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1. Introduction

[image: image1.wmf]
Figure 1. The Ouchi illusion. The inset appears to move.

In the study of perception, great attention has recently been drawn to anomalous motion illusion, a phenomenon that is characterized by illusory motion in a stationary image. This research started after Spillmann et al. (1986) discovered the Ouchi illusion (Figure 1). 
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Figure 2. The Fraser-Wilcox illusion. The disk appears to rotate clockwise or counterclockwise.

Actually, there had been a previous paper (Fraser and Wilcox, 1979) reporting another type of anomalous motion illusion, or the Fraser-Wilcox illusion. This illusion is characterized by illusory motion without any effort. Observers only see images, and the illusion appears.


Figure 2 is a typical pattern for the Fraser-Wilcox illusion. According to Fraser and Wilcox (1979), there are three types of observers, (1) ones who see clockwise rotation (dark-to-light along the gradation), (2) people who perceive counterclockwise rotation (light-to-dark along the gradation), and (3) observers who do not see any rotation. However, recent literature tends to ignore (2) and (3) (Faubert and Herbert, 1999; Naor-Raz and Sekuler, 2000), probably because the illusion (1) appears to be much stronger than the illusion (2) in this image. 

2. The optimized Fraser-Wilcox illusion
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Figure 3. The optimized Fraser-Wilcox illusion. This disk appears to rotate clockwise.

Kitaoka and Ashida (2003) pointed out the incompleteness of the Fraser-Wilcox image and proposed a corrected pattern, which gives much stronger illusion. We call this the “optimized” Fraser-Wilcox illusion (Figure 3). Moreover, I tried to produce new artful designs including this illusion. Finally I published a design called “Rotating snakes” (Figure 4) in my homepage
. This design has been enthusiastically supported by many people and stimulated several scientific studies (Conway et al., 2005; Backus and Oruç, 2005; Murakami et al., 2006).
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Figure 4. “Rotating snakes” ©Akiyoshi Kitaoka 2003. Each disk appears to rotate spontaneously. The direction of illusory motion is constant. For example, the leftmost disk in the uppermost row appears to rotate counterclockwise.

3. Classification of the optimized Fraser-Wilcox illusion


Now I classify the optimized Fraser-Wilcox illusion into four categories, depending on the differences in stimulus configurations or in effective visual fields (depending on whether illusion occurs in the central vision or the peripheral vision). This point is depicted in Figure 5.
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Figure 5. My tentative classification of the optimized Fraser-Wilcox illusion. Type I, or Ashida-Kitaoka type (Ashida and Kitaoka, 2003; Backus and Oruç, 2005), is characterized by luminance gradient. If a luminance gradient is surrounded by lighter fields, illusory motion occurs from dark to light (the left panel). If a luminance gradient is surrounded by darker fields, illusory motion occurs from light to dark (the right panel). Type IIa, or “Rotating snakes” type, is characterized by line drawing with flanks of different luminances. If the line is darker than the flanks, illusory motion occurs from the line to the darker flank (the left panel). If the line is lighter than the flanks, illusory motion occurs from the line to the lighter flank (the right panel). Type IIb is characterized by two adjacent fields with an intevening strip, whose luminance is the intermediate between the two fields. If the luminance of the strip is close to the darker field, illusory motion occurs from the darker field to the strip (the left panel). If the luminance of the strip is close to the lighter field, illusory motion occurs from the lighter field to the strip (the right panel). Type III is characterized by two adjacent fields connecting to each other, with the border (edge) being of low contrast. If the fields are darker than the surround, illusory motion occurs from the darker field to the lighter one (the left panel). If the fields are lighter than the surround, illusory motion occurs from the lighter field to the darker one (the right panel).

Figure 6 shows a rotational appearance of Type I. In this image, each darkly shaded field is surrounded by more lightly shaded fields while each lightly shaded field is surrounded by more darkly shaded fields. Figure 7 shows an applied work.
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Figure 6. A rotational appearance of Type I. The left disk appears to rotate counterclockwise while the right one clockwise. This illusory rotation is observed more clearly in the peripheral vision than in the central vision. Thus, the disk on which observers fix their eyes hardly appears to rotate.
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Figure 7. “The time tunnel show” ©Akiyoshi Kitaoka 2006. Each disk appears to rotate. The elemental illusion is Type I of the optimized Fraser-Wilcox illusion.

Figure 8 shows a rotational appearance of Type IIa. In this image, each set of a dark line with its flanks is continuously connected to the next set of a white line with its flanks. This repeating pattern gives illusory motion in a unified direction. Figure 9 shows an applied work.
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Figure 8. A rotational appearance of Type IIa. The left disk appears to rotate counterclockwise while the right one clockwise. This illusory rotation is observed well in the peripheral vision but can be seen faintly near the fovea. Thus, the disk on which observers fix their eyes is reluctant to rotate.
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Figure 9. “Cogwheels” ©Akiyoshi Kitaoka 2006. Each cogwheel appears to rotate. For example, the leftmost one in the upper row appears to rotate clockwise.


Figure 10 shows a rotational appearance of Type IIb. In this image, each set of a dark-gray line with its flanks is continuously connected to the next set of a light-gray line with its flanks. This repeating pattern gives illusory motion in a unified direction. Figure 11 shows an applied work.
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Figure 10. A rotational appearance of Type IIb. The left disk appears to rotate counterclockwise while the right one clockwise. This illusory rotation is observed well in the peripheral vision but can be seen faintly near the fovea. Thus, the disk on which observers fix their eyes on is reluctant to rotate.
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Figure 11. “Rotating blue acorns” ©Akiyoshi Kitaoka 2006. Each ring of “blue acorns” appears to rotate spontaneously.


Figure 12 shows a luminance-gradient variation of Type III. In this image, illusory motion occurs across the sharp edges from black to dark gray or those from white to light gray. I have provided a linear image for Figure 12, since rotational configuration of Type III reduces illusion magnitude for unknown reason. Figure 13 shows an applied work.
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Figure 12. A linear appearance of Type III. The upper three rows appear to move rightward while the lower three leftward. This illusory motion is observed not only in the peripheral vision but also in the central vision.
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Figure 13. “Mixer” ©Akiyoshi Kitaoka 2005. Each lever of the mixer appears to move up and down. For example, the leftmost one appears to move upward while the second and third leftmost ones downward.

4. The effect of color


There is a consistent property among these types of the optimized Fraser-Wilcox illusion. It is that color seems to enhance illusion for some reason. Empirically, blue or red enhances the illusion from dark to light, whereas yellow or green increases the illusion from light to dark. Here I demonstrate these effects by using illusion designs of Type IIa.


Figure 14 shows an elemental design consisting of narrow black or white strips flanked by dark-gray or light-gray fields. This monochromatic image gives illusion strongly enough. 
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Figure 14. The fundamental illusion design or the monochromatic version. This rotational illusion depends on Type IIa of the optimized Fraser-Wilcox illusion. For example, the leftmost disk in the upper row appears to rotate counterclockwise.


When the dark-gray is replaced with (slightly lightened) blue while the light-gray is replaced with (slightly darkened) yellow, the illusion appears to be much enhanced (Figure 15). In the same way, when they are replaced with (slightly darkened) red and (slightly lightened) green, the illusion magnitude appears to increase (Figure 16). This enhancement seems to be stronger for the blue-yellow combination than for the red-green one.
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Figure 15. The blue-yellow version. Illusory rotation appears to be most powerful.

[image: image16.wmf]
Figure 16. The red-green version. Illusory rotation appears to be enhanced.


In my experience, the replacement of dark-gray with blue or red, and the replacement of light-gray with yellow or green, serve the best conditions to enhance illusion. To examine this rule, I demonstrate the reversal in the color replacement. In Figure 17, the dark-gray is replaced with dark yellow while the light-gray is replaced with light blue, while in Figure 18, the dark-gray is replaced with dark green while the light-gray is replaced with light red.


For my vision, Figure 17 does not increase the illusion so much (as compared with Figure 14), while Figure 18 enhances the illusion and gives the same illusion magnitude as Figure 16. If this is the case, the following two are suggested. (1) Color enhances this illusion, but not always. (2) There is a difference in color effect between the blue-yellow combination and the red-green one. 


In Figure 17, the saturation of blue or yellow is low because blue is the most vivid in a relatively dark lightness while yellow is the most vivid in a rather light lightness. This lowered saturation may possibly fail to enhance the illusion well. To examine this possibility, I exhibit the illusion design with the most brilliant blue and yellow (Figure 18) or the one with the most vivid red and green (Figure 19).


For my vision, Figures 18 and 19 fail to give stronger illusion than their counterparts (Figures 15 and 16), respectively. This observation may discount the hypothesis that saturation is the most critical factor in the effect of color on the optimized Fraser-Wilcox illusion.


It is of interest to question whether (1) color-blind people see this illusion or (2) their perception of this illusion is affected by color. For the question (1), it is expected that they see this illusion in the same way as people with normal color sight, because the difference in luminance alone yields this illusion (Figure 14). For the question (2), it is imagined that the enhancement of color does not occur for some color-blind observers when they see particular images. It is interesting to examine this issue in the future.


Moreover, it is known that a very few observers, 5% of a population, do not see this illusion (Kitaoka, 2005). Although the mechanism of this individual difference has not been revealed yet, it does not seem that color blindness plays an essential role in this illusion.


Isoluminant images may help us study this illusion further. Figures 21-24 show sample images in that red and green are close to each other in luminance. However, the illusion magnitude decreases when the luminances of two colors approach to each other, suggesting that color alone might have little effect on this illusion. 
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Figure 17. The “reverse” blue-yellow version. Illusory rotation does not appear to increase so much.
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Figure 18. The “reverse” red-green version. Illusory rotation appears to be enhanced.

              (The tint of the background is a printer-dependent error)
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Figure 19. The blue-yellow version with the highest saturation. Illusory rotation appears to be enhanced, but the illusion magnitude is not the strongest among the images shown in this report.
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Figure 20. The red-green version with the highest saturation. Illusory rotation appears to be enhanced, but the illusion magnitude is not the strongest among the images shown in this report.

[image: image21.wmf]
Figure 21. A peri-isoluminant version using red (r = 255, g = 0, b = 0) and green (r = 0, g = 190, b = 0). In my vision, both on my CRT (SONY Trinitron G220) and in this print (EPSON PM-A900), the leftmost disk in the upper row appears to rotate counterclockwise.
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Figure 22. A peri-isoluminant version using red (r = 255, g = 0, b = 0) and green (r = 0, g = 170, b = 0). In my vision, on my CRT, the leftmost disk in the upper row appears to rotate clockwise, whereas in this print, it appears to rotate counterclockwise.
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Figure 23. A peri-isoluminant version using red (r = 255, g = 0, b = 0) and green (r = 0, g = 150, b = 0). In my vision, on my CRT, the leftmost disk in the upper row appears to rotate clockwise, whereas in this print, it appears to be nearly stationary.
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Figure 24. A peri-isoluminant version using red (r = 255, g = 0, b = 0) and green (r = 0, g = 130, b = 0). In my vision, both on my CRT, and in this print, the leftmost disk in the upper row appears to rotate clockwise.

5. The applied designs submitted to this award


Some of the submitted illusion designs accompanied by this report include the optimized Fraser-Wilcox illusion. (a) The rotating disks in “Koinobori” depends on Type I. (b) The apparent flow in “Irrigation” is afforded by Type IIa. (c) The waving appearance in “Dongutakokko” is the Type IIa illusion. (d) The slow rotation of oogi (pie slices) in “Welcome to Kyoto” depends on Type I. (e) The rotating appearance of disks in “Rotating tops” reflects Type I. (f) The powerful rotation of disks in “Rotating hibernating snakes” is given by Type I. (g) The series of “Lipsticks” designs entirely depends on Type III. 
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