
  
Abstract—In this study, we developed human interface based on 

gazing actions without user’s body restrictions. Gazing points forward 
to the side directions were estimated by the relative distance of an iris 
and the outer corner of left and right eyes. Whether or not the user 
gazes the camera was recognized by the intersection of the two 
perpendicular bisectors derived by the position of a cornea and the 
eyelid edges. The suggested recognition system was applied to the 
operations of the page turner machine. It could judge the user’s states 
of both reading a book and operating the machine by the special 
feature points on an eye. 
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I. INTRODUCTION 
N the rehabilitation field, it is very important for enabled 
persons to express their intentions and man-machine 

interface plays an effective role to use the welfare devices. 
Contact switch and joystick are used as general interfaces for 
operating the devices and it allows a rapid and smooth 
operation. However, the physical burden may give the user if 
these interfaces are used on the bed. The development of the 
interface using eyes has been done flourishingly and these 
apparatus attract attention as an intention transmission device 
for severe ALS (Amyotrophic Lateral Sclerosis) patients now 
in the field of welfare. For the detection of the gaze point, the 
method using the EOG (Electro-oculogram) [1] and the colored 
contact lenses [2] are suggested. However, the EOG needs 
amplifier equipment and it is a lot of hassle for user to put on a 
contact lenses. The method by the infrared irradiation to an 
eyeball [3] becomes a representative, and the Purkinje image 
from the relative position with the pupil is used to estimate a 
gazing direction, but after all infrared ray irradiation equipment 
is necessary. On the other hand, sclera reflection method using 
the reflectance of a sclera, an iris and the cornea is suggested 
under a natural light condition [4][5]. From a viewpoint of 
geometric, the methods based on the oval approximation of the 
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iris outline [6], the combination of cornea reflection image and 
iris outline information [7], and the cornea center of curvature 
position [8] have been suggested. These require the condition 
that an iris is taken in as an image clearly, but there are yet 
many problems with the aspect of the oculomotor recognition 
of the top and bottom direction because an iris image may hide 
by the movement of eyelids.  

In this study, we proposed a method considering the 
oculomotor recognition of the top and bottom direction under 
the natural light, without infrared rays. First of all, we 
constructed the recognition system for user’s pupil positions by 
using the color information. User’s face image was observed to 
clarify the outer corner of the eye and the relations of the 
relative position with the iris center of gravity when the gazing 
direction was changed. These obtained characteristic was used 
for gazing recognition and it was applied to the operation of the 
welfare equipment. 

II.  HUMAN’S EYE CONTACT 

A. Experimental method 
In the communication with the person, human can easily 

recognize that the talking partner looks towards oneself. If the 
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Fig. 1  Posture of subject and experimenter 

.  
Fig. 2  Experimenter’s gazing points on the subject’s face 
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talking partner looks another direction, intention may not be 
conveyed well and gazing towards the talking partner is thought 
to be very important behavior. Here, we investigated the 
human’s recognition ability whether the talking partner looks 
or gazes or not. Firstly, we carried out the experiment about 
human’s gazing recognition. Experimental scene is shown in 
Fig.1. Subject and experimenter sat face to face with distance of 
700mm and put each chin on each front table. In the experiment, 
the experimenter gazed the target point on the subject’s face 
expressed in Fig.2 and the subject was directed to answer 
whether the experimenter looks forward the subject’s eyes or 
not.  The gazing targets were located at eleven points in the 
horizontal direction and seven points in the vertical direction as 
shown in this figure.  

B. Experimental result 
The images of the experimenter’s eye are shown in Fig.3. 

These were taken by tiny USB camera put between the 
subject’s eyes. The image in cases where the experimenter 
gazed forwards hair and mouth, we can notice that the 
experimenter doesn’t look forwards the eye. Fig.4 shows the 
experimental results. Red and green lines express average 
boundary that the subjects judged whether the experimenter 
gazed the subject’s eyes or not. In the horizontal direction, 
when the experimenter’s gazing point was located between the 
subject’s two eyes, the subject recognized that the experimenter 
gazed the eyes. The recognition range in the vertical direction 
was smaller than that in the horizontal direction. From the 
above results, it could be seen that human precisely recognize 
whether the front faced person looks forwards the eye or not. 
Here, we consider that this kind characteristic is applied to 
man-machine communications. 

III. RECOGNITION SYSTEM 

A. Measurement system 
Measurement system was shown in Fig.5. User’s face under 

the natural light was observed by the USB camera connected to 
the personal computer. The obtained face image was taken to 

the USB camera (320×240, RGB24, 30fps) and it was 
transferred to the bitmap image for the detection of the face 
orientations by using the software, Direct Show contained in 
Microsoft DirectX 9c SDK. The GUI tool was constructed for 
image processing. 

B. Special feature points 
As shown in Fig.5, the image around the left and right eyes 

was picked up from the obtained overall face image by using 
brightness only red signal of RGB. The following equation was 
used for detection of each special feature. 
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Where, ],[ jiR is a brightness of red signal on the coordinate 
(i, j) and ε  is a variable threshold for a binarization procedure. 
Fig.6 shows the binarization image according to the changes in 
the threshold value. It could be seen that the iris shape appeared 
in cases where ε  was set to 50. The inner and outer corner of 
the eye can be found in the case of 80. Here, the special feature 
points were detected by increasing the threshold value. The 
center of gravity position of the left and right iris area, 

),( plplpl yxP  and ),( prprpr yxP  were expressed by the next 
equation. 
 

 
(a) Hair gaze                 (b) Eye gaze             (c) Mouth gaze 

Fig. 3  Image of the experimenter’s eye 
 

       
Fig. 4  Experimental results. 

 
Fig. 5  Measurement system. 

 

 
Fig. 6  Binarized image when a threshold was changed. 
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      (2) 

Where,  and  are an iris position provided by a 
sampling before one and  is an iris area. It is often that a 
blink disturbs the recognition. So, the blink motion was 
observed by the iris area calculation.  If an iris area was less 
than a threshold , the blink motion was found. The position 
of the inner corner of the left and right eyes, , 

, and the position of the outer corner of the left and 
right eyes, ,  were detected by finding 
the edge of the eyelid image. Fig.7 shows one example of 
detecting the special feature points. The left and right irises 
were found in cases where ε  was set to 52 and 37, respectively. 
On the other hand, the left and right eyelid edges appeared in 
the case of 89 and 74, respectively. It can be seen that the 
optical threshold was different from each other. 

C. Experiment 
We carried out the experiment that the iris location with 

respect to the outer and inner corner when human gazes 
somewhere target. Experimental system was shown in Fig.8. 
Human subject was directed to sit on the chair and to gaze ten 
target positions (from No.1 to No.10) in order after the 
experimenter’s sign. The position data of the left and right irises 
and the corner were measured in the experiment. So as to 
investigate the characteristics of the obtained feature points, the 

evaluation value was defined. We examined how to change the 
evaluation value as shown in Fig.9. The horizontal distance 
between the iris and the outer corner of the eye were expressed 
by the next equations. 

      crprrclpll xxxxxx −=∆−=∆ ,                           (3) 

Where, ),( plpl yxP  and ),( plpl yxP are left and right pupil 
position, respectively. With reference to the vertical direction, 
the evaluation value was calculated as follows.  

crprrclpll yyyyyy −=∆−=∆ ,                        (4) 

Fig.10 shows the experimental data of  and . When 
user gazed the target and moved the gazing direction in order, 
the evaluation value changed step by step. It can be seen that 
there is a clear difference between the gazing directions. Fig.11 
shows the experimental data of ly∆  and ry∆ . Compared with 
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Fig. 7  Detection example. 

 
 

Fig. 8  Experimental system. 
 

 

 
Fig. 9  Evaluation value of left eye. 

 

 
Fig. 10  Experimental data of (3). 

 

 
Fig. 11  Experimental data of (4). 
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the horizontal direction, the variation is small. Here, we paid 
attention to the horizontal direction. The amount of change 
varies among subjects, and it is thought that calibration is 
necessary to perform eyes recognition. We utilized the both eye 
information as shown in Fig.12. When the user gazed the front 
direction, namely No.3, lx∆  and rx∆  are almost same. As for 
the side directional gazing, one was increasing while other was 
decreasing. We defined the next evaluation value to eliminate 
the calibration process for each user. 

                                     (5) 

The parameter R expressed the horizontal location of the eye 
as shown in Fig.12. This evaluation value was normalized and 
it was taken into account of the influence of both eyes. Fig.13 
shows the experimental data derived by (5). It can be seen that 
the value   was about 1.0 in the case of front gazing (No. 3, 
No.8). When the subject gazed forward to the left and right side, 
it was less and more than 1.0. Next, we investigated the 
influence of the face position with respect to the camera. Here, 
only horizontal direction was paid attention because the human 
is easily able to move horizontal direction compared with 
horizontal one when sitting on a chair. The experiment was 
carried out under the condition that the face position was 
changed as shown in Fig.14. Subject’s body position was 
moved, but face was directed to the camera. The angle with 
respect to the camera was set to -10, -5, 0, 5, and 10[deg.]. 
Fig.15 shows the experimental data of R . Even though the 

body position was changed, the value  was almost kept with 
constant value according to the gazing directions. Moreover, the 
next circumstances were set for the precision of the horizontal 
gazing direction.  If the obtained value R was less than 1.0 and 
the circumstance in (6) and (7) was satisfied, the gazing state 
was regarded as the outer left gazing(No.1, No.6) and the inner 
left gazing (No.2, No.7) , respectively. 

2hlTR <                                                    (6) 

   12 hlhl TRTR <∧≥                               (7) 

The next circumstance was center gazing (No.3, No.8). 

12 hlhl TRTR <∧≥                                     (8) 

rl xxR ∆∆= /
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Fig. 12  Pupil positions in the horizontal direction. 

 

 
Fig. 13  Experimental data of (5). 

 

 
Fig. 14  Head position of the Experiment. 

 
Fig. 15  Experimental data of (5) with respect to the head positions. 

 

 
Fig. 16  Pupil position in the vertical direction. 
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If the value R was more than 1.0 and the circumstance in (9) 
and (10) was satisfied, the gazing state was regarded as the inner 
right gazing(No.4, No.9) and the outer right gazing (No.5, 
No.10) , respectively.  

21 hrhr TRTR <∧≥                                    (9) 

2hrTR ≥                                   (10) 

Where, 1hlT , 2hlT , 1hrT , and 2hlT  were individually 
determined by gazing the outer left and right points. With 
reference to the vertical direction, we focused on the relative 
position between the pupil and the outer corner of the eye. We 
recognize upper side gazing (From No.1 to No.5) when the 

following equation was satisfied.  
0<∆ ly                                    (11) 

In otherwise, we recognize lower gazing (From No.6 to No.10). 

IV. APPLICATION 

A. Page tuner machine 
The developed system was applied to the operation of a page 

turner machine. Fig.17 and Fig.18 show the developed page 
tuner system. A book was placed on the sloped board quipped 
the rotation arm, USB camera, and three LED. The clip was put 
on each page of the book and the electromagnet mounted on the 
rotation arm picked it up to turn over each page. The rotational 
arm was connected to the DC servo motor which had a 
reduction gear (Reduction gear ratio is 1/230). Control signal 
for the DC servo motor and electromagnet was transmitted 
from the control PC through a microcomputer. The LED could 
inform the control states to the user whose face was observed 
by the USB camera to measure the gazing operation. The user 
sat on the chair could control the page turner machine by gazing 
action.  

B. Recognition of reading and operating states 
In order to supply the enabled person, we considered three 

states as shown in Fig.19, reading, front gazing, and operation. 
This study focused on the typical two states, one was gazing the 
USB camera in front of the user and other was reading and 
viewing a book. In the previous section, we proposed the 
recognition method based on the relative position between the 
pupil and the corner of the eye, however, the shape information 
was added to the system to enhance the recognition ratio. 
Fig.20 shows the typical eye line shape in the two situations. It 
could be found that the relative position of a cornea with respect 
to the inner and outer corner of the eye. This characteristic was 
utilized for operation. As shown in Fig.15, the perpendicular 
bisector derived from the cornea, the outer and inner corner 
positions were considered. The intersection point between the 
two lines 1l  and 2l  was calculated and y coordinate was used 
for the recognition of reading and operating states. The y 
coordinate Q could be represented by the curvature as follows: 
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Each parameter was expressed by the next equations. 
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Where, ),( clcl yx  and ),( crcr yx  expressed the left and right 
cornea position, respectively. On the other hand, ),( plpl yx  and 

),( prpr yx  were the outer corner positions of the left and right eyes, 
),( hlhl yx  and ),( hrhr yx  were the inner corner positions of the left 

and right eye. The parameter e included “+0.0001” to avoid a division 
by zero. By comparing the value of Q  with the cornea position 
in the y-axis, the two states could be recognized. If the value of 

 
Fig. 17  Control system of page tuner machine. 

 

 
Fig. 18  Page tuner machine. 

 

 
Fig. 19  Operation states. 
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0/ >− crclyQ , the system recognized that the user were reading a 
book. In other situations, the system judged that the user gazing the 
USB camera.  

C. Operation 
In the state of reading a book, the system was static situation. 

However, if the gazing with respect to the USB camera was 
recognized, the system started to observe the user’s gazing and 
the front located LED 1 shown in Fig. 17 after the gazing action 
was continued for more than 2sec. After that, the system was 
waiting for the user’s operation input. If the user gazed the LED 
2 or LED 3 for more than 2sec, they illuminated to inform an 
input sign to the user and the machine started to turn over the 
book. Time trajectory of the evaluation value crclyQ /−  and Q  
are shown in Fig.16. From 0sec to 14sec, it became positive and it 

was considered that the user gaze the USB camera. This state was 
kept for more than 2sec and the LED1 illuminated. After that, the 
value of R  changed from about 1.0 to 1.5 and the system 
recognized the user’s operation signal to turn over a book. From 
14sec to 20sec, the value of crclyQ /−  was negative and it could be 
seen that the user was reading a book.  Fig.23 shows the scene of 
turning over a book. In scene1, the user was reading a book, and after 
that, gazed the USB camera (scene2) to operate the page tuner 
machine. In this situation, the system was waiting for the user’s 
something input and the user input a signal by gazing the side 
direction (scene 3). In this figure, the left page was selected and the 
electromagnet was turned on so as to contact the iron clip (scene 4), 
and the rotational arm was moved by the servo motor torque (scene 5). 
The limit switch caught the situation that the left page had been sent to 
the right side, and both motor and electromagnet were stopped (scene 
6) and the operation had been finished.  

V. CONCLUSION 
This paper proposed a gazing interface based on the special 

feature points of an eye. Gazing points forward to the side 
directions were derived by the relative distance of an iris and 
the outer corner of left and right eye. The gazing with respect to 
the camera was recognized by the intersection of the two 
perpendicular bisectors derived by the position of a cornea and 
the eyelid edges. The suggested recognition system was applied 
to the operations of the page turner machine. It was confirmed 
that the developed system could judge the user’s states of both 
reading a book and operating the equipment by the special 
feature points on an eye. As a future work, we would like to 
carry out the trial experiment by the people of various age 
groups. 

 
Fig. 20 Special feature points. 

 

 
Fig. 21 Intersection point between the two perpendicular bisectors. 

 
Fig. 22 Time trajectory. 

 

 
Fig. 23  Operation scene. 
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