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CLASSIFIED VECTOR QUANTIZATION AND ITS APPLICATION
ON COMPRESSION OF IRIS IMAGES IN THE SAFETY
OF MARINE SYSTEMS

ABSTRACT

As a standard, 512 byte IrisCode templates developed
with specific algorithms are stored in databases and used
in iris recognition process. Future tendencies are to use ex-
clusively real iris images rather than IrisCode templates in
the iris recognition process. Many of current iris recognition
systems use portable devices (e.g. iris scanners) which are
often required to transmit image or template over communi-
cation channel. Image compression can be used in order to
reduce the transmission time and storage capacities. Classi-
fied Vector Quantization (CVQ) and ordinary Vector Quantiza-
tion (VQ) are used for compression of greyscale iris images
collected from one of the available public databases of iris
images. Results show that both compression methods are
significantly more effective when applied to iris images than
when applied to average images from everyday environ-
ments since iris images are fairly uniform and contain low
contrast levels. Originally, CVQ is used to improve the quality
of edges of compressed images because they are the most
important part of image for visual impression on humans.
The paper presents the comparison and major advantage of
CVQ over ordinary VQ in terms of significant time reduction
needed for iris images to be coded, and therefore it high-
lights a new important application of CVQ.
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1. INTRODUCTION

Iris recognition is a method of identifying people
based on unique patterns within the ring-shaped re-
gion surrounding the pupil of the eye [1]. It has been
shown that the iris biometrics has major advantages
over other biometrics, and is considered to be the
most reliable method for human identification [1]. It
is most often used for security-related applications.
Due to the increased terrorist attacks and trespass-
es, biometric technology has become a viable solution

for port and ship security, and it is already adopted
in other areas of transport sector. Also, seaports and
marine terminals are home to high consequence facil-
ities such as oil and gas storage, chemical, intermodal
and port operations. These kinds of environments re-
quire accurate and reliable access control and identity
verification which can be obtained via iris recognition
system.

Iris identification procedure includes enrolment
of a person into a commercial iris system, generally
requiring several IrisCode templates derived from iris
images of a person to be taken and stored in a data-
base. In most of the cases, these databases do not
contain actual iris images, but 512 byte binary files
containing distinctive information of each and every
enrolled iris (called IrisCode templates). IrisCode tem-
plates are created from the standard greyscale iris
images of 640x480 pixels format. The majority of the
commercial iris systems use Daugmans algorithm to
create IrisCode templates from iris images [1, 2]. Log-
ically, desirable upgrade would be the use of real iris
images instead of templates in order to avoid all the
intermediate steps that generate IrisCode templates.
Moreover, different policies even require that biomet-
ric data should be stored in image form, rather than in
the form of templates created with specific algorithms
in order to achieve interoperability and vendor neutral-
ity [3]. Also, the usage of portable iris recognition sys-
tems that often require data transfer over communi-
cation channel is increasing, e.g. Coast Guard is using
them so they can rapidly identify suspected migrants
or smugglers at sea [4]. In this and in many other cas-
es, data transmission, thus the identification process
should be as fast as possible. The solution to all these
issues is the usage of compressed real iris images
instead of templates while maintaining accuracy and
reliability in the recognition procedure. It has been
already experimentally proved that this solution is
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possible, meaning that compression of real iris images
can have negligible impact on the recognition accuracy
if applied under certain circumstances [5, 6]. Previous
experiments also show that vector quantization gives
better results than Discrete Cosine Transform (DCT)
method [7, 8] which is already accepted as a standard
in the majority of video and image compression meth-
ods [9, 10, 11].

This paper puts emphasis primarily on Classified
Vector Quantization (CVQ) [12] where the classification
is based on edges, and its application on compression
of iris images. CVQ uses training set of vectors extract-
ed from training set of images in order to generate
codebooks.

Codebooks contain approximation blocks of pixels
(vectors) that are used to replace blocks of pixels from
original images that are ready to be coded. In order to
get better results, the training set of images should
contain maximum possible number of blocks of pixels
that correspond to the blocks from original images
that will be coded. Generally, the results of coding will
be better as the similarity is greater between the train-
ing set of images and the images that will be coded.
Iris images are fairly uniform in grey level and the con-
trast levels within the iris area are very low from the
perspective of image processing. Therefore, this paper
explores whether there are advantages of this method
when applied to the compression of iris images over
average images from other environments, and most
importantly, it investigates the advantages of CVQ over
ordinary VQ method, particularly in terms of time re-
duction of the iris image compression process. The
next Section describes the potential of iris recognition
method used in shipping and port business/industry.
Third Section refers to a special algorithm used for
edge classification within the CVQ, called comparison
of locally thresholded image vectors with a predefined
set of binary edge templates [13], which is used in this
paper. Methodology, results and discussion are given
in the fourth Section.

2. IRIS RECOGNITION AS A BIOMETRIC
METHOD IN PORT AND SHIPPING
SECURITY

Port and shipping security is a risk management
activity and in the business of security the risk man-
agement process begins with understanding the tar-
get environment as being fraught with risks that must
be identified, assessed and managed (e.g. ports are
interesting targets for terrorist and criminal conspira-
cies due to their high role in national and local econo-
mies). Therefore, development of comprehensive and
reliable security systems is important. Biometric rec-
ognition has emerged as one of the key elements in
security against terrorism threat, as well as in subject
identification and prevention of unauthorized access

in general. Iris recognition provides one of the most se-
cure methods of authentication and identification [1,
2]. One of the extensive studies conducted in the USA
showed that iris biometrics should be taken seriously
into consideration as the primary identification meth-
od because of its accuracy and the nature of marine
systems [14]. Iris scanning as a “stand-off” biometrics
includes no physical contact between the subject and
the iris scanning device, which may not be negligible
in marine environments such as ports and ships. Iris
biometrics is highly superior when compared to other
“stand-off” biometric methods (e.g. facial and gait rec-
ognition) [15]. Also, widespread fingerprint recognition
method may experience some issues in marine envi-
ronments (subjects must make physical contact with
fingerprint scanner e.g. the subject must leave the ve-
hicle in order to access fingerprint scanner, subjects
working in wet marine environments sometimes may
experience a common side effect: wrinkled or shriv-
elled fingers, etc.). Iris biometrics is the most prom-
ising one in the set of technologies that allow an iris
scanner to acquire the iris scan of a subject at a con-
siderably greater distance than the conventional iris
scanners. Some studies show the potential of scan-
ning the subject at up to one meter even if the subject
is moving [16, 17].

Iris scanning is used in various scenarios around
the world and they are mostly implemented in of-
fice-like environments where the environmental con-
ditions are fairly stable. Portable iris scanners are
suitable for applications that require the iris scanners
to be mobile. These devices are more suited for out-
door environments and environments where there is
less control over conditions (humidity, weather con-
ditions, sunlight, etc.) in general. Marine systems,
such as ports, marine terminals, ships etc. can often
be regarded as such. Portable iris scanners PIER 2.3.
were used in research that was carried out within the
marine system, and satisfying results were obtained
[14]. If properly implemented, iris scanning can dras-
tically improve the accuracy of identification of port/
ship workers and other subjects in security sensitive
positions. Minimization of the time required to carry
out the identification procedure on a daily basis is of
great importance as well [18].

3. CLASSIFICATION OF EDGES
USING COMPARISON OF LOCALLY
THRESHOLDED IMAGE VECTORS WITH
A PREDEFINED SET OF BINARY EDGE
TEMPLATES

CVQ is an advanced method of ordinary VQ [12].
There are many different properties that can be con-
sidered during classification. Generally, when it comes
to image, classification is based on edges. The de-
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scription of the algorithm used in this paper for edge
classification is as follows:

In this method, the first step is the decision about
whether the image vector is edge or non-edge. There-
fore, each grey pixel g(i,j) is assigned the weighting fac-
tor w(i,j) which is calculated using the horizontal (e,)
and vertical (e,) gradient, and two diagonal gradients
(e41, €40), based on the neighbouring pixels. Gradients
and weighting factor can be estimated as:

en=max(|g(ij)-g(i+1,j)1g(ij)-(i-1,j)]) (1)

e, = max(| g(i,j)-g(i+1,j)l,1g(ij)-(ij-1)]) (2)

y

ea = max(g(ij)-gi+1,j+1)],

lg(ij)-(i-1,j-1)) )
en =max(g(ij)-g(i-1,j+1)|, @)
lg(ij)-(i+1,j-1))
w(i,j) = max(ene,ea, eun) (5)

If any of the weight factors w(i,j) is greater than a
predetermined threshold T, then the image vector is
considered to be an edge, otherwise it is considered
to be a non-edge. The next step is binarization of the
edge vectors based on threshold T. Edge vectors are
vectors that contain at least one weighting factor larg-
er than threshold T,. Binarization is done in a way that
pixels of the grey image are compared with the pre-
determined threshold T. Depending on the value of
threshold T, pixels are converted to full-black or full-
white colour. Using this method, grey images that con-
tain pixels of value g(i,j) are transformed to black and
white images that contain pixels of value gg,(i.j), so the
expression is:

oo, glij)=T
g"w_("])_{QSS,g(i,j)> T (6)

which refers to the black and white images with
values ranging from O to 255 (O is the black colour,
and 255 is the white colour). Threshold value T for the
vector of size 4x4 is calculated as:

roynt v D g )
w=>" > wij) (8)

Binarized vectors are classified in a way that they
are compared with fixed patterns that correspond to
the most common vectors with vertical, horizontal and
diagonal orientation. It is necessary to calculate the
distance (number of different pixels between binarized
vector and fixed pattern) for all the patterns. If the
smallest of these distances is greater than threshold
T,,» then the vector is considered to be a mixed class. If
the smallest of these distances is less than threshold
T, then the vector is classified as the class for which
the distance is the smallest, i.e. as one of the 28 class-
es shown in Figure 1.

Figure 1 - Fixed edge patterns
Source: Quweider, M. K., and E. Salari. “Efficient classifica-
tion and codebook design for CVQ.” IEE Proceedings-Vision,
Image and Signal Processing 143.6 (1996): 344-352.

Therefore, each vector can be classified as edge or
non-edge. Edge is further classified as one of the 28
classes or as a mixed class. Mixed class contains a lot
of complex edge patterns, such as edges in the form
of letter O, L, U and many other forms. It was experi-
mentally determined that images of intensity between
0 and 255 have threshold values T,,=3 and T,.=19.

4. METHODOLOGY AND EXPERIMENTAL
RESULTS

4.1 Methodology

In order to perform the experiment, two test cas-
es were analyzed, and their results compared. For
the first test case, nine random grey iris images from
Phoenix iris database [19] were taken as a training set
of input images (Figure 2).

Figure 2 - Training images of the first test case

Source: http://phoenix.inf.upol.cz/iris/

Original images from the database were 768x576
pixels. It was necessary to crop them in order to get the
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standard size of 640x480 pixels. No other preprocess-
ing of images has been done. The considered size of
each block of pixels (vector) was 4x4 pixels. Therefore,
each of these nine images contained 19,200 train-
ing vectors, meaning that all nine images contained
172,800 training vectors. Training vectors were ex-
tracted from these images, and classified afterwards.
Pattern comparison algorithm was used for classi-
fication of training vectors. In other words, extracted
vectors were distributed among 30 different classes.
Twenty-eight classes refer to fixed edge patterns (See
Figure 1), and other two classes are mixed class (con-
taining all the edges that do not belong to any of the
28 classes) and a non-edge class (containing every
vector that is not considered to be an edge). Separate
codebooks of different sizes (64, 32, 16, 8, 4 code-
words) were created for each class of training vectors.
LBG algorithm [20] was used to create codebooks.

In the second test case, 18 grey images from aver-
age environments were taken as a training set of input
images (Figure 3).

Figure 3 - Training images of the second test case

Images were selected so as to better represent all
possible inputs from the average environments (imag-
es were not homogeneous, but diverse). Fifteen imag-
es were the size of 480x320 pixels, while three images
were the size of 320x480 pixels. The considered size
of each vector was 4x4 pixels which is same as in the
first test case. Each of 18 images contained 9,600

Table 1 - Coding results for the first test case

training vectors, therefore all 18 images contained
172,800 training vectors which is also the same as
in the first test case. Exactly the same procedure (ex-
traction, classification and generation of codebooks
for each class with LBG algorithm) as in the first test
case was performed.

Finally, the codebooks of different sizes, for each
and every class and for both test cases were obtained.
Therefore, input vectors from original images can be
coded at different bit rates using CVQ. In order to com-
pare the performances between CVQ and ordinary VQ,
codebooks for ordinary VQ were generated as well (us-
ing LBG algorithm). In other words, all 172,800 train-
ing vectors from the first test were used to generate
codebooks of size 2,048, 1,024, 512, 256 and 128
codewords for that particular test case. Also, a total
of 172,800 training vectors from the second test case
were used to generate codebooks of the same size for
that particular test case. Codebook sizes were select-
ed in such a way that CVQ and VQ can be performed at
the same bit rate. For the first test case, three grey iris
images from Phoenix database were coded via CVQ
and VQ. In the second test case, three grey average
images (lena, ship and pepper) were coded via CVQ
and VQ as well. The coding was performed using the
same bit rate levels (range from 0.43 - 0.68 bits per
pixel) for both test cases. Coding of three images for
each test case was performed using codebooks that
were generated particularly for that test case. Mean
Squared Error (MSE) [21] was used as a measure of
the quality of coding. Complete methodology was per-
formed in Matlab 7.7 using several Matlab scripts spe-
cially designed for this purpose.

4.2 Results and discussion

Coding results for both test cases are shown in
Table 1 and Table 2.

First positive effect of VQ and CVQ applied on iris
image compression is as follows: results show that
coded iris images from the first test case (see Table 1)
are of significantly better quality (smaller MSE) than
coded images from the second test case (see Table 2),
at the same bit rate levels. It means that iris images

VQ CVvQ
bpp Iris 1 Iris 2 Iris 3 Iris 1 Iris 2 Iris 3
coding coding coding coding coding coding
MSE time(s) MSE time(s) MSE time(s) MSE time(s) MSE time(s) MSE time(s)
0.437 | 17.74 | 13.18 | 14.29 | 13.02 | 15.60 | 12.62 | 38.81 0.39 32.19 0.39 31.30 0.39
0.5 12.44 | 2492 | 10.19 | 24.35 | 11.74 | 23.95 | 21.42 0.74 19.78 0.73 20.79 0.74
0.562 | 9.11 | 48.43 8.26 46.13 9.01 | 46.49 | 12.54 1.44 10.87 1.45 12.23 1.45
0.625 | 7.39 94.70 6.55 92.15 7.22 90.61 7.71 2.82 6.32 2.83 7.48 2.83
0.687 | 5.86 |188.56 | 5.43 |180.04| 590 |183.01| 6.22 5.66 5.19 5.63 6.05 5.60
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Table 2 - Coding results for the second test case

) VQ CcvQ
PP lena (MSE) ship (MSE) pepper(MSE) lena (MSE) ship (MSE) pepper(MSE)
0.437 39.52 57.22 40.98 62.99 93.10 64.07
0.5 33.10 50.00 35.24 46.19 61.21 50.98
0.562 28.51 44.20 30.62 29.99 51.12 33.25
0.625 25.63 39.77 26.95 24.94 40.96 27.32
0.687 19.81 35.72 22.05 19.67 36.13 22.18
are more suitable candidates for VQ and CVQ than im-
ages from the average environments. We attribute this 40
to the fact that iris images are less diverse and more 35 =
homogeneous than images from Figure 3 [22, 23]. Or- 30
dinary VQ gives better results at lower bit rate levels, 25
while the results from VQ and CVQ are approximately = 20
the same or slightly in favour of VQ at higher bit rate g 15
levels (0.625 bpp and above). Average MSE of iris im- =10 Ve
ages from the first test case coded via CVQ and VQ < 5 cvQ
(see Table 1) is shown in Figure 4. S 9 . <
40 : _ .
35 \ 0.437 0.5 0.562 0.625 0.687
%0 \ bpp
25
20

MsE | .. NS e vQ
10 e, \ —CVQ
5
0 . : .
0.437 0.5 0562 0.625 0.687
bpp

Figure 4 - Average MSE of coded iris images from Table 1
using CVQ and VQ at different bit rate levels

It is not desirable to code iris images at very low bit
rate levels due to significant degradation in iris image
quality (higher MSE). Therefore, higher bit rate levels
are of particular interest for coding of iris images. Cod-
ed data are actually simple indexes that point to cor-
responding representative blocks of data contained
in the codebook. In VQ and CVQ the amount of cod-
ed data which is stored or sent over communication
channel is the same for all bit rate levels. There is all
the more reason to use higher bit rate levels (lower
MSE) to code iris images. The coding time for all three
iris images from the first test case is shown in Table 1
as well. Obviously, the main advantage of CVQ over
ordinary VQ in iris recognition process refers to a sig-
nificant reduction in the time required for iris image
coding. The coding time affects directly the time re-
quired to perform overall iris recognition process. This
advantage is greater at higher bit rate levels. The aver-
age time required to code iris images from the first test
case (see Table 1) via CVQ and ordinary VQ at different
bit rate levels is shown in Figure 5.

Figure 5 - Average time needed to code iris images from
Table 1 at different bit rate levels via CVQ and VQ

Coding time grows exponentially as the number of
bits used for coding increases in the case of ordinary
VQ. Computational complexity in terms of generating
codebooks at higher bit rate levels is not an issue
because the same codebook once generated can
be used all the time for each and every iris recogni-
tion procedure. Moreover, CVQ solves the problem of
searching for the closest codeword within large code-
books at higher bit rate levels. All the tests were per-
formed on Intel Core i5 processor (2.50 GHz), 4 GB
RAM on Windows 7.

5. CONCLUSION

Previously performed experiments from other stud-
ies proved that ordinary VQ provides better results
than DCT method when used for iris image compres-
sion. This paper expands the issue, and points out a
new application of CVQ. Results show that CVQ has a
significant coding time advantage over VQ which can
be of great importance when used in iris recognition
procedures. Both methods give significantly better re-
sults when applied to standard greyscale iris images
used for biometric identification than when applied to
average images from everyday environments. The rea-
son lies in the fact that the iris images are fairly uni-
form and images contain low contrast levels. Higher bit
rate levels are of particular interest for the iris image
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compression due to iris image quality importance, and
the results obtained via CVQ and VQ are approximate-
ly the same at these levels. Iris recognition process
should be as fast as possible. It means that a person
who has entered the iris recognition procedure should
wait as little as possible for the identification process
to be executed, which is of great importance for the
majority of iris biometric applications within different
marine security systems. The results show that com-
pression of irises via proposed CVQ brings significant
time decrease in the process of image coding which
directly affects the time required to perform overall iris
recognition procedure. Although the main motivation
for this research is marine security, benefits are ful-
ly applicable for the safety of other systems, such as
airport and air traffic security, road transport security,
border security, i.e. in every area that requires identi-
fication. Future research will focus on further shorten-
ing of coding time of iris images, and further quality
increase of coded images using general image pro-
cessing techniques.
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VEKTORSKA KVANTIZACIJA S KLASIFIKACIJOM |
NJENA PRIMJENA NA KOMPRESIJU SLIKA MREZNICA
U SIGURNOSTI POMORSKIH SUSTAVA

SAZETAK

Kao standard, specijalnim algoritmima dobiveni IrisCode
predlosci od 512 bajtova pohranjuju se u baze podataka te
se koriste u postupcima prepoznavanja putem mreZnica.
Buduce tendencije nalazu upotrebu iskljucivo stvarnih slika
mreznica umjesto IrisCode predloZaka u postupcima pre-
poznavanja putem mrezZnica. Mnogi od trenutnih sustava
za prepoznavanje koriste prijenosne uredaje (npr. skenere
mreznica) koji Cesto trebaju slati sliku ili predloZak preko ko-
munikacijskog kanala. Kompresija slike se mozZe koristiti u
svrhu smanjenja vremena prijenosa slike i skladiSnih kapac-
iteta. Vektorska Kvantizacija s Klasifikacijom (CVQ) i obi¢na
Vektorska Kvantizacija (VQ) su koriStene za kompresiju siv-
ih slika mrezZnica koje su prikupljene iz jedne od dostupnih
javnih baza podataka mrezZnica. Rezultati pokazuju da su
obje metode znacajno djelotvornije kada se primjene na
prosjecne slike iz svakodnevnih okolisa, buduci da su slike
mreZnica prilicno ujednacCene i sadrze niske razine kon-
trasta. Izvorno se CVQ koristi kako bi se poboljSala kvaliteta
rubova komprimiranih slika s obzirom da su rubovi najvazniji
dio za vizualni dojam kod Covjeka. Prikazana je usporedba i
znacajna prednost CVQ u odnosu na VQ u smislu smanjenja
vremena kodiranja slika mreznica, a time je istaknuta i nova
vazna primjena CVQ.

KLJUCNE RIJECI

prepoznavanje mreznice; pomorska sigurnost; vektorska
kvantizacija s klasifikacijom;
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