CHANGE DETECTION AND QUANTIFICATION FOR THE
PICTURE ARRANGEMENT TASK

By
Nathaniel Japhet Chapin

A Thesis Submitted to the Graduate
Faculty of Rensselaer Polytechnic Institute
in Partial Fulfillment of the

Requirements for the Degree of

MASTER OF SCIENCE

Approved:

Dr. Boleslaw Szymanski, Thesis Adviser

Dr. Selmer Bringsjord, Thesis Adviser

Rensselaer Polytechnic Institute
Troy, New York

May 27, 2007
(For Graduation May 2007)



CONTENTS

LIST OF TABLES . . . . . . . ii
LIST OF FIGURES . . . . . . . . . iii
ABSTRACT . . . . v
1. Introduction . . . . . . . .. 1
2. Background . . . . ... 2
3. The Picture Arrangement Problems . . . . . . . ... ... ... ... ... 4
3.1 WAIS puzzles . . . . . . . . ... 4
3.2 Open Source Puzzles . . . . . .. . .. .. ... ... ... .. ..., 4
3.3 Motivation for our Technique . . . .. .. ... .. ... .. ..... 4
4. Technique . . . . . . . . 7
4.1 Coloring . . . . . . .. 7
4.2 Change Analysis . . . . . . . . . . ... 8
4.3 Optional Analysis Techniques . . . . ... ... ... ... .. .... 11
4.4 Greedy Ordering . . . . . . . . . . 13
4.5 Further Simplified Ordering . . . . . .. .. .. .. ... ... . ... 14
5. Results . . . o o o 15
5.1 Basic Results . . . .. .. .. . 15
5.2 Shortcomings . . . . . . . . . .. 16
5.3 Greedy Results . . . . . . ... .o 17
6. Conclusion . . . . . . . . . L 19
LITERATURE CITED . . . . . . . . . 20
APPENDICES
A 22
A.1 Open Source Picture Arrangement Tasks . . . . . . . ... ... ... 22
A.2 Official Example Problem . . . . ... ... ... ... ........ 22

1



5.1
5.2

5.3

LIST OF TABLES

Raw Results . . . . . . . . . . 15

Simplified Results for 19 Puzzles, 9 of which are shown colored in Ap-
pendiX ... 16

Exhaustive Search vs. Greedy Ordering Algorithms . . . . . . .. ... 17

11



LIST OF FIGURES

3.1  Example of the Challenge of a Logic-Based solution . . . . .. ... .. )
4.1  Coloring: Before and After . . . . . .. .. ... ... ... ... 8
4.2 The Problem of Finding the Starting Image . . . . . . . .. .. ... .. 13
5.1 Plant Problem . . . . . . . ... oL 17
A.1 Balloon Problem . . . . . . .. . ... 22
A2 BusProblem . . . . .. ... 22
A3 Cat Problem . . . . . ... .. ... 22
A4 DogProblem . . . . . . ... 23
A5 Farmboy Problem . . . . . .. ... ... 23
A6 FireProblem . . . . . . ... 23
A7 Morning Problem . . . . . ... .. 23
A.8 Plant Problem . . . . . .. .. 23
A.9 Umbrella Problem . . . . . . .. .. ... 24
A.10 Official Picture Arrangement example problem . . . . . . . .. . .. .. 24

v



ABSTRACT

The Picture Arrangement task has its roots in the Weschler Adult Intelligence Scale
(WALIS) intelligence test. In this specific puzzle, a series of images are provided, and
an individual is asked to rearrange the images in order to form a plausible story.
A system to solve these tasks using knowledge-based artificial intelligence already
exists. However, a knowledge-based technique that can solve any Picture Arrange-
ment task is encumbered by the need for a very large knowledge base containing
information about any topic a puzzle might possibly cover. Our technique seeks to
provide an alternative, knowledge-free solution. By identifying the objects present
in a series of images and analyzing their movement and interaction, we can provide a
solution which, while not provably correct, will be very close to the correct solution
50% of the time. This can be done quickly and without any real understanding of
the meaning of the objects in the images. This process is enabled by coloring the
black and white images typically found in the Picture Arrangement task to easily
identify the boundaries of objects. Our system, while not complete, provides a vi-
able and even complimentary alternative to the knowledge-based approach to the

Picture Arrangement task already in existence.



