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Digital filters based on human visual characteristics are useful tools that can be
widely applied in various fields. This paper focuses on the impulse response
characteristics of human vision. Digital filters based on the impulse response
characteristics of vision are proposed and its application to image sharpening and|
estimation of the perceived appearance of moving objects are discussed. The
advantages and effectiveness of utilizing the dynamic characteristics of vision as a
digital filter are discussed.

Chapter 1 describes the background and objectives of the study. In Chapter 2, we
survey and summarize studies related to this paper.

Chapter 3 discusses digital filtering processing based on the impulse response
characteristics of vision, focusing on its application to image sharpening. In this
chapter, a digital filter incorporating the temporal difference between excitatory and
inhibitory responses in the visual impulse response was designed, and the effect of this
temporal difference on image sharpening was examined. The proposed method was
applied to a simulation movie, a chemical reaction movie, and a convection structure
visualization movie above oscillating candle flame, and it was shown that the contrast
increase and the signal-to-noise ratio improvement were larger than those of the
conventional method for moving objects in the movies. On the other hand, the proposed,
method has the disadvantage that unnatural images or pseudo-contour lines appear atj
the object boundaries when the amount of movement between frames is large.
Therefore, a method was also proposed to reduce this disadvantage and improve image
quality. This method was proposed as a method to reduce computational costs for
efficient processing. The proposed method was applied to simulated motion images,
endoscopic video sequences, and tracking images of flying birds, demonstrating that
computational cost can be reduced while preserving sharpness, and that unnatural
images and pseudo-contours associated with sharpening can be mitigated.

Chapter 4 discusses digital filtering processing based on the impulse response
characteristics of vision, focusing on its application to estimation of the perceived,|
appearance of moving objects. The two estimation methods are as follows:
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(D Forward transformation, where an image of the appearance at rest is filtered by a|

digital filter based on visual impulse response characteristics to produce an image
of the appearance in motion.

(@ Inverse transformation, where an image of the perceived appearance during
motion is transformed by an inverse filter based on the impulse response
characteristics of vision to produce an image corresponding to the appearance at
rest.

The authors attempt to estimate the perceived appearance of moving objects using
digital filters that more precisely reproduce the impulse response characteristics off
vision. In previous reports, experiments to verify the effectiveness of the estimation|
method used LCD monitors, which were limited to a relatively slow range by their|
refresh rate limitations. In this chapter, the extent to which the appearance of moving;
objects in real space can be estimated was examined. First, to facilitate experiments in|
which the object of observation is moved at a constant speed, a figure in rotational
motion was used as the object of observation. In this chapter, a method is proposed for]
estimating the perceived appearance of rotating figures using a visual impulse
response model. Second, the effectiveness of the proposed method was verified under]
the condition that the object is physically rotated. The proposed method can generate
forward and inverse transformation images. The results of an experiment to verify the
effectiveness of the proposed method showed that more participants judged that the
forward transformation using the proposed method looked similar to the predicted
image, although the reproduction accuracy was not high, when the input image was
somewhat blurred and the rotation speed was high. In the case of low-contrast images,
the proposed inverse transformation can predict the appearance of a rotating figure.

When looking at a moving object, we may follow it with our eyes, or we may cross it|
without following it. Assuming a visual situation in which an object unexpectedly
crosses in front of the eyes, we proposed a method for estimating the perceived,|
appearance of an object in constant velocity linear motion as a digital filtering process
based on the impulse response characteristics of vision. The instantaneous
presentation of moving stimuli was used to reproduce a visual situation in which an|
object suddenly crosses the observer’s view, thereby verifying the effectiveness of the
proposed method. The results of the experiment showed that the estimated images
generated with the assumption that the stimuli were to be moved at a slower speed
than that assumed for the presented stimulus were often selected. It was suggested,|
that the eye movements may be more susceptible to the effects of eye movements when|
the object 1s moving in a constant velocity linear motion.

Chapter 5 summarizes the findings throughout Chapters 3 and 4. This chapter
describes the usefulness, scope of application, and future issues of digital filtering

processing based on the impulse response characteristics of vision.
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