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Abstract. The purpose of this study was to develop a screening device for the 
early detection of glaucoma. We evaluated our proposal system by comparing 
the results obtained by using the proposed system and Humphrey Field Analyz-
er (HFA), which was commercially available visual field measurement device. 
Quantitative evaluation of the proposed system and HFA visual field test re-
sults, and calculating the correlation coefficient, we were able to obtain a more 
moderate positive correlation. This study suggested that the proposed system 
was potentially useful as an alternate screening device for the detection of the 
early stage of glaucoma. 
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1 Introduction 

With the recent aging of the population the prevalence of glaucoma has become a 
major ocular diseases. According to the latest epidemiological surveys[1] a random 
sampling of 4000 persons aged 40 and order shows the total glaucoma prevalence of 
5.0%. Glaucoma is not usually accompanied by subjective symptoms, thus when a 
patient first recognizes visual deterioration or visual field loss, the disease has already 
developed in many cases. Therefore, early detection and treatment are of great impor-
tance for preventing serious stage of glaucoma based symptoms[2]. Under such cir-
cumstance, a visual field examination system for screening has been explored to test 
visual field rapidly [3]. 

In clinical practice, the Goldmann perimeters and Humphrey Field Analyzer 
(HFA) are widely used. However, these devices require 10 to 20 minutes to complete 
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the examination for each eye. In addition, patients need to fixate their eyes at the  
center of the display throughout the test. This test procedure affects the patient’s con-
centration [2, 4, 5]. Furthermore, it is difficult for children and elderly people to un-
derstand the instructions properly, and to press a button as soon as they recognize the 
target. When patients forget to press a button, or when considerable delays occur, the 
visual field is inaccurately estimated, which degrades the reliability of the test result. 
Due to the above problems, conventional visual field examination systems are consi-
dered unsuitable for screening. In this study, we propose a method of visual field 
examination using overlapped fixation patterns obtained from voluntary eye move-
ments that occur when a target is detected. The goal of this study is to facilitate the 
proposed system with a diagnostic performance level suitable for screening for visual 
field loss derived from glaucoma. Our previous studies[4] have already shown the 
possibility of detecting an abnormality of glaucomatous visual field by the proposed 
system. However in the recent field of medical examination, the evaluation empha-
sized on the distribution of visual sensitivity rather than quantitative visual field has 
been performed because Quality of vision (QOV) has become more important in the 
recent field of medical examination. Sensitivity distribution is an index that represents 
the quality of the "visible area". Accordingly, we introduce the method of presenting 
the test target that changes the contrast of brightness for the improvement of the cur-
rent system as the next stage of the proposed system, This modification would make 
the system possible to obtain visual sensitivity by knowing the responses with differ-
ent contrast of brightness. It is necessary to ensure that misalignment of test position 
should be minimized in order to evaluate the distribution of visual sensitivity. 

Therefore, switching from the conventional method which presents the test target 
determining the absolute position in advance, a new method (online-offset) for deter-
mining the position of the test target by the relative position based on the position of 
line-of-sight was proposed. It is expected that this modification will suppress the in-
fluence of the displacement that occurs during the inspection. In order to verify the 
practicability of the proposed system, a set of experiments was conducted with eight 
glaucoma patients and two healthy subjects. By conducting the evaluation experi-
ments the current study focused on verifying whether the proposed system provided 
the information that have been asked in clinical site, which provides the proposed 
system offers enough visual field with a certain sensitivity compared with those by 
the HFA, as a traditional perimeter. 

2 Proposed System 

2.1 Principle and Configuration of the Proposed System 

The method of visual field examination using the proposed system consists of deter-
mining the visual field by the continuous occurrence and detection of voluntary eye 
movements with large saccadic magnitude. In this method, voluntary eye movements 
are used to confirm whether a subject recognizes a target appearing while he/she is 
looking at a fixation point. The relative positions between the fixation point and the 
target recognized by the subject are superimposed on the eye movements; thus, the 
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visible and invisible areas are determined and the subject’s visual field is evaluated. 
As shown in Fig. 1, the proposed system is composed of a target presentation screen 
(Dell 3008WFP, display resolution 1920 × 1200 pixels), a visual field detection de-
vice (Tobii X120, spatial resolution 0.2°, fixation point error 0.5°, sampling frequency 
of eye localization 120 Hz, sight line position error due to head movement 0.2°) [7], 
and a control PC (Dell). The control PC is used to collect eye position data and 
process them in real time, and to present the target. Since the subject’s sight line is 
detected by the detection device, the visual field can be evaluated by sight line track-
ing, and only natural sight line movements are used for examination. In addition, 
there is no need for head fixation so long as the distance to the display is maintained, 
because the proposed system uses the principle that when a subject tracks a target, the 
spatial characteristics of the visual field remain unchanged. In contrast to convention-
al perimeters, in the proposed system, a subject performs a sequence of eye move-
ments that his or her sight line matches with the recognized target. In the course of 
examination, the target to which the sight line moved is treated as the new fixation 
point (center of the visual field) (see Fig. 2). Due to this treatment of recognized tar-
gets as new fixation points, visual field examination is possible by using overlapping 
sight line data, even though the sight line shifts during examination. In the existing 
visual field test systems, it is difficult for subjects to concentrate on a certain fixation 
point during the examination; in addition, it is difficult to explain to some subjects 
(mainly children and elderly people) how to use the buttons for confirmation of target 
recognition. In contrast, in the proposed system, the visual area is determined by the 
accumulation and superposition of fixation patterns so that the fixation point is placed 
in the center. The target to which the sight line moves is treated as a new fixation 
point, and target recognition is detected by eye movement. As a result, a subject must 
concentrate for only a short time, and no button pressing is necessary. In the proposed 
system, the sight line is shifted during the examination, which promises relatively 
easy visual field testing even for subjects who have difficulties in understanding the 
instructions. 

2.2 Procedure of Visual Field Examination 

The procedure of visual field testing using the proposed system is as follows. 

1. The subject gazes at the fixation point presented on the display. After a certain 
time period, a target is presented within a designated visual field. 

2. If the subject recognizes the presented target while looking at the fixation point, the 
subject’s sight line moves to the target position. 

3. When the subject moves the sight line to the presented target, the target position 
becomes the new fixation point, and the previous fixation point is deleted. 

4. The new fixation point appears for gazing, and the procedure returns to step (1). 

A subject is asked to recognize the targets and to move the sight line accordingly 
while repeating steps (1) to (4) (see Fig. 3). 
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When the subject cannot recognize a target, the target is assumed to be located 
within an area called scotoma. In this case, the subject cannot recognize the presence 
of the target and continues to gaze at the fixation point. After a certain period of time, 
the fixation point is disappeared to inform the subject that the target has been pre-
sented a location where the subject cannot recognize. The subject then moves the 
sight line to search for the target, and fixes his gaze on the target once it is found. 
After a certain period of time, the target becomes the fixation point and the examina-
tion is continued (see Fig. 4). 

  
(a) Set up for the proposed system              (b) Side view of the proposed  
                                                           system with a subject 

Fig. 1. Proposed visual field evaluation system 

Examination is performed as (1), 

(2), and (3). Fixation pattern is 
superimposed, and in order to  

determine a visual fie ld area of a 

subject, visual fie ld examination 
sites are presumed examined with 

respect to  right derection (1), 
diagnally upword and left 

derection (2), and downward 

direction (3). Wherever the head is 
positioned, this examination is fair 

as long as an axis of vision 
captures a fixation spot.

 

Fig. 2. Mechanism of the proposed screening system 

2.3 Detection of Visual Field Defect Areas by Sight Line Movement 

The above procedure is for when there is no vision abnormalities. If the test target 
was presented abnormal visual field area, it is not possible to visually recognize the 
test target when the subject gaze the fixation point. Therefore, if the visual line statio-
nary the fixation point above 2500 msec, proposed system makes to eliminate the 
fixation point to inform the test target is presented to the subject. If the fixation point 
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(1) When subject 
concentrates on a 
fixation spot for 1000 
ms, a visual target is 
shown in a designated 
range of a visual field

(2) When a visual 
target is 
recognized, the 
subject shifts line 
of vision toward 
the visual target

 
(3)When line of vision is 
shifted to a visual target, 
fixation spot 
disappears.(Hereafter, a 
visual target to which a 
line of vision becomes a 
fixation spot.)

(4)Visual target upon 
which the subject 
fixated under (3) 
becomes a new fixation 
spot, and return to the 
procedure in (1)

 

Fig. 3. Visual field test procedure for proposed system 

 

Fig. 4. Subject’s action and subsequent system responses when a target was invisible due to the 
visual field defect 

is lost, the subject is searched test target which is presented on the display. When the 
subject gaze the target over 1000msec, it becomes a new fixation point. After that, the 
procedure will return to the normal inspection specification. 

3 Experimental Evaluation of Proposed System 

3.1 Objective of Experiments 

The purpose of this study is that the results obtained in the experiment using the pro-
posed system can demonstrate certain accuracy as the existing perimeter. Secondary, 
it is verified that the system can offer the information about not only quantitative 
visual field but also visual sensitivity distribution. By completing the two purposes 
described above, the possibility of introducing this system in clinical field was clari-
fied by offering the exact position of the visual field abnormality and progress of the 
symptom as a material for determination of glaucoma at the time of initial diagnosis 
to the physician. 

3.2 Experimental Subjects 

The subjects are eight glaucoma patients (for early stage glaucoma four subjects; four 
middle-stage glaucoma subjects; age: 52 to 80 years old; eyeglasses: none), and two 
normal subjects. 
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3.3 Experimental Procedure 

The experimental procedure is described below. 

5. The subject covers the untested eye with an eye patch. 
6. The subject is seated so that his or her sight line is perpendicular to the display at a 

distance of 700 mm. 
7. Calibration is performed to match the eye position detected by the system with the 

actual eye position. 
8. The experimenter presents the test screen to the subject, and visual field examina-

tion is performed as described in the previous section. 

The experimental setup is illustrated in Fig. 1. 

3.4 Experimental Conditions 

The experimental conditions are shown in Table 1. A total of 10 subjects (Two with 
normal sight and, eight patients with glaucoma) participated in the study. The stimu-
lus used in the experiment is shown in Fig.6. In Fig.6, the numbers in brackets show 
the luminance contrast ratio to white background. For the first time, a visual target 
shown in Fig.8 (1) is presented. If the subject recognizes the target (1), the next target 
becomes (2).The second stimulus is (3) presented if (1) was not visible. Changes in 
new target dependent upon the result of recognition of the previous target would gen-
erate the information about sensitivity distribution more clearly compared to the pre-
vious testing scheme. The position pattern of the target appeared on the display was 
referred to those used in HFA, as shown in Fig.5. 

Table 1. Experimental condition 

Visual Distance 700mm

Subject 10(Normal eye 2, Glaucoma patient 8)

Display Resolution 1920×1200 pixel

Display Size 645×400 mm

The size of the target 0.583deg

Inspection points 58  

4 Experimental Results 

Topographic displays for the HFA are drawn using the measured sensitivity values 
(unit: dB), which is very different from the principle of the proposed system. Thus, in 
this study we considered the practicability of the proposed system by comparing the 
trends in the topographic displays for all ten subjects, and examining the average 
retinal sensitivity in the HFA clusters and the average recognition point in the pro-
posed system. In order to evaluate quantitatively the results obtained by the proposed 
system, we considered the areas used in the glaucoma hemifield test (GHT), one of 
Anderson’s criteria for early glaucomatous visual field defects (Fig.8). Since the early 
defects occur in either the superior or inferior hemifield, in the GHT both hemifields 
are divided into five symmetrical zones (clusters) within 30° along the retinal nerve 
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fiber paths, and the asymmetry between the hemifields is detected. In locations cor-
responding to the five symmetrical zones, the average retinal sensitivity in the HFA 
and average recognition rate in the proposed system were calculated and normalized 
as follows, for use in examining the correlation between the values: 

─ Average retinal sensitivity in HFA cluster = (Total of retinal sensitivity in clus-
ter)/(Number of test points in cluster) 

─ Average recognition point in proposed method = (The sum of the recognition point 
in cluster) / (Total recognition points in cluster) 
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Fig. 5. Detailed location of tested area of visual field (right eye) 

 

(1)     (2)     (3)      
  (0.58)    (0.94)     (0.16) 

Fig.6 Visual target used in the experiment 

Brightness and Contrast 0.58

Brightness and Contrast 0.16 Brightness and Contrast 0.94

○:recognized

×: Not recognized

○ ×

○ × ○ ×

score
3

score
2

score
1

score
0  

Fig. 6. Method of assigning scores classified by the result of the previous testing target 
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In this proposed system the recognition scores should be assigned according to the 
condition whether or not the target can be visible. Therefore four levels of scores were 
given dependent on whether a visual target was visible, as shown in Fig.7. 

 

Fig. 7. Patterns of glaucoma hemifield test (right eye, numbers in the patterns are arbitrary) 

It was validated that the proposed testing scheme can express the sensitivity distri-
bution if there was a correlation between retinal sensitivity as the result of the existing 
perimeter and recognition scores as the result of the proposed system. As a result of 
the inspection, 5 out of 10 subjects failed to complete the visual field test because eye 
movement detection data recorded by eye-tracker were not enough for generating 
visual field this time. Fig.9 shows the test results of the subject H who was able to 
perform the inspection, as an example. In addition, Fig.10 shows the test result of 
subject H by using the HFA. As shown in Fig.9, Mariotte blind spot was detected 
successfully in a visual field test using the proposed system. In addition, the proposed 
system captured the characteristic visual field abnormality, which can be seen from 
the nose, extended to the center of visual field. Table2 shows correlation coefficient 
of average recognition scores in the cluster by the proposed system and the average 
retinal sensitivity in the HFA cluster for each subject. 

25[deg]

 

30[deg]

 

Fig. 8. Result of proposed system   Fig. 9. Result of HFA 
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5 Discussion 

When evaluating the proposed system, we compared visual defects detected by the 
HFA used in clinical site and by the proposed system; in particular, we checked 
whether Mariotte blind spots were recognized with the proposed system. However, in 
the HFA tests used in clinical site, the reliability of the test results may be degraded 
when the patients forget to press a button, or when the reaction time produces large 
delays. Therefore, the HFA examination of the visual field does not necessarily pro-
duce correct results. We are able to determine that visual field abnormality with the 
proposed system was observed for the area that is determined to be abnormal visual 
field in HFA that is existing perimeter from Fig.9 and Fig.10. 

Table 2. Coefficients of correlation between retinal sensitivity of HFA and recognition scores 
of proposed system as evaluated by GHT clusters 

Subject Correlation coefficient Degree of correlation

H 0.89 strong correlation

G 0.76 strong correlation

A 0.68 moderate correlation

E 0.57 moderate correlation

J 0.56 moderate correlation  
 
 

In addition, this examination was conducted in four levels and each level had dif-
ferent colorings, for the evaluation of the progress of the visual field abnormality. 
Therefore, the results obtained by evaluation experiments are observed that the gray-
scale display is similar to data obtained in the HFA. However, there were cases that 
are determined to be abnormal in a position that is not abnormal position with pro-
posed system. It is considered possible that occurred because the stimulus that deter-
mined the position based on line of sight position. Resolution of line of sight position 
is supposed to be the fixation point error of less than 0.5 deg according to the specifi-
cations of the device. However, because they were aged 50-80 in this experiment, 
there was a possibility that the participants have difficulty in holding the eye position 
although they believed they fixated a certain point. This is due to the fact that the 
target is difficult to see because subjects become watery eye due to weakening of the 
function of the emission tear. Therefore, it is considered to have been determined to 
be abnormal to normal site since the line of sight position shifted by defective fixation 
from the fixation point after presenting the test target. Further, our proposed system 
does not require the base jaw in order to achieve the test that subjects do not hold as 
much as possible in terms of screening. Therefore, it is considered possible that face 
moved when subjects were gazing at the fixation point. However, since the purpose of 
this study is to develop visual field test system for screening applications, it is impor-
tant to know the progress of characteristic visual field abnormality place. Therefore, 
since it is possible to detect the characteristic abnormal visual field locations, the 
proposed system can be fully utilized. There was marginally high correlation between 
retinal sensitivity of HFA and recognition scores of proposed system for all subjects 
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properly tested. This was probably due to improved fixation accuracy by applying 
online-offset technique by reducing misalignment of inspection position. Because 
there was a more moderately positive correlation even for subjects with normal eyes, 
the proposed system has a potential to evaluate the quality of the appearance of the 
visual field properly even for people with normal eyes. It was found that the proposed 
system did not respond further in spite that the subjects gazed into a test target in the 
case where the examination was terminated. This is the case in which the subject with 
a medium stage of glaucoma may have encountered quite often since such patient 
tended to gaze at the target in erroneous way. This type of error cannot be detected by 
the eye tracker used in this experiment. The tracker in this study estimates the eye 
position by detecting the sight position in the basis if the position where Purkinje 
image is generated. However, there is a case that the glaucoma patients with advanced 
visual field abnormality tend to gaze at a target by an eccentric vision, the position of 
line of sight is shifted accordingly to the position by an eccentric vision. 

6 Conclusions 

We have proposed a visual field examination method using voluntary eye movement 
to determine the visual area. In order to evaluate the applicability of the proposed 
system to visual field screening, we compared the results as visual field examination 
of glaucoma patients obtained by the proposed system and by HFA. As a result, glau-
comatous visual field defects can be detected by using the proposed system. It was 
also found that the system should be improved more versatile because there was a 
case when it was not possible to complete the inspection by the progress of symptoms 
and by some individual characteristics. 
 
Acknowledgements. This work partically supported by JSPS Kakenhi (24370103, 
24657182) and Ecological Interface Design Research Group, ORDIST, Kansai  
University. 

References 

1. Suzuki, Y., et al.: Summary report on Tajimi Epidemiological Survey (Tajimi Study) by 
Japanese Ophthalmological Society. J. JOS 112, 1039–1058 (2008) 

2. Inakagata, S., et al.: Objective pupillographic perimetry using a flat panel display. Trans. 
JSMBE 43, 179–183 (2005) 

3. Nakano, T.: FDT (FDT-screener, Humphrey matrix), SWAP, MP-1. Ganka 49, 1503–1512 
(2007) 

4. Kotani, K., Yoshikawa, R., Tamura, T., Asao, T., Suzuki, T., Ueki, M., Kojima, S., Shibata, 
M., Ikeda, T.: Visual Field Screening System bu Using Overlapped Fixation Patterns. Elec-
tronics and Communications in Japan 95(7), 1577–1586 (2012) 


	Development of Screening Visual Field Test Applicationthat Use Eye Movement
	1 Introduction
	2 Proposed System
	2.1 Principle and Configuration of the Proposed System
	2.2 Procedure of Visual Field Examination
	2.3 Detection of Visual Field Defect Areas by Sight Line Movement

	3 Experimental Evaluation of Proposed System
	3.1 Objective of Experiments
	3.2 Experimental Subjects
	3.3 Experimental Procedure
	3.4 Experimental Conditions

	4 Experimental Results
	5 Discussion
	6 Conclusions
	References




