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cycloplegic efficacy. The entire experiment could be repeated with 
different cycloplegics, and the results compared to make the study 
more comprehensive. 
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Summary 
The search for reliable biometrics is increasing with global security 
threats. A biometric must remain consistent throughout a lifetime if it 
is to be successful for identification purposes. The number of degrees
-of-freedom that a biometric has determines its suitability with in-
creased independent dimensions of variation providing a more dis-
criminative biometric. The iris contains around 266 degrees-of-
freedom cited which is the greatest of all facial features. However, 
the iris pattern is complex and the iris is dynamic, with changes in 
pupil size mediated via the autonomic nervous system in response to 
internal and external stimuli.  
 
Introduction 
This study examined differences in iris texture patterns, whether 
changes over a short time period can be detected and whether tex-
ture differences affect iris identification. Iris images were captured 
using a Takagi biomicroscope from the left and right eyes of 76 
subjects at three sessions with a time interval of three months be-
tween each session, from 41 subjects on two occasions at three month 
intervals and from 2 subjects on two occasions with a six month inter-

val. All subjects were free of ocular pathologies, did not suffer from 

any systemic conditions and none were on any medications. Primary 
gaze position was steadied by asking each subject to focus on a 
fixation target. Stability was verified by the position and size of the 
first Purkinje image. All irides were graded on texture by two inde-
pendent observers, into six grades from the finest (Grade 1) to the 
coarsest (Grade 6). Images were processed and features extracted, 
using log Gabor filters, to produce binary codes that were matched 
to determine identification.  
 
Discussion 
Most irides were classified as Grades 3 and 4, with the smallest 
numbers in the extreme (finest and coarsest) groups. Failure to rec-
ognise the same iris occurred in around 21% of cases between im-
ages taken at three (21.2%) and six month (20.5%) intervals. At 
three month intervals, changes in iris features from the same individ-
ual occurred across all texture grades with the highest proportions in 
Grades 1, 2 and 6. Results for comparison of images separated by 
a six month interval showed the highest failure rates to recognise the 
same iris in Grades 1 and 2.  
 
Conclusions 
The complex fibre pattern formation of the iris results in variability in 
identification with differing failure rates depending on texture. The 
relatively high failure rates in healthy irides over short time periods 
suggest that the iris is not stable enough as a biometric. 
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Summary 
A non-invasive technique is used to measure the eyelid closure and 
simultaneous eye retraction. We have fitted the displacement of the 
eyelid to an analytical function and have extended the kinematic 
model to the eye retraction movements. As a result, some dynamic 
parameters have been presented. 
 
Introduction 
Mas et al. [1] presented a non invasive technique for high speed 
measuring some of the dynamic processes that occur during blinking. 
The technique allows simultaneously measuring the corneal retraction 
and the eyelid motion during a spontaneous blink. We propose here 
an analytical model of the eye blinking including lid movement and 
ocular retraction. The setup for illuminating, capturing and processing 
the image of the anterior corneal segment was described in [1]. 
Briefly, the system consists on a slit lamp and an external fast cam-
era working at 512 fps. 
Lid displacement was monitored by studying the saturation of the 
frames in the sequence. Camera is adjusted to detect the light dif-
fused from the cornea, therefore, light diffused by the eyelid satu-
rates the sensor. By counting the number of saturated pixels in each 
frame, we can reconstruct the position of the eyelid. Eye retraction is 
evaluated by analysing a scanning line perpendicular to the inferior 
part of the cornea. After binarizing the image, cornea is detected 
from the presence of a white to black border. Pixel to millimetre 
calibration allows measuring the eye retraction. 
 
Discussion 
Upper eyelid motion starts when the Levator Palpebral Superioris 
muscle (LPSM) is inhibited and the eyelid performs a passive move-
ment downwards. Simultaneous to the LPSM inhibition, the Orbicu-
laris Oculi muscle (OOM) starts a fast contraction thus producing a 
strong active force. This combination of inhibition and activation of 
muscular action produces the closure phase of the eyelid. After the 
action of the OOM, the LPSM starts a restoration force which pulls 
up the lid to its initial position. Nevertheless, when the OOM action 
ceases, the upper lid keeps its movement down due to its inertia. The 
acceleration in the opposite direction makes that the absolute value 
of the velocity is slowly decreasing until the movement is reversed 
(Figure 1a). 
We divide the blink process in two parts defined by the sign of the 
eyelid acceleration. The first one, the active part, goes from the start 
to the point of maximum absolute velocity and coincides with the 
active muscular action. The second part, the recovery part, covers 
the time from the peak velocity to the end of the blinking, being in 
this part when the forces pull back the lid to its original position. The 
mechanism for eye retraction inside the orbit is not so well known. 
Although our method does not permit visualization of the whole eye 
trajectory, we assume the presence of an active and a recovery 
phases. Both eyelid movement and eye retraction are therefore 
divided in two parts according to the sign of the acceleration, which 
can be described following (1) 

Parameters b, ,  and  represent the strength of the muscle force, 
its actuation time, frequency of the oscillation and the attenuation 

constant of the system. Indexes l and e stand for lid and eye retrac-
tion, and a and r refer to active and recovery phase, respectively. 
The fitting function does not have any physical meaning; it is used to 
determine the instant of maximum absolute velocity, which happens 

at t = . 
The lack of data in the eye retraction analysis (Figure 1b) impedes 
the determination of the point with maximum velocity. 
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through-focus image quality score. 
We used a previously published [2] numerical eye model to calculate 
the appearance of images viewed through a 4.7-mm pupil diameter 
and degraded by various combinations of SA4 and SA6 for each 
proximity from -5-D to 5-D with a 0.125-D step. The calculated point 
spread functions were convolved with a target corresponding to three 
0.4 logMAR high contrast letters. 
Binocular vision was simulated by using a 3D system (i.e. NVIDIA video 
projector) projecting different images on each eye at a 120Hz fre-
quency (i.e. 60Hz per eye). 
Through-focus subjective quality of vision was evaluated three times 
by three subjects, aged between 22 and 28 years old, using a 5 
items continuous grading scale following ITU-R 500 recommendations 
[3] in monocular and binocular condition of vision for each tested con-
ditions (see legend of Figure 1B). 
 
Discussion 
Figure 1A shows an example of both monocular and binocular through
-focus image scores. Even there was binocular inhibition when different 
image qualities are viewed by each eye (see figure 1 C, D and E), the 
general trend of the binocular curve was to follow the best monocular 
curve. We rarely measured binocular summation in term of subjective 
vision contrary to what happens with contrast threshold. Ocular domi-
nance appeared to influence the level of inhibition as observed in 
figure 1 C, D and E. When the best image was viewed by the domi-
nant eye (i.e. plus lens test) the binocular inhibition was limited. This 
effect was function of the strength of the ocular dominance. The area 
under the binocular through-focus curve measured between grades 2 
and 5 (i.e. a fair or higher subjective image quality) was doubled (i.e. 
between 1.5 and 2.2 as function of the subject) compared to the area 
obtained without any multifocal profile (i.e. Naked eye) with a center 
near (negative SA4 coupling with positive SA6) optical profile on one 
eye and a center distance (positive SA4 coupling with negative SA6) 
optical profile on the other eye. Subject 3 seemed to be less sensitive 
to multifocal profiles. 
Conclusion 
Our study confirms what is already clinically observed; the use of 
different profiles on each eye involves a better through-focus quality 
of vision specially when a center near multifocal design on one eye 
and a center distance multifocal design on the other eye. 
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Summary 
We evaluated the effect of wearing two different 
multifocal optics (i.e. various combinations of spheri-
cal (SA4) and secondary spherical (SA6) aberration) 
on the left and right eye. This effect was evaluated 
by measuring binocular subjective image quality 
score using simulated images calculated from a nu-
merical eye model. 
 
Introduction 
The advantage of having two different multifocal 
optics on the right and left eye has already been 
used in the correction of presbyopia either by con-
tact lenses or IOL. Spherical aberration (SA4) and 
secondary spherical aberration (SA6) are often used 
to compensate presbyopic patients by enlarging the 
depth-of-focus (DoF). Combinations of SA4 and SA6 
of opposite signs appeared to be the most effective 
in increasing the monocular subjective DoF [1]. The 
aim of this study was to evaluate the effect of vari-
ous combinations of spherical (SA4) and secondary 
spherical (SA6) aberration on each eye on binocular 
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Fig. 1 – (A) Example of through-focus curves – (B) Comparison of calculated area (i.e. area under binocular 
through-focus between 2 and 5 normalized by the binocular naked eye area) – (C, D, E) Binocular effect 

(summation or inhibition) as a function of the difference of image quality score between right eye and left 
eye. 

Results and Conclusions 
Data from blinking of six subjects have been experimentally fitted to 

the equations (1). Results (mean ± standard deviation) are shown in 
(2). 

According to Figures 1a and 1b, matching between active and re-
covery phases occurred at the same time, but, while at that moment 
the eyelid has started the recovery phase, the eye is still under the 
effect of a pulling force. 

Fig. 1 a)Eyelid position and fitting to the model for one typical case. Green line shows 

eyelid velocity during blinking. b) Anterior corneal position and fitting to the 
model for one typical case. The vertical dashed lines marks the link between the 

two fitting curves (active and the recovery phases). 
 

The method is non-invasive and provides accurate results and can be 
easily extended to the analysis of contact lens behaviour during 
blinking, which can be of importance in designing new compensation 
elements. In addition, obtained parameters can be of interest for 
analysis of biomechanical modelling of the eye or in neurophysiol-
ogy due to the deep connection between blinking and neural activ-
ity. 
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