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ABSTRACT

A new secret sharing scheme for color images is introduced.
Using the {k,n}-secret sharing strategy the proposed method
encrypts the color image into n color shares. The secret in-
formation is recovered only if the k (or more) allowed shares
are available for decryption. Both encryption and decryp-
tion operations are performed by operating at the bit-levels of
the decomposed color image. Modifying the spatial arrange-
ments of the binary components the method produces color
shares which vary in both the spectral characteristics among
the RGB components and the spatial correlation between the
neighboring color vectors. Since encryption is performed in
the decomposed binary domain, there is no obvious relation-
ship in the RGB color domain between any two color shares
or between the original color image and any of the n shares.
This increases protection of the secret information. Inverse
cryptographic processing of the shares must be realized in
the decomposed binary domain and the procedure reveals the
original color image with perfect reconstruction.

1. INTRODUCTION

A {k,n}-visual secret sharing (VSS) scheme is a popular
cryptographic tool used for protection of image information
[6]. Encrypting the image into n, seemingly random, shares,
the VSS technique allows for sharing of the secret image
among a group of n participants. The shared secret can be
recovered only when a coalition of k willing participants are
polling their encrypted images, the so-called shares, together
[1],[3]. The secret information can be visually revealed if
any k (or more) recipients stack their shares printed as trans-
parencies on an overhead projector. On the other hand, any
(k− 1) or fewer shares cannot be used to decrypt the trans-
mitted information.

Based on the nature of visual cryptography, the natural
images must be first binarized and then encrypted. Image
halftoning techniques [8],[9] are commonly used to convert
continuous-tone images into images with a binary represen-
tation. Due to a frosted/transparent representation of the
shares produced by the VSS schemes, the decrypted image
is never identical with the original continuous-tone image.
Moreover, the encryption procedure increases spatial resolu-
tion and decreases contrast of the decrypted binarized input.
Thus, the color visual cryptography schemes [4] which are
currently in use generate decrypted images with noticeable
visual impairments.

The proposed secret sharing scheme operates directly on
the bit planes of the color image. By stacking individually
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Figure 1: Visual cryptography demonstrated through a
{2,2}-scheme: (a) original binary image, (b,c) share images,
(d) decrypted output.

encrypted bit planes, the scheme produces n color shares use-
ful for secure distribution over the untrusted public networks.
Note that the shares vary in both the spectral characteristics
among the RGB components and the spatial correlation be-
tween the neighboring color vectors. The decryption func-
tion recovers the original color image unchanged. Since the
decrypted output is available in a digital format, this feature
in conjunction with the overall simplicity of the approach
make the method attractive for modern image processing and
communication systems.

2. CONVENTIONAL SECRET SHARING SCHEME

Due to its algorithmic nature, conventional visual cryptog-
raphy schemes operate on a binary input [5]. Assuming a
K1 ×K2 binary image (black and white image with 0 val-
ues denoting the black and 1 values denoting the white),
each binary pixel r(i, j) determined by spatial coordinates
i = 1,2, ...,K1 and j = 1,2, ...,K2 is replaced via an encryp-
tion function fe(·) with a m1 ×m2 block of black and white
pixels in each of the n shares [7]. Repeating the process for
each input pixel, a K1 ×K2 input binary image is encrypted
into n binary shares each one with a spatial resolution of
m1K1 ×m2K2 pixels. Since the spatial arrangement of the
pixels varies from block to block, the original information
cannot be revealed without accessing a predefined number of
shares (Figure 1).

Let as assume a basic {2,2}-threshold structure which is
the basic case designed within the {k,n}-VSS framework [4].
Assuming for simplicity a basic structure with 2× 2 blocks
s1 = [s′(2i−1,2 j−1),s

′
(2i−1,2 j),s

′
(2i,2 j−1),s

′
(2i,2 j)] ∈ S1 and s2 =
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Figure 2: Visual cryptography strategy.

[s′′(2i−1,2 j−1),s
′′
(2i−1,2 j),s

′′
(2i,2 j−1),s

′′
(2i,2 j)] ∈ S2, the encryption

process is defined as follows:

fe(r(i, j)) =
{

[s1,s2]T ∈C0 for r(i, j) = 0
[s1,s2]T ∈C1 for r(i, j) = 1

(1)

where C0 and C1 are the sets obtained by permuting the
columns of the n×m1m2 basis matrices A0 and A1, respec-
tively [5]. Since m1m2 represents the factor by which each
share is larger than the original image, it is desirable to make
m1m2 as small as possible [2]. In the case of the {2,2}-VSS
the optimal choice m1 and m2 leads to m1 = 2 and m2 = 2
resulting in 2×2 blocks s1 and s2.

Assuming the {2,2}-VSS the sets C0 ={[
0,1,0,1
1,0,1,0

]
,
[

1,0,1,0
0,1,0,1

]
,
[

0,0,1,1
1,1,0,0

]
,
[

1,1,0,0
0,0,1,1

]
,
[

1,0,1,0
0,1,0,1

]
,[

0,1,1,0
1,0,0,1

]
and C1 =

{[
0,1,0,1
0,1,0,1

]
,
[

1,0,1,0
1,0,1,0

]
,
[

0,0,1,1
0,0,1,1

]
,[

1,1,0,0
1,1,0,0

]
,
[

1,0,0,1
1,0,0,1

]
,
[

0,1,1,0
0,1,1,0

]
include all matrices

obtained by by permuting the columns of the 2× 4 basis
matrices A0 and A1, respectively [5]. The basic matrices
considered here are defined as follows:

A0 =
[

0 1 0 1
1 0 1 0

]
, A1 =

[
0 1 0 1
0 1 0 1

]
(2)

Figure 2 shows the principle of both encryption and de-
cryption used in visual cryptography. If a secret pixel is
white, i.e. r(i, j) = 1, then each pixel in s1 is equivalent to
each pixel in s2, and thus, [s1,s2]T can be any member of set
C1. If a secret pixel is black, i.e. r(i, j) = 0, then each pixel
in s1 should complement each pixel in s2 and thus, [s1,s2]T

should be selected from set C0. The choice of [s1,s2]T is
guided by a random number generator, which determines the
random character of the shares.

Figure 3: Images obtained using by halftoning based {2,2}-
scheme [4]: (a) original color image, (b) halftone image,
(c,d) share images, (e) decrypted output image.

Decrypting 2 × 2 share blocks s1 = [s′(u,v),

s′(u,v+1),s
′
(u+1,v),s

′
(u+1,v+1)] ∈ S1 and s2 = [s′′(u,v),s

′′
(u,v+1),

s′′(u+1,v),s
′′
(u+1,v+1)] ∈ S2, for u = 1,3, ...,2K1 − 1 and

v = 1,3, ...,2K2 − 1, used in a {2,2}-scheme the decrypted
block y of size 2× 2 is produced as black y = [0,0,0,0] if
s1 6= s2. Otherwise the share blocks s1 and s2 are identical
and the decrypted block is recovered with the same spatial
arrangement of binary pixels as in the share blocks.

The application of a conventional {k,n}-secret shar-
ing scheme to a K1 ×K2 natural image requires halftoning
[4],[5]. Using the approach of [4], the original color im-
age (Figure 3a) is first transformed into a K1 ×K2 halftone
image (Figure 3b) by using the density of the net dots to
simulate the intensity levels [8]. Since each color channel
of the halftone image is a binary image, it is appropriate
for VSS-based encryption. Figure 3c and Figure 3d show
two 2K1 × 2K2 color shares obtained using the {2,2} shar-
ing scheme. A 2K1×2K2 color image depicted in Figure 3e
correspond to the decrypted output.

Visual inspection of both the original image shown in
Figure 3a and the recovered image depicted in Fig.3e indi-
cates that the decrypted image is darker, the input image is of
quarter size compared to the decrypted output, and the output
color image contains a number of color artifacts and shifted
colors resulting from the nature of the algorithm.

3. PROPOSED METHOD

Let x : Z2 → Z3 be a K1 ×K2 Red-Green-Blue (RGB) color
image representing a two-dimensional matrix of the three-
component color vectors (pixels) x(i, j) = [x(i, j)1,x(i, j)2,x(i, j)3]
located at the spatial position (i, j), for i = 1,2, ...,K1 and
j = 1,2, ...,K2. Assuming that c describes the color channel
(i.e. c = 1 for Red, c = 2 for Green, and c = 3 for Blue)
and the color component x(i, j)c is coded with B bits allowing
x(i, j)c to take an integer value between 0 and 2B−1, the color
vector x(p,q) can be equivalently expressed in a binary form
as follows:

x(i, j) = ∑B
b=1 xb

(i, j)2
B−b (3)

where xb
(i, j) = [xb

(i, j)1,x
b
(i, j)2,x

b
(i, j)3] ∈ {0,1}3 denotes the bi-

nary vector at the b-bit level, with b = 1 denoting the most
significant bits (MSB).
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Figure 4: Images obtained using the proposed scheme: (a)
original color image, (b,c) share images, (d) decrypted output
image.

If the c-th component of the binary vector xb
(i, j) is white

(xb
(i, j)c = 1), encryption is performed through [s1,s2]T ∈ C1

replacing xb
(i, j)c by binary blocks s1 and s2 in each of the

two shares. Otherwise, the reference binary component is
black (xb

(p,q)c = 0), and encryption is defined via [s1,s2]T ∈
C0. This forms an encryption function defined as follows:

fe(xb
(i, j)c) =

{
[s1,s2]T ∈C0 for xb

(i, j)c = 0

[s1,s2]T ∈C1 for xb
(i, j)c = 1

(4)

By replacing the binary components xb
(i, j)c with binary

blocks s1 and s2 for one particular b, the process generates
two 2K1 × 2K2 vector-valued binary shares Sb

1 and Sb
2, re-

spectively. A random number generator guides the choice
of [sb

1,s
b
2]

T and determines the random character of Sb
1 and

Sb
2. Thus, the process modifies both the spatial correla-

tion between spatially neighboring binary vectors s′b(u,v) =
[s′b(u,v)1,s

′b
(u,v)2,s

′b
(u,v)3] ∈ Sb

1 or s′′b(u,v) = [s′′b(u,v)1,s
′′b
(u,v)2,s

′′b
(u,v)3] ∈

Sb
1, for u = 1,2, ...,2K1 and v = 1,2, ...,2K2, and the spectral

correlation among components s′b(u,v)c or s′′b(u,v)c, for c = 1,2,3,

of the individual binary vectors s′b(u,v) or s′′b(u,v), respectively.
Bit-level stacking of the encrypted bit-levels produces the
color vectors s′(u,v) ∈ S1 and s′′(u,v) ∈ S2 as

s′(u,v) = ∑B
b=1 s′b(u,v)2

B−b (5)

s′′(u,v) = ∑B
b=1 s′′b(u,v)2

B−b (6)

Due to random processing taking place at the bit-levels,
the color shares S1 and S2 contain only random, color noise
like information (Figure 4b,c). Since encryption is realized
in the decomposed binary vector space, no detectable rela-
tionship between the original color vectors x(p,q) and the
color noise of S1 or S2 can be found in the RGB color
domain. This considerably increases security and prevents
unauthorized decryption through brute-force enumeration.

Since the proposed method is designed for computer-
centric processing in modern image communication sys-
tems which should utilize the complete image character-
istics of the original color input the decryption procedure

Figure 5: Color shares S1 and S2 obtained encrypting only
the selected bit-levels: (a,b) MSB b = 1, (c,d) two most sig-
nificant bits b = 1 and b = 2.

must satisfy the perfect reconstruction property. The orig-
inal color data must be recovered from the color shares
S1 and S2 using inverse algorithmic steps. Therefore, the
decryption procedure is applied to the decomposed binary
vector arrays of the color shares. Assuming that (i, j),
for i = 1,2, ...,K1 and j = 1,2, ...,K2, denotes the spa-
tial position in the original image and c denotes the color
channel, the corresponding 2 × 2 binary share blocks are
s′bc = {s′b(2i−1,2 j−1)c,s

′b
(2i−1,2 j)c,s

′b
(2i,2 j−1)c,s

′b
(2i,2 j)c} and s′′bc =

{s′′b(2i−1,2 j−1)c,s
′′b
(2i−1,2 j)c,s

′′b
(2i,2 j−1)c,s

′′b
(2i,2 j)c}. Based on the ar-

rangements of the basis matrices A0 and A1 of the {2,2}-VSS
used in this paper for image encryption, if both blocks are
consistent, i.e. s′bc = s′′bc , the decrypted original bit xb

(i, j)c is

assign white, i.e. xb
(i, j)c = 1. Otherwise, the blocks are in-

consistent, i.e. s′bc 6= s′′bc and the original bit is recovered as
black, i.e. xb

(i, j)c = 0. This logical comparison forms the fol-
lowing decryption function

xb
(i, j)c = fd(s′bc ,s′bc ) =

{
1 for s′bc = s′′bc
0 for s′bc 6= s′′bc

(7)

which is used to restore the binary vectors xb
(i, j). The proce-

dure completes with the bit-level stacking (3) resulting in the
original color vector x(i, j).

Note that more generally, the decryption function is de-
scribed as

xb
(i, j)c = fd(s′bc ,s′bc ) =

{
0 for [s′bc ,s′′bc ]T ∈C0

1 for [s′bc ,s′′bc ]T ∈C1
(8)

where reciprocal operations to (1) are searched. The de-
crypted color output is depicted in Figure 4d. Since the pro-
posed method satisfies the perfect reconstruction property,
the output image is identical to the original depicted in Fig-
ure 4a.

Figure 5 allows for the visual comparison of the color
shares when cryptographic processing is applied to a reduced
set of binary levels. It can be seen that due to spatial varia-
tions of the binary components included in the sets C0 and
C1 of the encryption function (1) as well as the additional en-
cryption level obtained by modifying the spectral character-
istics of the image, a sufficient level of protection is achieved
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Figure 6: Color shares S1 and S2 obtained encrypting all
the bits b = 1,2, ...,B only in a single-color channel: (a,b)
R channel with c = 1, (c,d) G channel with c = 2, (e,f) B
channel with c = 3.

by cryptographically processing the first two most significant
bits (b = 1,2) in all three RGB channels c = 1,2,3. The
remaining bits of the original image vectors can be simply
copied into the shares unchanged. If this option is selected,
image decryption has to be also performed only for b = 1,2.
Applying the cryptographic operations for the MSB (Figure
5a,b) of the color image only, fine details are sufficiently en-
crypted, however, large flat regions can be visually revealed.
However, encrypting the two most significant bits b = 1,2
of the color image (Figure 5a,b), the color shares should be
sufficiently protected against unauthorized attacks.

Encrypting only either one color channel (Figure 6) or
two color channels (Figure 7) of the RGB color image,
the procedure significantly modifies color information in the
shares and introduces random, noise-like information. How-
ever such an encryption operation allows to reveal the image
content. These results clearly show that for a sufficient level
of security all the channels of the RGB image must be en-
crypted.

4. CONCLUSION

A new secret sharing scheme with perfect reconstruction of
the color inputs was introduced. The method encrypts the
color image replacing the bit components with a block of
bits for each of the color shares. Using the bit-level encryp-
tion of the color image the method produces color shares,
each with unique spatial and spectral characteristics. The
proposed bit-level encryption increases protection against at-
tacks performed in the RGB color domain. The decryption
operations performed at the bit-levels are designed to satisfy
the perfect reconstruction property and thus, the procedure
recovers the original color image unchanged. This makes the
proposed method attractive for a modern image processing
and communication system, where the decrypted output can
be used for subsequent processing tasks.

Figure 7: Color shares S1 and S2 obtained encrypting all the
bits b = 1,2, ...,B in two color channels: (a,b) RG channels
with c = 1 and c = 2, (c,d) RB channels with c = 1 and c = 3,
(e,f) GB channels with c = 2 and c = 3.

REFERENCES

[1] G. Ateniese, C. Blundo, A. de Santis, and D.G. Stinson,
“Visual cryptography for general access structures,”
Information and Computation, vol. 129, pp. 86-106,
September 1996.

[2] P.A. Eisen and D.R. Stinson, “Threshold visual cryp-
tography schemes with specified levels of reconstructed
pixels,” Design, Codes and Cryptography, vol. 25,
no.1, pp. 15-61, January 2002.

[3] T. Hofmeister, M. Krause, and H.U. Simon, “Contrast
optimal k out of n secret sharing schemes in visual cryp-
tography,” Theoretical Computer Science, vol. 240, no.
2, pp. 471-485, June 2000.

[4] J.C. Hou, “Visual cryptography for color images,” Pat-
tern Recognition, vol. 36, no. 7, pp. 1619-1629, July
2003.

[5] C.C. Lin and W.H. Tsai, “Visual cryptography for gray-
level images by dithering techniques,” Pattern Recog-
nition Letters, vol. 24, no. 1-3, pp. 349-358, January
2003.

[6] M. Naor and A. Shamir, “Visual Cryptography,” Proc.
EUROCRYPT’94, LNCS, vol. 950, pp. 1-12, 1994.

[7] C.C Chang and J.C. Chuang, “An image intellectual
property protection scheme for gray-level images us-
ing visual secret sharing strategy,” Pattern Recognition
Letters, vol. 23, no. 8, pp. 931-941, June 2002.

[8] R.A. Ulichney, “Dithering with blue noise,” Proceed-
ings of the IEEE, vol. 76, no. 1, pp. 56-79, January
1988.

[9] P.W. Wong and N.S. Memon “Image processing for
halftones,” IEEE Sig. Proc. Mag., vol. 20, no. 4, pp.
59-70, July 2003.

1496


	Index
	EUSIPCO 2004 Home Page
	Conference Info
	Exhibition
	Welcome message
	Venue access
	Special issues
	Social programme
	On-site activities
	Committees
	Sponsors

	Sessions
	Tuesday 7.9.2004
	TueAmPS1-Coding and Signal Processing for Multiple-Ante ...
	TueAmSS1-Applications of Acoustic Echo Control
	TueAmOR1-Blind Equalization
	TueAmOR2-Image Pyramids and Wavelets
	TueAmOR3-Nonlinear Signals and Systems
	TueAmOR4-Signal Reconstruction
	TueAmPO1-Filter Design
	TueAmPO2-Multiuser and CDMA Communications
	TuePmSS1-Large Random Matrices in Digital Communication ...
	TuePmSS2-Algebraic Methods for Blind Signal Separation  ...
	TuePmOR1-Detection
	TuePmOR2-Image Processing and Transmission
	TuePmOR3-Motion Estimation and Object Tracking
	TuePmPO1-Signal Processing Techniques
	TuePmPO2-Speech, Speaker, and Emotion Recognition
	TuePmSS3-Statistical Shape Analysis and Modelling
	TuePmOR4-Source Separation
	TuePmOR5-Adaptive Algorithms for Echo Compensation
	TuePmOR6-Multidimensional Systems and Signal Processing
	TuePmPO3-Channel Estimation, Equalization, and Modellin ...
	TuePmPO4-Image Restoration, Noise Removal, and Deblur

	Wednesday 8.9.2004
	WedAmPS1-Brain-Computer Interface - State of the Art an ...
	WedAmSS1-Performance Limits and Signal Design for MIMO  ...
	WedAmOR1-Signal Processing Implementations and Applicat ...
	WedAmOR2-Continuous Speech Recognition
	WedAmOR3-Image Filtering and Enhancement
	WedAmOR4-Machine Learning for Signal Processing
	WedAmPO1-Parameter Estimation: Methods and Applications
	WedAmPO2-Video Coding and Multimedia Communications
	WedAmSS2-Prototyping for MIMO Systems
	WedAmOR5-Adaptive Filters I
	WedAmOR6-Speech Analysis
	WedAmOR7-Pattern Recognition, Classification, and Featu ...
	WedAmOR8-Signal Processing Applications in Geophysics a ...
	WedAmPO3-Statistical Signal and Array Processing
	WedAmPO4-Signal Processing Algorithms for Communication ...
	WedPmSS1-Monte Carlo Methods for Signal Processing
	WedPmSS2-Robust Transmission of Multimedia Content
	WedPmOR1-Carrier and Phase Recovery
	WedPmOR2-Active Noise Control
	WedPmOR3-Image Segmentation
	WedPmPO1-Design, Implementation, and Applications of Di ...
	WedPmPO2-Speech Analysis and Synthesis
	WedPmSS3-Content Understanding and Knowledge Modelling  ...
	WedPmSS4-Poissonian Models for Signal and Image Process ...
	WedPmOR4-Performance of Communication Systems
	WedPmOR5-Signal Processing Applications
	WedPmOR6-Source Localization and Tracking
	WedPmPO3-Image Analysis
	WedPmPO4-Wavelet and Time-Frequency Signal Processing

	Thursday 9.9.2004
	ThuAmSS1-Maximum Usage of the Twisted Pair Copper Plant
	ThuAmSS2-Biometric Fusion
	ThuAmOR1-Filter Bank Design
	ThuAmOR2-Parameter, Spectrum, and Mode Estimation
	ThuAmOR3-Music Recognition
	ThuAmPO1-Image Coding and Visual Quality
	ThuAmPO2-Implementation Aspects in Signal Processing
	ThuAmSS3-Audio Signal Processing and Virtual Acoustics
	ThuAmSS4-Advances in Biometric Authentication and Recog ...
	ThuAmOR4-Decimation and Interpolation
	ThuAmOR5-Statistical Signal Modelling
	ThuAmOR6-Speech Enhancement and Restoration I
	ThuAmPO3-Image and Video Watermarking
	ThuAmPO4-FFT and DCT Realization
	ThuPmSS1-Information Transfer in Receivers for Concaten ...
	ThuPmSS2-New Directions in Time-Frequency Signal Proces ...
	ThuPmOR1-Adaptive Filters II
	ThuPmOR2-Pattern Recognition
	ThuPmOR3-Rapid Prototyping
	ThuPmPO1-Speech/Audio Coding and Watermarking
	ThuPmPO2-Independent Component Analysis, Blind Source S ...
	ThuPmSS3-Affine Covariant Regions for Object Recognitio ...
	ThuPmOR4-Source Coding and Data Compression
	ThuPmOR5-Augmented and Virtual 3D Audio
	ThuPmOR6-Instantaneous Frequency and Nonstationary Spec ...
	ThuPmPO3-Adaptive Filters III
	ThuPmPO4-MIMO and Space-Time Communications

	Friday 10.9.2004
	FriAmPS1-Getting to Grips with 3D Modelling
	FriAmSS1-Nonlinear Signal and Image Processing
	FriAmOR1-System Identification
	FriAmOR2-xDSL and DMT Systems
	FriAmOR3-Speech Enhancement and Restoration II
	FriAmOR4-Video Coding
	FriAmPO1-Loudspeaker and Microphone Array Signal Proces ...
	FriAmPO2-FPGA and SoC Realizations
	FriAmSS2-Nonlinear Speech Processing
	FriAmOR5-OFDM and MC-CDMA Systems
	FriAmOR6-Generic Audio Recognition
	FriAmOR7-Image Representation and Modelling
	FriAmOR8-Radar and Sonar
	FriAmPO3-Spectrum, Frequency, and DOA Estimation
	FriAmPO4-Biomedical Signal Processing
	FriPmSS1-DSP Applications in Advanced Radio Communicati ...
	FriPmOR1-Array Processing
	FriPmOR2-Sinusoidal Models for Music and Speech
	FriPmOR3-Recognizing Faces
	FriPmOR4-Video Indexing and Content Access


	Authors
	All authors
	A
	B
	C
	D
	E
	F
	G
	H
	I
	J
	K
	L
	M
	N
	O
	P
	Q
	R
	S
	T
	U
	V
	W
	X
	Y
	Z
	Ö

	Papers
	All papers
	Papers by Sessions
	Papers by Topics

	Topics
	1. DIGITAL SIGNAL PROCESSING
	1.1 Filter design and structures
	1.2 Fast algorithms
	1.3 Multirate filtering and filter banks
	1.4 Signal reconstruction
	1.5 Adaptive filters
	1.6 Sampling, Interpolation, and Extrapolation
	1.7 Other
	2. STATISTICAL SIGNAL AND ARRAY PROCESSING
	2.1 Spectral estimation
	2.2 Higher order statistics
	2.3 Array signal processing
	2.4 Statistical signal analysis
	2.5 Parameter estimation
	2.6 Detection
	2.7 Signal and system modeling
	2.8 System identification
	2.9 Cyclostationary signal analysis
	2.10 Source localization and separation
	2.11 Bayesian methods
	2.12 Beamforming, DOA estimation, and space-time adapti ...
	2.13 Multichannel signal processing
	2.14 Other
	3. SIGNAL PROCESSING FOR COMMUNICATIONS
	3.1 Signal coding, compression, and quantization
	3.2 Modulation, encoding, and multiplexing
	3.3 Channel modeling, estimation, and equalization
	3.4 Joint source - channel coding
	3.5 Multiuser communications
	3.6 Multicarrier systems
	3.7 Spread-spectrum systems and interference suppressio ...
	3.8 Performance analysis, optimization, and limits
	3.9 Broadband networks and subscriber loops
	3.10 Application-specific systems and implementations
	3.11 MIMO and Space-Time Processing
	3.12 Synchronization
	3.13 Cross-Layer Design
	3.14 Ultrawideband
	3.15 Other
	4. SPEECH PROCESSING
	4.1 Speech production and perception
	4.2 Speech analysis
	4.3 Speech synthesis
	4.4 Speech coding
	4.5 Speech enhancement and noise reduction
	4.6 Isolated word recognition and word spotting
	4.7 Continuous speech recognition
	4.8 Spoken language systems and dialog
	4.9 Speaker recognition and language identification
	4.10 Other
	5. AUDIO AND ELECTROACOUSTICS
	5.1 Active noise control and reduction
	5.2 Echo cancellation
	5.3 Psychoacoustics
	5.5 Audio coding
	5.6 Signal processing for music
	5.7 Binaural systems
	5.8 Augmented and virtual 3D audio
	5.9 Loudspeaker and Microphone Array Signal Processing
	5.10 Other
	6. IMAGE AND MULTIDIMENSIONAL SIGNAL PROCESSING
	6.1 Image coding
	6.2 Computed imaging (SAR, CAT, MRI, ultrasound)
	6.3 Geophysical and seismic processing
	6.4 Image analysis and segmentation
	6.5 Image filtering, restoration and enhancement
	6.6 Image representation and modeling
	6.7 Digital transforms
	6.9 Multidimensional systems and signal processing
	6.10 Machine vision
	6.11 Pattern Recognition
	6.12 Digital Watermarking
	6.13 Image formation and computed imaging
	6.14 Image scanning, display and printing
	6.15 Other
	7. DSP IMPLEMENTATIONS, RAPID PROTOTYPING, AND TOOLS FO ...
	7.1 Architectures and VLSI hardware
	7.2 Programmable signal processors
	7.3 Algorithms and applications mappings
	7.4 Design methodology and rapid prototyping
	7.6 Fast algorithms
	7.7 Other
	8. SIGNAL PROCESSING APPLICATIONS
	8.1 Radar
	8.2 Sonar
	8.3 Biomedical processing
	8.4 Geophysical signal processing
	8.5 Underwater signal processing
	8.6 Sensing
	8.7 Robotics
	8.8 Astronomy
	8.9 Other
	9. VIDEO AND MULTIMEDIA SIGNAL PROCESSING
	9.1 Signal processing for media integration
	9.2 Components and technologies for multimedia systems
	9.4 Multimedia databases and file systems
	9.5 Multimedia communication and networking
	9.7 Applications
	9.8 Standards and related issues
	9.9 Video coding and transmission
	9.10 Video analysis and filtering
	9.11 Image and video indexing and retrieval
	10. NONLINEAR SIGNAL PROCESSING AND COMPUTATIONAL INTEL ...
	10.1 Nonlinear signals and systems
	10.2 Higher-order statistics and Volterra systems
	10.3 Information theory and chaos theory for signal pro ...
	10.4 Neural networks, models, and systems
	10.5 Pattern recognition
	10.6 Machine learning
	10.9 Independent component analysis and source separati ...
	10.10 Multisensor data fusion
	10.11 Other
	11. WAVELET AND TIME-FREQUENCY SIGNAL PROCESSING
	11.1 Wavelet Theory
	11.2 Gabor Theory
	11.3 Harmonic Analysis
	11.4 Nonstationary Statistical Signal Processing
	11.5 Time-Varying Filters
	11.6 Instantaneous Frequency Estimation
	11.7 Other
	12. SIGNAL PROCESSING EDUCATION AND TRAINING
	13. EMERGING TECHNOLOGIES

	Search
	Help
	Browsing the Conference Content
	The Search Functionality
	Acrobat Query Language
	Using Acrobat Reader
	Configurations and Limitations

	About
	Current paper
	Presentation session
	Abstract
	Authors
	Rastislav Lukac
	Konstantinos Plataniotis
	Bogdan Smolka
	Anastasios Venetsanopoulos



