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Summary of Doctoral Dissertation

Title of Doctoral Dissertation:

Real-time image enhancement methods for supporting red-green color defective observers

on smartphones

Name: Hira Shoko

Vision is a very important sensation for humans. Visual information includes a lot of information
that cannot be verbalized, as the saying is, “Seeing is believing”, and color sensation would be
outstanding. With recent innovations in color-related device technology, color management
technology, and information and communication technology, mobile terminals such as smartphones
and tablets that can exchange color information are rapidly spread of individuals. Therefore, the
opportunities for information transmission using color have increased dramatically suggest that the
color is one of most important for human vision because. Increasing opportunities of visual
communications using color suggests that the “influence of individual differences in color vision”,
which was not conspicuous in the past, could have a serious adverse effect on mutual understanding
of information among people.

Therefore, proper recognition and appropriate consideration for differences in color perception
are necessary. First, although researches on personal differences in color perception have long history, the
results based on genetic code suggests new paradigm; the boundary between dichromatic and trichromatic is
ambiguous and continuous. Second, we need to pay attention to the differences in color contrast perception
between dichromatic and trichromatic; primary opponent color is Y-B in the former whereas R-G in the later.
Although many color aids for red-green color deficient observers (RG-CDOs) have been proposed, the
purposes of proposed ones were limited only to color segregation. There are few aids for the purpose of
understanding R-G color contrast by RG-CDOs.

This paper first describes the result of individual differences in color vision investigated using
the Multidimensional Scaling Method (MDS). It is suggested that the boundary between dichromatic and
trichromatic is ambiguous and continuous not only in genetic code but also in perception. Then, this paper
proposes two new supporting methods (Hue-rotation and Hue-Blending) for mutual understanding
between RG-CDOs and color normal observers (CNOs), and demonstrates that the results of
implementation on mobile terminals are appropriate for practical usage.

Chapter 1 first explains the fact that the importance of color communication is increasing and the
basics of color vision diversity, including the mechanism and classification of color vision. It is
suggested that there exists the difficulties of color informative communications between RG-CDOs
and CNOs in the current situation. Next, the author introduces existing technologies that support



them, and discusses current problems and their solutions. Finally, the author proposes new color
communication supporting tools which enable that CDOs and CNOs can communicate with mutual
understanding.

Chapter 2 describes experimental results of color perception and its individual differences
analyzed by the multi-dimensional scaling (MDS), in order to investigate color vision diversity
described in Chapter 1. The experimental results show that, (1) the color-constellations based on the
color names (text) are almost circular, regardless of the dichromatic or trichromatic color visions,
however, (2) the color- constellations based on the color charts were smoothly changes from
concave shapes by dichromatic vision to the ellipses by trichromatic vision. These results suggest
the similarity between the evolution of color vision and postnatal development as a hypothesis.

Chapter 3 describes a new hypothesis, entitled “immanent dichromatic in trichromatic observer”
based on the results of the investigation in Chapter 2, and its verification experiments. The results
show that (1) the color-constellations yield when observing R-G neutral- and Y-B only changed-
stimuli dominantly varied to concave-shape like dichromic, whereas (2) those attained when
observing Y-B neutral- and R-G only changed-stimuli dominantly varied to saturation-brightness
oval-shape.

Chapter 4 describes a proposal of color communication supporting tools, especially about the
features and concepts of them, which enable CVVDs and CNOs mutual understanding based on the
results of individual differences in color vision investigated in Chapters 2 and 3. First, the outline of
the two types of color vision assistance methods where alternately displaying the original image and
the converted image were employed, Hu-Rotation and Hue-Blending, devised for CVDs were
described. Next, it is described that both of them were light-weighted algorithms employing only
hue processing in the standard video format which enabled to real time operations on portable
communication terminals like smartphones. Finally, a simple dichromatic simulation method for
CNOs which enable real time processing on smartphones and utilization methods with examples
were described.

Chapter 5 gives details on the theory and verification experiment of the 90-degree hue rotation
method, which is the basic method devised for the two-color vision person described in Chapter 4.
CVDs with dichromatic perception have the yellow and blue opponent color perception like CNOs,
but unlikely red and green. Therefore, by rotating hues as 90 degrees, red was converted to yellow,
which is representative of warm color, and green was converted to blue, representative of cold color,
bringing it closer to color perception of CNOs employing the two opponent color system. In the
verification experiment, three experiments are conducted: an R-G color classification experiment, a
color classification experiment that is easily confused, and an evaluation experiment for the feeling
of use in a general environment. All the experimental results are significantly better than the
existing technology.

Chapter 6 gives details on the theory and verification experiments of the hue blend method,
which is an improvement of the 90-degree hue rotation method described in Chapter 5 for the
general public. With the 90-degree rotation method, colors other than R-G, which are easily
confused by dichromatic observers, are converted. Therefore, the author examines the effectiveness
of color conversion of only the R-G component, and devised a hue blend method in which only the



R-G component is color-converted by blending the hue after the hue rotation and restoring the hue
rotation. In the verification experiment, three experiments are conducted: an R-G color
classification experiment similar to the 90-degree rotation method verification experiment, a color
classification experiment that is easy to confuse, and an evaluation experiment for usability in a
general environment. All the experimental results are significantly better than the existing
technology.

Chapter 7 summarizes Chapters 1 to 6 described so far.



