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IMAGEPILOT 2.0, A DRAWING INTERPRETATION
TOOL FOR THE SIGHT-IMPAIRED

Farzad M. Valad
Abstract

This thesis describes the design and implementation of an innovative drawing
interpretation tool for the sight-impaired. The move towards Graphical User Interfaces
in today’s computer era presents many challenges to those with impaired vision.
Although there are many tools to aid this group in reading and writing text-based
electronic documents, few software packages are available to help the sight-impaired
interpret electronic images. This new tool, known as ImagePilot 2.0, processes
electronic image files that contain line drawings and produces audio feedback to guide
the user through the drawing. ImagePilot 2.0 receives input through a pointing device,
thereby providing the user with a means of examining a drawing interactively, and
serving as an aid for recognizing the outlines of familiar shapes and objects.

In this study, a “line drawing” is a simple image that contains line segments and curves,
without any shading or colors. It can be represented as a 2-dimensional array of picture
elements (pixels), in which each pixel is either black or white. The drawing is
represented by a pattern of black (foreground) pixels against a white background.
Typically, groups of connected foreground pixels represent segments or curves that are
associated with a single object. ImagePilot 2.0 makes it possible for a sight-impaired

user to interpret such an image.

Line drawings can be stored in many different electronic formats. ImagePilot 2.0
supports valid Graphics Interchange Format (GIF) files. If the foreground image regions
in the file are wider than one pixel in width, a Zhang-Suen thinning algorithm is applied
to thin the drawing. The tool identifies the separate regions in the drawing and decides
on the best starting point for each region. Once a starting point is chosen, the drawing
is processed using a modified chain-coding algorithm.



The audio feedback consists of two types of audio cues, verbal and tone, along with
stereo playback. Verbal feedback guides the user with a set of verbal cues played
through the speakers. The tone feedback uses three tones representing above, level,
and below the horizontal. The left and right speakers provide left and right directional

information at each level.

Speed is a critical factor in image analysis and interpretation applications. While the
tool is receiving and processing input, it must also respond to the user within an
acceptable amount of time. ImagePilot 2.0 uses multi-threading and multi-tasking
technigues to achieve higher performance speeds. After design and implementation,
two groups of people tested the tool. The tool demonstrated the ability to help the user
find and trace the segments in the test drawings with high efficiency and acceptable

response time.
This tool is written in pure Java, and complies with Sun’s Java API specification 1.1.7

released in October 1998. The tool functions on systems with multimedia capabilities
that have a Java Virtual Machine (JVM) and Java Media Framework (JMF) installed.
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1. Introduction

1.1 Overview

The move towards graphical user interfaces is widely regarded as an advance in
human-computer interaction. However, the abandonment of old-fashioned text-based
interfaces presents new challenges to those computer users who are sight-impaired [4].
Much work has been done to aid such users with the advanced computers of today.
While most products aid the sight-impaired in text-related issues, such as reading and
writing, not much has been done to help them interpret electronic images.

This thesis introduces a tool known as ImagePilot 2.0 to help sight-impaired users
examine and recognize electronic images. ImagePilot 2.0 is the first complete image
interpretation tool developed for the sight-impaired. The goal of the tool is to allow a
sight-impaired user to trace and interpret a digital image using a tablet and stylus,
something that was not possible before. Although some verbal feedback is used,
speech synthesis techniques are not yet mature enough to provide a desired variety of
verbal responses. Therefore, audio tones are used in many cases to provide directional
information. Despite the fact that speech synthesis and image analysis are ongoing
research areas, ImagePilot 2.0 defines and demonstrates techniques for presenting

electronic images to the sight-impaired.

In this thesis, a “line drawing” refers to a simple image that contains line segments and
curves, without any shading or colors. The content of the drawing is contained in the
pattern of black (foreground) pixels against a white background. Typically, groups of
connected foreground pixels represent segments or curves that are associated with a
single object as shown in Figure 1.



Figure 1: A line drawing that consists of a human profile as an example of a simple but
interesting test image. Some sight-impaired individuals can recognize the contents of pencil
drawings such as this through tactile sensing. ImagePilot 2.0 makes it possible to interpret

drawings such as this without the aid of tactile cues.

A sight-impaired person develops and uses senses other than vision for interacting with
the world around them. In a study of perception by Kennedy [1], sight-impaired
individuals demonstrated the ability to trace and recognize the contents of a pencil
drawing by touch, feeling the impression left on the paper by the pencil. Kennedy also
showed that sight-impaired people rely on their imagination and sense of touch to
render pictures of familiar objects.

The goal of ImagePilot 2.0 is to facilitate the same kind of recognition for images that
are stored in digital form. The user uses a tablet with stylus to trace the foreground
pixels of a digital image that has been processed by the program. While the user traces
the foreground pixels, the program provides audio cues as to the position of the next
pixel. Therefore, the program guides the user through the drawing. The program reads
the location of the stylus and provides acoustic feedback based on the location of the
next pixel. The acoustic feedback is a set of stereo tones assigned to each of the next
possible directions. The user can choose a set of verbal cues to serve as the acoustic
feedback instead.



The physical interaction of the user with the tablet provides a sense of the viewing area.
If a tablet and stylus are unavailable, the user can use a computer mouse. Using either
pointing device, approaching a region and tracing it are distinguished by two different
cues. By default, verbal tones are used to guide the user to the beginning of a region
and audio tones are used for tracing that region. The program is also capable of
operating in verbal mode only.

1.2 Problem Statement

There are many tools available to the sight-impaired user for interacting with images.
When it comes to tracing images, many tools are designed to complement the sense of
touch.  Some tools are designed to provide audio feedback, but in most cases the
audio feedback is very general and does not provide the user with detailed information
about specific parts of an image. Some tools even use sonar like audio feedback to
help the user move about in real life. The goal of this research is to develop a working
prototype of a drawing interpretation tool for the sight-impaired users. This tool will use
audio feedback to guide the sight-impaired user in tracing meaningful portions of an

image.

1.3 Research Contributions

This research has resulted in a completely new aid for the sight-impaired. Two

preliminary versions of ImagePilot 2.0, known as TraceCad [2] and ImagePilot 1.0 [3],

have led to the first complete prototype of its kind. The main contributions of this work

are as follows:

= ImagePilot 2.0 is a novel tool that can aid sight-impaired users in the interpretation of
digital line drawings.

= A novel technique for providing audio feedback was developed.

= Practical considerations required more efficient and faster image interpretation
techniques than in the two previous versions.

» Reducing system requirements needed more efficient and better data structures

then the two previous versions.



= Several well-known techniques, such as chain coding and the Zhang-Suen thinning
algorithm, were modified and ported to Java for use in ImagePilot 2.0.
= Unlike the two previous versions, ImagePilot 2.0 is available as a complete easy-to-

install software package.

1.4 Thesis Organization

This thesis is divided into seven chapters and two appendices. Chapter 1 has presented
an introduction, describing a general overview and new ideas used in this research.
Chapter 2 provides background and a discussion of previous research. Chapter 3
presents the overall design, the data structures used for storage and retrieval of
information, the data processing techniques, and the unique audio feedback format
used in this research. Chapter 4 describes the runtime operation and results of this
research. Chapter 5 presents the results of testing the tool with human subjects.
Chapter 6 presents concluding remarks. The Bibliography lists all the references used
for conducting this research and writing this thesis.

In addition to the above, the thesis contains two appendices. Appendix A describes
system requirements and installation procedures. Appendix B provides the digital
“Readme” file and all the Java source code for the program.



2. Background

2.1 Motivation and Early Work

Although most of us draw what we see, is it possible for a sight-impaired person to draw
or have any interest in drawing? Most people have assumed that sight-impaired people
have little interest or talent in drawing, or in interpreting drawings through touch or
sound. However, Kennedy has shown that sight-impaired people use many of the same
methods as sighted individuals to sketch their surroundings [1]. In addition,

“... we have learned that blind and sighted people share a form of pictorial
shorthand. That is, they adopt many of the same devices in sketching
their surroundings: for example, both groups use lines to represent the
edges of surfaces. Both employ foreshortened shapes and converging
lines to convey depth. Both typically portray scenes from a single vantage
point. Both render extended or irregular lines to connote motion. And
both use shapes that are symbolic, though not always visually correct,
such as a heart or a star, to relay abstract messages. [1]"

Inspired by these findings, the author began his quest to develop a software package
that sight-impaired computer users could use to interpret electronic images. ImagePilot
2.0 is the third generation of drawing interpretation software for the sight-impaired. The
first version to guide the user through a drawing with audio feedback was aptly named
TraceCad [2]. A description of it placed third in a student paper contest hosted by the
Virginia Mountain Section of the IEEE. The next generation was named ImagePilot 1.0
[3]. The same 2-person team was responsible for both TraceCad and ImagePilot 1.0.
Several years prior to TraceCad, one attempt was made at Virginia Tech to develop a
drawing interpretation tool. Some progress was made in a Mac environment, but no

presentable results are available [13].

TraceCad used a preprocessed array that contained two-dimensional distance and type
information about image regions that can be reached from any background pixel. This



scheme enabled a user to find a region using a hill-climbing method. The audio
feedback became louder as the user moved closer to a region. The flaw in this scheme
was that while it helped the user to find different regions, there was no guidance for the
users to trace any particular region after it was found. In theory, the user could make
mouse movements such that they continue to stay on the region, or work their way back
to that region. However, in practice, that proved to be a very difficult and challenging

method for the user.

ImagePilot 1.0, on the other hand, used chain-coding techniques to embed directional
information into the foreground pixels. The advantage of this method was that after a
user reached a region, he or she received directional guidance to trace that region.
This scheme proved more effective than the scheme used in TraceCad. However, it still
lacked many fundamental features. For example, an input image had to be formatted
manually prior to use by the program. In addition, the users did not have any way of
learning the different audio feedback responses in advance. The most important
feature ImagePilot 1.0 lacked was the ability to guide the user back to the last tracing
point, the point where the user’s pointing device drifted off a region.

2.2 Other Computer Aids

This research is not the only work done to develop new technology helping the sight-
impaired users interact with the world. Other programs such as TDraw, Giving Blind
People Access to Graphics, and the vOICe, are examples of innovative methods

developed to aid sight-impaired users.

TDraw is a computer-based tactile drawing tool for sight-impaired users, allowing them
to draw pictures [14]. The system is created from swell-paper and a special pen. Swell-
paper is placed on a digitizer tablet, and the user presses on the paper while drawing.
This provides the user with tactile information as the digital drawing is being created.
Input is made via a speech-recognition program to simulate keyboard input. The main
program controlling the system is called TDraw (for Tactile Draw). Each object and its

given name are immediately catalogued by the program. As the user draws the



computer records the object and it is labeled with a name when the user speaks it. In a
study conducted by Kurze [14] using TDraw, the volunteer subjects were able to
demonstrate their ability to draw 3D objects as shown in Figure 2 and 3. The truck toy in
Figure 2 was a 3D-drawing model for the sight-impaired users. Figure 3 shows two
sketches of the truck toy from two different users. The loading platform of the truck is

clearly distinguishable from the driver’s cab.

e
Figure 2: A three dimensional object used to better understand the mental model

sight-impaired users create of the objects around them.

Figure 3: Two sketches of the truck toy shown above, drawn by different sight-impaired individuals. Open and closed parts have

been drawn differently. The loading platform of the truck is clearly distinguishable from the driver's cab.



Although TDraw is an aid for drawing by sight-impaired users, it is not designed to help
them interpret images. The TDraw study demonstrated that sight-impaired “...people
have a spatial concept (a mental model) of the real world which is nearly the same as
that of sighted people [14].”

Another innovative approach is called “Giving Blind People Access to Graphics. [16]”
This study presented a two-phase approach in giving sight-impaired users access to
graphical information. In phase one, a sighted person (the moderator) uses a pointing
device to trace the image regions manually. The moderator also annotates each region
with a description and size (scale) information. The moderator takes into account the
idea presented by the graphic and the available interaction facilities to the sight-
impaired person. “... In phase two, the sight-impaired person is enabled to interact,
explore, and experience the graphics, much in the same way a sighted viewer

would...[16]” Figure 4 represents the graphical model of the two-phase approach.

Phase 1 Phase 2

N

scanner moderator with musical cutput
\_ modelling fool ) \ Y,

Figure 4: The graphical model of the two-phase approach. A moderator (sighted user)

produces an augmented model for several sight-impaired users to use independently.

A scenario that draws on this approach is called wing-based description. A non-visual
description of the scene is created using the concept of wings. Then the user can ask
the system questions about the content, background, and foreground of the scene.
They also can ask questions about the positions of certain objects or about objects in

certain positions. Figure 5 presents an example image.



Figure 5: A photograph of a scene to be described using the wing-based scene description.

The moderator can use a pointing device to isolate different wings in the scene. Figure
6 shows the results of the modeling process done by the moderator. Each wing has a
name assigned to briefly explain the contents of that wing. This step can be performed
recursively to generate a hierarchical wing-based scene with finer-grained descriptions.

For example, the family wing can be split into four wings for the people and four wings
for the bicycles.



Figure 6: This image shows the results of completing the modelling phase by the

moderator. Each wing can further be subdivided for finer-grained descriptions.

The next step in the modeling process is to assign a scale to each wing. The primary
result of this step is to create a three-dimensional model that consists of two-

dimensional wings. Figure 7 shows the result of adding scale to the wings.

10



Figure 7: The final scene with split wings and different scales after phase one is completed. The scale

adds distance information to form a three-dimensional model from the two-dimensional wings.

As shown in the figures above, the wing model is used to generate an abstract
representation of a scene for interactive exploration by sight-impaired users. Sight-
impaired users can now explore the scene interactively in ways appropriate to their
needs. Although this scheme uses audio feedback to convey information about the
image to the users, it still requires the modeling step by a sighted moderator.

Another innovative process is employed by a system called “the vOICe [15]” developed
by Peter Meijer. The main part of the system is a video camera that captures pictures
that are converted into a digitized image. The size of each digitized image is 64 by 64
pixels. Each image is converted into sounds using a computer, following two simple
rules. The location of the pixel determines the tone, and the brightness determines the
volume of it. Therefore, pixels situated “high” in the image are converted into high tones
and the “low” ones are converted into low tones. Secondly, the brighter the pixel, the

11



louder the sound. For example, a bright pixel near the top of the image is converted

into a high-pitched and loud sound.

Meijer's device doesn’t play the entire image at once. Instead, the device plays a
column at a time from left to right. “A bright, diagonal line stretching upward to the right
produces a loud ooiieep sound and another stretching downward to the right makes the
opposite sound — eeiioop. [15]” A complete left to right scan of a single image takes
about a second. If the image changes, so will the next pattern of sound generated for
the next image.

“The vOICe” offers a new auditory visualization approach as a solution to the orientation

and mobility problem for the sight-impaired, an auditory display device that converts
arbitrary images into sound as shown in Figure 8.

[ Image SETIRTINES Sound EEETRNPIRRME I Mental image

Figure 8: This shows the sensory substitution model by hearing sonified pictures.

Meijer performed spectral analysis to prove that “the vOICe” system preserved enough
information from the original image to help a sight-impaired user. Figure 9 shows an

input image to the system.

12



Figure 9: This visual reconstruction proves that much of the original image is

preserved in sound generated by the vOICe. [15]"

Using spectrographic analysis, the resulting sound from the vOICe is mapped back to

an image as shown in Figure 10.

Figure 10: A photograph of a parked car that will be mapped into sound, and then

mapping the resulting sound back into an image using spectrographic analysis.

13



The converted image shows that the vOICe system preserved enough of the image
information to be recognizable. Otherwise, it would have been impossible to produce a
recognizable spectrogram. Although Meijer’s tool is an innovative method to help sight-
impaired users interact with the world around them, the user can only listen to the image

without any interaction.

2.3 Summary

TDraw, Giving Blind People Access to Graphics, and the vOICe, provide innovative
solutions to overcome the challenges sight-impaired users are faced with everyday.
Neither solution provides a means for the user to interpret images. Image Pilot 2.0
provides a unique solution to help sight-impaired users recognize digital images that is
different from other techniques currently available.

14



3. Design

3.1 Overview

ImagePilot 2.0 attempts to provide a solution to a complex problem. It takes advantage
of new technologies available to accomplish this task. It is written in pure Java, making
it possible in the future for the program to run under any environment. ImagePilot 2.0 is
developed in modules and stages using the object oriented programming characteristics
of Java. Figure 11 shows the high level design and module interaction of the program.

Image Pilot 2.0

Image
Thinning

Input Image
File

Input Device

Image
g Movements

Analysis

Audio Cues
(Speakers)

Figure 11: ImagePilot 2.0 object diagram presenting the different modules of processing

and the input and output of the program.

Image files must be in GIF format, with the image containing only black and white
values (no shades of gray). ImagePilot 2.0 does not impose any size limits on the
image. Every time an input image file is opened it is analyzed and processed. First the
image is thinned in the Image Thinning module, then it is analyzed and the different
parts are labeled by the Image Analysis module. After the image is analyzed, each
pixel is coded with tracing information and stored in the Data Access module. At this
point, the system is ready to receive user input. The Image Tracing module intercepts
the input device movements and retrieves the correct audio cue index from the Data
Access module. The audio cue index is passed on to the Audio Player module, which in
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turn plays the correct audio tone through the speakers. The next sections describe in
more detail how each of the modules work and interact with the user to provide an
efficient, fast, and reliable tool for the sight-impaired.

3.2 Data Structures

The goal of the program is to guide a user in tracing meaningful portions of an image.
Before ImagePilot 2.0 is able to provide guidance, it must identify the basic elements
that compose the image. Every image is assumed to contain one or more connected
foreground regions. After thinning, these regions may consist of portions that are
straight, curved, closed, and/or open. The first step in understanding the image is to
determine the set of constituent parts called segments, that make up each region.

Data structures are the building blocks of any software application. Good sets of data
structures greatly effect the efficiency and speed of an application. Determining the
storage and processing needs of an application are the key to developing the data
structure set. In order to achieve the task some fundamental data structures must be
defined. The following list describes the definitions and data structure set needed in this
work to identify and store fundamental building blocks of an image.

= Pixel — A single element of an input image that contains a value of O or 1.

Image — A rectangular set of pixels.

4-neighbors — Two pixels that are positioned vertically or horizontally with
respect to each other.

8-neighbors — Two pixels that are positioned vertically, horizontally or
diagonally with respect to each other.

Disjoint neighbors — Two neighboring pixels that are not 4-neighbors of
each other.

Intersection — A foreground pixel that has three or more 8-neighbor
foreground pixels, such that each neighbor is disjoint with respect to the
other neighbors.

Endpoint — A foreground pixel that has only one foreground 8-neighbor.

Digital curve — A set of 8-connected foreground pixels.
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Starting pixel — A pixel that marks the beginning of a digital curve. This
pixel can be either an Intersection or Endpoint.

Ending pixel — A pixel that marks the end of a digital curve. This pixel can
be either an Intersection or Endpoint.

Segment — A digital curve that has one starting and one ending pixel, with
zero or more regular pixels connecting the start and end. No pixels in
between the starting and ending pixels can be of type intersection or
endpoint. In addition, the minimum length of segment by definition is two
pixels.

Closed segment — A segment for which one pixel serves as both the
starting pixel and the ending pixel. If a digital curve doesn’t contain any
endpoints or intersections, then ImagePilot 2.0 automatically splits the
curve from the first pixel of the curve it encounters, which is the top left
pixel. By definition, a circle, a square, or any other closed shapes by
themselves are considered closed, and ImagePilot 2.0 automatically
designates the top left pixel as both the starting and ending pixel for those
shapes.

= Open segment — A segment that is not closed.

= Region — A region consists of one or more connected segments. The

segments may only connect to each other at their starting or ending pixel
or both.

= Segment table — A table that lists all the segments contained in a region

without any duplicate entries. The entries are not stored in any particular

order.

Figure 12 illustrates these definitions using an image that is composed of three separate
regions. Each region is composed of segments that have endpoints and/or

intersections. Some segments are closed and some are open.
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Two Segments Five Segments Three Segments

Figure 12: An example of an electronic image illustrating the data structures used in ImagePilot. Region one and three
contain closed curves that have overlapping start and end points. In such situations, ImagePilot 2.0 stores a closed

curve as a segment that has the same coordinates for the starting and ending point.

The task for ImagePilot is to identify the regions in an image, decompose each region
into its constituent segments, and aid the user in tracing these regions.

3.3 Data Processing

3.3.1 Overview

The most time-intensive and important part of ImagePilot 2.0 is data processing. Figure
13 presents the different stages of processing and preparing an input image.
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Input Image File
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individual regions.
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Final Results

A list of al the segment
tables and an array of all
the chain coded pixels.

Figure 13: A high level flow chart of the data processing stages needed to process an electronic image.

The final result is a list of all the segment tables and an array of all the chain coded pixels.

Regardless if an image has been processed by ImagePilot 2.0 before, every time an
image is loaded it is processed to ensure capturing all new changes since the last time
it was opened. At this stage, image-dependent audio cues for the user are determined
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and stored. The regions in the image are processed and decomposed into segment
tables. ImagePilot 2.0 uses multi-threading techniques to expedite the processing.

ImagePilot 2.0 is designed to process GIF files of any size that represent line drawings.
Image analysis is performed in three independent stages: region thinning, region
coding, and padding. ImagePilot 2.0 takes advantage of multi-threading techniques to
thin, code, and pad each region, which allows faster processing of the image than a

sequential method would.

The first stage applies the Zhang-Suen thinning algorithm to the input image [8]. In the
second stage each region is identified, decomposed into segments, and stored into a
segment table. Then, a chain code representation is created for each segment of a
region. The second stage continues until all the separate regions are identified and

processed.

Thinning the image helps produce a skeleton for faster and easier analysis. A side
effect of the thinning process is that the image becomes difficult to trace. Therefore, the
final stage pads the segments from one pixel width to three pixel width for easier
tracing. The padded pixels are not updated in the segment table, they are only stored in
an array that will be overlayed over the thinned image as the final step prior to allowing

the user to trace.
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3.3.2 Thinning

ImagePilot 2.0 is designed to process one-pixel width line drawings. Since a given line
drawing may not satisfy this requirement, a thinning algorithm is required to ensure data
integrity prior to processing. A skeleton of the original image is much easier to analyze.

There are many known thinning algorithms in use today. For this application, the
efficiency of the thinning algorithm is not as important as its accuracy. Among the many
known thinning algorithms (for example, Rutovitz [5], Deutsch [5], Hilditch [5], Arcelli [5],
Steffanelli and Rosenfeld [5,12], Rosenfeld [5], Davies and Plummer [5,6], Zhang and
Suen 1984 [5,7]), the Zhang-Suen thinning algorithm [5,7] provided adequate
performance and accuracy for this work. ImagePilot 2.0 adopted and ported a
previously implemented version of the Zhang-Suen thinning algorithm [8]. Figure 14
shows a simple input file that is used to demonstrate how ImagePilot 2.0 processes an

input image into traceable data.
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Figure 14: A simple input image used to demonstrate how ImagePilot 2.0 produces traceable data.
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Figure 15 illustrates the results of applying the Zhang-Suen thinning algorithm to the
raw input image that is converted into one-pixel width regions for processing.

[o]1]2|3]4]5]|6]7]8]9]0{11]12]13|14]15|16]17[18]19]20]21{22]23]24]25|26]27]

NN
[BlR[E[B[e|=|~|o]|a][s][w]m]~]|o]

Figure 15: Shows the result of applying the Zhang-Suen thinning algorithm to the sample image in Figure 14.

3.3.3 Analysis
3.3.3.1 Segmentation

A convention must be selected to assist in encoding directional information. ImagePilot
2.0 uses a combination of 8-connectedness and 4-connectedness schemes to process
images. 8-connectedness is used to determine disjoint foreground pixels and store
chain-coding data. 4-connectedness is used to determine disjoint foreground neighbors
around any given foreground pixel. The adopted convention for 8-connectedness is
shown in Figure 16, assigning a unique number to each of the eight directions.
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Figure 16: Shows the numbering assignment for chain coding segments. For example a north

movement is represented with the number 1 and a south-west movement with the number 6.

The simple input image (Figure 15) used for this demonstration consists of three
regions, two of which have closed segments. Processing a line drawing involves finding
all the regions in the drawing and encoding traceable information in each pixel. A
horizontal scan starting from the top left corner of the image is used to find all the
regions. This scan continues until the first foreground pixel of a region is encountered;
then the labeling phase starts. The labeling phase stores the direction codes of all the
foreground neighbors for each pixel using the directional coding assignment of Figure

16. For the image of Figure 15, the result is shown in Figure 17.
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Figure 17: This figure shows the stored neighbor direction codes of each pixel. For example “53" represents

neighbors in two different directions, 5 and 3. “731” represents neighbors in three different directions, 7, 3, and 1.
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Concurrent with loading the thinned image, each region is decomposed into segments
and recorded into a segment table as illustrated in Tables 1, 2, and 3. The horizontal
and vertical labeling in Figure 17 are used to determine the exact location of a pixel.
Each pair (x,y) represents x pixels in the horizontal direction and y pixels in the vertical
direction from the top-left pixel in the image. The top-left corner of the image is at

coordinate (0,0).

Table 1: This table lists the segments in region one, which is composed of two segments. The pairs represent the location of each
pixel in the image. The horizontal and vertical labels on the edge of Figure 17 represent the coordinate system. For example, pixel

(7,2) represents a pixel located 7 pixels horizontally and 2 pixels vertically from the top left corner of the image.

Start End Start End Start End Segment

Pixel Pixel Type Type Direction Direction Length
Segment 1 | (7,2) (55) EndPoint Intersection 7 1 5
Segment 2 | (5,5) (55) Intersection  Intersection 3 7 16

Table 2: This table lists the segments in region two, which is composed of five segments.

Start End Start End Start End Segment

Pixel Pixel Type Type Direction Direction Length
Segment 1 (11,2) (1455) EndPoint Intersection 4 0 4
Segment 2 (145) (17,2) Intersection EndPoint 2 6 4
Segment 3 (145) (14,11) Intersection  Intersection 5 1 7
Segment 4 (14,11) (16,11) Intersection EndPoint 3 7 3
Segment 5 (14,11) (12,11) Intersection EndPoint 7 3 3

Table 3: This table lists the segments in region three, which is composed of three segments.

Start End Start End Start End Segment

Pixel Pixel Type Type Direction Direction Length
Segment 1 (23,6) (23,6) Intersection  Intersection 0 2 10
Segment 2 (23,6) (23,7) Intersection  Intersection 5 1 2
Segment 3 (23,7) (23,7) Intersection  Intersection 4 6 10

24



Prior to chain coding, a starting point is selected for each region in the drawing. The
starting point is the pixel where the user is guided to first. ImagePilot 2.0 prefers an
endpoint of the longest segment in each region as the starting point. Segments that
have at least one endpoint are preferred over segments without endpoints. If there are
no segments with an endpoint then an intersection is selected as a starting point. In
addition, in case there are several segments of similar ending types and same length,
the first segment that was processed is selected as the starting segment. The final
scenario is a case where there are no endpoints or intersections. In this case, the first
pixel encountered is selected as the starting point. The pseudocode below shows the
selection process for the starting segment. As new segments are found, the algorithm

is invoked to determine if the new segment has a better starting point.

/I The segment that has the lastest start point is labeled the startSegment, and the new segment that can possibly have
/l a better start point is labeled currentSegment. If no start point is selected yet, then the value of startSegment is
/null. If astart point is selected then the new segment is compared to the current startSegment to determine if the

/I new segment has a better starting point.

if (startSegment !=null ) {
/I'1f the currect start segment has an end point
if ( startSegment.hasEndPoint() ) {
/I'1f the current segment has an endpoint and the length of the current
/I segment is longer than the current start segment
if (currentSegment.hasEndPoint() & & currentSegment.length > startSegment.length ) {
/I Then make the current segment the new start segment
startSegment = currentSegment ;

}
}

/I if the current start segment doesn’t have an endpoint
ese{
/I if the current segment has an endpoint
if (currentSegment.hasEndPoint() ) {
/I then make the current segment the new start segment
startSegment = currentSegment ;

/I if the length of the current segment islonger than the current start segment
elseif ( currentSegment.length > startSegment.length ) {

/I then make the current segment the new start segment

startSegment = currentSegment ;

}

}

/I if no start segment is selected yet

ese{
/I then make the current segment the new start segment
startSegment = currentSegment ;

25



As mentioned before, in a region, segments with an endpoint are considered first. If
there aren’t any segments that have at least one endpoint then segments with
intersections are considered for a starting point. For the sample input image, the
starting point for region one is the pixel (7,2), for region two is pixel (11,2), and for
region three is pixel (23,6).

Both regions two and three show special cases where there is more than one possible
starting point. In region two there are two possibilities, pixel (11,2) or pixel (17,2). In
region three there are also two possibilities, pixel (23,6) or pixel (23,7). For region two,
pixel (11,2) and for region three, pixel (23,6) is selected since they are the starting

pixels of the first processed segments.

Region two also shows another special case where the starting point is not necessarily
part of the longest segment. The pixels (11,2) and (17,2) are preferred over the pixel
(14,5) because the first two are endpoints and pixel (14,5) is an intersection. Therefore,
this is a case where the starting point is not necessarily a pixel from the longest
segment. In contrast, region three has no segments with endpoints, therefore
intersections are considered for a starting point.

3.3.3.2 Chain Coding

Once the starting points are determined then the chain-coding phase begins. The
purpose of the chain-coding phase is defining a traceable path for each segment.
When regions were detected and analyzed, the direction codes of each pixel's
neighbors were stored with that pixel. In the chain-coding phase, the extra direction
codes are removed and the index of the next pixel is left. Once all the pixels in the
segments only have the index of their next neighbor, then those segments are chain
coded and ready to be traced. The pseudocode below shows how the extra indices are

removed from each pixel.
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/I Save the traveling direction for going to the next pixel
lastDirection = currentSegment.startPixel .value ;
do{
/I Determine the neighbor index that should be removed
removelndex = ( ( lastDirection+4) % 8) ;

/I Remove the index from the stored indices in the current pixel
currentSegment.currentPixel.remove ( removelndex ) ;

/I Save the traveling direction for going to the next pixel
lastDirection = currentSegment.currentPixel .value ;

/l Moveto the next pixel
currentSegment.currentPixel.movetoNextPixel () ;

/l'1f the end of the segment is reached stop

} while ( currentSegment.currentPixel = currentSegment.endPixel ) ;

Applying the chain coding algorithm to the image in Figure 17 produces a tracable
image as shown in Figure 18.
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Figure 18: A chain-coded image. Each pixel contains the direction of the next pixel, hence the traceable data.
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3.3.4 Padding

Regions that are one pixel wide are very hard to trace even with steady hands and
eyesight. After the chain-coding algorithm is applied, the regions are thickened to three
pixels wide using a padding algorithm.

The padding algorithm expands each region of the drawing independently and stores
the information into an overlay array. Once all the regions are padded, the overlay is
superimposed over the original image to create the new padded image. The padding
process is very similar to a dilating operation, except that the added pixels must form a
traceable path. Therefore, the common dilating algorithms cannot be used for the

padding process.

The simplest and most intuitive approach is to copy the value of a pixel in the up and
down or left and right neighbors based on where its next neighbor lies. There are two
problems with this approach. First, it would be possible to store values over the actual
pixels of the image. Second, gaps can form in the pixels that are added around turns.
In both cases, the chain code is broken, which results in non-continuous audio
feedback. The padding algorithm must consider the special cases where the segment
changes direction. Those are the only cases in which simply copying the value of a
pixel into its neighbors can result in noncontiguous chain-code. The pseudocode used
to expand a segment properly in ImagePilot 2.0 is shown below.

28



/I 1f the current pixel has a neighbor in the 5 positon or has a neighbor in the 1 position

if (currentPixel.hasSNeighbor () || currentPixel.hasINeighbor () ) {
/l'1f the top or bottom neighbor is occupied, then copy values to left and right neighbors
copyMode = LEFTandRIGHT ;

}

ese{
/I'1f the left or right neighbor is occupied, then copy values to top and bottom neighbors
copyMode = UPandDOWN ;

}

/I Store the value of the current pixel into the proper neighbors according to the current mode
currentPixel.copyVaue ( copyMode) ;

do{
/I Check if the next pixel can use the curren mode
occupiedPixel = currentPixel.nextPixel .areNeighborsEmpty ( copyMaode) ;

/I Store the current pixel value
previousValue = currentPixel .value ;

/I Advance the current pixel pointer to the next pixel
currentPixel = currentPixel.moveToNext () ;

/I'1f the next pixel to write in are not occupied

if (occupiedPixel == NONE) {
/I'1f the pixel can use the current mode, then copy its values into the proper neighbors
currentPixel.copyVaue ( copyMode) ;

}
ese {

/I'1f the pixel can not use the current mode, switch mode and fill proper neighbors.
currentPixel.copyVaue ( ( ( occupiedPixel +4) % 8), previousvVaue) ;

/I Switch copy mode
copyMode = !copyMode ;

/I Store the value of the current pixel into the proper neighbors according to the current mode
currentPixel.copyValue ( copyMode);

/I Continue the process until the end is reached
} while ( currentPixel = segment.endPixdl ) ;

There several ways a segment can change direction. Figure 19 shows the worst

special case where a segment starts horizontal then becomes vertical.
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Figure 19: This figure represents a special case where the padding algorithm cannot simply

copy the value of each pixel. The padding algorithm must consider the change in direction.

The padding algorithm is designed to handle all different orientations of this special
case. Figure 20 shows the systematic padding of the segment shown in Figure 19. As
shown in Figure 20 the result of padding a segment is the addition of continuous chain
codes around the segment. This type of padding helps ensure continuous audio
feedback to the user during tracing.
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Figure 20: Shows the systematic process of padding a special case. The result is two continuous

chain-codes around the original segment. Each chain code is a tracing path by itself.
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The padding of a single region starts by padding each individual segment. Figure 21
shows the additional pixels produced for the first segment of each region in the simple
input image of Figure 15.
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Figure 21: The first segment of each region is padded. Since each region is not connected to other regions, the padding algorithm

uses a separate thread to pad all regions simultaneously.

Each region is guaranteed to be disjoint from others, therefore all regions are padded
using concurent threads. Figure 22 shows the result of the padding algorithm for all

segments in each region.
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Figure 22: The padding algorithm completed padding all the segments in each region. There are a few gaps in
the pad, squares ( 5,6), (14,4), (14,12), (23,4), and (23,8) that must be filled for continuous guidance.

There are a few gaps in the pad, squares (14,4), (14,12), (23,4), and (23,8) that must be
filled for continuous guidance. Gaps can create interrupted audio feedback to the user,
so each gap is analyzed and then filled by the algorithm to provide users with
uninterrupted guidance. The neighbors of a gap are analyzed and the value that is
repeated the most is used to fill the gap. Figure 23 shows the complete overlay
superimposed over the original image to form traceable data.
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Figure 23: All the gaps are filled and the image is now ready for tracing. The net result of the padding phase

is expanding the image by one pixel around its perimeter, inside and outside.

The net result of the padding phase is expanding the image by one pixel around its
perimeter, inside and outside. Once the padding phase is complete, the image is ready
for tracing.

3.4 Audio Format

Selecting a good set of audio cues is one of the most important parts of this research.
The set of tones should minimize confusion for the user, and must be relatively easy to
generate. There are no algorithms or equations to define a good set of audio cues. It
depends on the application and the needs of the users involved. The main
characteristics of a good set of audio tones for this research were:

Easily understandable.

Relatively easy and fast to generate.

Minimize playback time.

Indicate clearly one of the 8 directions to the user.
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A simple approach would have been to use one tone per direction. However, this
design would have required eight different tones, which can be very confusing to an
untrained ear. On the other hand, eight verbal feedbacks would not be as confusing.
The drawback with verbal feedback is the time it requires to clearly pronounce a certain
direction. In either case, care must be taken to select sounds that are not overly
irritating to the user when played repeatedly.

It is important to understand the audience by which this program will be used. The
assumption is that the majority of the users are sight-impaired users with normal
hearing. Given this assumption, left and right speakers can be used to convey
directional information in addition to the tones themselves. For example, a tone can be
assigned for moving up (vertically in the image). Therefore, a tone played with equal
volume from both speakers indicates a vertical movement, or the direction up right can
use the same tone only played out of the right speaker. Consequently, the direction up-
left can also use the same tone played in the left speaker.

Using the left and right speakers in this fashion, allows the program to use only three
different tones to represent the eight directions. Since high frequency tones can be
irritating to hear, an upper bound was established by testing different tones and just
selecting a suitable upper bound. The other two (lower) frequencies were selected such
that the three tones are easily distinguishable from each other. The three tones
selected for this program are a 660 Hz tone to represent up, a 440 Hz tone for the level
plane, and a 220 Hz tone for down. Table 4 shows the actual audio assignment for
each of the eight possible directions a user can travel from a pixel.
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Table 4: This table presents the audio assignment scheme used to provide feedback to the user. For

example, to tell the user to move in the up-left direction a 660 Hz tone is played only in the left speaker.

Direction Tone Generated
Up-left A 660 Hz tone in left speaker
Up A 660 Hz tone in both speakers
Up-right A 660 Hz tone in right speaker
Right A 440 Hz tone in right speaker
Down-right A 220 Hz tone in right speaker
Down A 220 Hz tone in both speakers
Down-left A 220 Hz tone in left speaker
Left A 440 Hz tone in left speaker

For users who prefer verbal feedback, possibly those with partially impaired hearing,
verbal feedback can be selected using a simple command to ImagePilot 2.0. As
mentioned before, the drawback with verbal tones is the playback time required for
delivering clear and concise audio cues. Consequently, the only effect to the user is the
decrease in speed at which they will receive audio cues while tracing the image.

4. Run Time Operation

Depending on the configuration of the system a sight-impaired user might need the
assistance of a sighted user to start the program. Some systems come equipped with
voice recognition capabilities that allows a sight-impaired user to perform basic tasks
without any assistance, such as running applications and opening files. Whether a
sighted user is needed or not, the program requires three parameters: the name of the
executable file for the Java virtual machine, the name of the program, and finally the

input image file.

The program is designed to be invoked completely from a keyboard. The syntax to run
the program with a Java runtime environment is “jre ImagePilot <input file name>". The
executable file is named jre.exe and the “<input file name>" parameter is the file to be
opened by ImagePilot 2.0 and traced by the user. More details are given in Appendix A.
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ImagePilot 2.0 was designed and developed for use with digitizing tablets with a pen
pointing device to trace the electronic images. However, any input device that emulates
a mouse can be used for tracing. In addition to using a pointing device for tracing an
image, the user can use the keyboard to invoke different commands.

After the image has been completely processed, the user can begin tracing the image
using the pointing device. ImagePilot 2.0 is designed to guide the user to the beginning
of the first segment with verbal cues. Forcing a user to trace a region completely before
going to the next region is equivalent to asking a user find every pixel in the region.
This is a very difficult task even for a sighted user. For this reason, the user can use a
simple keyboard stroke to move to the next region at anytime.

The general design is that ImagePilot 2.0 will guide the user to the beginning of the first
region. Once the beginning is reached, the audio system switches to tone cues to trace
the segments. The two basic guiding concepts designed into ImagePilot are to get the
sight-impaired user to the foreground pixels, then keep the user on the foreground
pixels. The user receives tone cues to trace segments. In addition, they are verbaly
informed when an intersection or endpoint is reached. Due to the limited available
audio technoloy, the verbal cues are short and minimized to achieve better runtime
performance. Besides having to start from a specific segment, there are no other
restrictions on tracing the segments of a particular region. If the user reaches an
intersection, they are not forced to trace any particular branch. Once the user decides
they are done with the first region, they can move to the next region.

Although ImagePilot 2.0 attempts to guide a sight-impaired user through an image
without the need for instructions from a sighted user, it also provides convenient options
for the users. The user can direct the program to move to the next region, restart
tracing the current region, restart tracing the image, toggle the audio feedback between
verbal and tone, and also invoke the audio familiarization feature. Table 5 shows the

keyboard assignments for the different built-in features.
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Table 5: This table shows the keyboard assignments for the built-in features of ImagePilot 2.0.

The user can invoke any of these actions by simply pressing the designated key on the keyboard.

Keyboard key

N

R
T
P
\%

Action taken by ImagePilot 2.0
Move and start tracing the next region
Restart tracing the image from beginning
Restart tracing the current region
Play the audio test for familiarization
Toggle between verbal and audio feedback

ImagePilot 2.0 has some features that provide automatic assistance to users. One of

these features is the Auto-Guidance system. This system is automatically invoked

when the user drifts away from the most recent region visited. Once activated, the

system guides the user to the last known point on the most recently visited region. The

other feature, Visual-Tracing, displays the path the user traveled while attempting to

trace the image. This feature is turned on and off by consecutive pen or mouse clicks.

As llustrated in Figure 24, this data can be useful to researchers in evaluating

ImagePilot 2.0, or for studying the capabilities of sight-impaired users.
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Figure 24: This shows the resulting trace by a user with the Visual-Trace feature active. The

red lines show the path the user traveled to trace certain regions of this image.

The user can leave ImagePilot 2.0 in several ways. On Windows based systems, if the
keys Alt and f4 are pressed simultaneously the active application is terminated. For this
method to work ImagePilot 2.0 must be the active application. Note that the last
application invoked is the active application. If the system is equipped with voice
recognition software, then the user can also terminate ImagePilot 2.0 verbally by the
command they assigned to terminating active applications.
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5. Testing

ImagePilot 2.0 requires two modules to run properly on any system, Java Runtime
Environment (JRE) 1.1.7 or higher and Java Media Framework (JMF) 1.0.2 or higher
class files. Since Java is a relatively new programming language, many of its
components are not yet ported to different operating systems. ImagePilot 2.0 was
tested only on Microsoft Windows based systems, because at this time the audio

package, JMF, is only available for Windows operating systems.

The first testing environment used a 90 MHz Intel Pentium based system running
Windows NT operating system. The second testing environment used a 300 MHz Intel
Pentium Il based system running Windows 98. All test users used a SummaSketch 11|

tablet with a two-button pointing pen as shown in Figure 25.

Figure 25: A SummasSketch Il tablet used for receiving input from user. Using a

digitizing tablet allowed users to trace image with higher accuracy than a mouse.

Although ImagePilot 2.0 is capable of receiving user input from other pointing devices
such as a mouse, a digitizing tablet with a pen-pointing device is the recommended
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option. Using a tablet maximizes ImagePilot’s ability to guide a user and allows users to
trace digital images with higher efficiency.

Testing was performed in two phases using two different groups of people. Table 6
shows some details about the subjects.

Table 6: This table shows some details about the individuals that tested ImagePilot 2.0. All subjects in test

group 1 had normal eyesight and were blind folded during test. All subjects in test group 2 were sight-impaired.

Test Group 1 Test Group 2
Test User S1 S2 S3 S4 S5 S6
Age 31 24 28 21 25 24
Eye sight Normal Normal Normal None None Outlines
Blind since N/A N/A N/A 1 1 14
Sex Male Male Male Female Female Male
Occupation | Student  Student Architect Student  Student  Student

Test group 1 consisted of three people, all of them with normal (or near-normal)
eyesight. During the initial prototype-testing phase, these users were blindfolded and
had no prior knowledge about the test set. As the first testing group, it was important to
be able to talk and visually explain how the system works and get feedback after the

user was done with an image.

The image set consisted of five different shapes: a straight line, a square, a star, a
circle, and finally a house, as shown in Figure 26.
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A

Figure 26: The five test images administered to each of the test subjects. The most difficult

image to identify among the five test cases was the star.

The straight-line test image demonstrates the simplest case, where the program guides
the user to a starting point and then in one direction along the line. The main purpose
of the line, square, and circle test images was to determine how effectively a user can
use a tool to recognize some common shapes. Another goal of the circle test case was
to determine how effectively the program can guide the user around a constantly turning
curve. The house test case was used to determine how important the role of mental
image is, which is revealed later in this section. The star test case is selected to test the

effectiveness of the tool in dealing with images that have many branches.

The users in test group 1 recognized all the objects displayed in Figure 26 except for
the star. The star has many intersections with multiple branches, which makes it
difficult for user to remember the different segments of the region. One user suggested
that it would have helped if the system also told the users if a segment had been traced
previously. The initial prototype-testing phase ended with moderate success. Table 7
shows the individual performance of the test users for the initial prototype-testing phase.
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Table 7: This table shows the individual results of each test user in Test Group 1. All users were

blindfolded during the testing phase and had no prior knowledge about the test image set.

| Line Square Circle Star House
S1 Recognized Recognized Recognized Not Recognized Recognized
S2 Recognized Recognized Not Recognized = Not Recognized Recognized
S3 | Recognized Recognized Recognized Not Recognized Recognized

The second prototype-testing phase included only users that were visually impaired.

After hearing an explanation of how the system works, each user had a chance to

practice using ImagePilot 2.0 with the practice line drawing shown in Figure 27. They

were also given a raised line drawing on a sheet of paper of the same drawing. The

purpose of this practice image was to provide all the possible audio clues during their

practice session.

{7 ¥IRGINIA TECH M=k

Figure 27: A sample line drawing used to allow test users to acclimate themselves with

ImagePilot 2.0 before the actual prototype-testing phase.
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After each user had a chance to practice with ImagePilot 2.0 and felt ready, they were
given the test image set shown in Figure 26 in random order without advance
information concerning the image content. Table 8 gives more details on the individual

performance of each test user in Test Group 2.

Table 8: This table shows the individual results of each test user in Test Group 2.

Line Square Circle Star House
S4 Recognized Recognized Not Recognized  Not Recognized Recognized
S5 Recognized Not Recognized Recognized Not Recognized = Not Recognized
S6 Recognized Recognized Recognized Not Recognized Recognized

As might be expected, the performance of Test Group 2 was not as good as Test Group
1. It seems that the blindfolded sighted users were able to create a better visual model
of the test images. Their greater ability maybe attributed to their experience of seeing
and remembering shapes and objects throughout their lifetimes.

A second experiment was carried out with Test Group 2 using the same test image set.
This time they knew in advance what different shapes would be present in the test set,
but the images were presented in a different order. Table 9 gives the result of this
experiment.

Table 9: This table shows the individual results of each test user in Test Group 2 for the second test.

Line Square Circle Star House
S4 Recognized Recognized Recognized Recognized Not Recognized
S5 Recognized Recognized Recognized Recognized Recognized
S6 Recognized Recognized Recognized Recognized Recognized

The results are much better than the first time. This time the test users knew the
shapes in the set and were able to use the audio feedback from ImagePilot 2.0 to
recognize them with higher accuracy. The results of the second test are improved
partially based on the users’ prior knowledge about the test images. The second test
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suggests that giving users general knowledge concerning the image content can help
them recognize drawings with higher accuracy.

Users in Test Group 2 also added a few suggestions for improving the quality of
ImagePilot 2.0 that are listed below:
= Allow the user to select the starting point.
= Give the users some general information about the image prior to testing, such
as number of endpoints, intersections, and segments.
= Do not repeat directional information as long as the user is tracing in the correct
direction.

= Tell the user when a previously traced segment is encountered again.
Given time and resources these comments can be incorporated into the next version of

ImagePilot without much difficulty. The users overall impression of ImagePilot 2.0 was

positive and they would like to see newer and better releases of the system.
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6. Conclusions

This thesis has presented a novel software tool that can aid sight-impaired users in the
interpretation of digital line drawings. The system processes digital images stored in
GIF format, and then provides audio and verbal cues to a user who interactively
explores the images. The goal of this research was the development of a working
prototype drawing interpretation tool. This thesis describes the design and test results
for a prototype that performed well.

In spite of the successes of ImagePilot 2.0, there is still much room for improvement.
For example, pattern recognition techniques could be incorporated to identify simple
common shapes such as circles and squares. Existing techniques such as thinning
and padding could be used to provide more flexibility and accuracy. The tracing system
could be improved to provide more guidance for recognizing images with many regions

and segments.

The ultimate goal of developing a verbal interpretation tool for sight-impaired users is a
complex and challenging process. Although “tactile images” still remain the prevailing
means in conveying the world around us to sight-impaired users, ImagePilot 2.0 is a
convenient alternative. ImagePilot 2.0 is a working prototype that represents a large
step in this direction. It provides a framework for better tools to come, tools with more
recognition capabilities, faster processing, sophisticated audio feedback, and more

user-friendly features.
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APPENDIX A. INSTALLATION & REQUIREMENTS

A.1 Overview

ImagePilot 2.0 is written in Pure Java using Java API specification 1.1.7 and Java
Media Framework API specification 1.0.2 from Sun Microsystems, Inc. Theoretically, it
is capable of running on any platform that has Java support installed. ImagePilot 2.0
does not have any additional memory and hardware requirements over those needed to

install and run a Java environment.

ImagePilot 2.0 was developed on an Intel based system with Windows NT 4.0 as the
operating system. The program was developed using Sun’s Java Development Kit
1.1.7 and Sun’s Java Media Framework 1.0.2 packages. There are three steps in
properly installing Java support for ImagePilot 2.0:

1) Installing a Java Runtime Environment (JRE) version 1.1.7 or higher.

2) Installing Java Media Framework (JMF) version 1.0.2 or higher.

All the files necessary to run ImagePilot 2.0 are packaged into a single compressed file,
Ipilot2.zip, which is obtainable from http://www.ee.vt.edu/~fvalad.

A.2 Installing JDK or JRE

The user must have the Java library classes in order to run ImagePilot 2.0. The user
can obtain these files either by installing a JDK or JRE. A JDK is used primarily for Java
development and/or debugging. It also allows users to run Java applications. On the
other hand, a JRE is all the essential class files that are needed to run Java
applications. The JDK or JRE packages can be obtained from the Internet at
http://java.sun.com/products/jdk/. After successfully installing and configuring a JDK or
JRE, the user can run ImagePilot 2.0. The command to invoke ImagePilot 2.0 using a

JDK is “Java ImagePilot <GIF filename>", and using a JRE is “Jre ImagePilot <GIF
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filename>". The original packaging of ImagePilot 2.0 contains a file named “run.bat”,

which ensures proper pathname setup as well as automated program invocation.

A.3 Installing IMF

The JMF can be obtained from the Internet at http://java.sun.com/products/java-media/.
After successfully downloading and installing the JMF package, the CLASSPATH
variable must be set to include the path to the JMF class files. The CLASSPATH
variable provides the possible locations that a Java Virtual Machine must search for
library class files. Once properly set, the JVM will load the necessary class files to
support ImagePilot 2.0 at run time.
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APPENDIX B. README AND JAVA SOURCE CODE

This section contains the Readme file and all the source code developed for ImagePilot

2.0. The source code files are presented alphabetically by their file names. The main

method is in the file named ImagePilot.java, which begins the execution of the program.

The Readme file contains basic information such as system requirements, installation,

and new features. This file is provided as an electronic reference that describes how to

install and use ImagePilot 2.0. The description and importance of the main files are

listed below.

ImagePilot.java — Contains the code that begins execution when the program is
invoked. The three main modules ImageProcessor, AudioPlayer, and ImageTracer
are all invoked and used from this file.

ImageProcessor.java — Contains the code to process the input image file. This
module has three independent sections that thins, analyzes, and stores data. This
module uses the code in BWFilter.java, BWINVFilter.java, and ImageThinner.java to
prepare and thin the image. The ImageProcessor module also makes use of the
code in ImageThread.java, and ChainThread.java to analyze the prepared image.
Finally, it makes use of the code in Pixel.java, Segment.java, and SegTable.java to
store the analyzed data.

AudioPlayer.java — Contains the code to create all the necessary audio feedback
objects for use by ImageTracer module. The AudioPlayer module also contains the
code for playing each feedback.

ImageTracer.java — Contains the code that intercepts pointing device movements

and provides audio feedback based on the movements.

49



B.1 Readme

README. TXT for ImagePilot 2.0

Thank you for choosing to evaluate ImagePil ot 2.0.

TABLE OF CONTENTS
| NTRCDUCT! ON
M NI MUM REQUI REMENTS
| NSTALLATI ON
VWHAT' S NEW
RUNTI ME

ImagePilot 2.0 is the first conplete interpretation tool devel oped for the
sight-inmpaired. The goal of the tool is to allow a sight-inpaired user to
trace and interpret a digital imge, sonmething that was not possible before.
Al t hough sone verbal feedback is used, speech synthesis techniques are not
yet mature enough to allow a variety of verbal responses. ImagePilot 2.0
defines and denonstrates techni ques for presenting electronic inmages to the
si ght -i npai red

To learn nore, install InagePilot 2.0 by referring to the instructions bel ow.

M NI MUM REQUI REMENTS

Pentium 90 MHz wi th m ni rum 32MB of RAM (64MB i s recomended)
8MB of free hard drive space

Sound card with pre-installed sound drivers

St ereo Headphones (Recommended) or stereo speakers

Digitizing Tablet with a pointing pen (Recormended) or nouse
ImagePilot 2.0 is witten in Pure Java, theoretically allow ng
the programto run under any environment.

I NSTALLATI ON:

To install ImagePilot 2.0 froma ZIP file
1) Downl oad ImagePilot 2.0 from http://ww. ee. vt. edu/ ~f val ad
2) Unzip the file using the existing fol der nanes.

| nportant Not es:

+ You do not need to have any Java Environnment pre-installed. The zip
File contains all the necessary files, including Java Miltinedia
support.

+ Your path nust include or only have .. \IPilot2\lib and ..\IPilot2\bin
in the path.

VWHAT' S NEW
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o Faster and advance feedback system
Audi o feedback now i ncludes verbal tones for all direction in 8-
connected schene. The user may toggl e between tone and verbal by
pressing the v key on the keyboard. The audio nodule is redesigned to
conpl ete playing a verbal tone w thout interruption. Al so the system
is upgraded to use systemevents to detect playback conpletion
pl ayer creation, and player caching.

0 Last known position guiding system
If the program detects that the user is confused and | ost, then the
self guiding systemis invoked. The systemw || guide the user to he
| ast known pi xel that was traced. The systemstart after user noves
to 25 non-foreground pixels.

o Thi nni ng support.
I magePil ot 2.0 uses a ported Zhang-Suen thinning algorithmto thin
t hi ck images.

o Self contained install package.
The zip file contains all the files necessary to run ImagePilot 2.0.

o Faster processing and | ower nenory requirenent.
I magePil ot 2.0 uses multi-threadi ng techni ques to process an image,
provi di ng maxi mum effi ci ency possible by the algorithm

o Conti nuous paddi ng al gorithm
I magePil ot 2.0 uses a new padding algorithmthe dilates the i mage
by one pixel on each side w thout any gaps in the pixels.

0 Audio fam liarization system
I magePilot 2.0 includes a sub systemthat plays every verbal feedback
and its correspondi ng tone feedback to help to user |earn the neaning
of the different tones.

o Trace Tracki ng system
You can now see how the user has attenpted to trace an i mage. The
systemis started and stopped with a |l eft nmouse click, resulting in
ared line denoting the trace path.

o Self Adjusting GU.
I mgePil ot 2.0 now detects the users resolution and adjusts its GUJ
and the inage to center according to the new settings.

The install zip file contains a batch file, run.bat, to run the default
sanpl e i mage provided. The command line syntax for InagePilot 2.0 is

jre -cp .;lib/jnf.jar I magePil ot <image fil enane>

where <inmage filename> is replaced with the name of the acutal image file
to be traced.

The guiding systemworks in tw stages, the first stage guides you to the
begi ning of the first region using verbal tones. Once that point is
reached the tone systemis activated to guide the user in tracing the
regi on.
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If at any point the user travels 25 pixels with out crossing the region
then the verbal systemis reactivated to guide the user to the |ast known
position on that region.

The user may use the built-in keyboard commands to start tracing different
regions in the image. The built-in keyboard comrands are described in the

foll owi ng table.

Keyboar d Action taken by ImagePilot 2.0
N Move and start tracing the next region
R Restart tracing the image from begi nni ng
T Restart tracing the current region
P Play the audio test for famliarization
\Y Toggl e between verbal and audi o feedback
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B.2 AudioPlayer.java

/
Copyright 1997-1998 by Farzad Val ad,
POB 8239 Longnont CO 80501
Al rights reserved.

/

ok ¥ kK

import java.io.*;

import java.aw.*;
import java.net.*;
import javax.nedia.*;
import java.aw.event.*;

/**

* This class is responsible for creating, caching, preparing all the wave
* files for playback. It also perforns a conplete audio systemtest when
* request ed.

*/

cl ass Audi oPl ayer inplenents Controll erListener {
transi ent ActionListener actionListener;

/1 Array of all the possible wave files
private Player[] player = null;

/1 Marks the beginning of a wave file
private Tine begin = null;

/1 Holds the | ast mouse coordinate that a wave file was played for
private Pixel lastPt = null;

/1 Holds the index of the current playing wave file
private int activePlyr = -1;

/!l Flag to determine if a wave file is playing
private bool ean done = true;

/Il Flag representing the initialization state of all wave files
private boolean init = fal se;

/!l Flag to determne if the audio player is ready
private bool ean ready = fal se;

/1 Variable of playing back all the current wave files

private int selfTestlndex = 0;

private bool ean sel f Test = fal se;

private int[] selfTestOrder = {8,0,9,1, 10, 2, 11, 3,12, 4, 13, 5, 14, 6, 15, 7};

private int construct = O;
publ i c Audi oPl ayer () {
/1 Initialize the default values and construct objects
begin = new Ti me(0);
| ast Pt new Pixel (-1,-1);
pl ayer new Pl ayer [ Const. MAXPLYRS] ;

URL nmedi aURL = nul | ;

try {
medi aURL = new URL(Const. PATH + "audi o\\" + construct + ".wav");

/'l Fetch the wave file
this.player[construct] = Manager.createPl ayer (nedi aURL) ;

/Il Create the player and start caching the file
this.player[construct].realize();
this.player[construct].addControll erListener(this);
construct ++;

} catch (Ml formedURLException e) {
Const.fatal Error("Invalid media file URL!");
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} catch(NoPl ayer Exception e) {

Const.fatal Error("Unable to find a player for "+mediaURL);
} catch(Null Poi nter Exception e) {

Const.fatal Error("Coul d not create player for "+mediaURL);
}catch(java.io.| OException e) {

Const.fatal Error("10O Excepti on encountered opening " + nedi aURL);
}

}

public synchroni zed voi d addActi onLi stener (ActionListener 1) {
actionLi stener = AWTEvent Mul ti caster. add(acti onLi stener, 1);
}

public synchroni zed voi d renpveActi onLi st ener (Acti onLi stener 1) {
actionLi stener = AWTEvent Mul ti caster.renove(actionLi stener, |);

}
protected void reportDone() {
if (actionListener !'= null) {
actionLi stener. acti onPerfornmed(new Acti onEvent (| astPt, 0, " Audi oPl ayer"));
}
}

public void stop() {
/1 if a wave file is playing
if(init &% done && activePlyr>=0) {

/1 Stop the playing wave file
pl ayer[activePlyr].stop();

/] Reset the last active wave file
pl ayer[activePl yr]. set Medi aTi ne(begi n);

/1 Make player ready for the next request
activePlyr = -1;
report Done();
ready = true;
}
}

public void playAudi o(int audio) {
/1 Play the requested wave file
pl ayer[audio].start();

/1 Set flags so that wave file finishes playing
activePlyr = -1;

ready = fal se;

done = fal se;

}

public void playerStart(int newPlyr, Pixel pt) {
/1 1f the player is ready and the new file is a different
/'l request than the current active wave file
if(init &% done && newPl yr!=activePlyr) {
/1 Stop any wave file that nmight be playing
if(activePlyr!=-1) {
pl ayer[activePlyr].stop();
pl ayer[activePl yr]. set Medi aTi ne(begin);

/1 Start playing the file and set the Fl ags
ready = fal se;

pl ayer[newPl yr].start();

activePlyr = newPlyr;

| ast Pt. move(pt.x, pt.y);

/1 1f the request file is a verbal feedback set the
/1 flag "done" so the the entire file is played
if(activePlyr>7) {

done = fal se;
}
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}
}

publ i c bool ean isReady() ({
return ready;

}
public void toggleSelfTest() {
sel f Test = !sel f Test;
if(selfTest && ready)
pl ayAudi o(sel f Test Order [ sel f Test | ndex++] ) ;
el se
sel f Test I ndex = O;
}

publ i c synchroni zed void controll erUpdate(Controll erEvent e) {
/Il Get the reference to the active player
Pl ayer p = (Pl ayer)e. get Source();

/1 1f the wave file has conpleted reset the file and flags
if (e instanceof EndOf Medi aEvent) {

p. set Medi aTi ne( begi n) ;

activePlyr = -1;

done = true;

ready = true;

/1 1f in a testing node play the next file
if(selfTest) {
i f(sel fTestlndex<sel f Test Order. | ength)
pl ayAudi o(sel f Test Order[ sel f Test | ndex++] ) ;
el se {
sel f Test = fal se;
sel f Test I ndex = 0;

}

el se {
report Done();
}

}

/1 When all players for the wave files are created
el se if(e instanceof RealizeConpleteEvent) {
Systemout.print("");
p. set Medi aTi ne( begi n) ;
p. prefetch();

/1 When all players for the wave files are cached
el se if(e instanceof PrefetchConpleteEvent) {
if(linit) {
i f(p.equal s(player[player.length-1])) {

System out. println("Done constructing " + player.length + " players");

init = true;
ready = true;

el se {

/1 Systemout.println("Wave file nunber " + construct + "Prefetched.");

URL nmedi aURL = nul | ;

try {
medi aURL = new URL(Const. PATH + "audi o\\" + construct + ".wav");

/] Fetch the wave file
this.player[construct] = Manager.createPl ayer (nedi aURL) ;

/Il Create the player and start caching the file
this.player[construct].realize();
this.player[construct].addControll erListener(this);
construct ++;

} catch (Ml formredURLException mnue)
Const.fatal Error("Invalid media file URL!");

} catch(NoPl ayer Excepti on npe) {
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Const.fatal Error("Unable to find a player for "+mediaURL);

} catch(Null Poi nter Excepti on npe) {

Const.fatal Error("Coul d not create player for "+mediaURL);

}catch(java.io.| OException ioe) {
Const.fatal Error ("1 O Excepti on encountered opening "
}

+ medi aURL) ;
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B.3 BWFilter.java

/
Copyright 1997-1998 by Farzad Val ad,
POB 8239 Longnont CO 80501
Al rights reserved.

/

ok ¥ kK

import java.aw.*;
import java.aw.inage.*;

/**
* This class is a filter to convert a color file into a black and white file
*/

class BWFilter extends RGBImageFilter {

public BWFilter() {
canFil terl ndexCol or Mbdel = fal se;
}

public int filterR&(int x, int y, int rgb) {

int red = (rgb & 0x00ff0000) >> 16;
int green = (rgb & 0x0000ff00) >> 8;
int blue = (rgb & 0x000000ff);

/1 1f pixel is a color pixel
if (!(blue == Oxff && green == Oxff && red >= Oxff))
/1 make it black
return Oxff000000;
el se
/] otherwi se return itself
return rgb;



B.4 BWInvFilter.java

/
Copyright 1997-1998 by Farzad Val ad,
POB 8239 Longnont CO 80501
Al rights reserved.

/

ok ¥ kK

import java.aw.*;
import java.aw.inage.*;

/**
* This class is inverts a black and white image file, where white
pi xel turn black, and black pixels turn white. Inverting the
* image file hel ps reduce processing |ogic, because the pixel grabber
* nethod assigns a Oxff000000 to white pixels.
*/

class BWnvFilter extends RGBI mageFilter {
public BWnvFilter() {
canFi | t er I ndexCol or Model = fal se;
}

public int filterR&(int x, int y, int rgb) {
int red = (rgb & 0x00ff0000) >> 16;
int green = (rgb & 0x0000ff00) >> 8;
int blue = (rgb & 0x000000ff);

/1 1f the pixel is not a black pixel
if (!(blue == Oxff && green == Oxff && red >= Oxff))
/'l return black
return Oxffffffff;
el se
/1 otherw se return white
return Oxff000000;
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B.5 ChainThread.java

/
Copyright 1997-1998 by Farzad Val ad,
POB 8239 Longnont CO 80501
Al rights reserved.

/

ok ¥ kK

class ChainThread inpl enents Runnabl e
{

/1 The current conponent

private int conp;

/Il List of all active threads
private Thread[] t;

/1 Maxi mum nunber of concurrent threads
private int nmaxThreads;

/1l The entering direction into a pixel
private byte[] renD,

/1 The coordinate fot the current pixel
private Pixel[] currPt;

/1 Debuging vairables for printing the chain code
private byte[] printD;
private Pixel[] printPt;

/1l Referece to a segnent table for the current conponent
private SegTabl e segT;

/1 Variable to track current active threads
public static int threadCount = O;

/1 A reference to InageProcessor to access the data array
private static |mageProcessor ingPr;
private ThreadGoup tGp = new ThreadG oup(" Threads");

/] Pi xel Scan Standard: 012

//top left corner is O (clockwise) 7 X 3

//dxdyTabl e[][]={0,1,2,3,4,5,6,7} 65 4

private static final byte dxdyTable[][]={{-1,-1},{0,-1},{1,-1},{1,0},{1,1},{0,1},{-1,1},{-
1,0}};

/1 Constructor for creating and initializing data objects
publ i ¢ Chai nThread(| mageProcessor imgPr, int maxThreads) ({
this.ingPr = ingPr;
thi s. maxThreads = naxThr eads;

this.renD = new byt e[ maxThr eads] ;
this.currPt = new Pi xel [ maxThr eads] ;

this.printPt = new Pi xel [ maxThr eads] ;
this.printD = new byt e[ maxThr eads] ;

this.t = new Thread[ naxThr eads] ;

public void setSegTabl e( SegTabl e segT) {
this.segT = segT;

/] Start a thread if possible fromstartPt in the direction of d
/1 The startPt belongs to the conponent conp
public bool ean start Thread(Pi xel startPt, byte d, int conp) {
int i;
this.conp = conp;
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/1 Find an open slot in the thread array
synchroni zed(this) {

for(i=0; i<maxThreads && t[i]!=null; i++);
}

i f (i ==maxThr eads)
return fal se;
el se {
if(currPt[i]==null)
this.currPt[i] = new Pixel (startPt);
el se
this.currPt[i].mve(startPt);

/1 Since each point has the indices of the neighbors
/'l remenber which one needs to be renpved
this.renDi] = d;

/lfor printing purpose only
if(printPt[i]==null)

this.printPt[i] = new Pixel (startPpt);
el se

this.printPt[i].mve(startPt);

/lfor printing purpose only
this.printDi] = d;

this.t[i] = new Thread(tGp, this, Integer.toString(i));
t[i].start();

synchroni zed(this) {
t hr eadCount ++;
}

return true;
}
}

public void run() {
int stop;
/'l CGet the id of the current thread
int currT = Integer. parselnt(Thread. current Thread(). get Nane());

do {
/1 Advance the thread to the next point
st op=noveNext (currT);
if(stop!=0) {
spawnThreads(currT, stop);
br eak;

}
}whi | e(set Chai nNun(currT));

synchroni zed(this) {
/1l I's at[currT]==null; required?
t hreadCount - -;
}
}

/'l For debugging purpose only, it is kept for reference
/1l Prints a textual representation of the chain code for a thread
public synchroni zed voi d printChai nCode(int currT) ({

int x,y, newD

bool ean stop = fal se;

Systemout.print(printPtfcurrT] + " ");

do {
newD = ingPr.getPixel (printPt[currT]);

i f(newD>7 || newD==Const.ENDP) ({
i f(stop)
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br eak;

el se {
Systemout.print(newD + " << ");
newD = printD{currT];

}
Systemout.print(newD + " ");

X
y

printPt[currT].x + dxdyTabl e[ newD][0];
printPt[currT].y + dxdyTabl e[ newD][1];

printPt[currT]. move(x,Yy);
stop = true;

}whi | e( newb<=7);

System out. printl n(newD);

}
/] Stores the proper chain nunber and deci des whether the
/1 current thread needs to termnate. In that case it wll

/Il return a false and the thread is termnated in the run method.
publ i c bool ean set Chai nNun{int currT) {
int pixVal = inmgPr.getPixel (currPt[currT]);

/1 1f the current pixel is the start or end of a |line segnment
/1 then mark that pixel and terminate the thread (return false).
i f(pixVal <=7 || pixVal ==Const . ENDP) {

i mgPr. set Pi xel (currPt[currT], Const. ENDP+conp*100000) ;

return fal se;

/1 1f the current pixel is not an endpoint nor an intersection
/1 then renove the unwanted nei ghbor info depending on renD array
/1 and store the value with the conponent info.
el se if(pixVal <=75) {
if(pixVal %40 == renD{currT]) {
i mgPr. set Pi xel (currPt[currT], (pixVal/10)+conp*100000);

el se {
i mgPr. set Pi xel (currPt[currT], (pixVal %40) +conp*100000) ;
}

return true;

/1 1f the current pixel is an intersection, then renove the
/1 entering direction and start a thread in all the other directions.
el se if(pixVal <=8888)
{
int nextD g=1;
int tnp=pixVal;

pi xVal =0;

/'l remove the entering index fromthe intersection val ue
whi | e(tnp! =0) {
/1 strip tnp which is the original value
/1 if the smallest digit of tnp is not the
/] direction to be renpved then store it in pixVal
i f(tnpvd0! =8 && tnp%d0!=renD currT]) {
pi xVal += (tnp%0) *next Di g;
nextDig *= 10;

tnp /= 10;
}

/1 Store the new intersection index
i mgPr. setPi xel (currPt[currT], pixVal+10000+conp*100000);

/1l Start a chain thread in all the other directions of the intersection
spawnThreads(currT, pixVal);
return fal se;
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}

el se
return fal se;

}

public synchroni zed void spawnThreads(int currT, int pixVal) {
int tnp = pixVal;

/1 Strip each individual index fromthe pixVal and start a thread
whi | e(tnp! =0) {
if((tnp%d0)!=8 && !segT.isMapped(currPt[currT], (byte)(tnmp%0)))
whil e(!start Thread(currPt[currT], (byte)(tnp%0), conp))
tlcurrT].yield();

tnp /= 10;
}
}

public int noveNext(int currT) {
int newD = ingPr.getPixel (currPt[currT]);

/1 if the current point is not an endpoint

i f (newD! =Const . ENDP && newD>7 && remD[currT]!=-1)
newD = renmD[ currT];

/1 if the point is a starting endpoint.

else if(renDcurrT]==-1)
i mgPr. set Pi xel (currPt[currT], newD+conp*100000);

/! Determine the x and y of the new point to npve to
int x = currPt[currT].x + dxdyTabl e[ newD][0];
int 'y =currPt[currT].y + dxdyTabl e[ newD][1];

currPt[currT].nove(x,y);
/1 Translate and store the renoving direction

remD currT] = (byte)((newD+4)9B);
return O;
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B.6 Const.java

/
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/

Copyright 1997-1998 by Farzad Val ad,
POB 8239 Longnont CO 80501
Al rights reserved.

import java.io.*;
import java.aw.*;

cl ass Const

bool ean

{

public static final String PATH = getPath();

public static final D mension WNRES = Tool kit.getDefaultTool kit().getScreenSize();

public static final int ENDP = 1111; //Marks and endpoi nt of a segenent

public static final int |INTFLAG = -4; //Marks a pixel as an intersection

public static final int ENDFLAG = -3; //Marks a pixel as an endpoint

public static int | MSOFFSETX = 0; [//X offset of the displaying i mage

public static int | MSOFFSETY = 0; [//Y offset of the displaying i mage

public final static int FRAMEOFFSETX = 20; //X offset of the displaying frame

public final static int FRAMEOFFSETY = 40; //Y offset of the displaying frame

public final static int MAXPLYRS = 21; //Maxi mum nunber of wave files used

public final static int UPLEFT = 8; //--]

public final static int UP = 9; /|

public final static int UPRI GHT = 10; /] |

public final static int R GHT =11; /] |

public final static int DOANRI GHT =12; /] |

public final static int DOAN = 13; // |-- Directional index assignent

public final static int DOANLEFT =14; |/l |-- for use in Audio Player.

public final static int LEFT = 15; // |-- They also corespond to the

/1 |-- wave file nane stored on HD.

public final static int BEG N = 16; /] |

public final static int |NTERSECT =17; 11 |

public final static int ENDPO NT =18; /] |

public final static int |2BRANCH =19; /] |

public final static int |3BRANCH = 20; //--]

public static PrintWiter debug = null; // Debugging flag

public static |mage icon = null;

/] Pi xel Scan Standard: 012

//top left corner is O (clockwise) 7 X 3

//dxdyTabl e[][]={0,1,2,3,4,5,6,7} 65 4

public static final int dxdyTable[][]={{-1,-1},{0,-1},{1,-1},{1,0},{1,1},{0,1},{-1,1},{-
1,0}};

/1 Method to print out the data array "arr", into the text file naned "fil enane"

/1 1f conp flag is set print the conponent info of each pixel, other w se

/1 if val flag is set print the chain-code val ues stored in each pixel.

/1 else just just print a 1 when the pixel isn't a background pixel.

public static void print(int[] arr, int iw, int ih, String filename, boolean val,
conp) {

try {

Buf feredWiter
int num
int
for(int i=0;
for(int j=0;

in

dex;

i ndex

i <ih;

bw = new BufferedWiter(new FileWiter(filename));

i++) {

j<iw j++) {
0w
i f(arr[index]==0xff000000)
bw.wite(" ");
else if(val) {
num = arr[index] %40000;

63



bw.write(((nunm»9)?"9":""+num);

}
else if(conp) {
num = arr[index]/100000;
bw. write(((nunm»9)?"9":""+num);

el se {
num = arr[index];
bw.wite("1");

}
}
bw. newLi ne() ;
}
bw. f I ush();

} catch (Fil eNot FoundException fnfe) {
} catch (1 OException ioe) {}

}

public static String getPath() ({
/] create any file in current directory
File currentDir = new File("x");
/1 get the full path
currentDir = new File(currentDir.getAbsol utePath());
/1 and | ose the fake filenane.
currentDir = new File(currentDir.getParent());

return (new String("file:\\\\\\" + currentDir.toString() + "\\"));

}

public static void fatalError(String s) {
System out. println(s);
System exit (0);

}
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7 ImagePad.java

Copyright 1997-1998 by Farzad Val ad,
POB 8239 Longnont CO 80501
Al rights reserved.

import java.io.*;
inmport java.util.*;

public class | magePad {

/1 The total nunmber of all pixels
private int size;

/1 Wdth of the image array

private int wdth;

/1 Height of the inmmge array

private int height;

/1l Reference to the image array with valid chain codes
private int img[];

/1l The pad overlay array

private int pad[];

/1 List of all endpoints in the inage
private int elist[];

/1 List of all intersections in the inmage
private int ilist[];

/1 1ndex of the current conponent

private int conp;

/1 Value of the current pixel

private int pixVal;

/Il Flag to determne if the Padder is in Vertical or Horizontal Mde
private bool ean vibde;

public | magePad(Vector data, int w, int h) {
/1 Extract the inmage array
this.ing = (int[])data. el enent At (0);
/1 Extract list of all endpoints of the segments in the inmage
/1 Every two consequative pair represent the start and end of a segnent
this.elist = (int[])data. el ement At (1);
/1 Extract and list of all intersections in the inmge
this.ilist = (int[])data.el ement At (2);

/1 Store dinmentional information
this.size = wh;
this.width = w,
this. height = h;

/] Create the pad overlay array
this.pad = new i nt[w dth*hei ght];

/!l Reset all the pixels to the valid white RG nunber
for(int i=0; i<size; i++)
pad[i] =0xf f 000000;

public void run() {
/1 Pad all the segments individually and store the pad information into the overlay
createPad(elist);
/1 Combine the original image with the its pad into one array
overl ay(pad,ing);
/1 Check and fix the intersections for any gaps around them
chklntersects();

}

private void chklntersects() {
int orgpnt=0;
int index=0;
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}

/] Loop around every intersection in the inmge
for(int i=0; i<ilist.length; i++) {
orgpnt = ilist[i];
for(int j=1; j<8; j+=2) {
index = orgpnt + Const.dxdyTable[j][0] + Const.dxdyTable[j][1]*wi dth;

/1 1f there is a gap around the intersection
i f(img[index]==0xff000000)

/Il Attenpt to fix it

fixPad(i ndex);

}

/1 This nmethod fills the gap around an intersection with
/1 a nunber that represent the majority of the repeated
/1 chain code around the gap

private void fixPad(int index) {

}

int comp = -1;

int pixval = -1;
int latest = -1,
int[] hits = new int[8];

/1 Survey and store the nunber of times a certain chain code
/1 value is repeated around the gap
for(int i=0; i<8; i++) {
pi xVal = ing[index + Const.dxdyTable[i][0] + Const.dxdyTable[i][1]*wi dth]%0000;
i f (0O<=pi xVal && pixVal <=7)
hi ts[ pi xVal ] ++;
}

/1 Find the chain code that was repeated the nost
for(int i=0; i<8; i++) {

pi xVal = ing[index + Const.dxdyTable[i][0] + Const.dxdyTable[i][1]*wi dth]%d0000;
i f(pixVal==i)
if(latest==-1 || hits[latest]<hits[pixVal]) {
latest = i;
conp = ing[index + Const.dxdyTable[i][0] + Const.dxdyTabl e[i][1]*w dth]/100000;
}
}
/1 Fill the gap with selected chain code
img[index] = latest + conp*100000;

private void createPad(int elist[]) {

int st;

int tnpl, tnp2;

/1 padPosl marks the current position of the pad on one side

/1 padPos2 marks the current position of the pad on the other side
int padPosl, padPos2;

int count = 1,

/1 Every two point in the list represent the start and end of a segnent
/1 that is why the index is increnent by 2 every iteration.
for(int i=0; i<elist.length; i+=2) {

/1 mark the start of a segnent

st = elist[i];

/] extract the value of the chain code at that pixel

pi xVal = ing[st]%0;

/] extract the conponent the segnment belongs to

conp = (ing[st]/100000)*100000;

/1 Determine the start node of the paddi ng processs
/1 if there isn't a neighbor pixel on top and bel ow t he
/1 current pixel then start in Vertical npde
i f(pixVal!l=1 && pixVal!=5) {
padPosl = st - w dth;
padPos2 = st + w dth;
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pad[ padPos1] =pad[ padPos2] =i ng[ st];
vMode = true;

}
/1l Otherwise start in Horizontal npde
el se {
padPosl = st - 1;
padPos2 = st + 1;
pad[ padPos1] =pad[ padPos2] =i ng[ st];
vMbde = fal se;
}
int tcount = 0;
int tnpPos = -1;

/1 while the end of the current segnent is not reached
while(st!=elist[i+1]) {

pi xVal = ing[st]%0;

/'l Peak at the next pixels to nove the pad to
tnpl = padPosl + Const.dxdyTabl e[ pi xVal ][0] + Const.dxdyTabl e[ pi xVal ][ 1] *wi dt h;
tnp2 = padPos2 + Const. dxdyTabl e[ pi xVal ][0] + Const.dxdyTabl e[ pi xVal ][ 1] *wi dt h;

/1 if the segnent is occupying the next pixel for side 1
i f(ing[tnpl]!=0xff000000) {

/1 nmove side 2 forward

padPos2 = tnp2;

pad[tmp2] =i ng[st];

/1 Switch the node from Vertical to Horizontal, or Horizontal to Vertical
whi l e(true) {

/! Switch the node fromVto H or Hto V

t npPos = sw t chMbde( padPos2, padPosl);

/'l Toggle the Vertical node flag

vMode = !vMode;

/1 This case happens when the segnent has steps
/1 The pad positions nust be adjusted to avoid
/1 overwiting the conponent itself. This
/] process continues until both sides of the pad
/1 can nove forward without overwiting the conp.
if (tnpPos<0) {

padPos2 = - 1*t npPos;

pad[ padPos1] =pi xVal +conp;

t npPos = sw t chMbde( padPos1, padPos2);
vMode = !vMbde;

/1 1f still the component will be over witten
i f(tnpPos<0) {

padPosl = -1*t npPos;

pad[ padPos?2] =pi xVal +conp;

continue;

el se {
padPosl = tnpPos;
br eak;
}
}
el se {
padPos2
/1 vMbde
br eak;

t mpPos;
! vMode;

}

/1 After both pad positions are adjusted and obstacle free
/1 determ ne the actual conponent pixel they surround.

st = (padPos2 + padPosl)/2;

pad[ padPos1] =pad[ padPos2] =i ng[ st];



}
}

}

/1 if the segnent is occupying the next pixel for side 2
el se if(ing[tnmp2]!=0xff000000) {

/1 nmove side 1 forward

padPosl = tnpil;

pad[tnpl] =i ng[st];

/1 Switch the node from Vertical to Horizontal, or Horizontal to Vertical

whi l e(true) {

}

/1

Switch the node fromV to H or Hto V

t npPos = sw t chMbde( padPos1, padPos2) ;

/1

Toggl e the Vertical node flag

vMode = !vMode;

Thi s case happens when the segnent has steps
The pad positions nust be adjusted to avoid
overwriting the conponent itself. This
process continues until both sides of the pad
can nove forward wi thout overwiting the conp.

i f(tnpPos<0) {

padPosl = -1*t npPos;
pad[ padPos?2] =pi xVal +conp;

t npPos = sw t chMbde( padPos2, padPos1);
vMode = !vMbde;
/1 1f still the component will be over witten
i f(tnpPos<0) {
padPos2 = - 1*t npPos;
pad[ padPos1] =pi xVal +conp;
continue;
}
el se {
padPos2 = tnpPos;
br eak;

}

el se {

padPosl = tnpPos;
br eak;

/1 After both pad positions are adjusted and obstacle free
/1 determne the actual conponent pixel they surround.

st = (padPos2 + padPosl)/2;

pad[ padPos1] =pad[ padPos2] =i ng[ st];
}
/1l Otherwi se both pad positions can nove forward, advance them
el se {

padPosl = tnpil;

padPos2 = tnp2;

st += Const. dxdyTabl e[ pi xVal ][0] + Const.dxdyTabl e[ pi xVal ][ 1] *wi dt h;

pad[ padPos1] =pad[ padPos2] =i ng[ st];

private int switchWbde(int padPos, int ref) {
padPos += Const. dxdyTabl e[ pi xVal ][ 0] + Const.dxdyTabl e[ pi xVal ][ 1] *w dt h;

int
int
int
int
int
int

pPx = padPos%i dt h;
pPy = padPos/wi dt h;
refx = ref % dth;
refy = ref/width;
dir = 0;

val = 0;
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i f(vMbde) {
i f(refy<pPy)

val = 1,
el se
val = 5;
}
el se {
i f(refx<pPx)
val = 7;
el se
val = 3;
}

i f(refy<pPy) {
if(!vMvbde && refx>pPx)

dir = 1;
el se
dir = -1;
el se {
if(!vvbde && refx<pPx)
dir = -1;
el se
dir = 1;

}
pad[ padPos] =val +conp;
int tnpPos = padPos;

i f (vMode)
whi | e( Mat h. abs(padPos-ref)!=2) {
tnpPos += dir*wi dth;

i f(ing[tnmpPos]!=0xff000000) {
ref += -1*dir*w dth;
pi xVal = ing[ (padPos+ref)/2]%0;
return -1*padPos;

}

padPos += dir*w dt h;
pad[ padPos] =val +conp;
}
el se
whi | e( Mat h. abs(padPos-ref) ! =2*w dth) {
tnpPos += dir*1;

i f(ing[tnmpPos]!=0xff000000) {
ref += -1*dir*1,
pi xVal = ing[ (padPos+ref)/2]%0;
return -1*padPos;

}

padPos += dir*1;
pad[ padPos] =val +conp;

return padPos;

}
private void overlay(int pad[], int ing[]) {
for(int i=0; i<size; i++) {
i f(inmg[i]==0xff000000)

ing[i]=padl[i];
}
private void printPad(String filenane) {
try {
int val;

Buf feredWiter bwp = new BufferedWiter(new FileWiter(filenanme));
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for(int i=0; i<height; i++) {
for(int j=0; j<width; j++) {

val = pad[i*width+];

i f (val ==0xf f 000000)
bwp.wite(' ");

el se if((val 240000)>7 || val ==Const . ENDP)
bwp.wite('9");

el se
bwp. wite("" + val %40);

}
bwp. newLi ne();
}
bwp. fl ush();
} catch (Fil eNot FoundException fnfe) {
} catch (1 OException ioe) {}
}

private void print(String filenane) {

try {
int val;

Buf feredWiter bw =
Buf feredWiter bwe =
for(int i=0; i<height; i++) {
for(int j=0; j<width; j++) {
val = ing[i*width+];
i f (val ==0xf f 000000) {
bwp.write(' ");
bwe.wite(' ");

}

el se if((val 240000)>7 || val ==Const. ENDP) {
bwp.wite('9");
bwe. wite('9");

el se {
bwp. wite("" + val %40);
bwec. wite("" + val/100000);
}

bwp. newli ne();
bwe. newli ne();
}
bwp. fl ush();
bwe. fl ush();
} catch (Fil eNot FoundException fnfe) {
} catch (1 OException ioe) {}
}

private void printCoord(String str, int index) {
Systemout.print(str + "(" + index% 4 +
}

"," + index/ 64 +

")

")

new BufferedWiter(new FileWiter(filename));
new BufferedWiter(new FileWiter("c"

+ filenane));
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B.8 ImagePilot.java
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i mport
i mport

/**

* Thi

Copyright 1997-1998 by Farzad Val ad,
POB 8239 Longnont CO 80501

rights reserved.

java.io.*;
java.awt. *;
java.util.*;
java. awt . event. *;
java. awt . i mage. *;

s class is the nain object of the program This is the point where
* everything starts. This class is responsible for starting
* the image processing, and intercepting nouse novenents and keyboard input.

*/

class | magePil ot extends Frane inplements ActionLi stener{
private int iw /1 The width of the inage
private int ih; /1 The height of the imge
private int length;
private | mage ing; /1 The input inage
private int pixels[]; /1 The data array, contains all the audio info
private String path = null; /1 The install path
private Image offlng = null; /]l Of-screen image for double buffering
private Graphics offG = null; /Il Of-screen graphics for double buffering
private Pixel |astMusePt = null; /1 Last known npuse nopvement point
private bool ean showTrace = fal se; /!l Flag to determ ne to show trace or not
private Point clickPoint = null; /1 The current point the user has clicked
private | mageProcessor ingPr = null; // Reference to the Inage Processor npdul e
private static Vector conplist; /1 Alist of all the independent conponents
private static Pixel[] startPt = null;// Alist of all the start points
private AudioPl ayer player = null; /1 The audi o pl ayer
private | mageTracer inmgtrcr = null; /1 The Image Trace Cuider

public I magePilot(String i mageFile) {

/1 Set the nane of the nain Frane
super ("ImagePilot [" + imageFile + "]");
| ast MousePt = new Pi xel ();

/1 Get and open the inmge file
get | mage(i mageFil e);

/1 Maximze the main frame to the current resolution
set Si ze( Const . W NRES. wi dt h, Const . W NRES. hei ght) ;

/] Set the properties of the main frane
set Cur sor ( CROSSHAI R_CURSOR) ;
set | conl mage( Const.icon);

/1 Start the audio nodule and load in wave files
pl ayer = new Audi oPl ayer () ;

/]l Create a link list for saving all the segment tables.
this. conpLi st = new Vector(5, 2);

/1 if the debug flag is set to true, save debug info

i f(Const. debug!=null) {
Const.print(pixels,iwih,"input.txt",false,false);
Const . debug. printl n(" I NPUT. TXT: contains the original

i mge");
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/1 Initialize and start the thinning nodul e
I mageThi ner i ngThin = new | mageThi ner (pi xels, iw ih);
i mgThin. run();

/1 if the debug flag is set to true, save debug info
i f(Const. debug!=null) {
Const.print(pixels,iwih,"thined.txt",false, false);
Const . debug. printl n(" TH NNED. TXT: contians the thined i mage");
}

/1 Initialize and start the i mage processing nodul e
i mgPr = new | mageProcessor (pi xels, iw, ih, conpList);
i mgPr . addAct i onLi stener (this);

}

private void addListeners() {
/1 Add listener so that the main frame will close properly
W ndowLi stener Wi = new W ndowAdapter () {
public void wi ndowC osi ng(W ndowEvent e) {
System exit (0);
}

s
t hi s. addW ndowLi st ener (W ) ;

/1 Add nouse listener to intercept the nbuse novenents
MouseLi stener ml = new MouseAdapt er ()
{

public void nobuseExited(MuseEvent e) {
imgtrer.stop();

public void nobuseEnt ered(MuseEvent e) {
imgtrer.trackPt(e.getX(),e.getY());

public void nobusePressed(MuseEvent e) {
showTrace = !showTrace;
| ast MbusePt . nove(e. get X(),e.getY());

}

b
t hi s. addMbuselLi stener(m);

MbuseMbt i onLi stener m = new MouseMdt i onAdapter () {
public void nbuseMbved( MbuseEvent e) {
Point pt = e.getPoint();

i f (showTrace) {
of f G drawLi ne(l ast MousePt. x, |astMusePt.y, pt.x, pt.y);
| ast MbusePt . set Locati on(pt);
repaint();

}
imgtrer.trackPt(pt.x, pt.y);
}

s
t hi s. addMbuseMbt i onLi stener (nmm ) ;

/1 Add keyboard listener to intercept keyboard presses
KeyLi st ener kl = new KeyAdapter() {
public void keyPressed(KeyEvent e) {
imgtrcr. keyPressed(e);
}

s
t hi s. addKeyLi st ener (kl);
}

/] After processing is conplete create a |ist
/1 of the start points for each of the different
/'l regions for tracing.
public static void createStartList() {
/1 Determine the nunber of distinct regions
int vecSize = conplList.size();
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/!l Create a list to store the start points
startPt = new Pi xel [vecSi ze];

/] store the start points into the array
for(int i=0; i<vecSize; i++)
startPt[i] = new Pixel (((SegTabl e)conpList.elementAt(i)).bestStart());

}

/1 Method to get and open the image file
private void getlnage(String fil eNanme) {
/] Attenpt to open the file fromthe hard drive
try {
img = Tool kit.getDefaul t Toolkit().getlnage(fil eNane);
/] Attach a nedia tracker to deternmine if the file | oaded
Medi aTracker t = new Medi aTracker (this);
t.addl mage(img, 0);
t.waitForl D(0); /1 Waits until the inage is |oaded

catch(I nterruptedException ie){}
/1 get the height and width of the imge file

iw = inmg.getWdth(null);
ih i mg. get Hei ght (nul I');

/1 Detemine the image display offset and store them
Const . | MGOFFSETX = (Const. W NRES. wi dt h-iw)/2;
Const . | MGOFFSETY = (Const. W NRES. hei ght-ih)/2;

length = iwih;
/] create the traceable data array
pixels = new int[iwih];

try {
| magePr oducer producer = ing. get Source();

/1 Running a Black & White filter that inverts the values. Al blacks
/1 beconme white and all whites becone bl ack

producer = new Filteredl nageSource(producer, new BWnvFilter());
/1filteredl mage = Tool kit.getDefaul t Tool kit().createl nage(producer);

/1 Load the pixels array with the pixels in the i mge.
Pi xel Grabber pg = new Pi xel Grabber (producer,0,0,iw,ih, pixels,0,iw;
pg. gr abPi xel s();

} catch(lnterruptedException ie){};

public void paint(Gaphics g) {
updat e(Q);

public void update(G aphics g) {
if(offG==null) {
of fImy = createl nage( Const. W NRES. wi dt h, Const . W NRES. hei ght) ;
of fG = of f I ny. get Graphics();
of f G set Col or (get Background());
offGfill Rect (0, 0, Const.W NRES. wi dth, Const.W NRES. hei ght);

of f G set Col or ( Col or. bl ack) ;
of f G drawl mage(i ng, Const . | MGOFFSETX, Const . | MGOFFSETY, t hi s) ;

of f G set Col or (Col or. red);

}
g.draw mage(of flng, 0,0,this);
}

/'l Intercept action perforned event fromlmge tracer to
/1 determi ne when processing is done.
public void actionPerforned(ActionEvent e) {
createStartList();
i f(Const. debug!=null) {



}

System out. println();
Const . debug. cl ose();
}
imgtrcr = new | mageTracer (pi xel s, conmplLi st, startPt,iw, ih, player);
addLi steners();
/1 Display the main franme
setVisible(true);

/1 Main nethod of the programthat is called first
public static void main(String args[]) {

if(args.length==0 || args.length>2) {
System out. println();
System out. println("Usage: Java | magePilot <gif> <trace>");
System out. println("-<gif>: The input file nust be a valid gif

Systemout. println();
System exit (0);
}
el se if(args.|ength==2) {
Fi | eQut put Stream fdout = new Fil eQut put Strean(Fi |l eDescriptor.out);

Buf f er edQut put St r eam bos = new Buf f er edQut put St rean( f dout, 1024);

Const . debug = new PrintWiter(bos, false);

}

Logo | ogo = new Logo();

| magePi | ot wi ndow = new | nagePil ot (args[0]);
| ogo. di spose();

imge file nanme.");
Systemout. println("-<trace>: type true to get a txt file output at
processing.");

each phase of
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B.9 ImageProcessor.java

/
Copyright 1997-1998 by Farzad Val ad,
POB 8239 Longnont CO 80501
Al rights reserved.

/

ok ¥ kK

import java.aw.*;
inmport java.util.*;
import java.aw.event.*;

/**
* This class handl es processing a pixel array that has all the black pixels marked as
* -1 (OxFFFFFFFF) and all the white pixels marked as 0 (O0xFF000000).1t will then analyze
* the entire image and find segenents that start and end with and endPoint (-3) or
* intersection (-4). Al ong the way creating a segnent table (SegTable).
*/
public class | mageProcessor inplenments Runnable {
transi ent ActionListener actionListener;

private Thread t;

private int iw /1 Wdth of the data array

private int ih; /1 Height of the data array

private int[] pixels;

private Vector seglList; /1l Arefrence to the conponent list in |InagePil ot
publ i c SegTabl e segT; /1 The list of segments for the current conponent
/] Pi xel Scan Standard: 012

//top left corner is O (clockw se) 7 3
//dxdyTabl e[][]={0,1,2,3,4,5,6,7} 65 4
private int dxdyTable[][]={{-1,-1},{0,-1},{1,-1},{1,0},{1,1},{0,1},{-1,1},{-1,0}};

X
5

/Il Initialize and store passed val ues

public | mageProcessor(int[] pixels, int wdth, int height, Vector segList) {
this.iw = width;
this.ih = height;
thi s. pi xel s = pi xel s; /1 The data array

this.segT = null;
this.seglLi st = segli st;

t = new Thread(this);
t.start();

public void run() {
/1 Start horizontal scan
hScanl mage() ;

/1 if the debug flag is set to true, save debug info
i f(Const. debug!=null) {
Const.print(pixels,iwih,"inmPrComp.txt", fal se,true);
Const.print(pixels,iwih,"inmPrVval.txt",true,false);
Const . debug. println("lI MGPRVAL. TXT: contai ns the pixel values after chaining");
Const . debug. printl n(" | MGPRCOWP. TXT: cont ai ns t he pi xel conmponent val ues
chai ni ng");

}
/!l Dialate the image to three pixel w dth segnents
padl nage() ;

/1 if the debug flag is set to true, save debug info

i f(Const. debug!=null) {
Const . print(pixels,iwih,"padConp.txt",false,true);
Const.print(pixels,iwih,"padval.txt",true, false);
Const . debug. printl n(" PADVAL. TXT: contains the pixel values after padding");

after
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Const . debug. pri nt | n(" PADCOVP. TXT: contains the pixel conponent values after

}

/1 Tell ImagePilot that processing is conplete
report Done();

public synchroni zed voi d addActi onLi stener (ActionListener 1) {
actionLi stener = AWTEvent Mul ti caster.add(actionLi stener, 1);
}

publ i c synchroni zed voi d renpveActi onLi st ener (Acti onLi stener 1) {
actionLi stener = AWTEvent Mul ti caster. renmove(actionLi stener, I|);

}
protected void reportDone() {
if (actionListener !'= null) {
actionLi stener. acti onPerformed(new Acti onEvent(this, 0,"|nageProcessor"));
}
}

private void padl nage() ({
/]l Create a list of the data to be passed
Vector data = new Vector(3,1);

int[] elist
int[] ilist

= createPadList();
= getlIntList();

/]l Store a reference of the data to be passed
dat a. addEl enent (pi xel s);

dat a. addEl ement (el i st);

dat a. addEl ement (i list);

/] Start dialating the image to three pixels
I magePad i p = new | nagePad(data, iw, ih);
ip.run();

/1 This nethod create the list of all the end points of
/'l the region segments to be padded then returns that
/] array.
private int[] createPadList() {

int[] padList = null;

int[] tnmpList = null;

int[] tmpAdList = null;

SegTabl e tnpSegT = nul | ;
int count = seglList.size();

for(int i=0; i<count; i++) {
t npSegT (SegTabl e) segList.elementAt(i);
t npLi st t npSegT. get PadEnds (i w) ;
t npA dLi st = padLi st;

i f(padList==null) ({
padLi st = tnplist;

continue;
}
el se {

padLi st = new int[tnpList.length + tnpd dLi st.|ength];
}

System arraycopy(tnpd dLi st, 0, padLi st, 0, t mpd dLi st. | ength);
System arraycopy(tnpLi st, 0, padLi st, t mpd dLi st. | ength, t npLi st. | ength);
}

return padLi st;

}

/1 This nethod reports a list of all the intersection
/1 in the image for all the regions.

paddi ng") ;
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private int[] getIntList() {

}

int[] tnmplist = null;
SegTabl e tnpSegT = nul | ;
int count = seglList.size();

int iCount = 0;
Vector |istVec = new Vector(5,5);

for(int i=0; i<count; i++) {

t npSegT = (SegTabl e) segList.elenentAt(i);
tnplist = tnmpSegT. getlntList(iw;
if(tmplist==null)

continue;
el se {

i Count += tnplist.length;
i stVec. addEl ement (tnplist);

}

count =0;
int []Jilist = newint[iCount];

for(Enuneration e = listVec.elements(); e.hasMreEl enents();) {
tnplist = (int[])e.nextEl enent();
System arraycopy(tnplist,0,ilist,count,tnplist.|ength);
count += tnplist.|ength;

}

return ilist;

This function does a horizontal scan of all the pixel in the passed pixel array.

Upon finding a black pixel, it extracts that entire component using an inmage thread
then chains the component using a chain thread. The process of extracting conponents
and chaing themis sequential, although InmageThread and Chai nThread are nmulti threaded
cl asses.

ivate voi d hScanl nage() ({

int count = 0;

int endCount = O;

int intersectCount = 0;

Chai nThread chnThread
| mageThr ead i ngThr ead

new Chai nThread(this, 25);
new | mageThread(this, 25);

for(int i=0; i<ih*iw i++) {
if(pixels[i]==0xffffffff) {
this.segT = new SegTabl e(this);

whi |l e(!i ngThread. start Thread(new Pi xel (i % w,i/iw), (byte)-1,null, (byte)-1))
t.yield();

whi | e(i ngThr ead. t hr eadCount >0)
t.yield();

seglLi st . addEl enent (( Cbj ect) segT);

chnThr ead. set SegTabl e(segT);

whi | e(! chnThread. start Thread(segT. bestStart(), (byte)-1, count ++))
t.yield();

whi | e(chnThr ead. t hr eadCount >0)
t.yield();

endCount += segT. get EndPoi nts();
intersect Count += segT.getlntersects();
/] Systemout.println(segT);

}

Systemout.println("Ints: " + intersectCount + " Ends: " + endCount);
Systemout. println("Horizontal Scan Done.");
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public int getPixel (Pixel pt) {
return (pixels[pt.y*iwpt.x]%00000);
}

publ i c synchroni zed bool ean set Pi xel (Pi xel pt, int newal) {
try {

i f(pixels[pt.y*iwtpt.x]!=newal) {
pi xel s[ pt.y*i w+pt. x] =newval ;
return true;

}

el se
return fal se;

}cat ch( Arrayl ndexQut Of BoundsExcepti on aob){return fal se;};

/1 This function returns the type of a particular pixel. |[If going around a
/1 pixel, it has a 01 or 10 sequence of white and bl acks, then it is an endpoint.
/1 1f it has a 1010 or 0101 sequence then it is a black pixel (md segnent), and
/1 fipally if it has a 10101 or 1010101 sequence then it is an intersection.
public byte get Type(Pixel pt) {

int x, vy;

int state=0, count=0, start=0, next=0;

whi | e(count <8 && start<8) ({
X = pt.x + dxdyTabl e[ (count+start)%8][0];
y = pt.y + dxdyTabl e[ (count+start)uB][1];

if ( x>=0 && x<=(iw1) && y>=0 && y<=(ih-1)) {
try {
i f(pixels[y*iwx]!=0xff000000) {
/1 Make sure that the first pixel to check is a white pixel
i f(count==0) {
start ++;
continue;

}

if(state==0 || state==2 || state==4)
st at e++;

el se {
if(state==1 || state==3)
st at e++;

}

count ++;

} catch(Arrayl ndexQut O BoundsExcepti on aob){continue;};

}
el se {
/11f the checking pixel is out side the array, then
/lpretend it is white.
if(state==1 || state==3)
st at e++;
count ++;
}
}
return ((state>=5)?(byte)-4:((state<3d)?(byte)-3:(byte)-2));
}
/1l Returns how many seperate bl ack nei ghbors are around a pi xel
/1 and if array is not null it will load it with the neighbors

/1 The main logic is identical to getType (above).
public byte getNeighbors(Pixel pt, char array[]) {
int x, vy;
int state=0, count=0, start=0;

whi | e(count <8 && start<8) ({
X pt.x + dxdyTabl e[ (count+start)u8][0];
y pt.y + dxdyTabl e[ (count+start)u8][1];
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if (x>=0 && x<=(iw1) && y>=0 && y<=(ih-1)) {
try {
if(array!=null && (start+count)<8)
//Load a 1 in the array for black pixels and O for white pixels. 2 should never
be | oaded
array[count +start] =
((pixel s[y*iwtx]==0xffffffff)? 1':((pixels[y*iwx]==0xff000000)?' 0" :"'2"))

i f(pixels[y*iwx]!=0xff000000) {
/1 Make sure that the first pixel to check is a white pixe
i f(count==0) {

start ++;
conti nue
}
if(state==0 || state==2 || state==4)
st at e++
}
el se {
if(state==1 || state==3)
st at e++
}
count ++

} catch(Arrayl ndexQut O BoundsExcepti on aob){continue;};

el se {
/11f the checking pixel is out side the array, then
/lpretend it is white.
if(state==1 || state==3)
st at e++
count ++

}

return ((state>=5)?(byte)-4:((state<3d)?(byte)-3:(byte)-2));
}

/1A pixel is an intersection if there are nore than two segenents of seperate bl ack nei ghbors
public bool ean islntersect(Pixel pt) {

return (getType(pt)==-4)
}

/1A pixel is an endpoint if there is only one segenent of black neighbors
publ i c bool ean i seEnd(Pixel pt) {

return (getType(pt)==-3)
}

/1 Method that increnents the intersection count in the segnent table
public void inclntCount(Pixel pt) {

segT.inclntersect(pt)
}

/1 Method that increnents the endpoint count in the segnent table
public void i ncEndCount (Pi xel pt) {

segT. i ncEndPoi nt s(pt)
}
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B.10 ImageThinner.java

import java.io.*;

public class | mageThiner {
private int height;
private int wdth;
private int imge[];
private int y[];

public I mageThiner(int[] imy, int iw, int ih) {

hei ght = ih;
width = iw
y = new int[hei ght*w dth];
i mge = ing;
convert | mage(true);
}
private void convertl mge(bool ean flag) {
if(flag) {
for(int i=0; i<height; i++)
for(int j=0; j<width; j++)
if(imge[i*w dth+] == -1)
image[i*width+j] = 1;
el se
imge[i*width+] = 0;
el se {
for(int i=0; i<height; i++)
for(int j=0; j<width; j++)
if(imge[i*w dth+] == 1)
image[i*width+] = -1;
el se
i mage[i*w dth+j] = 0xff000000;
}
}

private void updatel mage(int a[],int b[])

for(int i=0; i<height; i++)
for(int j=0; j<width; j++)
b[i*width+] -= a[i*w dth+j];
}

private int anal yzeNei ghbors(int i,int j,int a[],int b[])

{

for (int n=0; n<8; n++) a[n] = O;

if (i-1>=0) {
a[0] = image[(i-1)*width + j];
if (j+1 < width) a[1] = image[(i-1)*width + j+1];
if (j-1>=0) a[7] = image[(i-1)*width + j-1];

if (i+l < height) {
a[4] = image[ (i +1)*width + j];
if (j+1 < width) a[3] = image[(i+1)*width + j+1];
if (j-1>=0) a[5] = image[(i+1)*width + j-1];

}

if (j+1 < width) a[2] = image[i*width + j+1];
if (j-1>=0) a[6] = image[i*width + j-1];

int m= 0;
b[0] = O;
for (int n=0; n<7; n++) {
if ((a[n]==0) && (a[(n+1)%B]==1)) mi+,



b[0] = b[0] + a[n];

}

if ((a[7] == 0) & (a[0] == 1)) m#+;
b[0] = b[0] + a[7];

return m

}

public void run() {
int i,j,ar,pl,p2;
int a[] = newint[8];
int br[] = newint[1];
int count=0;
bool ean cont = true;

do {
count ++;
cont = false;

for (i=0; i<height; i++)
for (j=0; j<width; j++) {
if (image[i*width+] == 0) {
y[i*w dth+j] = 0;

continue;
}
ar = anal yzeNei ghbors(i, j, a, br);
pl = a[0] *a[ 2] *a[ 4] ;
p2 = a[2]*a[4] *a[ 6] ;

if ( (ar == 1) && ((br[0]>=2) && (br[0]<=6)) &&
(pl ==0) & (p2 ==0) ) {
yli*width+] = 1;
cont = true;

}
el se y[i*width+] = 0;

updat el mage(y, inmge);

for (i=0; i<height; i++)
for (j=0; j<width; j++) {
if (image[i*width+] == 0) {
y[i*w dth+j] = 0;

continue;
}
ar = anal yzeNei ghbors(i, j, a, br);
pl = a[0] *a[ 2] *a[ 6] ;
p2 = a[0] *a[ 4] *a[ 6] ;

if ( (ar == 1) && ((br[0]>=2) && (br[0]<=6)) &&
(pl ==0) & (p2 ==0) ) {
yl[i*width+] = 1;
cont = true;

}
el se y[i*width+] = 0;

updat el mage(y, inmge);
}while(cont);

do {
count ++;
cont = false;

for (i=0; i<height; i++)
for (j=0; j<width; j++) {
if (image[i*w dth+j]==0) {

continue;
}
ar = anal yzeNei ghbors(i, j, a, br);
pl = a[0]*a[2] + a[2]*a[4] + a[4]*a[6] + a[6]*a[0];
p2 = a[2]*a[ 3] *a[4];

if( (ar==2 & br[0]<=3 && pl==1) || (p2==1) ){
i mage[i*width+] = 0;
cont = true;
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}

el se image[i*w dt h+j]
}
}while(cont);

Systemout.println("A total
convert | nage(fal se);

of

1,

+ count + "

iterations ran");

82



B.11 ImageThread.java

/
Copyright 1997-1998 by Farzad Val ad,
POB 8239 Longnont CO 80501
Al rights reserved.

/

ok ¥ kK

import java.aw.*;

class | mageThread i npl enents Runnabl e

{
public static | mageProcessor ingPr; /Il Areference to the i mage processor
public static int threadCount = O; /1 Number of threads running
public static int segCount = O; /1 The index of the current segment
private Thread[] t;
private int nmaxThreads; /1 Maxi mum nunber of threads all owed
private Segnent[] segli st; /'l Reference to the naster seg table list
private Pixel[] fronPt; /1 Used to trace a single segnent
private ThreadGroup tGp = new ThreadG oup(" Threads");
/] Pi xel Scan Standard: 012
//top left corner is O (clockwise) 7 X 3
//dxdyTabl e[][]={0,1,2,3,4,5,6,7} 65 4
private static final byte dxdyTable[][]={{-1,-1},{0,-1},{1,-1},{1,0},{1,1},{0,1},{-1,1},¢{-
1,01}

public | mageThread(l mageProcessor imgPr, int maxThreads) ({
this.ingPr = ingPr;
thi s. maxThreads = naxThr eads;
thi s. seglLi st = new Segnent [ naxThr eads] ;
this.fronPt = new Pi xel [ maxThr eads] ;
this.t = new Thread[ naxThr eads] ;

}

public bool ean isStarted() {
if(t[0]!=null)
return t[0].isAlive();
el se
return fal se;

}

public bool ean isAlive() {
return (tGp.activeCount()!=0);
}

public bool ean startThread(Pi xel start, byte type, Pixel end, byte d) {
int i;
/1l Find a open slot in the thread array t.
synchroni zed(this) {
for(i=0; i<maxThreads && t[i]!=null; i++);
}

/1 if table is full return.
i f (i ==maxThr eads)
return fal se;
/Il else initialize data structures.
el se {
this.seglList[i] = new Segment ();

this.seglList[i].start.mve(start);
this.seglList[i].startType = type;
this.seglList[i].startD = d;

if(type!=-1)
this.seglList[i].end. nove(end);
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el se
this.seglList[i].end. nove(start);

this.seglList[i].endType = O;
this.seglList[i].endD = (byte) ((d+4) %B);

if(this.fromPt[i]==null)
this.fronPt[i] = new Pixel (start);
el se
this.fronPt[i].nmve(start);

this.t[i] = new Thread(tGp, this, Integer.toString(i));
t[i].start();

synchroni zed(this) {
t hr eadCount ++;
}

return true;

}
}

public void run() {
/1 Cet the index of the thread that invoked this nethod
int currT = Integer. parsel nt(Thread. current Thread(). get Nane());
/]l Create a data array for searching around a pi xel
char[] blackPt = new char[8];

do {
/'l Locate the neighbors around a pixel and store the type of that pixel
segLi st[currT].endType = ingPr. get Nei ghbors(segList[currT].end, blackPt);
/] Determ ne what to do next
}whil e(anal yzePi xel (currT, blackPt));

/1 Report your segment to the segnent table and wait until

/] segnent table has | oaded the segnent you found.

whi l e(!i ngPr. segT. | oadSeg(segList[currT]))
tlcurrT].yield();

tlcurrT] = null;
segList[currT] = null;

synchroni zed(this) {
t hreadCount - -;
}

}

/1 This nmethod deternines what to do next.

private bool ean anal yzePi xel (int currT, char[] blackPt) {
int i;
int pixelVal = filterArray(blackPt);

/1 1f the current point in question is an intersection
if(segList[currT].endType==-4) {
/1 Systemout.println("lIntersection at " + segList[currT].end);

/1 Increment the intersection counter.
i mgPr. i ncl nt Count (segList[currT].end);

/1 If no other thread has visited this intersection
/1 spawn thread in the diffirent directions fromthis intersection
Il .setPixel() returns true or false depending on if the intersection
/1 hasn't or has been visited.
i f(ingPr.setPixel (segList[currT].end, pixelVal)) {
spawnThreads(currT, blackPt);
}

return fal se;
/1 else if the current point is an endpoint

el se if(segList[currT].endType==-3) {
/1 Systemout.println("End Point at " + segList[currT].end);



/'l increnent the endpoint counter

i mgPr. i ncEndCount (segLi st[currT].end);

/] store the endpoint information into the main
/] array inside the inage processor.

i mgPr . set Pi xel (segLi st[currT].end, pi xel Val );

/1 1f the endpoint is the first pixel encountered
if(segList[currT].start.equal s(segList[currT].end)) {
segList[currT].startType = -3;
return !deadEnd(currT, blackPt);
}
el se
return fal se;

}

/Il else if the current pixel is a md pixel
el se if(segList[currT].endType==-2) {
segLi st[currT]. pi xel Count ++;
i mgPr . set Pi xel (segLi st[currT].end, pi xel Val ) ;

if(segList[currT].start.equal s(segList[currT].end)) {
spawnThreads(currT, blackPt);
return fal se;

}
el se {
return !deadEnd(currT, blackPt);
}
}
/1 No man's |and! The code should never enter this else part.
el se {
Systemout.println(currT + " is confused. ");
return fal se;
}
}
private bool ean deadEnd(int currT, char[] blackPt) {
byte i;

fromPt[currT].nove(segList[currT].end.x, segList[currT].end.y);
[1filterArray(blackPt);

for(i=0; i<8; i++)
if(blackPt[i]=="1")
br eak;
if(i==8)
return true;

if(segList[currT].startD==-1)
segList[currT].startD=i;
segLi st[currT].endD=(byte) ((i+4)%8);

segLi st[currT].end. mrove(segLi st[currT]. end. x+dxdyTabl e[i][ 0], segLi st[currT]. end. y+dxdyTabl e[i
1011):

return fal se;

/1 '0' neans that pixel is enmpty.
/1 "1 neans that pixel has been anal yzed yet
/1 '2' neans that pixel has been analyzed and it is
/] either an intersection (-4) or endpoint (-3) or just
/1 a black pixel (-2).
private int filterArray(char[] n) {
int pixel Val =0, next D g=1;

if(n[1]!'="0")

nf[0] =n[2] ='0
if(n[3]!'="0")

nf2] =n[4 ="'0
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if(n[5]!="0")

n(4] =n[6] ="'0";
if(n[7]!1="0")

n[0] =n[6] ='0";
for(int i=0; i<8; i++) {

if(n[i]'="0) {

pi xel Val += i*nextDi g;

nextDig *= 10;
}

if(n[1]=="2")
n[1]='0';

if(n[3]=="2")
n[3]=0';

if(n[5]=="2")
n[5]=0';

if(n[7]=="2")
n[7]="0";

return pixel Val ;

}

/In is the array of neighbors.

/la thread in the diagnol

directionboth the 7 X

/1 flush nei ghbors of that diagnol pixel nust be bl ank.
private void spawnThreads(int currT, char[] n) {
for(byte i=0; i<8; i++) {

if(n[i] =='1")

start Thread(segLi st[currT]. end,

Pi xel (segLi st[currT].end. x+dxdyTabl e[i][0], segLi st[currT].end.y+dxdyTable[i][1]),
}

}

In order to spawn 012

3
6 54

segLi st[currT].endType,

i)

new
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B.12 ImageTracer.java

/
Copyright 1997-1998 by Farzad Val ad,
POB 8239 Longnont CO 80501
Al rights reserved.

/

ok ¥ kK

import java.io.*;

import java.aw.*;
inmport java.util.*;
import java.aw.event.*;
import java.aw.inage.*;

class | mageTracer inplenments ActionListener{

private int iw = 0; /1 width of the data array

private int ih = 0; /1 height of the data array

private int currConp = O; /1 The current conponent being traced

private int |ostCount = O;

private Pixel lastMPt = null; /1 Last known npuse coordi nate audi o was played for
private int currX = 0; /1 The current X coordi nate of the mpuse

private int currY = 0; /1 The current Y coordinate of the mpuse

private int[] pixels;

private Pixel currPt = null; /1 Current point that audio is played for

private Pixel[] startPt = null; /1 The starting point of the current segnent
private Vector conpList = null; /1 Alist of all the independent conponents
private bool ean verbal = false; /!l Flag to determ ne the audi o node, tone or verbal
private boolean tracing = false;// Flag to know when the audi o players are | oaded
private AudioPl ayer player = null; // Reference to the audio player nodule

public IlmageTracer(int[] pixels, Vector conpList, Pixel[] startPt, int wdth, int height,
Audi oPl ayer ap) {

thi s. conpLi st = conpLi st;
this.startPt = startPbt;

this.iw = width;
this.ih = height;
thi s. pi xel s = pi xel s;

this.player = ap;

pl ayer. addActi onLi stener(this);

this.lastMPt = new Pixel (-1,-1);
this.currPt = new Pixel (startPt[currConp]);
}

public void actionPerforned(ActionEvent e) {
/1 if the last known point is not the sane as the current point
if(!lastMPt.equal s((Pixel)e.getSource()))
trackPt (last MPt.x, lastMPt.y);

}

public void stop() {
pl ayer.stop();

/1 This nethod noves to the next region.
public void nextConp() {
i f (curr Conmp<conpList.size()-1) {
curr Conp++;
tracing = fal se;

el se {
currConmp = 0;
i mgeDone() ;
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}
currPt. move(startPt[currConp]);

}

/] Sets the nunber of the current region
/1 to be traced next.
public void setConp(int num {
currConmp = num
currPt. move(startPt[currConp]);
}

private void i mageDone() ({
System out. println("Tada!");
for(int i=0; i<conpList.size(); i++)

System out. println("Component " + i + ": " + ((SegTabl e)conpList.elementAt(i)).score());

}

/1 This nethod is responsible for determ ning what audio file to be played by
/1 the player.
public void trackPt(int x, int y) {

/1 Store the coordinates of the current

/1 point in the array.

currX = x-Const. | MGOFFSETX;

currY = y-Const. | MGOFFSETY;

/] Store the |ast mouse point received

| ast MPt . move(x,Y);

/1 if systemis in tracing node and the user is not |ost
if(tracing &% | ost Count<25) {
/1 if the current point is within the inage and the bl ack
/1 pixle belongs to the current black region
if((curry>=0 && currY<ih && curr X>=0
curr X<i w) &&( curr Conp==get Conp( (currY)*iw+(currXx)))) {
currPt. move(currX currY);
| ost Count = 0;
int type = get Type((currY)*iw+(currX));

/1 if the current point type is an endpoint or intersection
if(type>7) {
if(!((SegTabl e)conplList.el ement At (currConp)).markCO f (currX, currY))
next Comp() ;
i f (type==Const . ENDP)
pl ayer. pl ayer Start (Const. ENDPO NT, | ast MPt) ;
el se if(type>100)
pl ayer. pl ayer Start (Const. | 3BRANCH, | ast MPt ) ;
el se
pl ayer. pl ayer Start (Const. | 2BRANCH, | ast MPt ) ;

/1 otherwi se play the correspondi ng chai n-code
/1 wave file to the user.
el se {
pl ayer. pl ayer Start ((verbal ?type+8:type), |l ast MPt);

}

el se {
/1 the user is lost and keep track of the count.
| ost Count ++;

pl ayer. stop();

el se {
/1 The user hasn't found the starting point yet,
/1 guide themin that direction.
findPi xel (currPt);
}
}

/1 Gven a point destPt, this method guides the user to it
private void findPixel (Pixel destPt) {
i f(Math.abs(currY-destPt.y)<=1 && Mat h. abs(curr X-dest Pt. x) <=1
get Type((currY)*iwt(currX))>=0) {
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int type = get Type((currY)*iw+(currX));
pl ayer. pl ayer Start ((verbal ?type+8:type), |l ast MPt);
((SegTabl e) conpLi st . el enent At (curr Conp) ). mar kO f (dest Pt. x, destPt.y);
| ost Count = O;
tracing = true;
}
el se
tellDirection(destPt);

}

/1 Play the corresponding audio file to tell the

/'l user which direction they need to travel

/Il relative to their current position.

private void tellDirection(Pixel destPt) {
if(Math. abs(currY-destPt.y)<=1) {

i f(currX<destPt.x)

pl ayer. pl ayer Start (Const. Rl GHT, | ast MPt ) ;
el se if(currX>destPt.x)

pl ayer. pl ayer Start (Const. LEFT, | ast MPt) ;
el se if(currX==destPt.x) {

if(curryY<destPt.y)
pl ayer. pl ayer Start (Const . DOM, | ast MPt) ;
el se if(currY>destPt.y)
pl ayer. pl ayer Start (Const. UP, | ast MPt) ;
el se{
int type = get Type((currY)*iw+(currX));
pl ayer. pl ayer Start ((verbal ?type+8:type), |l ast MPt);
((SegTabl e) conpLi st . el enent At (curr Conp) ). markO f (curr X, currY);
| ost Count = 0;
tracing = true;

}

el se if(currY<destPt.y) {
i f (Mat h. abs(currX-dest Pt. x)<=1)
pl ayer. pl ayer Start (Const . DOM, | ast MPt) ;
el se if(currX>destPt.x)
pl ayer. pl ayer St art (Const . DOANNLEFT, | ast MPt ) ;
el se if(currX<destPt.x)
pl ayer. pl ayer St art (Const . DOANNRI GHT, | ast MPt) ;

else if(currY>destPt.y) {
i f (Mat h. abs(currX-dest Pt. x)<=1)
pl ayer. pl ayer Start (Const. UP, | ast MPt) ;
el se if(currX>destPt.x)
pl ayer. pl ayer Start (Const . UPLEFT, | ast MPt) ;
el se if(currX<destPt.x)
pl ayer. pl ayer Start (Const . UPRI GHT, | ast MPt ) ;

}

public int getType(int index) {
return ((pixels[index]==Const.ENDP)?Const . ENDP: ( pi xel s[i ndex] %40000)) ;

public int getConp(int index) {
return (pixels[index]/100000);

}

public void keyPressed(KeyEvent e) {
char ¢ = e.getKeyChar();
/1l Move to the next conponent

if(c=="n" || c=="N) {
next Comp() ;

/! Reset the whol e inage
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else if(c=="r" || c=="R) {
SegTabl e tnpTabl e;
set Conp(0);
tracing = fal se;

for(int i=0; i<conpList.size(); i++) {
tnpTabl e = ((SegTabl e) conpLi st. el enent At (i));

tnpTabl e. reset Count () ;
tnpTabl e. reset Fl ags() ;

}
}
/! Reset the current conponent
else if(c=="t' || c=="T") {

tracing = fal se;
SegTabl e tnpTabl e = ((SegTabl e) conpLi st. el enent At (curr Conp)) ;

tnpTabl e. reset Count () ;
tnpTabl e. reset Fl ags() ;

/1 Done with the inmage
else if(c=="d" || c=="D) {
i mgeDone() ;

/1 1f in self test npde stop,
/] otherwi se starting doing the self test routine.
else if(c=="p" || c=="P") {

pl ayer.toggl eSel f Test () ;

/1 switch between verbal and non-verbal feedback.

else if(c=="v' || c=="V) {
verbal = lverbal;
}

}



B.13 Logo.java

/

ok ¥ kK

/

Copyright 1997-1998 by Farzad Val ad,
POB 8239 Longnont CO 80501

Al

rights reserved.

import java.aw.*;

/*

* This class displays the initial splash screen
* and the logo and version information while
* the programis processing the imge file.

*/

cl ass Logo extends Frane {
private int wdth;
private int height;
private | mage |l ogo = null;

public Logo()

super ("VIRG NI A TECH") ;

get Il mage("res\\1ogo. bin");

/! Center the logo frame to be in the center of the current resol oution

set Bounds( ( Const . W NRES. wi dt h-wi dt h)/ 2, (Const. W NRES. hei ght - hei ght)/ 2, wi dt h, hei ght) ;
set Cur sor (WAl T_CURSOR) ;

setVisible(true);

repaint();

private void getlnage(String fileNanme) {

}

try {
logo = Tool kit.getDefaultTool kit ().getlmage(fileNane);

Const.icon = Tool kit.getDefaul t Toolkit().getlmge("res\\vt.bhin");

Medi aTracker t = new Medi aTracker (this);

t. addl nage(l ogo, 0);

t. addl mage(Const.icon, 0);

t.waitForl D(0); /1 Waits until the inages are | oaded
set | conl mage( Const . i con);

catch(I nterruptedException ie){}

width = | ogo.getWdth(null) + Const.FRAMEOFFSETX;
hei ght = | ogo. get Hei ght (nul 1) + Const. FRAMEOFFSETY;

public void paint(Gaphics g) {

Updat e(g) ;

public void Update(G aphics g) {

}

g. draw mage(l ogo, 9, 29, thi s);
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B.14 Pixel.java

/
Copyright 1997-1998 by Farzad Val ad,
POB 8239 Longnont CO 80501
Al rights reserved.

/

ok ¥ kK

import java.aw.*;

/
This class represents a data structure for
representing a point in the x-y coordinate
system with all the needed nethods to perform
certain rel ated tasks.

/

N

cl ass Pi xel extends Point

public Pixel () {
1,

X = -
y = -1

}

public Pixel (Pixel pt) {
X = pt.x;
y = pt.y;

}

public Pixel (int orgX, int orgY) {
X = orgX
y = orgy;

}

public void translate(int direction) {
x += Const.dxdyTabl e[direction][0];
y += Const. dxdyTabl e[direction][1];
}

public int getlndex(int width) {
return (y*wi dt h+x);
}

public void nove(Pixel pt) {

X pt. x;

y = pt.y;

}

public bool ean isEnpty() {
return (x==-1 && y==-1);

}

public void clear() {
x = -1
y =-L

}

publ i c bool ean i sG eater(Pixel conmpTo) {
return ((x==conpTo. x) ?(y>conpTo.y): (x>conpTo.X));
}

public String toString() {
return ("(" + Integer.toString(x) + "," + Integer.toString(y) +

"y

)
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B.15 Segment.java

/
Copyright 1997-1998 by Farzad Val ad,
POB 8239 Longnont CO 80501
Al rights reserved.

/

ok ¥ kK

/**
* This class represent the data structure that stores info for
* a single segnment. A segnment is a set of pixels that has two

* endi ng points. They can be endpoints or intersections.
*/

cl ass Segnent {

public boolean startFlg, endFlg; // Flags for processing
public Pixel start, end; /1 The coordiante of the end and start
public byte startType, endType; /'l The type of the end and start
public byte startD, endD; /1 The start and end travel direction
public int pixel Count; /'l Length of the segnent
public int dupSeg; /] Duplicate index in the segnment table
public Segnent() ({
dupSeg = -1;
startFlg = fal se;
endFl g = true; /] After image processing, it will be the same as startFlg

start = new Pixel ();
end = new Pixel ();

start Type = endType = O;
startD = endD = -1;

pi xel Count = 0;
}

publ i c Segnent (Segnent org) {
dupSeg = -1;
startFlg = fal se;
endFl g = true; /] After image processing, it will be the same as startFlg

startD = org.startD;
start Type = org.start  Type;
start = new Pixel (org.start);

endD = org. endD;
endType = org. endType;
end = new Pi xel (org. end);

pi xel Count = org. pi xel Count ;
}

/1 This nethod swaps the information of the
/1 start and end of the sengent.
public void swapEnds() {

byte t mpByt e;

Pi xel tnpPi xel = new Pixel ();

tnpByte = start Type;
start Type = endType;
endType = tnpByte;

tnmpByte = startD;
startD = endD;
endD = tnpByte;

t npPi xel . nove(start);
start. move(end);
end. nove(t npPi xel ) ;



}

public String toString() {
return (start + "[" + startD + "]-->" + end + "[" + endD + "] " + startType + " " +
endType + " " + pixelCount + " " + startFlg + " " + endFlg + " " + dupSeg);
}

public void toggleStartFlag() {
startFlg = !startFlg;
}

publ i c bool ean i sendType(int type) {
return (endType==type);
}

public bool ean isStartType(int type) {
return (start Type==type);
}

public Pixel getStart() {
return start;
}

public Pixel getEnd() {
return end;
}



B.16 SegTable.java

/
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Copyright 1997-1998 by Farzad Val ad,
POB 8239 Longnont CO 80501
Al rights reserved.

inmport java.util.*;

/**

* This class is a table of segnents. It contains all the
* individual segnents that make up a single region in the image.

*/

cl ass SegTabl e {

publ i c Segnent best Seg; /] Stores the best starting point for the region
private Vector segT; /1 The list of all the segnents

private Segnent piece; /1 A reference to segnent fragment

private Vector ilist; /1 The list of all intersections

private Vector elist; /1 The list of all endpoints

private int currCount = 0;// The nunmber of different segments
private | mageProcessor ingPr;
private int intCount=0, endCount=0;

publ i c SegTabl e( | nageProcessor ingPr) {

this.piece = null;

this.ingPr = ingPr;
this.bestSeg = null;
this.segT = new Vector (50, 50);
this.ilist = new Vector(5,5);
this.elist = new Vector(5,5);

}

public String toString() {

for(int i=0; i<segT.size(); i++)
Systemout.println(i + " " + (Segnment)segT.elenmentAt(i));

return ("Best Start: " + bestSeg.start + "[" + bestSeg.startD +

best Seg. pi xel Count);

/!l Return a list of all the start and stop points for padding
public int[] getPadEnds(int w dth) {

Pi xel tnpPnt = new Pixel ();
Segnent tnmpSeg = nul | ;

int count = segT.size();

int[] ends = new int[2*count];

for(int i=0,j=0; i<count; i++) {
j = 2%,
tnpSeg = (Segnent)segT. el enent At (i);

t npPnt . nove(tnpSeg. getStart());

/1 if the point is an intersection

/1 move one pixel back

i f(tnpSeg.isStartType(Const.|NTFLAG ) ({
/1l with the passing paranmeter .startD
/1 this nethod will return on point
/1 prior to this point.
tnpPnt . transl ate(tnmpSeg. startD);

}
ends[j] = tnmpPnt. getlndex(w dth);

t npPnt . nove(t npSeg. get End() ) ;

/1 if the point is an intersection

/1 move one pixel back

i f(tnpSeg.isEndType(Const.|NTFLAG)) {

"]

Lengt h:
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/1 with the passing paranmeter .endD
/1 this nethod will return on point
/1 prior to this point.

tnpPnt . transl at e(t mpSeg. endD) ;

}
ends[j +1] = tnpPnt. getlndex(wi dth);

return ends;

}

/1 This method returns the list of all the intersections.
public int[] getIntList(int width) {

int i=0;
int size = ilist.size();
i f(size==0)
return null;
el se {
int[] list = newint[size];
for(Enuneration e = ilist.elements(); e.hasMreEl ements();i++) {

list[i] = ((Pixel)e.nextEl ement()).getlndex(w dth);

return list;

}
}

public Pixel bestStart() {
return bestSeg.start;
}

publ i c bool ean i svapped(Pi xel pt, byte d) {
Segment t npSeg;
int index = findSeg(pt,d);

i f (i ndex==-1)
return true;

tnpSeg = ((Segnent)segT. el enent At (i ndex));

if(!ltnpSeg.startFlg) {
tnpSeg. startFl g = true;
i f(tnpSeg. dupSeg! =-1) {
segT. renmoveEl ement At (t npSeg. dupSeg) ;
updat eDupl ndexOnRenpve(t npSeg. dupSeg) ;
t npSeg. dupSeg=- 1;

return fal se;
el se
return true;

}

public void resetCount () {
currCount = 0;
}

public void resetFlags() {
Segment t npSeg;
for(int i=0; i<segT.size(); i++) {
tnpSeg = ((Segnent)segT. el enentAt(i));
tnpSeg. startFl g = tnpSeg. endFl g = true;

}

public int score() {
return currCount;
}

private int findSeg(Pixel pt, byte d) {



Segment t npSeg;
for(int i=0; i<segT.size(); i++) {
tnpSeg = ((Segnent)segT. el enentAt(i));
i f(tnpSeg.start.equal s(pt) && tnpSeg. startD==d)
return i;

}

return -1;

}

public boolean markOf(int x, int y) {
Segment t npSeg;
Pi xel pt = new Pixel (x,Y);

for(int i=0; i<segT.size(); i++){
tnpSeg = ((Segnent)segT. el enentAt(i));

i f(tnpSeg.start.equal s(pt)&& tnpSeg.startFlg) {
tnpSeg. startFl g = fal se;
curr Count ++;

}

i f(tnpSeg. end. equal s(pt) && tnpSeg. endFl g) {
t npSeg. endFl g = fal se;
curr Count ++;

}

i f (currCount ==2*segT. si ze())
return fal se;
el se
return true;
}

publ i c synchroni zed bool ean | oadSeg( Segnent newSeg) {
i f(newSeg. start Type==-1)
return true;

el se if(newSeg. start Type==-2 || newSeg. endType==-2)
return nergePi ece( newSeg) ;

el se {
i nsert (newSeg);
return true;
}
}

private synchroni zed void insert(Segment newSeg) {
int tnp;

i f (newSeg. endType==-4 && newSeg. start Type==-4 && ! newSeg. start. equal s(newSeg. end)) {
Segrment dup = new Segnent (newSeg) ;
dup. swapEnds() ;

i f(newSeg. start.isG eater(newSeg. end)) {
newSeg. dupSeg = insertlnOrder(0, dup);
updat eDupl ndexOnl nsert ( newSeg. dupSeg) ;

tnp = insertlnOder(newSeg. dupSeg+1, newSeg) ;
updat eDupl ndexOnl nsert (t np) ;
dup. dupSeg = tnp;

el se {
dup. dupSeg = insertlnOrder (0, newSeg);
updat eDupl ndexOnl nsert (dup. dupSeg) ;

tnp = insertlnOrder(dup. dupSeg+1, dup);

updat eDupl ndexOnl nsert (t np) ;
newSeg. dupSeg = tnp;

el se {
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/11t will swap lines with two endpoints automatically.
i f(newSeg. start Type! =-4)
newSeg. swapEnds() ;

updat eDupl ndexOnl nsert (i nsert| nOrder (0, newSeg));

}
updat eSt art (newSeg) ;
}
private int insertinOder(int startl, Segment newSeg) {
int i;
for(i=startl; i<segT.size(); i++) {
if(((Segment)segT.elementAt(i)).start.isGeater(newSeg.start)) ({
segT. i nsertEl enent At (( Obj ect) newSeg, i) ;
return i;
}
}
i f(i==segT.size())
segT. addEl enent (newSeg) ;
return i;
}

private void updat eDupl ndexOnl nsert(int index) {
for(int i=0; i<segT.size(); i++) {
if((((Segrment)segT. el ement At (i)).dupSeg) >=i ndex)
((Segnent)segT. el enent At (i)). dupSeg++;
}
}

private void updat eDupl ndexOnRenove(int index) {
for(int i=0; i<segT.size(); i++) {
if((((Segnment)segT. el ement At (i)).dupSeg) >=i ndex)
((Segnent)segT. el enent At (i)). dupSeg--;
}
}

private void updateStart(Segment newSeg) {
/1 No one segemmt has been deci ded as the best yet, or
i f( (bestSeg==null)

/1 Segnents with at |east one endpoints superseed segnents with intersections only,

/1 Since all segnments in the table nmust have their intersection as the start point,

/1 all we need to check in the endType and it will tell us if it is a -4 -4,
3 seg.
|| (bestSeg.startType==-4 && (newSeg.startType==-3 || newSeg. endType==-3))
/1 Let the largest segment win, that is a mddle segnent!

| (best Seg. pi xel Count <newSeg. pi xel Count && ! (best Seg. start Type==-3

newSeg. start Type==-4 && newSeg. endType==-4)) ) {
i f (newSeg. endType! =-4)
newSeg. swapEnds() ;

i f(bestSeg! =null && best Seg. start Type! =-4)
best Seg. swapEnds() ;

best Seg = newSeg;
}
}

private void renoveDirection(Pixel pt, byte d) {
i nt pixVal =i ngPr. get Pi xel (pt), tnpVal =0, nextDi g=1;

whi | e(pi xVal ! =0) {
i f(pixVal %d0==d) {
tnpVal += 8*nextDi g;
nextDig *= 10;

el se {



tnpVal += (pixVal %40) *next Di g;
nextDig *= 10;

}
pi xval /= 10;
}

i mgPr. set Pi xel (pt,tmpVal);
}

private bool ean nergePi ece( Segnent newSeg) {
i f(piece==null) {
pi ece = newSeg;
return true;
}
el se {
i f(newSeg. start.equal s(piece.start) && newSeg. end. equal s(pi ece.end)) {
i f(piece.endType==-2) {
pi ece. end. nove(newSeg. start);
pi ece. endD = newSeg. start D,
pi ece. endType = newSeg. start Type;

el se {
pi ece. start. nove(newSeg. end) ;
pi ece.startD = newSeg. endD,
pi ece.start Type = newSeg. endType;

}

pi ece. pi xel Count += newSeg. pi xel Count - 1;
removeDi rection(piece.start, pi ece. endD);
insert(piece);

piece = null;
return true;

el se if(newSeg. start.equal s(piece.end) && newSeg.end. equal s(pi ece.start)) {
i f(piece.endType==-2) {
pi ece. end. nove( newSeg. end) ;
pi ece. endD = newSeg. endD;
pi ece. endType = newSeg. endType;

}
el se {

pi ece.start.nove(newSeg. start);

pi ece.startD = newSeg. startD;

pi ece.start Type = newSeg. start Type;
}

pi ece. pi xel Count += newSeg. pi xel Count - 1;
rermoveDi rection(piece.start, pi ece. endD);
insert(piece);

piece = null;
return true;

}
el se if(newSeg. start.equal s(piece.start)) {
i f (piece.endTypel =-2 && newSeg. endType! =-2) {
pi ece. start. nove(newSeg. end) ;
pi ece.startD = newSeg. endD,
pi ece.start Type = newSeg. endType;

pi ece. pi xel Count += newSeg. pi xel Count + 1;
insert(piece);

piece = null;
return true;

}
else if( (piece.endType!=-2 && newSeg.endType==-2) | (pi ece. endType==-2 &&
newSeg. endType! =-2) ) {
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pi ece. start. nove(newSeg. end) ;
pi ece.start Type = newSeg. endType;
pi ece. st art D=newSeg. endD;
pi ece. pi xel Count += newSeg. pi xel Count + 1;
return true;
}
el se
return fal se;

}
el se if(newSeg. end. equal s(pi ece. end)) {
if(piece.startType! =-2 && newSeg. start Typel =-2) {
pi ece. end. nove(newSeg. start);
pi ece. endD = newSeg. start D,
pi ece. endType = newSeg. start Type;

pi ece. pi xel Count += newSeg. pi xel Count - 1;
insert(piece);

piece = null;
return true;

}
else if( (piece.startType!=-2 && newSeg.startType==-2) || (piece.startType==-2 &&
newSeg. start Type! =-2) ){
pi ece. end. nove(newSeg. start);
pi ece. endType = newSeg. start Type;
pi ece. endD=newSeg. st art D;
pi ece. pi xel Count += newSeg. pi xel Count + 1;
return true;

}
el se
return fal se;
}
el se
return fal se;
}
}
public void inclntersect(Pixel pt) {
i nt Count ++;
ilist.addEl enent (new Pixel (pt));
}

public void incEndPoints(Pixel pt) {
endCount ++;
el i st. addEl enent (new Pi xel (pt));

}

public int getlntersects() {
return intCount;
}

public int getEndPoints() {
return endCount;
}
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