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Abstract—In this work, a new image watermarking algorithm
on colour images is proposed. The proposed algorithm divides a
cover image into three colour bands of red, green and blue. Then
the following tasks are done on all three channels separately.
First, Each colour band is divided into patches of small sizes
then the entropy of each patch is calculated. At this step a
threshold is found based on the average entropy of all patches and
following is applied to all patches which have entropy lower than
the threshold. A wavelet representation of each patch are given
by applying a discrete wavelet transform. Then Singular value
decomposition, orthogonal-triangular decomposition, and a chirp
z-transform are used to embed a watermark on the cover image.
Several signal processing attacks are applied on watermarked
images in order to robustness of the algorithm. The Proposed
algorithm is compared with one conventional and two state-of-
the-art algorithms. Experimental results show superiority of the
proposed algorithm compare with other algorithm in the area of
image watermarking.

Keywords—digital Image Watermarking, DWT, CZT, Entropy,
SVD, QR.

I. INTRODUCTION

Due to the rapid growth of the role of social networks
and communications in everyday lives, taking and sharing
images frequently has become a widespread practice, where a
remarkable division of modern movable phones and computers,
as well as digital cameras, handle high resolution imaging.
However, transferring the foregoing images from a device to
another one may be seriously exposed to the risks of security,
manipulation and copyright attacks, unless it has been carefully
taken care of by embedding the data into the media contents
through watermarking [1], [2], [3], [4], [5].
Watermarking provides a vital platform aiming at protecting
multimedia materials from a variety of undesired operations
and illegal interferences, such as distribution and manipulation,
meaning that for a reliable performance, they need to generate
seamless watermarks which could handle large volumes of data
robustly and securely. The foregoing properties of watermark-
ing schemes will be discussed in more details in what follows.
One of the most important characteristics of a watermarking
algorithm is the robustness of the resulting multimedia in-
formation against possible attacks made through image pro-
cessing techniques. Moreover, the watermark needs to be
imperceptible, i.e. it should distort the data available in the
original image. Furthermore, the data capacity is one of the
main criteria in assessing the performance of a watermarking

procedure, which stands for the largest amount of data that can
be passed through the algorithm while preserving the visual
appearance of the cover image. Last but not least, security
of a watermarking technique is of paramount importance, as
it denotes the resistance of the process against unauthorized
detection, embedding or removal.
The studies reported on watermarking schemes in the literature
heretofore [6], [7], [8], [9], [10] have categorized them into
three major classes, namely, non-blind, semi-blind and blind.
The underlying notion of the foregoing perception lies in the
fact that in non-blind watermarking, both the original image
and the watermark are required for embedding and extraction,
whereas in semi-blind watermarking only the watermark image
is needed, and in the blind variant, neither of them is necessary.
Alternatively, watermarking algorithms can be classified based
on the domain within which they operate, i.e. either the spatial
domain or frequency, where the latter modify the parameter
values according to the frequency-domain representation of
the cover image [11]. On the other hand, watermarking in
the spatial domain revises the pixel values, and consequently,
demands a comparatively lower computational complexity and
cost, but suffers from the deficiency that relatively less amounts
of information could be embedded into the cover image, which
may result in a lack of robustness against signal processing
operations [12], [13], [14].
The rest of this paper is organized as follows, The proposed
system is explained in Section II. Section III presents and
discusses the experimental results. Finally, a conclusion of
work is presented in Section IV.

II. PROPOSED APPROACH

In this work, we focus on embedding a watermark into an
colour image and extracting it after applying several different
attacks. This way, we consider all possible attacks and
propose a non-blind colour image watermarking scheme. The
embedding and extraction of a watermark image is done by
a combination of characteristics of QR decomposition, Chirp
Z-Transform (CZT), Discrete Wavelet Transform (DWT), and
Singular Value Decomposition (SVD). a detail description of
these steps of the proposed method are described in following.

A. Embedding Watermark into Cover Image

The Watermark embedding step is explained in the fol-
lowing. At the first step, three colour channels of Red (R),
green(G) and blue(B) are extracted from the cover coloured978-1-5090-6494-6/17/$31.00 c©2017 IEEE



image. Then patches size of α × β are extracted from each
colour channel of size of m×n, where α and β divide m and
n respectively. We can consider N = n

β and M = m
α . Then

each patch can be described as in equation 1.

Bmn : n ∈ {1 . . . N},m ∈ {1 . . .M} (1)

For each patch, an entropy value (E) is calculated then a
threshold value T is considered based on an average of all
entropy values E of all patches. where T is founded by the
following equation

T =
M∑

m=1

N∑

n=1

E(Bmn)

m× n
(2)

After finding the threshold, a two-level discrete wavelet trans-
form (DWT) is applied on patches with a value of E less
than T , in order to decompose them into four subbands of one
Low frequency (ll) and three high frequency in vertical (LH)
, horizontal and diagonal direction as given in equation (3).

LLmnLHmnHLmnHHmn = DWT (Bmn),
∀Bmn ∈ {Bmn : E(Bmn < T} (3)

In the next step a CZT of LLmn is calculated for all decom-
posed patchs as given in equation (4).

Cmn = CZT (LLmn) (4)

A QR decomposition algorithm is applied in this step to matrix
Cmn from equation (4) to calculate diagonal matrix in the
following equation.

[QmnRmn] = QR(Cmn)
D1m = diag(Rmn)
Dmn = Zeros(Rmn)
Dmm = D1m

(5)

a SVD algorithm is applied to diagonal matrix Dmn in order
to further decompose it as shown in equation (6).

[UmnSmnVmn] = SV D(Dmn) (6)

On the other hand, the SVD algorithm is applied to a wa-
termark image W in order to decompose it to three matrices
of U1, S1 and V1. modified upper-triangular matrix Rmn and
Unitary matrix Qmn are combined as shown in following
equation.

C2mn
= Qmn ×Rmn (7)

An inverse CZT of C2mn is used to get watermarked LL
subband as illustrated in equation (8).

LL2mn = ICZT (C2mn) (8)

Then an inverse DWT is used to get watermarked image patch.
Instead of using LLmn, a modified LL2mn is used as shown
in equation (9).

Imn = IDWT (LL2mn
LHmnHLmnHHmn) (9)

Finally, modified version of patches with low entropy, high
entropy patches and all three colour channels are combined in
order to generate watermarked colour image.

B. Extraction of Watermark

The extraction of Watermark is explained in the follow-
ing. The first steps of watermark extraction are the same as
the watermark embedding section. The steps from eqn 1 to
equation 6 are used for watermark extraction as well. Singular
values of cover image patches and the singular values of
watermarked image patch are subtracted from each other then
the singular values of the extracted watermark image is found
bu a divination of the subtraction result and scaling factor γ,
as shown in following equation

S1′mn
= (S

′
mn − Smn)/γ (10)

Then u1 and V1 are combined from watermark image with
the singular values founded in above egn. in order to extract
watermark for each patch as shown in equation (11).

W1mn = U1 × S
′
mn × V T

1 (11)

III. EXPERIMENTAL RESULTS

Several experiments has been conducted for this algo-
rithm. Several well-known benchmark images used as a cover
image which has been watermarked with several different
types of watermark images. cover images what were used in
experiments are colour images which are taken from set14
dataset [15] like Zebra, Barbara and comic and images from
an uncompressed colour image database [16]. Fig. 1 shows
three images which are used as a cover image for this work.
Watermark images have a size of 128 × 128 where all of
them are in grayscale. Fig. 2 shows three watermark images
of Cameraman, Baboon and Barbara which are used for
experimental results.

Fig. 1. Three different style images which are used as the cover images

In order to evaluate the proposed algorithm, the Peak Signal
to Noise (PSNR) metric is used. PSNR algorithm measures
image quality in decibels. According to the literature, an image
with PSNT of more than 35 dB is considered to have high
quality [17]. PSNR results of the proposed method is compared
with one conventional and two state-of-the-art algorithms of
LSB [18], Lai & Tsai method [11], and the algorithm which
is proposed by Agoyi et al. [10]. Results of this comparison
are shown Table I.

Several signal processing attacks are selected in order to
apply on the cover image which is watermarked with a water-
mark image. These test check the robustness of the proposed
algorithm over several attacks. The correlation coefficient (CC)
metric is used to evaluate Extracted watermark image. CC
value shows similarity between original watermark image
and extracted watermark from a cover image. The proposed



Fig. 2. Three gray scale images which are used as the Watermark images

TABLE I. PSNR COMPARISON OF THE PROPOSED ALGORITHM WITH

LSB AND TWO MORE ALGORITHMS AT [11] AND [10]

Watermark image Comic Zebra PPT3

LSB
Baboon 41.44 41.45 42.69
Cameraman 41.44 41.45 42.69
Barbara 41.44 41.45 42.69

Algorithm at [11]
Baboon 26.77 27.53 28.82
Cameraman 25.19 27.05 28.22
Barbara 26.66 26.89 28.09

Algorithm at
[10]

Baboon 41.44 40.95 42.45
Cameraman 39.83 39.46 40.93
Barbara 40.76 40.26 41.81

Proposed method
Baboon 88.56 88.25 86.99
Cameraman 87.40 87.81 85.75
Barbara 87.78 88.45 86.89

algorithm in this work is compared with two state-of-the-art
algorithms presented at [11] and [10]), and LSB algorithm
which is considered as a conventional algorithm. Fig. 3 shows
a visual of the cover image after applying some attacks on
it. It can be concluded from experimental results that the
proposed algorithm works excellent when sharpening, contrast
enhancement, equalized histogram, blurring and scaling attacks
are used to apply on cover image. Table II confirmed that
the proposed algorithm has incomparably better CC results
with all attacks except filliping and jpeg attacks which show
slightly worse CC results compare with two algorithms of
[11] and [10]. Table II illustrates a comparison between one
conventional and two state-of-the-art algorithms when Zebra
image is used as a cover image and Baboon as a watermark
image.

IV. CONCLUSION

In this work, a novel watermarking algorithm is proposed
for coloured images. The algorithm embeds a watermark into
singular values of all three colour channel of cover image. At
the First step, the a cover image is branched into three colour
channels of R, G, and B, and then each channel is divided
into patches. Then a proper patch which has a low entropy is
found in order to watermark embedding. then these patches
are decomposed into frequency channels by using DWT and
further decomposed using CZT. Then orthogonal-triangular
decomposition and Singular value decomposition are used to
embed a watermark on the cover image. Experimental results
confirm the superiority of the proposed method compare to

TABLE II. CC VALUE OF ZEBRA IMAGE, WHERE BABOON IMAGE IS

USE AS A WATERMARK

Attack LSB
Algorithm at

[11]
Algorithm at

[10]
Proposed
algorithm

correction of gamma 0.6875 0.9755 0.9847 0.9621

Flipping 0.6607 1 1 0.9999

Crop 0.7375 0.8306 0.3004 0.8591

JPEG 0.5057 0.9823 0.9318 0.786

Blurr 0.6604 0.1609 0.6839 0.9989

Enhancement of Contrast 0.7869 0.9857 0.9765 0.9965

Salt & pepper noise 0.6412 0.9033 0.6511 0.9393

Equalized Histogram 0.8632 0.6021 0.7037 1

Gaussian noise 0.6208 0.6675 0.5778 0.9244

Sharpening 0.9067 0.5394 0.8090 0.9996

Scaling 0.6458 0.2420 0.6791 0.8322

White Gaussian noise 0.5076 0.4955 0.5911 0.8845

other state-of-the-art digital image watermarking algorithms.
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[10] M. Agoyi, E. Çelebi, and G. Anbarjafari, “A watermarking algorithm
based on chirp z-transform, discrete wavelet transform, and singular
value decomposition,” Signal, Image and Video Processing, vol. 9, no. 3,
pp. 735–745, 2015.

[11] C.-C. Lai and C.-C. Tsai, “Digital image watermarking using discrete
wavelet transform and singular value decomposition,” IEEE Transac-
tions on instrumentation and measurement, vol. 59, no. 11, pp. 3060–
3063, 2010.



Fig. 3. (a) is a cover image image, (b-l) are watermarked images when different attacks have been applied.

[12] G. El-Taweel, H. Onsi, M. Samy, and M. Darwish, “Secure and non-
blind watermarking scheme for color images based on dwt,” ICGST
International Journal on Graphics, Vision and Image Processing, vol. 5,
pp. 1–5, 2005.

[13] G. Anbarjafari, M. Agoyi, L. Laur, and P. Rasti, “A robust color
image watermarking scheme using entropy and qr decomposition,”
Radioengineering, 2015.

[14] D. Trick, W. Berchtold, M. Schafer, and M. Steinebach, “3d watermark-
ing in the context of video games,” in Multimedia Signal Processing
(MMSP), 2013 IEEE 15th International Workshop on, pp. 418–423,
IEEE, 2013.

[15] R. Zeyde, M. Elad, and M. Protter, “On single image scale-up using
sparse-representations,” in International conference on curves and sur-
faces, pp. 711–730, Springer, 2010.

[16] G. Schaefer and M. Stich, “Ucid: an uncompressed color image
database,” in Electronic Imaging 2004, pp. 472–480, International
Society for Optics and Photonics, 2003.

[17] T.-h. Kim, H. Adeli, R. J. Robles, and M. Balitanas, “Advances
in computer science and information technology,” Lecture Notes in
Computer Science, vol. 6059, 2010.

[18] A. K. Singh, N. Sharma, M. Dave, and A. Mohan, “A novel tech-
nique for digital image watermarking in spatial domain,” in Parallel
Distributed and Grid Computing (PDGC), 2012 2nd IEEE International
Conference on, pp. 497–501, IEEE, 2012.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Required"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


