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ABSTRACT

The intraocular pressure (IOP) can diagnose or track glaucoma generally because it is one of the physiology parameters
that are associated with glaucoma. But IOP is not easy and consistent when measured under different measure
conditions. Besides, diabetes is associated with diabetic autonomic neuropathy (DAN). Pupil size response might
provide an indirect means about neuronal pathways, so the abnormal pupil size may relate with DAN. Hence an infrared
videopupillography is needed for tracking glaucoma and exploring the relation between pupil size and DAN. Our
previous research proposed infrared videopupillography to monitor the pupil size of different light stimulus in dark
room. And this portable infrared videopupillography contains a camera, a beam splitter, the visible-light LEDs for
stimulating the eyes, and the infrared LEDs for lighting the eyes. It can be mounted on any eyeglass frame. But it can
modulate only two dimensions, and we cannot zoom in/out the eyes. Moreover, the eye diameter curves were not smooth
but jagged because of the light spots, lone eyelashes, and blink. Therefore, we redesign the optical path of our device to
have three dimension modulation. Then we can zoom in the eye to increase the eye resolution and to avoid the LED light
spots. The light spot could be solved by defining the distance between IR LED and CCD. This device has smaller
volume and less cost then our previous videopupillography. We hope this new infrared videopupillography proposed in
this paper can achieve early detection of autonomic neuropathy in the future.
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1. INTRODUCTION

The symptoms of glaucoma are usually neglected by people because these symptoms are not usually very obvious.
Because the intraocular pressure (IOP) is one of the physiology parameters that are associated with glaucoma, we
diagnosed or tracked glaucoma by IOP generally. But IOP measurement is not easy and consistent under different
measure conditions. The pupil response was also discussed in many medical studies [1]-[5]. Moreover, pupil size and
response to light have been used to investigate the neurological injury of brain. The pupil size is controlled by circular
and radial muscles. The circular muscle and radial muscle are innervated by parasympathetic fibers and sympathetic
fibers respectively. Hence, the pupil size is controlled by the former muscles in response to the light. This phenomenon is
called the pupil light reflex [6]. Besides, diabetes is associated with autonomic neuropathy called diabetic autonomic
neuropathy (DAN). Therefore, the response of pupil size may provide indirect methods about neuronal pathways, and it
is reasonable to expect that the abnormal pupil size may relate to DAN. Hence, analysis of some parameters from pupil
size is important [7]. From what is mentioned above, there are some correlations between the pupil response and some
diseases under the different stimulating light. A device to monitor the pupil size is necessary to explore the correlations
between some diseases and the pupil response. Therefore, an infrared videopupillography is a device to track the location
of pupil and to measure and record the pupil size with different stimulating light sources.

However, pupil disease is unobvious to be found easily, and usually examined by pupillometer. It is not easy to have a
pupil examination because pupillometer has big volume and heavy weight, thus is not convenient to monitor the pupil
monitor for a period of time. Moreover, it costs a lot of money and does not exist in every hospital. In our previous
paper, we proposed an apparatus of infrared videopupillography with visible light LEDs to monitoring the pupil size. It is
lighter and smaller than the present product, and is applied to explore the correlations between glaucoma and the pupil
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response. But the eye diameter curves showed as fig.1 (a) were not smooth bur rather jagged, and they were caused by
the infrared light spots shown as fig.1 (b), eyelashes, and blink. And the optical module of beam splitter limited the field
of view (FOV) shown as fig.1 (b).
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Figure 1. (a) The eye diameter curves were not smooth but rather jagged. (b) The infrared light spots affect the analysis

Thus in this paper, we redesign the optical path of our infrared videopupillography to have three dimensions of
modulation, then we can zoom in the eye to increase the eye resolution and to avoid the LED light spots. The light spot
could be solved by defining the distance between IR LED and CCD. It still contains several wavelengths of stimulating
light to stimulate pupil for exploring the correlations between some diseases and the pupil response. The infrared
videopupillography system is introduced and some experiments are shown.

2. INFRARED VIDEOPUPILLOGRAPHY SYSTEM

In this paper, the new design of infrared videopupillography system is similar to the one in our previous paper. It still
contains stimulating and lighting system, a camera, an image software, and an analysis program of pupil size, but the
optical module of beam splitter is eliminated because it had large volume and limited the FOV of camera. Therefore, the
flow chart of Infrared videopupillography system is similar to previous one shown as Fig. 2.
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Figure 2. The flow chart of Infrared videopupillography system

The command is assigned to MCU by PC-Based software. Then the signal passes to LED driver to control LED. Besides,
the light source of stimulating and lighting system adopting LEDs is same as in previous paper. The different wavelength
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of the stimulating LED are shown as the following: (1) white light, (2) red light (wavelength = 640nm), (3) green light
(wavelength = 534nm), and (4) blue light (wavelength = 470 nm). The wavelength of the lighting LED is 900nm, and it
will not be seen by human eyes. The LED light will stimulate the eye, then the image transfers by the optical module and
is record by Camera. Finally, the image is analyzed. The resigned optical path is introduced in the following.

The previous optical path of this infrared videopupillography system is showing as Fig. 3(a). The beam splitter limits the
FOV, and the volume of shell for holding the beam splitter, LED light source, and camera is big. Therefore, we
redesigned the infrared videopupillography system without the optical module of beam splitter (BS). Moreover, the light
spot will affect the analysis of pupil diameter, we want to eliminate the light source artifacts in our new design of
infrared videopupillography system. Hence, we need to change the location of LED light source for the elimination of
the light spots, the method is discussed in Fig. 3(b). We set the LED light source around the CCD of the camera. There is
a light spot reflecting from pupil. It would affect the accuracy of the system. The method to solve this problem is
determining the distance between lens and pupil shown in Fig.3 (b). The radius of eye is R. The distance between eye
and lens is L. The field of view angle is @. The distance between IR LED and CCD is D. There is a position where pupil
would not reflect the IR LED to. The distance L relates with the distance between IR LED and CCD and the field of
view angle of IR LED. The result of distance between IR LED and CCD are shown in (1) and (2). Hence, from Fig. 4,
we can easily eliminate the light spot when the set of LED light sources and camera moves closer to eye.
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Figure 3. (a) The previous optical path of this infrared videopupillography system. (b) The new optical design of reducing
the IR LED light spot reflection. The radius of eye is R. The distance between eye and lens is L. The field of view angle is
@. The distance between IR LED and CCD is D.
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We eliminated the beam splitter and replaced the big shell with the compressed. Then the new mechanism of infrared
videopupillography system is showing as Fig. 5. The structure in Fig. 5 (a) and Fig. 5(b) back-side view and front-side
view of the frames. And the brace on the rail can modulate the location in horizontal direction, that show as Fig. 6(a) and
Fig. 6(b).
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Figure 4. The optical design of reducing the IR LED light spot reflection. The radius of eye is R. The distance between eye
and lens is L. The field of view angle is ®. The distance between IR LED and CCD is D.
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Figure 5. The mechanism of infrared videopupillography system can be modulated on the eyeglass frame. The structure (a)
can fix on the brace (b) that can modulate the location at both vertical and horizontal direction.
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Figure 6. The optical path of this infrared videopupillography system: the visible light is marked by black dotted line and the
infrared is marked by red line.
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3. EXPERIMENTS

The picture of infrared videopupillography system in the experiments is shown as Fig. 7. The eye images obtained from
the video are shown as Fig. 8. We can find that the light spots are eliminated under our new design. When the subject eye
stimulated by the green light of 50 mcd. One cycle of LED stimulus has 0.01 seconds of stimulus and 10 second of rest.
The eye diameter curves of maximum and minimum are shown in Fig. 9(a). We find that the curve in Fig. 9(a) is not
smooth but jagged, and this results caused by blink. Blinks occur during recording pupil size and it affects the program to
analyze pupil size. Thus, the image processing program was designed to recognize blinks location automatically from
pupil size image and delete it first as Fig. 9(b) shows, then use interpolation to recover the curve as Fig. 9(c) shows.

Figure 7. The pictures of infrared videopupillography system in experiments

Figure 8. The eye images obtained from the video, and there are no light spots on the pupil.

4. CONCLUSIONS

In this study, we proposed a new design of vediopupillometer system for reduced volume of vediopupillometer system
and elimination of light spots. With the camera fixed on the frames in our new design, we can zoom in the eye to
increase the eye resolution and to avoid the LED light spots. The light spot could be solved by defining the distance
between IR LED and CCD. It is easy to analyze any parameters from the result of pupillometer and the result keeps most
of information from subjects. It could stimulate with different colors of light, and record the activity of pupil size. The
device could solve the problems about big volume and high prices of pupillometer. We hope this new infrared
videopupillography proposed in this paper can achieve early detection of autonomic neuropathy in the future.
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Figure 9. The eye diameter curve: (a) the curve is not smooth and jagged, and this results caused by blink. (b) The image
processing program was designed to recognize blinks location automatically from pupil size image and delete it.
(c) Then we use interpolation to recover the curve marked as red line.
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