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Abstract. This paper proposes a novel method for the automatic coarse classifi-
cation of iris images using a box-counting method to estimate the fractal dimen-
sions of the iris. First, the iris image is segmented into sixteen blocks, eight be-
longing to an upper group and eight to a lower group. We then calculate the 
fractal dimension value of these image blocks and take the mean value of the 
fractal dimension as the upper and the lower group fractal dimensions. Finally 
all the iris images are classified into four categories in accordance with the up-
per and the lower group fractal dimensions. This classification method has been 
tested and evaluated on 872 iris cases and the accuracy is 94.61%. When we al-
low for the border effect, the double threshold algorithm is 98.28% accurate. 

1   Introduction 

Biometrics is one of the most important and reliable methods for computer aided 
personal identification. The fingerprint is the most widely used biometric feature, but 
the most reliable feature is the iris and it is this that accounts for its use in identity 
management in government departments requiring high security. 

The iris contains abundant textural information which is often extracted in current 
recognition methods. Daugman’s method, based on phase analysis, encodes the iris 
texture pattern into a 256-byte iris code by using some 2-dimensional Gabor filters, 
and taking the Hamming distance [1] to match the iris code. Wildes [2], matches 
images using Laplacian pyramid multi-resolution algorithms and a Fisher classifier.  
Boles et al, extract iris features using a one-dimensional wavelet transform [3], but 
this method has been tested only on a small database. Ma et al. construct a bank of 
spatial filters whose kernels are suitable for use in iris recognition [4]. They have also 
developed a preliminary Gaussian-Hermite moments-based method which uses local 
intensity variations of the iris [5]. They recently proposed an improved method based 
on characterizing key local variations [6].  

Although these methods all obtain good recognition results, all iris authentication 
methods require the input iris image to be matched against a large number of iris 
images in a database. This is very time consuming, especially as the iris databases 
being used in identity recognition growing ever larger. To reduce both the search time 
and computational complexity, it would be desirable to be able to classify an iris  
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image before matching, so that the input iris is matched only with the irises in its 
corresponding category, but as yet the subject of iris classification has received little 
attention in the literature.  

This paper is intended to contribute to the establishment of meaningful quantitative 
indexes. One such index can be established by using box-counting analysis to esti-
mate the fractal dimensions of iris images with or without self-similarity. This allows 
us to classify the iris image into four categories according to their texture and  
structure. 

2   Counting Boxes to Estimate the Fractal Dimension of the Iris 

The concept of the fractal was first introduced by Mandelbrot [7], who used it as an 
indicator of surface roughness. The fractal dimension has been used in image classi-
fication to measure surface roughness where different natural scenes such as moun-
tains, clouds, trees, and deserts generate different fractal dimensions. Of the wide 
variety of methods for estimating the fractal dimension that have so far been pro-
posed, the box-counting method is one of the more used widely [8], as it can be 
computed automatically and can be applied to patterns with or without self-
similarity. 

In the box-counting method, an image measuring size RR×  pixels is scaled down 
to ss × , where 2/1 Rs ≤< , and s  is an integer. Then, Rsr /= . The image is treated 
as a 3D space, where two dimensions define the coordinates ),( yx  of the pixels and 

the third coordinate (z) defines their grayscale values. The ),( yx  is partitioned into 

grids measuring ss × . On each grid there is a column of boxes measuring sss ×× . If 

the minimum and the maximum grayscale levels in the thji ),(  grid fall into, respec-

tively, the thk  and thl  boxes, the contribution of rn  in the thji ),(  grid is defined as: 

1),( +−= kljinr  (1) 

In this method rN  is defined as the summation of the contributions from all the grids 

that are located in a window of the image: 

∑=
ji

rr jinN
,

),(  (2) 

If rN  is computed for different values of r , then the fractal dimension can be es-

timated as the slope of the line that best fits the points )log),/1(log( rNr .  

The complete series of steps for calculating the fractal dimension are follows. First, 
the image is divided into regular meshes with a mesh size of r . We then count the 
number of square boxes that intersect with the image rN . The number rN  is depend-

ent on the choice of r . We next select several size values and count the correspond-
ing number rN . Following this, we plot the slope D formed by plotting )log( rN  

against )/1log( r . This indicates the degree of complexity, or the dimensions of the 

fractal. Finally, a straight line is fitted to the plotted points in the diagram using the 
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least square method. In accordance with Mandelbrot’s view, the linear regression 
equation used to estimate the fractal dimension is 

)/1log()log()log( rDKNr +=  (3) 

where K is a constant and D denotes the dimensions of the fractal set. 

3   Iris Classification 

3.1   The Calculation of the Fractal Dimension 

The calculation of the fractal dimension begins with preprocessing the original image 
to localize and normalize the iris. In our experiments, the preprocessed images were 
transformed into images measuring 64256 × .  

Because all iris images have a similar texture near the pupil, we do not use the up-
per part of the iris image when classifying an iris. Rather we make use only of the 
middle and lower part of the iris image. Preliminarily, we use the box-counting 
method to calculate the fractal dimension. To do this, we first divide a preprocessed 
iris image into sixteen regions. Eight regions are then drawn from the middle part of 
the iris image, as shown in Fig. 1. We call these the upper group. The remaining eight 
regions are drawn from the bottom part of iris image. These are referred to as the 
lower group. From these sixteen regions we obtain sixteen 3232×  image blocks. We 
then use the box-counting method to calculate the fractal dimensions of these image 
blocks. This produces sixteen fractal dimensions, FDi (i=1,2…16). The mean values 
of the fractal dimensions of the two groups are taken as the upper and lower group 
fractal dimensions, respectively. 
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Fig. 1. Image segmentation 

3.2   Classifying an Iris Using the Double Threshold Algorithm 

The double threshold algorithm uses two thresholds to classify the iris into the follow-
ing four categories, according to the values of the upper and lower group fractal  
dimensions. 
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Category 1 (net structure): The iris image appears loose and fibrous. The fibers are 
open and coarse, and there are large gaps in the tissue. The values of both the upper 
and lower group fractal dimensions are less than the first threshold IE .  

Iupperlowerupper EFDFDFD <|),{(  AND }Ilower EFD <  (5) 

Category 2 (silky structure): The iris image appears silky. It displays few fibers and 
little surface topography. The Autonomic Nerve Wreath (also known as the Ruff and 
Collarette) is usually located less than one-third the distance from the pupil to the iris 
border. The values of the upper and lower group fractal dimensions are more than the 
second threshold IIE .  

Iupperlowerupper EFDFDFD <|),{(  AND }Ilower EFD <  (6) 

Category 3 (linen structure): The iris image appears to have a texture between 
those of Category 1 and Category 2. The Autonomic Nerve Wreath usually appears 
one-third to halfway between the pupil and the iris border, and the surface of ciliary 
zone is flat. (The Autonomic Nerve Wreath divides the iris into two zones, an inner 
pupillary zone, and an outer ciliary zone.) The value of lower group fractal dimension 
is more than the second threshold IIE  and the value of upper group fractal dimension 

is less than the second threshold IIE .  

Iupperlowerupper EFDFDFD <|),{(  AND }Ilower EFD <  (7) 

Category 4 (hessian structure): The iris image appears to have a similar texture to 
Category 3 but with a few gaps (Lacunae) in the ciliary zone. When the upper and 
lower group fractal dimension values of an iris fail to satisfy the rules of Categories 1, 
2, or 3, they are classified into Category 4.  

 

     
(a) Category 1                                  (b) Category 2 

     
(c) Category 3                                 (d) Category 4 

Fig. 2. Examples of each iris category after processing 

Fig. 2 shows the range of possible textures. Categories 3 and 4 are both in a range 
between Categories 1 and 2. Category 3 is more like Category 2 and Category 4 is 
more like Category 1.Because the value of a fractal dimension is continuous, when 
classifying we must take into account the border effect. For the value near the thresh-
old, we cannot simply classify the iris image into one category. Therefore, the nearby 
categories should be considered at the same time. The complementary rules for classi-
fying the image are as follows: 
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Rule 1.  If Iupperlowerupper EFDFDFD ≤|),{(  AND )}EEFD Ilower ∆+≤ or 

)(|),{( EEFDEEFDFD IupperIlowerupper ∆+≤≤∆−  AND }Ilower EFD ≤ , the image 

belongs to Category 1 or Category 4, so Category 1 and Category 4 should be 
matched. Here E∆  is a small value. 

Rule 2: If )(|),{( EEFDEEFDFD IIupperIIlowerupper ∆+≤≤∆−  AND 

}lowerII FDE ≤ or upperIIlowerupper FDEFDFD ≤|),{(  AND ≤∆− EEII(  

)}EEFD IIlower ∆+≤ , the image belongs to Category 2 or Category 3, so Category 2 

and Category 3 should be matched. 

Rule 3: If EEFDFDFD IIupperlowerupper ∆−<|),{(  AND <∆− EEII(  

)}EEFD IIlower ∆+< the image belongs to Category 3 or Category 4, so Category 3 

and Category 4 should be matched. 

4   Experimental Results 

Extensive experiments on a large image database were carried out to evaluate the 
effectiveness and accuracy of the proposed methods. 

An iris image is correctly classified when the label of its category is the same as 
that of the iris. When there is no such match, the iris has been misclassified. The fol-
lowing subsections detail the experiments and their results. 

Our iris classification algorithm was tested on a database containing 872 iris im-
ages captured from 436 different eyes. There are two images of each eye. The images 
measure 568758 ×  with eight bits per pixel and the irises have been labeled manually. 
Of the 872 irises in the database, 48 samples belong in Category 1, 336 belong in 
Category 2, 190 belong in Category 3 and 298 belong in Category 4.  

After selecting the values for IE  and IIE , we carried out experiments on these two 

thresholds to classify the iris. Of the 872 irises in the database, 47 samples were mis-
classified: 6 in Category 1, 5 in Category 2, 20 in Category 3 and 16 in Category 4. 
This is a classification accuracy of approximately 94.61%. Table 1 provides the con-
fusion matrix. It shows that many misclassified irises are to be found in neighboring 
categories. 

To reduce the influence of the border effect on classification accuracy, we have 
added three iris classification rules. If an iris satisfies one of the rules, it is simultane-
ously matched in two neighboring categories. Applying these rules, and with 

0050.0=∆E , the classification was 98.28% accurate. Clearly, this is a great im-
provement on the method which did not take into account the border effect. 

Using coarse iris classification can reduce the time in searching. Table 2 shows the 
search time with and without coarse iris classification. As shown in Table 2, the 
search time of our iris recognition system can be reduced almost 70% of the original 
search time by using coarse iris classification, if taking into account of the border 
effect, the search time is less than half of the original search time. 
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Table 1. Classification results of the double threshold algorithm 

True Category No. Assigned Category 
No 1 2 3 4 
1 48 0 0 6 
2 0 321 5 0 
3 0 9 175 11 
4 0 6 10 281 

Table 2. The search time of the system with and without coarse classification 

Using coarse classification without coarse classi-
fication(ms) Without border effect (ms) Consider border effect (ms) 

81 25 32 
 

According to this rule, we can evaluate the size of the database to decide when to 
use the coarse classification method. Suppose N is the database size, T is the original 
search time without coarse classification and Tc is the search time with coarse classifi-
cation. The time used for iris coarse classification is Tf. If the computational cost for 
coarse classification is less than the reduced matching time, then this identification 
system can use coarse iris classification. That is: 

cf TTT −<  (8) 

As presented before, the reduced search time is about half of the original search 
time, So 2/TTT c =− , and tNT *= . Here t is the match time (from a pair of feature 

vectors to the match result). Therefore, we obtained: 

2/*tNTf <  (9) 

In our method, fT  and t  are about 98 ms and 0.2 ms, so 980>N . It shows that 

when the database size N becomes bigger than 980, the coarse classification can re-
duce the computational time of the identification system. 

5   Conclusion 

Among the biometrics approaches, iris recognition is known for its high reliability, 
but as databases grow ever larger, an approach needed that can reduce matching 
times. Iris classification can contribute to that. As the first attempt to classify iris 
images, this paper presents a novel iris classification algorithm based on the box-
counting method of fractal dimension. The approach uses the fractal dimension of the 
iris image to classify the iris image into four categories according to texture. The 
classification method has been tested and evaluated on 872 iris cases. After taking the 
border effect into account, the best result was obtained using the double threshold 
algorithm, which was 98.28% accurate. 
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In the future, we will modify the image preprocessing method to reduce the influ-
ence of light and eyelids. There is also much work to be done on the selection of clas-
sification methods. We will also try other approaches to the improvement of classifi-
cation accuracy. 

Acknowledgment 

This work is partially supported by PhD program foundation of the Ministry of Edu-
cation of China, (20040213017), the central fund from The Foundation of the H.L.J 
Province for Scholars Return from Abroad (LC04C17) and the NSFC fund 
(90209020).  

References 

1. J.G. Daugman.:  High Confidential Visual Recognition by Test of Statistical Independence. 
In:  IEEE Trans. PAMI, Nov. vol.15, No.11, (1993) 1148-1161. 

2. R. P. Wildes.: Iris Recognition: an Emerging Biometric Technology. In: Proc. IEEE, Sep. 
vol.85, (1997) 1348-1363. 

3. W. W. Boles and B. Boashash.: A Human Identification Technique Using Images of the Iris 
and Wavelet Transform. In: IEEE Trans. Signal Processing, Apr, vol.46, No.4, (1998) 1185-
1188. 

4. L. Ma, T. Tan, Y. Wang and D. Zhang.: Personal Identification Based on Iris Texture 
Analysis. In: IEEE Trans. PAMI, Dec, vol.25, No.12, (2003) 1519-1533. 

5. L. Ma, T. Tan, Y. Wang and D. Zhang.: Local Intensity Variation Analysis for Iris Recogni-
tion. In: Pattern Recognition, vol.37, (2004) 1287-1298. 

6. L. Ma, T. Tan, Y. Wang and D. Zhang.: Efficient Iris Recognition by Characterizing Key 
local Variations. In: IEEE Trans. Image Processing, Jun, vol.13, No.6, (2004).739-749 

7. B. B. Mandelbrot and J. W. Van Ness.: Fractional Brownian motions, fractional noises and 
applications. In: SIAM Rev., vol.10, no.4, (1968) 422–437. 

8. H.O. Peitgen, H. Jurgens and D. Saupe.: Chaos and Fractals New Frontiers of Science. Ber-
lin, Germany: Springer-Verlag, (1992) 202–213. 


	Introduction
	Counting Boxes to Estimate the Fractal Dimension of the Iris
	Iris Classification
	The Calculation of the Fractal Dimension
	Classifying an Iris Using the Double Threshold Algorithm

	Experimental Results
	Conclusion
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageDownsampleThreshold 1.01667
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 2.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU ()
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.000 842.000]
>> setpagedevice




