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The iris is a muscular tissue whose structure is made up of fiber thinning, pig-

ment spots, and crypts. Each iris pattern belonging to an individual has a unique

construction which distinguishes it from all other irises. The feature points (fiber

thinning, pigment spots, and crypts) of the iris are what makes each iris distinguish-

able. The iris is made up of two muscles. The sphincter muscle is located near the

pupil and is the dominant muscle during pupil restriction and the radial muscle is

the dominant muscle during pupil dilation. These muscles connect perpendicularly

at the midpoint of the sphincter muscle. As the pupil dilates, the iris constricts and

as the pupil constricts, the iris dilates. Figure 1 gives us a visual of the iris muscle

geometry.

Figure 1: This shows a visual of the iris muscles.

There are several factors which affect pupil dilation such as levels of conscious-

ness, focal length, heart rate, respiration, emotional factors, disease and drug use.

This work explores iris deformation due to pupil dilation when a bright light is shined

on the eye. To do this we decided to use Finite Element Methods. Finite Element

Methods is useful when solving partial differential equations while modeling more

complicated geometries. Our model will incorporate the unique biological properties

of the iris so that we can create a 3D model of iris deformation. Most models only

look at the 2D behavior of the iris. The problem is that when the pupil dilates, the

iris folds back and causes the iris distinguishing features to constrict. This allows

for mismatches when identifying people by their iris. Our model will help eliminate

these mismatches, and give a realistic description of how the iris behaves during
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pupil dilation. We have data from OCT (optical coherence tomography), which is

a medical imaging technique that gives a 3D visual of iris tissue, that shows the iris

folding back as the pupil dilates and constricts. We will be able to compare our

model with OCT data once it is complete.

Now we will show and explain some of the results of this work. Figure 2

shows radial dilation. Figure 3 shows the displacement in the thickness of the iris.

We notice that the majority of the displacement occurs near the inner boundary.

Figure 4 and Figure 5 shows a 360 degree top and bottom view of the results. (I

have added a video within my portfolio showing Figure 4 and Figure 5, or the actual

changes as the iris dilates.)

Figure 2: The results show a graph
of the radius of the
iris, r, plotted with the
deformation in the r-
direction.

Figure 3: The results show a graph
of the radius of the iris,
r, plotted with the defor-
mation in the z-direction
(thickness) of the iris.

Figure 4: The top view of the iris
during pupil dilation.

Figure 5: The bottom view of the
iris during pupil dilation.
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The results of the displacement in the thickness or z-direction of the iris were

very interesting. Our purpose was to try and get a more comprehensive understand-

ing of iris deformation by exploring the non-planar effects of the iris and we found

that the iris does indeed foldback into its thickness during pupil dilation. Also the

folds occur more as the height of the thickness increases. So exploring the 3D effects

of iris deformation allows us to explain the behavior of the iris when it folds into its

thickness.

This research can be applied to biometrics. We showed the importance of

incorporating the thickness into iris models. A 3D model would allow for a better

description of the iris as a biometric during pupil dilation. Thus correcting the effects

of deformation for iris recognition. Taking a closer look at 3D iris deformation could

also be useful in biological areas, to explore the ocular effects such as glaucoma.

Furthermore, computer graphics could benefit from this work. Exploring three-

dimensional iris deformation allows for a more detailed description of how the iris

behaves.


