Evolutionary Optimisation of JPEG2000 Part 2 Wavelet
Packet Structures for Polar Iris Image Compression

Jutta Himmerle-Uhl, Michael Karnutsch, and Andreas Uhl

Multimedia Signal Processing and Security Lab
Department of Computer Sciences, University of Salzburg, Austria
uhl@cosy.sbg.ac.at

Abstract. The impact of using evolutionary optimised wavelet subband stuctures
as allowed in JPEG2000 Part 2 in polar iris image compression is investigated.
The recognition performance of two different feature extraction schemes applied
to correspondingly compressed images is compared to the usage of the dyadic
decomposition structure of JPEG2000 Part 1 in the compression stage. Recog-
nition performance is significantly improved, provided that the image set used
in evolutionary optimisation and actual application is identical. Generalisation to
different settings (individuals, sample acquisition conditions, feature extraction
techniques) is found to be low.

1 Introduction

The International Organization for Standardization (ISO) specifies iris biometric data
to be recorded and stored in (raw) image form (ISO/IEC FDIS 19794-6), rather than
in extracted templates (e.g. iris-codes). On the one hand, such deployments benefit
from future improvements (e.g. in feature extraction stage) which can be easily incor-
porated,without re-enrollment of registered users. On the other hand, since biometric
templates may depend on patent-registered algorithms, databases of raw images enable
more interoperability and vendor neutrality [} 2]]. These facts motivate detailed inves-
tigations and optimisations of image compression on iris biometrics in order to provide
an efficient storage and rapid transmission of biometric records. Furthermore, the ap-
plication of low- powered mobile sensors for image acquisition, e.g. mobile phones,
raises the need for reducing the amount of transmitted data. There are two options in
iris recognition: the acquired sample data can be compressed and transfered as it has
been obtained by the sensor (termed “rectilinear images”), or the iris texture strip as
obtained from prior segmentation and log-polar mapping (termed “polar iris image”)
may be compressed and transfered. The second option obviously trades off the higher
computational cost at the sensor (segmentation + compression) for a minimisation of
the transfered data amount.

The certainly most relevant standard for compressing image data relevant in bio-
metric systems is the ISO/IEC 19794 standard on Biometric Data Interchange Formats
where only JPEG2000 is included for lossy compression. In literature on compress-
ing iris imagery, rectilinear [, 2 3] as well as polar [2, |4] iris sample data has been
considered. With respect to employed compression technology, we find JPEG [1}, 2]
JPEG2000 [l 2, 3l 4], JPEG XR, and other general purpose compression techniques
[2]] being investigated.
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In biometrics, wavelet packet based image compression schemes have been applied
before in the area of fingerprint recognition (e.g. [5,16]) due to the high frequency nature
of the ridge and valley pattern in fingerprint imagery. Eventually, similar to fingerprint
images, image features important for iris template matching might reside in high or mid
frequency parts of the iris texture, which could be represented better by adapted wavelet
packet structures.

In this work, we employ wavelet packet decomposition structures for the compression
of polar iris images using JPEG2000 Part 2 technology. Recent work [7] showed that
common subband structure selection selection strategies including rate-distortion opti-
mising ones are not very successful as compared to the dyadic decomposition scheme
(defined in the Part 1 of the JPEG2000 standard suite). Therefore, in this work, evolution-
ary optimisation is applied to select subband structures where recognition performance
is used as optimisation criterion (while much simpler criteria are used in [7]). In Section
2, we review the use of wavelet packets in JPEG2000 and discuss various subband struc-
ture selection strategies inlcuding the evolutionary approach used in this paper. Section
3 provides experimental results for two different iris recognition schemes while Section
4 concludes the paper.

2 Wavelet Packet Selection and JPEG2000

The use of adapted wavelet packet bases for image compression purposes has been
subject to investigation since the introduction of the first adaptation technique called
“best basis algorithm”. Due to the high number of wavelet packet bases (wpb) (i.e., for
a decomposition depth d, the numberis Qg = Q§_1 +1 with )y = 1), exhaustive search
is infeasible which has lead to the development of various wpb selection strategies. The
employment of rate-distortion optimization criteria for wpb subband structure selection
has been first demonstrated for classical wavelet image coding schemes, but has been
extended later to zero-tree based compression algorithms [8] and to JPEG2000 in recent
work [9]. While JPEG2000 Part 1 is restricted to the pyramidal wavelet transform (fixed
dyadic decomposition), JPEG2000 Part 2 facilitates the use of more general wavelet
packet subband structures [[10] (besides the specification of user-defined wavelet filters
and other advanced coding options).

All the so far described wpb selection schemes have failed to significantly improve
iris recognition performance as compared to dyadic decomposition [7]]. Therefore, we
want to directly optimise recognition performance instead of optimising certain cost
functions usually targeted towards rate/distortion performance. However, common wpb
selection schemes rely on the independent evaluation of cost functions on single wpb
subbands, which is not possible when recognition performance of a certain wpb has
to be assessed. In earlier work [11], we have used genetic algorithms to assess the
degree of optimality and to further optimize wpb subband structues. This approach is
adopted for the present study where the fitness function of the evolutionary approach
rating a single wpb is set to be a parameter describing recognition performance after
compressing the data to JPEG2000 format using the corresponding wpb, i.e. the equal
error rate (EER).

Genetic algorithms are random search procedures guided by evolutionary principles
suited for vast search spaces, where parameter optimisation problems need to be solved.
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A key issue to apply the generic approach to the wpb subband structure selection task
is to find a suitable representation of the wpb and to adapt genetic operators to the
wpb tree structures [11]. The wpb can also be considered as a quadtree which needs
to be transformed into a “flat” representation: in adopting principles of the heap sort
algorithm, a string b of finite length L over a binary alphabet {0, 1} is used. With a
particular bit k set to 1, the corresponding subband is decomposed, otherwise the index
k is set to 0 and the decomposition stops in this part of the tree. Determining the indices
for the corresponding subbands is accomplished by &/, = 4 xk +m,1 < m < 4.
After having chosen two particular individuals for being candidates for the next genera-
tion, a kind of genetical material interchange is performed. Classical one- or two-point
crossover operators cannot be applied since in general, the resulting bitstrings do not
correspond to valid wpb. Therefore, sub-tree based crossover has been introduced [[11]]
which exchanges sub-trees and maintains a valid tree structure. Other genetic operators
like mutation and selection can be applied in a standard manner. For selection, we apply
roulette wheel selection (where the probability of an individual ¢ for being chosen to be
a candicate for the next generation is p; = f;/ Z;\;l fj3 fi is the fitness value of the
individual ¢ and is IV the total number of individuals per generation) as well as fourna-
ment selection (where the best m out of k£ randomly chosen individuals are selected for
the next generation).

3 Experiments

3.1 Experimental Settings

As sample data, we use the public CASIA V3 Interval database consisting of 2639
images from 391 eye classes with 320 x 280 pixels and eight-bit grey value. These
are extracted into polar iris images with 512 x 64 pixels, which act as the base for the
following compression and subsequent iris recognition algorithms. For the evolutionary
optimisation, the first 59 classes (555 images) were used, while the remaining data is
used for intra-database verification. For cross-database verification, the first 555 images
(i.e. 111 classes) of the IITD Iris Database version 1.0 are used, polar iris images are
extracted into the same size.

Experimental results with respect to JPEG2000 Part 1 & 2 compression have been
generated using a custom implementation of wpb selection strategies based on the
JJ2000 reference implementation [9]. Bitrates 0.2bpp, 0.4bpp, 0.8bpp and 1.5bpp are
considered. Both templates involved in biometric matching, the one generated from the
sample data and the one from the database, are derived from images compressed to the
same bitrate.

It is crucial to assess the effects of compressing iris samples using different iris recog-
nition schemes since it can be expected that different feature extraction strategies will
react differently when being confronted with compression artefacts and reduced im-
age quality in general. We use custom implementations of two feature extraction tech-
niques (for a description of our implementation of preprocessing, feature extraction, and
matching see [2]). Both implementations are available in USIT (University of Salzburg
Iris-Toolkit at http: //wavelab.at. The first scheme has been developed by Ko
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et al. [12] and extracts spatial domain features, while the second approach has been
designed by Monro et al. [13] and relies on DCT-derived features.

Evolutionary optimisation is started with 50 initial individuals (wpb) in the first gen-
eration which are derived from results using techniques in [7]. After determining the
fitness values (difference to the EER, which the dyadic decomposition at depth three
achieves), either roulette wheel selection or tournament selection (with & = 5 and
m = 2) is applied. Subsequently, tree crossover is repeatedly applied to two selected
wpb in order to generate two new individuals for the next generation and finally, mu-
tation is applied to each bit in the wpb representation of the new generation with a
probability of 0.01. This procedure is repeated over 50 generations.

In case of cross-bitrate optimisation (i.e. searching for wpb superior to the dyadic
case for more then just a single bitrate), the wpb fitness is the number of bitrates, at
which the particular wpb outperforms the dyadic case, and as a second value either the
mean or the standard deviation of the relative EER for the bitrates (0.2bpp, 0.4bpp,
0.8bpp, 1.5bpp) is considered. In this case, only roulette wheel selection is applied.

3.2 Experimental Results

Figs. [[l and 2] are meant for illustrating the evolutionary process. On the x-axis, the 50
generations are shown whereas on the y-axis the fitness values are given (a point in
the plot corresponds to the value of a single individual — wpb). Below the two graphs
(left: roulette wheel selection, right: tournament selection) three wpb are shown: the
one corresponding to the “best” wpb in the initial generation in the middle, and the final
“winning” individuals of the last respective generations left and right to it.

When considering the EER of the two recognition schemes under JPEG2000 Part 1
compression for the four bitrates 0.2bpp, 0.4bpp, 0.8bpp, and 1.5bpp (i.e. (EER(Ko) =
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Fig. 1. Evolvement of wpb for Ko et al. recognition @ 0.8 bpp
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9.28,9.51,9.40,9.18, EER(Monro) = 2.24,1.40,1.35, 1.36), the improvements of
0.97 (Ko @ 0.8bpp, roulette wheel selection) and 0.77 (Monro @ 0.2bpp, roulette wheel
selection) can be rated clearly significant.
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Fig. 2. Evolvement of wpb for Monro et al. @ 0.2 bpp

Table[Ilprovides the overall view. For each bitrate considered, JPEG2000 Part 2 com-
pression is able to significantly outperform the dyadic JPEG2000 Part 1 scheme. While
for the Ko et al. recognition algorithm improvements are distributed rather uniformly
over different bitrates, for Monro et al. the case 0.2bpp shows the highest optimisation
potential (EER is reduced from 2.24 to 1.47 !). In all but a single case, roulette wheele
selection exhibits superior results to tournament selection.

Table 1. Results of the individual bitrate optimizations (improvements in terms of EER)

Ko et al. 0.2 bpp 0.4 bpp 0.8 bpp 1.5 bpp
Roulette wheel selection -0.5401 -0.8154 -0.9731 -0.6233
Tournament selection  -0.4817 -0.7940 -0.9521 -0.544

Monro et al. 0.2 bpp 0.4 bpp 0.8 bpp 1.5 bpp
Roulette wheel selection -0.7723 -0.2531 -0.2621 -0.1000
Tournament selection  -0.7140 -0.1564 -0.2368 -0.1437

Having seen the potential of optimisation to a single target bitrate, the question arises
natually if there exist wpb which outperform the dyadic decomposition for several bi-
trates (we stick to the four bitrates defined before) — “cross-bitrate optimisation”. The
answer is “yes”, as illustrated in Fig. Bl Figs.[Bla - Blb show the gain in EER (y-axis)
of the top-six wpb individuals for the four target bitrates (x-axis). We clearly see that
we succeed with our optimisation, but the improvements are less distinct as compared
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to the optimisation for a single bitrate. For Ko et al. recognition, optimisation with re-
spect to the mean EER gain leads to several wpb which improve over the dyadic case
for all bitrates considered (see Fig.[3la). For the Monro et al. scheme (Fig.[lb), the fit-
ness function involving the standard deviation leads to some uniformly distributed EER
gain, however, the amount of achieved gain is not very high (Fig.[3lb).
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Fig. 3. Cross-bitrate optimisation results

Fig.Blc — Fig.Blf illustrate some of the evolved wpb, the value in the corresponding
caption is the cost function value (mean or standard deviation of EER gain). The first
two wpb correspond to Fig. Bla — while they look fairly different overall, at least the
LL-band decompsition (top left quater) is identical (which is the case for all but one
of those top-six results). The last two wpb correspond to Fig. Blb — they do not exhibit
structural similarity among each other nor to the wpb considered before.

The aim of the following investigations is to verify if the behaviour of the optimised
wpb generalise to different scenarios. First we look into intra-database verification, i.e.,
we apply the wpb optimised on the first part of the CASIA V3 Interval dataset for
a specific target bitrate to the remaining part of the database using the same bitrate.
Consequently, no evolutionary optimisation is involved in the following experiments,
the results of which are shown in Table 2l

Results clearly indicate that the results do not at all generalise. While for some
specific settings we still observe significant EER improvements as compared to the
JPEG2000 Part 1 dyadic scheme (e.g. Ko et al. with roulette wheel selection @ 0.4bpp
or Monro et al. with tournament selection @ 0.2bpp), for most scenarios the EER gain
is not significant, in some cases EER even clearly degenerates (e.g. Monro et al. with
roulette wheel selection @ 0.2bpp).

Table[Blshows the results of the cross-database verification, where the wpb optimised
on a part of the CASIA V3 Interval database are applied to a part of the IITD database.
As expected (when considering the previous results), results do not generalise as well.
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Table 2. Results of intra-database verification (individual bitrate optimizations, improvements in
terms of EER)

Ko et al. 0.2 bpp 0.4 bpp 0.8 bpp 1.5 bpp
Roulette wheel selection -0.0874 -0.2529 -0.0143 -0.1541
Tournament selection  -0.2282 -0.1012 0.0264 -0.0075

Monro et al. 0.2 bpp 0.4 bpp 0.8 bpp 1.5 bpp
Roulette wheel selection 0.3974 0.0158 -0.0711 -0.0105
Tournament selection  -0.1514 -0.0867 -0.1074 -0.0041

Interestingly, at least for roulette wheel selection a sight gain is observed for all bitrates
and both recognition algorithms but given the amount of improvement (especiall for the
Monro et al. scheme) this seems to be a random phenonemon only.

Table 3. Results of cross-database verification (individual bitrate optimizations, improvements in
terms of EER)

Ko et al. ,1ITD 0.2 bpp 0.4 bpp 0.8 bpp 1.5 bpp
Roulette wheel selection -0.2063 -0.1103 -0.3951 -0.1541
Tournament selection  -0.3471 0.0414 -0.3543 -0.0075

Monro et al. , IITD 0.2 bpp 0.4 bpp 0.8 bpp 1.5 bpp
Roulette wheel selection -0.3494 -0.0888 -0.0451 -0.1461
Tournament selection  -0.1806 0.1846 0.0145 0.0697

Finally, we apply the wpb optimised for one iris recognition scheme using the other
scheme. The dataset of the intra-database verification is used, while optimisation has
been done on the first part of the CASIA V3 Interval dataset as before. Results are
displayed in Table[d] which show that in about half the cases, EER is degenerated.

Table 4. Results of cross-algorithm verification (individual bitrate optimizations, improvements
in terms of EER)

Ko verifies Monro 0.2 bpp 0.4 bpp 0.8 bpp 1.5 bpp
Roulette wheel selection 0.1539 -0.1360 0.3710 0.0123
Tournament selection 0.1807 -0.7029 -0.1833 0.0416

Monro verifies Ko 0.2 bpp 0.4 bpp 0.8 bpp 1.5 bpp

Roulette wheel selection 0.2761 0.1444 -0.0406 0.0623
Tournament selection  -0.0169 0.1501 -0.071 -0.0050

4 Conclusion

The obtained results show that evolutionary optimisation of wavelet packet subband
structures in JPEG2000 with respect to a fixed target bitrate is possible and leads to a
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significant gain in terms of EER as compared to the dyadic JPEG2000 Part 1 decom-
position. Also optimisation for a set of bitrates is possible, however, the gain in EER
is clearly lower as compared to the individual bitrate optimisation strategy. Our results
also show that the computed wavelet packet subband stuctures are highly tuned to the
dataset used in the optimisation — results do neither generalise to a different sample
database (different capturing conditions) nor to a different subset of the database used
for optimisation (different individuals). Furthermore, results are highly specific for the
recognition algorithm they have been optimized for and do not at all carry over to a
different feature extraction and matching scheme. Thus, the proposed approach can be
used for a closed application with a fixed user set — a verification scenario as it is ex-
pected at border control with multi-national passports obviously cannot be supported.
For such a scenario with dynamically varying user group it is best to stick to the fixed
pyramidal decomposition of JPEG2000.
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