ¼ 1; 2; ::::M ; ð12Þ

f
0
L;Mð Þ x; yð Þ ¼

Xn
j¼1

C
0
j L;Mð Þ x; yð Þ þ r

0
L;Mð Þ x; yð Þ ð13Þ

Robust watermark W*
L x; yð Þ is recovered by cy-

clic decoding of encoded robust watermark h*(x,y),
where h*(x,y) is obtained by subtracting the origi-
nal image IMFs Cj L;Mð Þ x; yð Þ from watermarked

image IMFs C
0
j L;Mð Þ x; yð Þ, thereafter adding the

difference values and considering scaling parame-
ter a, as

ewL ¼ Pn
j¼1

C
0
j L;Mð Þ x; yð Þ � Cj L;Mð Þ

� �
h*L x; yð Þ ¼ ewL

a ;

h* x; yð Þ ¼ PM
L¼1

h*L x; yð Þ
ð14Þ

The fragile watermark wf(L,M)(x,y) is obtained by

subtracting r
0
L;Mð Þ x; yð Þ from r(L,M)(x,y) as

wf L;Mð Þ x; yð Þ ¼ r
0
L;Mð Þ x; yð Þ � r L;Mð Þ x; yð Þ; ð15Þ

where L=1,2,3.......M.

It may be mentioned here that this watermark wf(L,
M)(x,y) is dependent on f(x,y), h(x,y) and M.

Steps for robust watermark detection and fragile
watermark generation are summarized as follows:

Step 1: Decompose the watermarked image using
self fractional Fourier functions using (12)
and obtain M SFFF watermarked SFFF

images f
0
L;Mð Þ x; yð Þ.

Step 2: Decompose each watermarked SFFF image
into its IMFs and residue using BiEMD de-
composition using (13).

Step 3: Find encoded watermark h*L x; yð Þ by using
(14) with respective key kL.

Step 4: Decode the h*L x; yð Þ using cyclic decoding
and recover the watermark W*

L x; yð Þ.
Step 5: Repeat steps 2–4 to recover all watermark

characters.

Fragile watermark generation By using step 1 and

step 2 given above, obtain the components C
0
j L;Mð Þ �

x; yð Þ and r
0
L;Mð Þ x; yð Þ. Find the difference between r(L,

M)(x,y) and r
0
L;Mð Þ x; yð Þ, and obtain fragile watermark

(barmark) wf(L,M)(x,y) using (15).

Attacks

The malicious manipulations performed on water-
marked image either intended or unintended are
known as attacks [22]. Watermarks used for copyright

(a)      (b) (c) (d)

Fig. 12 a, c Attacked image
b, d Recovered watermark
with 25 dB and 40 dB SNR

(a)      (b ) (c)      (d)

Fig. 13 a, c Attacked image
b, d Recovered watermark
with salt and pepper noise
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protection should therefore be robust against such
attacks and it is one of the primary requirements of a
watermarking schemes. We have performed the
experiments to test the robustness of our watermarking
scheme for image processing attacks, e.g., noise
attacks (Gaussian, speckle, salt and pepper), filtering
attacks (median, wiener, Gaussian), JPEG compres-
sion, image sharpening and Blurring.

Simulation result

In this section computer simulation results performed
using MATLAB, to verify the proposed scheme, are
presented. Cameraman and Goldhill images (Figs. 3(a)
and 4(a)) with two sets of watermark characters,
shown in Fig. 5(a) and (b) are used to verify the
proposed algorithm. The value of M is taken as four.

The input watermarks are encoded by (9, 8) sys-
tematic cyclic error correction code. The cyclic encod-
ing scheme and n=9 and k=8 is selected due to
simplicity and convenience of implementation.

The image f(x,y) is decomposed in four SFFF
images (f(1,4)(x,y), f(2,4)(x,y), f(3,4)(x,y), f(4,4)(x,y)) each
SFFF image is watermarked using (10) and (11).
Watermarked SFFF images (fW(1,4)(x,y), fW(2,4)(x,y),

fW(3,4)(x,y), fW(4,4)(x,y)) are shown in Figs. 3(b–e) and
4(b–e) and final watermarked images are fW(x,y)
shown in Figs. 3(f) and 4(f). Value of embedding
constant parameter ‘a’ is decided by experimentation
to ensure invisibility and peak signal to noise ratio
42 dB, and a=0.00008 is selected.

Watermark is recovered by decomposing water-

marked image fW(x,y) into SFFF images f
0
L;Mð Þ x; yð Þ

and SFFF images into IMFs C
0
j L;Mð Þ x; yð Þ and residue

r
0
L;Mð Þ x; yð Þ as shown in Fig. 2. The recovered original

watermarks are shown in Fig. 6(a–b).
Fragile watermark wf(L,M)(x,y) is generated by sub-

tracting r(L,M)(x,y) from r
0
L;Mð Þ x; yð Þ.The fragile water-

mark barmarks wr(L,M)(x,y) are shown in Fig. 7(a–d)
for Cameraman image with M, N, I, T character set in
WM1 watermark. Figure 8(a–d) shows barmark for
Cameraman image with P, Q, R, S character set in
WM2 watermark.

Similar barmark results for Goldhill image with
WM1 and WM2 watermarks are shown in Figs. 9(a–d)
and 10(a–d).

The Start and end coordinates of barmark wf(L,M)(x,
y) with the number of bars, for all combinations of
original images and watermarks are presented in
Table 1.

(a)      (b) (c) (d)

Fig. 14 a, c Attacked image
b, d Recovered watermark
with Q=10,30

( a) (b)

Fig. 15 a median filter attacked image b recovered watermark
for 5×5 window

( a ) ( b )

Fig. 16 a Gaussian filter attacked image b Recovered water-
mark for 5×5 window
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It is evident that for given value of M, the barmark
patternswf(L,M)(x,y) are different for different combinations
of watermarks and cover images. This pattern is unique
and changes by changing image content.

Watermark detection with attacks

In this section simulation results for various image
processing attacks including noise addition for differ-
ent SNR, JPEG compression, filtering, sharpening,
blurring, rotation to test the robustness of proposed
scheme are presented.

Goldhill is used as cover image with WM2 (P,Q,R,S)
watermark. First attack on the image is applied by add-
ing white Gaussian noise with SNR 25 and 40 dB.
Figure 11(a), (c) shows attacked images and Fig. 11
(b), (d) shows recovered watermarks for SNR of
25 dB and 40 dB respectively.

Speckle noise attack

Figure 12(a), (c) shows attacked image obtained by
adding speckle noise of SNR 25 and 40 dB, Fig. 12(b),
(d) shows recovered watermark.

Salt and pepper noise

Figure 13(a), (c) shows attacked image obtained by
mixing salt & pepper noise with sigma 0.2 and 0.4.
Figure 13(b), (d) shows recovered watermark.

JPEG compression attack

Attacked image is obtained by applying JPEG
compression with quality factor Q=10 and 30.
Figure 14(a) shows attacked image and Fig. 14(b)
shows recovered watermark.

Filter attack

Attacked image is obtained by applyingmedian, Gaussian
and wiener filtering with 5×5 window. Figures 15(a), 16
(a), and 17(a) represent attacked image and Figs. 15(b), 16
(b), and 17(b) represent recovered watermark.

Sharpening attack

Attacked image is obtained by applying 50 % sharpen-
ing of watermarked image. The attacked image is shown
in Fig. 18(a) and recovered watermark in Fig. 18(b).

Blurring attack

Blur of linear motion of camera by 5 pixels, with an
angle of 65° and 20 pixels, with an angle of 45 in a
counterclockwise direction is applied to obtain attacked
image. The attacked image is shown in Fig. 19(a), (c)
and recovered watermark in Fig. 19(b), (d).

Rotation attack

Watermarked image is rotated between 2° and −2° to
obtain attacked image . The attacked image is shown
in Fig. 20(a), (c) and recovered watermark in Fig. 20
(b), (d) for rotation 2 and −2° respectively.

Comparison with other watermarking schemes
and discussion

Proposed bivariate EMD combined with SFFF decom-
position based implementation of robust watermarking
is compared with watermarking scheme using only
SFFF alone based decomposition and only bivariate
EMD alone based decomposition. For this same

( a )      (b )
Fig. 17 a Wiener filter attacked image b Recovered watermark
5×5 window

( a )      ( b )
Fig. 18 a Attacked image b Recovered watermark
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watermark encoded by systematic cyclic error correc-
tion code is embedded. Process used for embedding
and detection in above two schemes is similar to
proposed scheme.

Similarity (SIM) between extracted watermark
W*(x,y) and original watermark W(x,y) is used as per-
formance parameter and defined as

SIM W ;W*
	 
 ¼

P
x

P
y
W x; yð Þ:W* x; yð Þ

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiP
x

P
y

W x; yð Þ:W x; yð Þ½ �
r ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiP

x

P
y

W* x; yð Þ:W* x; yð Þ½ �
r ð16Þ

W(x,y) = original watermark, W*(x,y) = Recovered
watermark

Simulations are performed for above three schemes
by embedding same watermark WM2 (P,Q,R,S)
encoded by (9,8) cyclic error correcting code in gold-
hill image. Strength of embedded watermark is mea-
sured by peak signal to noise ratio (PSNR) of
watermarked image, and is taken as 42 dB for apply-
ing attack on all three schemes.

Computation results of similarity parameter (SIM)
defined in (16) for above three mentioned schemes,
under different attacks, are presented in Tables 2 and
3. Figure 21(a), (b) represents the plot of similarity
with respect to signal to noise ratio (SNR) of attacked
image. Here SNR represent the signal to noise ratio of
attacked image with respect to watermarked image.

Plot of similarity of extracted watermark for salt
and pepper noise attack with respect to sigma of
applied noise is shown in Fig. 22(a). Figure 22(b)
shows the variation in similarity with respect to quality
factor of JPEG compression attack.

It is clear from Tables 2 and 3 results of proposed
scheme are superior in comparison to other two
schemes in most of the attacks.

Proposed scheme is also having improved secu-
rity due to two stage decomposition. A hacker
cannot detect the watermark till the correct SFFF
decomposition level (M) is not known. Other
advantages include high robustness for robust wa-
termark, secondly the fragile watermark for self
authentication is developed for the proposed
scheme only, which is also function of number of
SFFF decomposition level (M).

(a)      (b) (c)      (d)

Fig. 19 a, c Attacked image
b, d Recovered watermark

(a) (b)      (c) (d)

Fig. 20 a, c Attacked image
b, d Recovered watermark
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Table 2 Similarity Index for Goldhill image with WM2 (P,Q,R,S) watermark PSNR(Peak Signal to Noise Ratio of watermarked image
with respect to original image): 42 dB

Attack Parameter Watermarking scheme

SFFF + BiEMD BiEMD alone SFFF alone

JPEG Q=5 0.8152 0.7784 0.7965

Q=10 0.8360 0.8133 0.8204

Q=20 0.8456 0.8259 0.8259

Q=30 0.8757 0.8589 0.8589

Q=40 0.8816 0.8597 0.8597

Q=50 0.8904 0.8753 0.8753

Gaussian Noise SNR=10 dB 0.7252 0.7044 0.7340

SNR=25 dB 0.7549 0.7402 0.7401

SNR=40 dB 0.8244 0.7834 0.8109

Speckle Noise SNR=10 dB 0.6905 0.7234 0.6951

SNR=25 dB 0.7034 0.7506 0.7366

SNR=40 dB 0.8686 0.8376 0.8476

Salt & Pepper Sigma=0.2 0.8936 0.8947 0.8760

Sigma=0.5 0.8309 0.8562 0.8157

Sigma=0.6 0.8220 0.8072 0.7948

Gaussian Filter 3×3 0.9590 0.9711 0.9373

5×5 0.9590 0.9711 0.9373

7×7 0.9590 0.9711 0.9373

MEDIAN 3×3 0.8760 0.8529 0.8529

5×5 0.8204 0.8021 0.8021

7×7 0.7981 0.7759 0.7759

weiner 3×3 0.8619 0.8298 0.8298

5×5 0.8149 0.7948 0.7948

7×7 0.8013 0.7701 0.7701

Sharpening – 0.7893 0.7759 0.7784

Blur1(5/65) – 0.8259 0.8037 0.8037

Blur1(20/45) – 0.7608 0.7366 0.7366

(a) (b) 

Fig. 21 Comparison of similarity (SIM) of extracted watermark after a Gaussian noise attack b speckle noise attack

J Opt



Computation load of proposed scheme

Computation cost (load) of proposed scheme is the
sum of the cost of SFFF computation and bivariate
EMD computation. However, the computation cost
for SFFF decomposition for NxN image size and M
SFFF decomposition levels is M*N2 log2 N, for more
detail readers can refer [16, 17].

Bivariate decomposition computation cost is
given as mentioned in [25]. Computational cost
of the bivariate EMD is obtained by summing
the complexity of computing a single IMF over
the number of iterations (Kn) and the number of
IMFs (J) as follows [25],

XJ
n¼1

XKn

k¼1

F dn;k
	 


;

where

F dn;kþ1

	 
 ¼ L 11P þ 2ð Þ þ 15
XP=2
p¼1

MR dn;k;p
	 


;

Where, J = Number of extracted IMFs, L = Data
length, D = Data dimension, Kn = Number of shifting
iteration to extract nth IMF , P = number of projections,
dn,k = n-th IMF computed at the k-th iteration of the sifting
process,MR(dn,k,p) = Number of extremas detected in the
p-th projection of dn,k, when P projection planes are used.

Since, Data length L=NXN, P=4 for our bivar-
iate EMD algorithm, Hence F dn;kþ1

	 
 ¼ 46 NXNð Þþ

15
P2
p¼1

MR dn;k;p
	 


, and computation� load ¼ PJ
n¼1

PKn

k¼1

½46ðNXNÞ þ 15
P2
p¼1

MRðdn;k;pÞ�

Table 3 Rotation Attack: SIMILARITY INDEX (SIM) (PSNR=42 dB)

Scheme Angle (degrees)

−2° −1° −0.5° 0.5° 1° 2°

SFFF + BIEMD 0.7162 0.7034 0.7053 0.6905 0.6942 0.6810

BIEMD alone 0.7162 0.7034 0.7053 0.6905 0.6942 0.6810

SFFF alone 0.7162 0.7034 0.7053 0.6905 0.6942 0.6810

(a)          (b)

Fig. 22 Comparison of similarity (SIM) of extracted watermark after a salt & pepper noise attack b JPEG compression attack
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Conclusion

In this paper we have presented a new watermarking
scheme with procedure to generate digital fragile bar-
code watermark (barmark) for self authentication of
watermarked image. The importance of this scheme is
that, it provides the solution to copy right protection,
security and authentication. Due to use of BiEMD, it
can be used for complex images (satellite and SAR
images). The multistage decomposition added the pos-
sibility of encryption/decryption for security of water-
mark. The robustness and security is further improved
by cyclic error correction encoding of the watermark.
Simulation results have shown its robustness against
attacks. On comparison with the only SFFF alone
based and only BiEMD alone based schemes, results
of proposed (SFFF combined with BiEMD) scheme
are encouraging. More cost of computation is the
disadvantage of this scheme.
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