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A study of the conditions for the generation of rotational motion
in the Fraser-Wilcox rotation illusion family
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The findings obtained through the study of optical illusions can be applied to various
fields and are useful for solving real-world problems. It is hoped that the elucidation of
the mechanism of this illusion (Figure 1) will lead to an understanding of the mechanisms
of the connections between the visual cortex and the brain. In this study, we aimed to
elucidate the conditions for the generation of the rotation illusion caused by differences
in color, and we conducted quantitative measurements and analysis of perceptual strength,
as well as considering the relationship with biological mechanisms. In this study, we
conducted two experiments created in Python on seven subjects and obtained the

following results.
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DER & ZDOWITIRR SN DEBRE T 506 Th D, £ 2 TR EDO L a2 E &Y
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HREDE

-200
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RGBD ER > HY A ZEAL & SRR IR D LLER

RGBME

——R =——0 B ——RG —8—RB —8—GB

10 A~ IF)D 7T 7 BERTE T & ORI EELOEE % g L7,

# 2 RGB At Z & OirPldhfp & 2GR I3 T 5 R2 fE

R G B RG RB GB

HRIZAE AL 0.9297  0.8371 0.874 0.9356  0.6163 0.908
ZIEiAl(22k) 0.9915  0.9968  0.9272  0.9558  0.9606  0.9953
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4.3 FE5%
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o le, ZAUTSATIHFFEOMIEEIMET L 2 L 2 3T 2R Th 5,

FIZOOERI D HEAHI & AR L OBIENED B EERIRE AL L TV D
TENEZLN, FICHRAHBORENILALE THDL I ENERTE S, 24 HiTk
NIZZENENOMILDRLEE DE VR O RIZEH L7z, L#ER (RER) 134
560~580 nm, M #EfR (FiE) 138 534~545 nm, S #EIR (FIIE) 1359 420 nm~440
nm CREENFE L 2o TND, EAREMAIZE L TIEA 48 nm TEED B — 7 7R
T ZDZEINBERGBEID T T 7IZON T %,

O [RJ & B offizZBfbsgizsx

s PR EDEINT DA H D, M RO

st SRS VY 540 nm AT CIIARMAHEAZ O
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7272, $ER OGNS ORENEL RV EIFFWVEINT, TE L MICT DITITFE AR
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WFZE 24T 9 1IXEE L TR DB 42 2 O F £HURSE 2O TR < | g B K%z Al
SHETEFSTRADLEZMLRELKRTHRETH D,
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File Edit Format Run Options Window Help

ffrom PIL Tmport Image

f EERERC . . o
file path = "C:/Users/wabin/Onelrive/ F = 1 A2 | /work/rotsnake/rotsnake. jpe

image = Image.open(file path)

t JL—2T—ILicEiE

image grayscale = image.convert("L")

LRESE

output_path = "C:/Users/wabin/Downloads/rotsnakesstrongld grayscale.gif”
image_grayscale.save(output path)

output_path
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72—V OE % RGB % FIF T 256 BxPs/Em L7z, (RGB &N T 5 H
W ELEL 2D a— RO—I0%E 2 TAERKRLE)

File Edit Format Run Options Window Help

[From PIL import Image
import numpy 25 np
import matplotlib.pyplot as plt # matplot]ibZ1B70

image = Image.open("C:/Users/wabin/Onelrive/ B4 1 A b /work/rotsnake_grayscale.gif”]
image = image.convert( RGBA™)

imData = np.array(image)
pixData = image. load()

print(“shape of array: 7, np.shapelimData))
print(“shape of pixdata: *, np.shape(pixData))
print{ image size: 7, image.size)

gg = 7h5

ges = 1

while gg > 0:

for x in rangelimage.size[0]):

for v in rangelimage.size[1]):
R = pixDatalx, v]1[0]
G = pixDatalx, v1[1]
B = pixDatalx, v][Z]
i

R <= gg) and
> (gg - gg5) and G <= gg) and

( > (gg - 285) and B <= gg)):

nT = (gg - g2S, gg - geS, gg - g2S, 205)

image.putpixel ((x, v), nT)

pixDatalx, v] = nT

f BIRELRTE, . e
image.save(f"C: /sers/wahin/Down loads/{gg} gRGB.png”, "PNG™)

# matplotlib TEIEZ =T
plt.imshow(np.array(image))
plt.axis(Toff’) § #&EIERT
plt.title(f Gray Level: {gz}”
plt.pause(O 00001) 4 O.5FF
plt.clf() & ROBEEIED:

gg —= gg5 ;
print("gg is: 7, gg)

plt.clogse(] # |FRBIZO v FOERAL S

if ((R > (gg - gg5) and

m{% DaEnumpyERH] & L TRT
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File Edit Format Run Options Window Help
|import pygame

import svs

mport os

import time

from openpyx| Import Workbook, load workbook

$ Initialize Pygame
pygame. init()

# Set up the display
screen = pygame.display.set mode((0, 0), pygame.FULLSCREEN)
pygame.display.set_caption(” Image Yiewer ™)

$ Initialize the mixer for sound
pygame.mixer. init()

¥ Sound loading
sound_path_switch = 'C:/Users/wabin/Down | oads/buttonb? . mp3’ # FF 2711 (BIUEZS) @82
sound_path_space = 'C:/Users/wabin/Downloads/buttontB.mp3d” f 8B 7 7+ )L Bpacet—5) D52

switch_sound = Mone
space_sound = MNone

¥ Load the switch sound
f os.path.exists(sound path_switch):
try:
switch sound = pygame.mixer . Sound(sound path switch)
cxcept pygame.errar as e:
print(f"Error loading sound file: {sound path _switch} - {e}”)
elze:
print(f"Sound file not found: {sound path_switch}™)

# Load the space key sound
If oz.path.exists(=ound path_space):
try:
space_sound = pygame.mixer.Sound(sound path_space)
except pygame.error as e: :
print(f"Error loading sound file: {sound path _spacel - {e}”)
else:
print(f"Sound file not found: {sound path space}”)

1 Image loading logic
def gererate_image paths(base path, start, end):
"""Gernerate a list of image paths incrementally.”””
return [T {base patht/{1} gRG.png” for i in range(start, end + 1]]

# Settings for image sequence

base path = 'C:/Users/wabin/Downloads’ 4 Base directory

start_image_number = 1 4 Start with this number

end image number = 255 & End with this number

images = generate image paths(base path, start_image number, end image number]
image_index =0

# Check if all files exist
missing files = [img for img in images If not os.path.exists(img)]
It missing files:

print("The following files are missing:”)

for missing_file in missing files:

print{missing_file]
pyegame.quit()
sys.exit()
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def load_image(index):
““Load the image from the list.’
return pygame. image. Ioad(|mages[|ndex])

# Get participant name from user input ;
participant_name = input("#EEEOREIE AL TLEE Ly ") strip()
T not participant_name: ) ;
printCBRIDANENERATLIZ, OIS LEBRTLES., )
pyegame.quit()
sys.exit()

# Create timestamp for file name
timestamp = time.strftime("hyhniid %HAMS") § BHIFE 72— b (il 20241205_123456)
excel file name = f"{participant name}.{timestamp} RG.x|sx"

# Save Excel file to a specific path

output dir = "C: /Users/wabin/Downloads/”

os.makedirs{output dir, exist ok=True) 4 Ensure the directory exists
excel path = os.path.join(output dir, excel file name]

¥ Excel file setup
it os.path.exists(excel path):
workbook = load_workbook (excel path)
sheet = workbook.act ive
else:
workbook = Workbook ()
sheet = workbook.act ive
sheet.append([“Image Index”, "Elapsed Time (s)7, "Key']) # Header row
workbook . save (excel _path)

# Initialize start time

start time = time.time() # 004 S L OBAMEIEH]
last time = start time HI[] D% EBFE]

f Main loop

running = [rue

set count =0 # DD T 5w FOE

max sets = b § AT FE

image_change _count = 0 # Count the number of image changes
repeat_count = 0 # MNumber of times the images hawve been repeated

while running:
for event in pygame.event.get():
It event.type == pygame.QUIT:
running = Falze
2117 event . tvpe == pyeame . KEYDOWN -
elapsed_time = time.time() - last time & BIQIDIRIEL S ORGSR
last time = time.time() # IRTEOIFE* LR

't event.key == pygame.K_ESCAPE:
running = Falss
elif event.key == pygame.K RIGHT: # HFEENF—THwDEE
image_index = (image_index + 4) % len(images)
image_change count += 1 # Increase image changs count
it image_change_count == 1: § 1EEOEIUEZTE» D FEIOEEND
zet _count += 1
image_change_count = 0 4 Reset the image change count
iT set_count »= max_sets: # &AL« FEEICELZEEELE
running = False
It switch_sound:
switch sound.play() # YIUEZE&EHE
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i Excel (25083
sheet . append ([ image_index + 1, round(elapsed_time, 2), "Right Arrow”])
workbook . save [exce | _path)

print(f"Saved: Image Index = {image_index + 1}, Elapsed Time = {round(elapsed time, 2)} seconds,

elif event.key == pyzame.K_LEFT: f ARENF=—CRICEE

image_index = (image_index - 4) % len(images)
image_change_count += 1 §{ Increase image change count
1T switch_sound:
switch_sound.play() # YIUEHZEEEL:
i Excel(Z508R
sheet . append([image_index + 1, round(elapsed time, 2), “Left Arrow™1)
workbook . save [exce | path)

print(f"Saved: Image Index = {image_index + 1}, Elapsed Time = {round(elapsed time, 2)} seconds,

elif event.key == pygame.K_LSHIFT or event.key == pygame.K RSHIFT: # ShiftF— THEENF

1T switch_sound:
switch_sound.playl) # YDUEZSEFE
# Excel (23058
sheet.append ([ image_index + 1, round(elapsed_time, 2), "Shift"])
workbook .savelexce| path)

print (f"Saved: Image Index = {image index + 1}, Elapsed Time = {roundlelapsed time, 2)} seconds,

elif event key == pygame K_SPACE: | Space— CTREEDHEAE

It space_sound:
space_sound.playl) # Space+—BFFHE
i Excel(Z508R
sheet.append ([ image_index + 1, round(elapsed time, 21, "Space”])
workbook . save [exce | path)

print(f"Saved: Image Index = {image_index + 1}, Elapsed Time = {round(elapsed_time, 2)} seconds,

# Display the image

screen.

try:

Filico, 0, 00) & EE2EE2T2U7

image = load _image(image index)
image = pyegame.transform.scale(image, (screen.get width(), screen.get height(]])
screen.blit(image, (0, 0])

except pygame.error as e:
print(f"Error loading image: {images[image index]} - {e}”)

t Digplay the repeat count and current set

font = pygame.font.Font(Mone, 38) # F2 +ETHT7+ 2 F
font.render (f"Set: {set count + 1} / {max_s=ts}", True, (2bb, 7Bb, ZBB))
screen.blit(text, (10, 10))  BEHAELIC-F A -EFT

t Update the display
pygame.display. flip()

text =

# Clean up

pyeame.quit()

sys.exit()
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