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Abstract— The iris codes for the left and right iris of a person 
have previously been reported to be uncorrelated. We replicate 
this result using images from 327 persons from the iris image 
dataset used in the Iris Challenge Evaluations. The same images 
are then used in an experiment in which subjects view a left and a 
right iris image, and judge whether they are correctly paired by 
similarity of iris texture.  Subjects are able to distinguish between 
iris images belonging to the same person versus belonging to 
different persons with over 86% accuracy overall, and over 93% 
accuracy when they judge their decision as confident. Thus, there 
clearly is a similarity in the texture pattern of the left and right 
iris of the same person that can reliably be detected by novice 
observers with a brief viewing time. This is the first research that 
we are aware of that investigates the abilities of human observers 
in judging similarity or dissimilarity of iris texture.  
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I.  INTRODUCTION 

Daugman has presented evidence that iris codes from the 
left and right irises of the same person do not match any better 
than iris codes from irises of different persons [3].  He showed 
the distribution of Hamming distances for matching the left 
and right iris of 324 persons and noted that, ÒThe data are 
statistically indistinguishable from that É  comparing 
unrelated irises. Unlike eye color, the phase structure of iris 
patterns therefore appears to be epigenetic, arising from 
random events and circumstances in the morphogenesis of this 
tissueÓ [3].  Daugman also examined iris matches for a small 
number of identical twins, and concluded that they do not 
match any closer than random agreement. 

Our subjective visual examination of a large number of iris 
images suggests that there is a noticeable similarity in the 
general texture pattern in the left and right irises of the same 
person.  The goal of the study presented in this paper is to 
investigate the degree to which human observers can detect a 
similarity in the texture of personÕs left and right irises.  Our 
initial experiment uses images that show both the iris and the 
immediately surrounding region.  A follow-up experiment 
separates the two sources of information, using Òiris-onlyÓ as 
one viewing condition and Òperiocular-onlyÓ as another 
viewing condition.   

II.  EXPERIMENTAL DATASET AND SOFTWARE 

Images used in this study were selected from the 
ND_IRIS_0405 iris image dataset [2], which is a superset of 
the dataset used in the Iris Challenge Evaluation programs [6].  
These images were acquired using an LG 2200 iris imaging 
system [10].  The images are 480x640 in size, 8-bit intensity 
images of the eye and the immediately surrounding area, taken 
under near-infrared illumination.  A left and a right iris image 
were selected for each of 327 subjects for use in this study. 
Images were selected for having the iris in good focus, for not 
having major amounts of iris occlusion, and for not wearing 
cosmetic or gas-permeable contact lenses.  The left and right 
iris images selected for a given subject were not necessarily 
acquired on the same day. 

Software was written for this experiment to allow subjects 
to view pairs of iris images in a controlled manner. For a given 
trial, a left iris image and a right iris image are presented side-
by-side on the computer display for three seconds.  After three 
seconds, the display changes and the subject is asked to select 
one of five options to represent their degree of certainty about 
whether the two images are correctly paired together as 
representing the same person: 

1. Certain that they are a matched left-right pair. 
2. Likely that they are a matched left-right pair. 
3. CanÕt tell. 
4. Likely that they are NOT a matched left-right pair. 
5. Certain that they are NOT a matched left-right pair. 

If response 1, 2, 4 or 5 is selected, the user receives feedback 
on correctness.   If response 1 or 2 is selected and the images 
were a matched left-right pair, then the feedback says that the 
response was correct and that it was a matched pair. Thus, 
while we are interested in how often subjects feel ÒcertainÓ 
and ÒlikelyÓ about responses, both are counted as correct.  If 
response 1 or 2 was selected and the trial was not a matched 
pair, then the feedback says that the response was incorrect 
and that it was a non-matched pair.  If response 4 or 5 was 
selected and the trial was a non-matched left-right pair, then 
the feedback says that the response was correct and that it was 
a non-matched pair.  If response 4 or 5 was selected and the 
trial was a matched pair, then the feedback says that the 
response was incorrect and that it was a matched pair. 



We randomly chose 105 persons represented in the selected 
data, each to correspond to one matched-pair trial.  We 
randomly chose another 105 persons to have their left iris 
image presented as part of a non-matched-pair trial, and for 
each of those trials chose one other person in the dataset to 
have their right iris image presented as the other half of the 
non-matched-pair trial.  No person had an iris image appear in 
more than one trial.  Thus the creation of the 105 non-matched-
pair trials used one image from each of 210 persons.  Each 
subject in our experiment viewed the same 210 trials, but the 
order of the presentation of the trials was determined randomly 
for each subject.  Images from additional persons were used at 
the start of the experiment to familiarize the subject with the 
task, by presenting three example matched pairs and two 
example non-matched pairs.  These example trials at the 
beginning of the experiment were the extent of each subjectÕs 
training in how to distinguish between pairs of iris images with 
matching versus non-matching iris texture.  

 

III.  BIOMETRIC MATCHING OF SAME- VERSUS CROSS-
PERSON PAIRS OF IRISES  

Each left iris image was matched against all of the right iris 
images using our modified version of the IrisBEE software 
[6].  This resulted in 327 matches between left and right irises 
of the same person, and 327 x 326 / 2 matches between left 
and right irises of different persons.  The histograms of the 
two sets Hamming distances are shown in Figure 1.   

 
The peaks of the two histograms occur at essentially the 

same point. The peaks occur at a value lower than 0.5 because 
a range of rotation values is checked in matching the iris 
codes.  The distributions shown in Figure 1 confirm that the 
result reported by Daugman [3] is true for our dataset and iris 
biometrics software.  That is, in terms of iris biometrics, the 
left and right irises of the same person do not match any more 
closely than do the irises of different persons. 

IV.  HUMAN MATCHING OF SAME- VERSUS CROSS-PERSON 
PAIRS OF IRISES  

Subjects for our experiment were recruited from the 
students and staff at the University of Notre Dame. Subjects 
were offered a ten-dollar payment for participating in the 
experiment, plus an additional ten dollars if they categorized 
more than 80% of the experimental trials correctly. Twenty-
seven subjects participated in the experiment. Each selected an 
appointment time to perform the experiment. To control the 
quality of the image display, all subjects performed the 
experiment on the same computer workstation. None of the 
subjects was experienced in iris biometrics. No subject took 
more than 45 minutes to complete the experiment, and most 
took approximately thirty minutes.  

Across the twenty-seven subjects, the response ÒCertain it 
was a matched left-right pairÓ was selected on 22.1% of the 
trials, the response ÒLikely it was a matched left-right pairÓ on 
28.9%, the response ÒCertain it was not a matched left-right 
pairÓ on 25.7%, the response ÒLikely it was not matched left-
right pairÓ on 22.3%, and the ÒCanÕt tellÓ response was 
selected on only 1.97% of the trials.  Based on this frequency 
of the response selections, we infer that subjects generally felt 
confident in categorizing the trials. 

 
Across the twenty-seven subjects, 91.8% of the ÒCertain it 

was a matched left-right pairÓ responses were correct, 80.1% 
of the ÒLikely it was a matched left-right pairÓ responses were 
correct, 78.8% of the ÒLikely it was not a matched left-right 
pairÓ responses were correct, and 95.8% of the ÒCertain it was 
not a matched left-right pairÓ responses were correct.  Based 
on these results, shown in Figure 2, we infer that subjects 

 
 

Figure 1 Ð Distribution of Iris Biometric Match 
Scores for Left and Right Eyes for Same/Different 

Persons. 

 
 
Figure 2 Ð Correctness Rate By Response Type for 
Subjects Viewing Iris + Periocular Region. 



correctly judge their relative confidence in their response, and 
that subjects can classify a left-right pair of iris images as 
belonging to the same person or not with high accuracy. 

The pair of non-matched left and right iris images that was 
most frequently classified incorrectly is shown in Figure 3.  
From a subjective visual evaluation after the fact, it seems 
possible that the similarity in the appearance of the periocular 
region contributed to the tendency to incorrectly classify this 
non-matched pair.  In order to investigate the relative 
contribution of the iris texture versus the periocular region, 

and because periocular biometrics is a developing research 
area of its own [4,5,8,9], a follow-up experiment was designed 
to separately evaluate the contributions of the iris region and 
the periocular region.  

V. IRIS-ONLY VERSUS PERIOCULAR-ONLY  

To isolate the role of the iris region versus the periocular 
region in detecting left-right iris matches, we repeated the 
initial experiment, but with two different image viewing 
conditions.  One condition was images with the periocular area 

 

      
 

Figure 3 Ð Example Left-Right Pair from the Initial Experiment.  These are images 04633d493 and 04851d803 from the 
ND-IRIS-0405 dataset.  The images are from different persons: 23 of 27 subjects incorrectly responded that this image 
pair was from the same person, making this the non-matched pair that most frequently generated an incorrect response.   

 

 

      
 

Figure 4 Ð Example Left-Right Pair Presented In Iris-Only Experiment.  These are derived from images 04609d236 and 
04839d206 from the ND-IRIS-0405 dataset. The images are from the left and right eyes of different persons.  This pair 

of images was incorrectly classified by 25 of 27 subjects who judged it to represent the same person. 
.  
 



masked out, so that only the iris region is visible. The second 

condition is images with the iris and pupil region masked out, 
so that only the periocular region is visible.  We initially 
intended to use altered versions of exactly those images used 
in the initial experiment in this follow-up experiment.  
However, about 10% of the images used in the initial 
experiment had an eye corner or other part of the eye that fell 
outside of the image. Images such as this seemed likely to 
unfairly bias the follow-up experiment toward poor 
performance for the periocular region, and so we replaced 
such images with different images of the same eye. 
Replacement images were selected to have as much periocular 
region as possible visible in the image.   

The iris region and the eyelid occlusion boundaries were 
manually marked for each image. Two different versions of 
each image were then produced. One version has the image 
area outside of the visible iris region blacked out. Figures 4 
and 5 show some of the more difficult examples of this.  The 
other version has only the iris and pupil region blacked out.  
Figures 7 and 9 show challenging examples of this condition.  

The basic procedure from the initial experiment was 
repeated for the Òiris-onlyÓ viewing condition and for the 
Òperiocular-onlyÓ viewing condition. Subjects again viewed 
210 image pairs, with three seconds to view each trial.  The 
same 210 trials were presented to each subject, but the order of 
presentation was randomized for each subject. 

A. Iris-Only Viewing Condition 
For the Òiris-onlyÓ viewing, as with the initial experiment, 
subjects used the ÒcanÕt tellÓ response rarely, on only 1.2% of 
the trials.  Subjects gave a ÒcertainÓ response roughly half as 
frequently as they gave a ÒlikelyÓ response.  Across all 
subjects, 16.5% of responses were ÒCertain it was a matched 

left-right pairÓ and 17.6% of responses were ÒCertain it was 

not a matched left-right pairÓ versus 36.8% of responses for 
ÒLikely it was a matched left-right pairÓ and 27.9% of 
responses for ÒLikely it was not a matched left-right pairÓ.  
Subjects were overall slightly more likely to respond in favor 
of a matched left-right pair than against, at 53% to 46%. 

 

      
 

Figure 5 Ð Example Left-Right Pair Presented In Iris-Only Experiment.  These are derived from images 04273d348 and 
04273d296 from the ND-IRIS-0405 dataset. The images are from the left and right eyes of the same person.  This pair of 

images was incorrectly classified by 16 of 27 subjects who judged it to represent different persons. 
.  
 

 
 

Figure 6. Correctness Rate By Response Type for 
Iris-Only Viewing Condition. 



The accuracy by response type for the iris-only viewing 
condition is shown in Figure 6.  Overall accuracy was high, 
with 86.8% of ÒCertain it was a matched left-right pairÓ 
responses being correct, 78.7% of ÒLikely it was a matched 
left-right pairÓ being correct, 82.1% of Òlikely it was not a 
matched left-right pairÓ being correct, and 93% of ÒCertain it 
was not a matched left-right pairÓ being correct. The slightly 
lower rate of correctness on the responses in favor of a 
matched-pair seems related to the slightly higher rate at which 
responses were made in favor of a matched pair. 

To check whether subjects are learning how to perform the 
task during the experiment, we look at accuracy for the first 
half and second half of the trial.  Overall accuracy for the first 
half of the trials, with the ÒcanÕt tellÓ response counted as 
incorrect, was 81.2%.  Overall accuracy for the second half 
was 83.9%.  Thus there may be a modest learning effect 
during the experiment. 

B. Periocular-Only Viewing Condition 
For the Òperiocular-onlyÓ viewing condition, subjects again 

used the ÒcanÕt tellÓ response rarely, on only 0.9% of the trials.  
The pattern of responses for ÒcertainÓ and ÒlikelyÓ, and in 
favor of and against a matched pair, generally followed the 
pattern of the iris-only responses. Across all subjects, 18.2% 
of responses were ÒCertain it was a matched left-right pairÓ 
and 21.8% of responses were ÒCertain it was not a matched 
left-right pairÓ versus 33.1% of responses for ÒLikely it was a 
matched left-right pairÓ and 21.8% of responses for ÒLikely it 
was not a matched left-right pairÓ.  Subjects were again 
overall slightly more likely to respond in favor of a matched 
left-right pair than against, but at a very small margin of 51% 
to 48%. 

Overall accuracy on the periocular-only viewing was again 
high, as shown in Figure 8.  Relatively difficult examples of 
experimental trials are shown in Figures 6 and 8.  Somewhat 
surprisingly, the overall accuracy numbers were very close to 
those of the iris-only viewing, with 86.7% of ÒCertain it was a 
matched left-right pairÓ responses being correct, 79.8% of 

ÒLikely it was a matched left-right pairÓ being correct, 78.2% 
of ÒLikely it was not a matched left-right pairÓ being correct, 
and 92.5% of ÒCertain it was not a matched left-right pairÓ 
being correct. 

We again check for a learning effect during the experiment 
by comparing accuracy between halves of the experiment. 
Overall accuracy for the first half of the trials, with the ÒcanÕt 
tellÓ response counted as incorrect, was 81.8%.  Overall 
accuracy for the second half was 83.6%.  Thus, again, there 
may be a modest learning effect during the experiment. 

 

 

      
 

Figure 7 Ð Example Left-Right Pair Presented In Periocular-Only Experiment.  These are derived from images 
04632d417 and 04850d197 from the ND-IRIS-0405 dataset. The images are from the left and right eyes of different 

persons.  This pair of images was incorrectly classified by 22 of 27 subjects who judged it to represent the same person. 
.  
 

 
 

Figure 8. Correctness Rate By Response Type for 
Periocular-Only Viewing Condition. 



VI.  CONCLUSIONS AND DISCUSSION  

We have performed a sequence of experiments in which 
human subjects view a pair of images, one of the left eye and 
one of the right eye, and evaluate how likely it is that the 
images are from the two eyes of the same person versus a 
different person.  In our initial experiment, the subjects viewed 
original images from the LG 2200, containing both the iris 
region and some amount of surrounding periocular region. In 
this experiment, subjects achieved over 86% correct 
classification of the image pairs.  A follow-up experiment used 
two different types of image derived from original LG 2200 
images, one to isolate the recognition ability using only the iris 
region and the other using only the periocular region.  
Viewing only the iris region or only the periocular region, 
subjects achieved just over 83% correct classification. 

The relative accuracy of subjects for the three different 
viewing conditions is interesting and in some ways surprising. 
First, the accuracy for all three conditions is good.  The iris-
only and the periocular-only viewing conditions resulted in 
lower performance than viewing the full image, but the drop in 
performance was only about 3%. The difference in 
performance between the iris-only viewing condition and the 
periocular-only viewing condition was miniscule, with either 
resulting in about 83% correct classification. It is perhaps 
surprising that the periocular-only viewing condition was 
essentially just as powerful as the iris-only viewing condition.  

It is clear that humans are able to reliably perform tasks that 
cannot be performed by current automated iris biometric 
technology.  For automated iris biometric technology, the left 
and right eye of the same person are no more similar than the 
left and right eyes of unrelated persons.  However, humans 
with essentially no training and limited to three-second 
viewing time are over 80% correct in classifying same-person 
versus different-person left-right image pairs.  The explanation 
must be that humans are interpreting iris texture in a quite 
different way than iris biometric technology.  Conceptually, 

the iris biometric technology samples the iris texture at a grid 
of regularly-spaced points on the iris image region.  This is 
done using Gabor or log-Gabor filters, with the phase of each 
filter result generating two bits of a binary iris code.  It seems 
likely that, at some level, humans create a more global and 
connected description of the iris texture. 

Given that humans can perform this one task that current 
iris biometric technology cannot, it may be interesting to ask 
what other tasks humans can also perform.  For instance, is 
there a similarity in iris texture between parent and child?  
Also, it may be that automated iris texture analysis that 
operates differently from current iris biometric technology 
could be used to answer questions that current iris biometric 
technology cannot answer.  

Our results are generally consistent with recent results by 
Hollingsworth et al [7] in which humans were able to 
distinguish whether two iris images came from identical twins 
or unrelated persons.  Their experiment used iris-only and 
periocular-only image viewing conditions, but not the full 
image with both iris and periocular visible at the same time.  
Their study found that subjects were 81.3% correct in 
classifying iris-only image pairs and 76.5% correct in 
classifying periocular-only image pairs.  Thus, they find a 
more significant difference between iris-only and periocular-
only performance than we found.   

In general, our ability to draw conclusions about the 
periocular-only viewing condition are limited by the fact that 
the LG 2200 images are meant to capture the iris region rather 
than the periocular region, and so the amount of periocular 
region visible in a given image is sometimes limited.  To 
better investigate recognition based on the periocular region, it 
would be useful to have images that systematically include a 
larger and more standard amount of the periocular region.  

It is also worth nothing that the LG 2200 iris images used in 
our experiments are acquired with near-infrared illumination.  
This means that the images of the iris and of the periocular 

 

      
 

Figure 9 Ð Example Left-Right Pair Presented In Periocular-Only Experiment.  These are derived from images 
04394d600 and 04394d567 from the ND-IRIS-0405 dataset. The images are from the left and right eyes of the same.  

This pair of images was incorrectly classified by 22 of 27 subjects who judged it to represent different persons. 
.  
 



region are not the same as would be acquired using visible-
wavelength illumination.  Thus it may be useful in future work 
to explore similar issues based on using iris and periocular 
images acquired under visible-wavelength illumination. 

In future experiments, if it can be done practically, it may 
be useful to control for pupil dilation in the images.  It is 
known that large differences in pupil dilation can affect the 
appearance of the iris texture [11]. 
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