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About Me II(R\IA

« Name: Ken Nakaguchi
« Course: Ph.D. candidate student

« Affiliation: Graduate School of Software and
Information Science, Iwate Prefectural University

 Research Interests
-Ambiguous objects and its applications
-3D illusion and its perception
-Modeling tools for 3D objects
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Background::Ambiguous figures and objects IQA

Optical illusion
A phenomenon in which our perception of an object differs from its physical reality
« Optical illusions are significant in the study of human visual processing

Ambiguous figures (2D) Ambiguous objects (3D)
A single figure can have multiple interpretable The shape appears to be different depending on the
meanings viewing direction

Edgar Rubin's “Face-Vase illusion”[" K. Sugihara’s “Penrose triangle"]
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Three Methods for Generating Ambiguous Objects

A Method of Making Discontinuous A Method of Using Curved A Method of Creating the Appearance of a

Structures Appear Continuous from Surfaces Instead of Planes/! gectangt[j!ar Shape with Angles Other Than 90
egrees

Certain Viewing Directions!?
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» Perform shape matching and deformation of two figures to find partial matches
« Join shapes together to generate ambiguous figures
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Generating ambiguous objects is a more complex process compared to
generating ambiguous figures




Related Works

Three Categories of Methods for Generating Ambiguous Figures and Objects

A method of manipulating the relationship ~ Fukuda's method of generating ambiguous A method of solving linear equations(®!
between edges or facesl® objects in two viewing directions!”]

N
\

- Ambiguous figures can be generated - sculpture with two viewing directions - Generating ambiguous solids
_ o T, using 2D planar shapes
- The generated object lacks continuity of - Reproducibility is difficult due to _ _
edges and faces undisclosed parameters and optimization - Solution cannot be obtained
methods required for generation depending on the viewing direction

and the given input geometry

IARIA
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Limitations of conventional tools for generating ambiguous objects

 Modeling shapes that are not dependent on the viewing direction is not considered

« |If the shape can be automatically corrected when the viewpoint is changed, it is considered
that generating ambiguous shapes becomes easier

Research Aims:

« To develop a tool for easily generating ambiguous objects
« To generate ambiguous objects based on the input of the line of sight direction and 2D figure

« To ensure that the generated ambiguous objects maintain their ambiguity regardless of the line
of sight direction

This enables users who are not familiar with 3D modeling to create ambiguous objects



_posed Tool uﬁA
JARSAN

Input of viewpoint and shape (mouse operation)
E; * Two viewpoint positions
« M : Position of the ambiguous object

L., v L

Input viewpoint by clicking Enter 2D shapes

The generated ambiguous object
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2D shape drawing
« Draw 2D shapes on each of the two canvases Q i i
* The line segments that make up each shape are not l_ l_
considered for self-intersections : -

« Optimize each shape (A, B, C) R e
(A) Normalization (B) Smoothing (C) Vertices pruning
- Scale the shape uniformly « Reduction of distortion caused by * Ensure uniform density of vertices

hand tremors that make up the shape

* Normalize the vertices Pi that make up
the shape with the center coordinate « Smoothing process applied to
(1) as the origin(2) each vertex (3)

 remove those smaller than the
threshold in (4) to achieve uniform

X Here, W is the scale of the user-defined figure density
C(cxcy) = <% P Pf) (1) " : x4 (P pY )2 @
y ; ; P"; = smooth(P';) =\/(P i —P f+1) +(P L?’_p ?/+1)

3Py + P+ Py, @

P’i = w (Pix' Piy)1 (2)

max(PX,PY)—min(PX,PY)
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Our Proposed Tool::Methodology for generating ambiguous objects Arra

L\
Integrating two solid models(step1-3)
Step1 Step2 Step3
Generate cylinder A and B for each « Intersect the central axes of the GeBnerIate a r;ew 30t|_id byfp:re]rforming
fiqure lind a Boolean intersection of the
'9u cylinders volumes of A and B
#1 viewing direction #2 viewing direction ° Rotate the CyllnderS around the
intersection point | so that their
Pd@ A bases face the viewpoints E, and Eg
L. L
Examples of the two
input 2D shapes
h Ea VB
Intersecting cylinders A' and B with The result of the Boolean operation

Cylinders A" and B' respect to the viewing direction



Experimental Results IQA

Generated ambiguous objects consisting of simple and complex shapes using
the proposed tool

Simple shapes (rabbit and turtle)

(c) The image plane viewed from E;.
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(f) The image planc viewed from Eg
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(a) Viewing dircctions.
(d) The image planc viewed from Ea.
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Complicated shapes ("Matsu" and "Ta" characters in Japanese kaniji)
Designed to be drawn in one stroke.

(c) The imag: A

image planc viewed from £,

\E)

(d) The image plane viewed from Es. (¢) The image planc viewed from E;. (f) The image plane viewed from Ex

Input Output
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* [t is possible to easily generate ambiguous solid models using the proposed tool

« Simply drawing two 2D shapes allows for the easy generation of ambiguous solid
models

« Ambiguous objects are automatically generated by defining the viewing direction

« Unlike previous research, there is no need to modify 2D figures by changing the
viewing direction
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« Current limitations of the proposed tool:

« When the angle between the two viewing directions is very small, the resulting ambiguous
object becomes thin and difficult to create using a 3D printer

 Even a slight deviation in the viewing direction can result in an ambiguous object that differs
from the intended appearance

» We plan to conduct a subjective evaluation experiment on the ambiguous object
generation tool

« \We will assess the robustness of the visibility of the generated ambiguous objects
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