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Abstract
This study considers watermark embedding in spectral im-
ages. The embedding takes place in a transform space
which is obtained through the Principal Component Anal-
ysis (PCA). The watermark is embedded in one eigenim-
age by mixing one eigenimage and the watermark. The
watermark is a visual watermark which spreads to all bands
of the image after the inverse PCA-transform. This new
method is a generalization of an existing method. Our ex-
periments indicate that a suitable set of parameter values
allows better embedding than the methods compared.

Introduction

The intellectual rights are becoming more important in the
information society due to the easy access to digital in-
formation. Watermarking is one way to embed the copy-
right information in the content. The watermarking pro-
cedure should maintain the following properties: the wa-
termark should be undetectable and secret for an unautho-
rized user, the watermark should be invisible or inaudible
in the information carrying signal and finally, the water-
mark should be robust on the possible attacks [1], [2], [3],
[4].

Watermarking techniques have been developed for gray-
scale and RGB-color images [5]. The watermark can be
embedded either in the transform domain of the image
[6], [7] or in the original spatial domain [8]. For RGB-
color images different color spaces have been considered
for watermarking [9].

Spectral images has various applications in remote sens-
ing and nowadays, they are largely applied to solve in-
dustrial problems in areas like quality control, exact color
measurement, color reproduction. This evolution has been
possible due to the development in the spectral imaging
systems [10],[11].

In this paper we describe a new watermarking model
for spectral images. The parameter space of the model is
analyzed and the experiments are performed to show the
usability of the method. The paper is organized as follows:
first, we define the model, then the results from the exper-
iments are shown. The conclusions and directions for the

future work are also included.

Defining the model

In the transform domain the watermark is embedded into
one PCA-component as

In = α1Im + α2Iwm (1)

where In is the PCA-component n, Im is the PCA-compon-
ent m, α1 is the weighting coefficient, and α2 controls the
strength of the watermark Iwm.

One special case arises if α2 is replaced by a multipli-
cation of two coefficients as α2 = α21α22. The coefficient
α1 can now be expressed as α1 = α11(1 − α21). Now
the mixing of two PCA components and the watermark is
more clear as

In = α11(1− α21)Im + α21α22Iwm (2)

The model presented in Eq.1 includes an earlier model
based on the PCA-transform [12]. The selections n =
10, m = 10, α1 = 0, and α2 = 1 comprises that. If
the two-dimensional wavelet transform is applied to the
PCA components and to the watermark, the model in Eq.1
enhances also the model presented in [13].

The parameter space consists of the parameters n and
m for the PCA components and of the weighting parame-
ters α1 and α2.

Optimal solution for the parameter values α1 and α2

for each pair (n, m) can be found with the following opti-
mization setup

maxα1,α2 (
√

q1q2) (3)

where

q1 = 10log
E(Io)

E(Io − Iwm)
(4)

q2 = 10log
E(W o)

E(W o −W extr)
(5)

where E(.) means energy of the signal, Io refers to the
original image, Iwm refers to the watermarked image, W o

refers to the original watermark, and W extr refers to the
extracted watermark.
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Experiments

In the experiments we used one AVIRIS image as a base
image. The image was of size 256*256*32. The resolu-
tion of the measurements was 16 bits [14]. The watermark
was a visual watermark containing 256 gray levels and it
had 256*256 pixels. In Figure 1 we show the experimental
data.
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Figure 1. a) Band 11 from the AVIRIS image. b) The visual
watermark.

In the experiments we try to find good values for n,
m, and αi as expressed in Eqs. 1 and 2. The first exper-
iment gives guidelines for selection a usable range for n
and m. We set α1 = 0 and α2 = 1, and set n = m,
1 ≤ n, m ≤ 20. The result of the experiment is in Figure
2. The quality measure is the peak-signal-to-noise ratio
between the original spectral image and the reconstructed
spectral image.

In the second experiment we set 1 ≤ n ≤ 20 and 1 ≤
m ≤ 20. In addition, α1 = 1 and α2 = 0, thus there was
no watermark embedded. The result of the experiment is
in Figure 3.
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Figure 2. Embedding a watermark in PCA components 1-20.
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Figure 3. Replacing PCA component n with PCA component m.

These experiments show the behavior of the PCA trans-
form. The first components contain most of the energy of
the image and they should not be modified or replaced, see
Figures 2 and 3. On the other hand the replacement of the
PCA components above n = m = 13 cause negligible
errors, and thus, the replacement of those components is
not expected to change the watermarking process. Thus, a
suitable range for n and m is 5 ≤ n, m ≤ 13.

In the following experiments we consider the coeffi-
cients αi with varying 5 ≤ n, m ≤ 13. In the first experi-
ment n = m = 5 and 0.0 ≤ α1 ≤ 1.0, 0.1 ≤ α2 ≤ 1.0.
Then we let n = 5, m = 8 and values are similar to the
previous experiment. The results are displayed in Figure
4 and in Figure 5.

From the same experiments the quality of the extracted
watermark was calculated. The error measure is PSNR
between the original watermark and the extracted water-
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Figure 4. Image, n = m = 5, varying 0.0 ≤ α1 ≤ 1.0,
0.1 ≤ α2 ≤ 1.0. The lowest curve has α1 = 0 and the topmost

curve has α1 = 1.

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
50

50.5

51

51.5

52

52.5

53

53.5

54

54.5

55

value of alpha
2

P
S

N
R

, d
B

image, n=5, m=8

Figure 5. Image, n = 5, m = 8, varying 0.0 ≤ α1 ≤ 1.0,
0.1 ≤ α2 ≤ 1.0.

mark. The results are in Figures 6 and 7.
Band 4 from the watermarked image is shown in Fig-

ure 8 a). The band 4 has the largest average error after
watermark embedding. The extracted watermark is shown
in Figure 8 b). The quality of the extracted watermark is
PSNR = 37.5dB. The parameters have values n = 5,
m = 8, α1 = 0.1, α2 = 0.1.

From the results shown the following conclusions can
drawn:

• Higher quality in image reconstruction yields to lower
quality in watermark extraction.

• a suitable range for PCA component mixing is from
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Figure 6. Watermark, n = 5, m = 5, varying 0.0 ≤ α1 ≤ 1.0,
0.1 ≤ α2 ≤ 1.0.
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Figure 7. Watermark, n = 5, m = 8, varying 0.0 ≤ α1 ≤ 1.0,
0.1 ≤ α2 ≤ 1.0.

5 to 13.

• mixing is not destroying image reconstruction when
the watermark is embedded at the same time. This
can be read from Figures 4 and 5 compared to the
results in Figure 3.

Finally, we perform the optimization task. The previ-
ous experiments have reduced the ranges of the parameters
and then, the optimal values within the allowed ranges are
found. We let n = 5...13 and for each value of n we
let m = 5...13. Thus, for each pair (n, m), optimal val-
ues for α1 and α2 are found through maximizing the cost
function. The cost function is selected such, that both the
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Figure 8. a) Band 4 from the watermarked image. b) Extracted
watermark.

image reconstruction and the extracted watermark obtain
the highest possible quality.

In Figure 9 we illustrate the results from optimization
process.

The results shown in the figures indicate, that in most
cases it is reasonable to keep α1 close to zero and vary
α2 in range 1...2.5. This means, that replacing the PCA
component with a watermark gives the best result for em-
bedding.

Conclusions

We have considered a method for embedding a watermark
into a spectral image. The embedding happens in the PCA
transform space of the image. The watermark is a visual
watermark, i.e. the extracted watermark can be visually
inspected and certified.

The results indicate, that high quality embedding is re-
ceived when a PCA component is replaced by a properly
weighted watermark. In addition the images shown, we
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Figure 9. a) α1. b) α2. Each line has a constant value of n and
the horizontal axis is index = m− 5.

also applied another spectral image and the watermark.
The watermark should be scaled such that the range of val-
ues for the watermark and for the image are compatible.
For the images shown the ratio of the maximum value of
the image and the maximum value of the watermark was
19527/255 = 76.6.

PCA eigenimages with high eigenvalues should not be
replaced with other eigenimages. If this replacement was
anyhow performed, the optimization resulted to a high
quality watermark reconstruction but the watermark was
clearly visible in the bands of the image.

Acknowledgements

The authors are obliged to prof. Jussi Parkkinen for pro-
viding a test image.

CGIV 2004: The Second European Conference on Colour Graphics, Imaging and Vision

497



References
[1] Artz, D., Digital Steganography: Hiding Data Within Data,

IEEE Internet Computing, May/June 2001, pp. 75–80.

[2] Podilchuk, C.I., Delp, E.J., Digital Watermarking: Algo-
rithms and Applications, IEEE Signal Processing Maga-
zine, July 2001, pp. 33–46.

[3] Barni, M., Bartolini, F., Cappellini, V., Magli, E., Olmo,
G., Near-lossless Digital Watermarking for Copyright
Protection of Remote Sensing Images, Proceedings of
IGARSS’02, 2002, pp. 1447–1449.

[4] Wolfgang, R.B., Podilchuk, C.I., Delp, E.J., Perceptual
Watermarks for Digital Images and Video, Proceedings of
the IEEE, vol. 87, issue 7, July 1999, pp. 1108–1126.

[5] Cox, I., Miller, M., Bloom, J., Digital Watermarking,
Morgan-Kaufmann, San Francisco, USA, 2001.

[6] Hsieh, M.-S., Tseng, D.-G., Huang, Y.-H, Hiding Digi-
tal Watermarks Using Multiresolution Wavelet Transform,
IEEE Transactions on Industrial Electronics, vol. 48, no. 5,
Oct. 2001, pp. 875–882.

[7] Kundur, D., Hatzinakos, D., A Robust Digital Image Wa-
termarking Method using Wavelet-Based Fusion, Proceed-
ings of the IEEE Intl. Conference on Image processing,
Santa Barbara, California, vol. 1., 1997, pp. 544–547.

[8] Cheung, W.N., Digital Image Watermarking in Spatial and
Transform Domains, TENCON Proceedings, vol. 3, 2000,
pp. III-374–III-378.

[9] Parisis, A., Carre, P., Fernandez-Maloigne, C., Colour
Watermarking: Study of Different Representation Spaces,
Proceedings of CGIV, 2002, pp. 390–393.

[10] M. Hauta-Kasari and K. Miyazawa and S. Toyooka and J.
Parkkinen: Spectral Vision System for Measuring Color
Images, The Journal of the Optical Society of America A
(JOSA A), vol. 16, no. 10, pp. 2352–2362 (1999).

[11] T. Hyvärinen and E. Herrala and A. Dall’Ava: Direct
Sight Imaging Spectrograph: a Unique Add-on Compo-
nent Brings Spectral Imaging to Industrial Applications,
Proc. of SPIE Conference on Digital Solid State Cameras:
Designs and Applications, SPIE Vol. 3302, pp. 165–175
(1998).

[12] Kaarna, A., Toivanen, P., Mikkonen, K., Watermarking
Spectral Images through the PCA transform, Proceedings
of the PICS Conference, The Digital Photography Confer-
ence, Rochester, New York, USA, May 13-15, 2003, pp.
220-225.

[13] Kaarna, A., Toivanen, P., Digital Watermarking of Spectral
Images in PCA/Wavelet-transform Domain, Proceedings
of the International Geoscience and Remote Sensing Sym-
posium, IGARSS’03, vol. VI, pp. 3564-3567, Toulouse,
France, 21-25 July, 2003.

[14] www-site: http://makalu.jpl.nasa.gov/aviris.html, accessed
August 26, 2003.

Arto Kaarna received his Master of Science degree in
1980 in Mechanical Engineering and Licenciate of Tech-
nology degree 1990 and Doctor of Technology degree in
2000 in computer science at Lappeenranta University of
Technology (LUT), Finland. Currently he is working as
a professor in media in networks with LUT. His main re-
search interests are in color and spectral image processing
and in imaging information in networks.

CGIV 2004: The Second European Conference on Colour Graphics, Imaging and Vision

498




