Eye movement tracking type
wide-angle high-resolution image display system
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ABSTRACT

This paper describes image display system that can display wide-angle images at high-resolutions
using human eye characteristics while making use of conventional displays. When the robot is operated
remotely, the operator cannot obtain information on the remote environment directly. Therefore, the
operator should obtain information on the remote environment with some sense presentation devices
which present the image, force, and the sound, etc. In these sense presentation devices, especially, the
visual display plays an important role because it can provide the large quantity of information of the
object in the remote environment. Moreover, the presentation of the images has a large influence on the
efficiency of the operator's task. High-resolution, wide-angle images are necessary for improving the
reality of the presentation. However, the image size presented by a conventional display device is much
smaller than the field of human vision. If a wide-angle view is presented using a conventional display
device, the resolution will be decreased as a result. For instance, when an image with a viewing angle of
100 degrees is presented on an NTSC display (525 scanning lines), the resolution is less than Landolt
eyesight 0.1. Even if a high-definition television display (HDTV, 1125 scanning lines) is used, the
resolution is still less than Landolt eyesight 0.2. To resolve this problem, we proposed an image capture
/ display system. The principle is that a small high-resolution image is presented at the viewpoint by
detecting eye movement and a wide-angle low-resolution image is presented in the peripheral area using
two displays. Humans can see an object at high-resolution only near the viewpoint. Therefore, the
operator can feel that the displayed image is a wide-angle, high-resolution image.

In order to realize such an image display system, there are many subjects, which should be solved.
It is necessary to obtain the human eye characteristics which are required to design the system by
evaluation experiment using some subjects. Based on these results, we have to consider the composition
of the wide-angle, high-resolution image capturing and the display system. It is necessary to design and
make a trial system, to confirm fundamental effectiveness by the evaluation experiment.

In this paper, first, how to design the size of the high-resolution area in the image display system is
provided. Second, we discuss about the display method of high-resolution image for image display
system utilizing the characteristics of the human eye. Some evaluation experiments for display time
delay of high-resolution image are introduced using computer graphics. Then, how to design the optical
system is discussed and a proto-type image display system is explained.

Finally, an image capture system is designed and it is integrated with the image display system. Some
evaluation experiments using an integrated system are introduced to demonstrate the effectiveness of the
proposed idea.
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Fig.1.2 Conventional display device
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Fig.1.3 Relation between view angle and resolution
(Wide view image of 100 degrees is presented)
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Fig. 2.7 The flow chart of experimental procedure
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Fig. 2.8 An example of experimental results
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Fig. 2.10 The relation between fc/fp and high
resolution visual field angle Om (Subject Y.N,
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Fig. 2.11 The relation between Sc/Sp and high
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Fig. 3.5 Method of generating patterns with different
resolution

Table 3.1 Resolution conditions in high-resolution
area and low-resolution area

Resolution High Peripheral
Condition Resolution resolution
No. Rh (cpd) RI (cpd)

1 6.86 2.29

2 6.86 1.37

3 6.86 0.98

4 2.29 1.37

5 2.29 0.98

6 1.37 0.98
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Fig. 3.6 Image display timing

Table 3.2 Responses of subjects

Number Response

1 The image was seen at high resolution.

The low-resolution image was not seen

2 clearly, but the image had changed
somewhat.
The low-resolution image was seen
3 clearly, and after that the image

changed to a high resolution image.
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Fig.5.10 Image capture system
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