The copyright of this thesis vests in the author. No
quotation from it or information derived from it is to be
published without full acknowledgement of the source.
The thesis is to be used for private study or non-
commercial research purposes only.

Published by the University of Cape Town (UCT) in terms
of the non-exclusive license granted to UCT by the author.



ol

THE DESIGN AND EVALUATION OF A JAVA IMAGE
ANALYSIS TOOL FOR COMPONENTIZING LINES FROM
DIGITAL ARCHITECTURAL FLOOR PLANS

A DISSERTATION
SUBMITTED TO THE DEPARTMENT OF COMPUTER SCIENCE,
FACULTY OF SCIENCE
AT THE UNIVERSITY OF CAPE TOWN
IN FOLFILMENT OF THE REQUIREMENTS
FOR THE DEGREE OF
MASTER OF SCIENCE
BY
OCHWO JENIFFER

JUNE 2006

SUPERVISED BY

PATRICK MARAIS




© COPYRIGHT 2006

BY

JENIFFER OCHWO

il




Acknowledgements

The completion of this research project would not have been possible without the support

of my lecturers, my supervisor, my friends, my family, and the researchers who have

done work in the area of image analysis especially the researchers who developed the

algorithm that I used. Without their direction, support, patience and encouragement, the

completion of this dissertation would not have been possible. I would therefore like to

convey my sincere gratitude to the following people:

&,
i 4

&,
o0

()
L o4

The Conversion Masters, course convener Dr. Hussein Suleman for his guidance
throughout my studies and at the beginning of this research project.

My supervisor: Patrick Marais for his patience, understanding and guidance as this
project evolved to be what it is. Thank you for reading through my work at what was
usually short notice.

The rest of the academic and non-academic staff at University of Cape Town, the
Faculty of Science and the Department of Computer Science who have assisted me
both academically and administratively throughout my studies.

Jigiang Song, Michael R. Lyu, Min Cai, and Shijie Cai for allowing me to make use
of the Integrated Paradigm and in particular the Global Line Vectorization method
which they developed.

My family, Mildred Ochwo—Ssemakulé for answering my endless questions and
peeping at my work, Cailin Ssemakula for helping me type my work and write out my
thoughts seeing as what’s mine is hers, Cate Ochwo and Joyce Nyamwenge Ochwo
for defining all those English words. Carol Ochwo, thank you for the ‘Kwarch’.
Bernard Ochola for all your support financially and spiritually.

Ssebo Kayondo thanks for your support.

Ssebo Ssemakula thank you for your support.

Finally, my parents Marcella A. Ochwo and John Nicholas Ochwo, thank you for all

you did for me.

il




Abstract

With the increasing use and availability of computers and electronic information, it has
become both essential and beneficial to have electronic copies of documents. This
enables better control of information assets through tools and processes that facilitate the

efficient management, modification and distribution of these assets.

The problem came up because many technical drawings existed in paper format and
hence could not afford the advantages of electronic information. The area of technical
drawing analysis is used to convert the paper drawings into electronic format. The
research has however been focused on the purely technical drawings like engineering
drawings ; while drawings that are not purely technical like architectural floor plans have

had little work done on them,

This research set out to determine the feasibility of using Java to create a tool that could
perform paper-to-electronic format conversion by vectorizing the lines in a raster image
of an architectural floor plan. The tool aimed to apply a method that was previously used
in another field (mechanical engineering) to Architectural floor plans. The method used
had to overcome the problems associated with raster drawings that include noise and
image distortions in addition to being able to identify lines, the line thickness and the
junctions along the lines. The method used was the Global Line Vectorization Algorithm.
The tool was tested for robustness, time efficiency and the accuracy of the vectorized

entity’s attributes

The results showed that it was indeed feasible to use Java to create a tool that could
vectorize the lines in a raster image of an architectural floor plan. The line identification
was efficient even in the presence of a lot of noise; the junction identification was also
very efficient with the exception of the T-junctions that had a low identification rate. The
tool was efficient with the processing time increasing as expected with the presence of
noise, an increased number of entities to identify and increasing size of the images. The

tool was found to have an average vectorization rate of 0.82 that was below the required

iv




threshold of 0.85; this was due to the misrecognition of the T-junctions in the images;
otherwise, the identification of the other attributes of the lines ie. the lines, line

thickness, L-junctions and I-junctions was perfect.
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1 INTRODUCTION

Computer Vision is a field in Computer Science that aims to apply human methods of
visual perception to computers in effect enabling the computers to simulate human
perception. Computer Vision involves automating and integrating a wide range of
processes and representations used for vision perception using techniques like Image
Processing and Pattern Classification, [28]. This thesis will apply Computer Vision
techniques to architectural drawings, with particular emphasis on architectural floor

plans.

1.1 PROBLEM OUTLINE

In recent times, Computer Aided design (CAD) tools have been used increasingly in the
area of technical drawing to create drawings in a digital or electronic format. The
advantage of this is that consequently, the drawings are more easily archived and the
processes of updating, sharing, editing and manipulating the drawings are made easier. In
spite of this progress, many technical drawings still exist in paper format and more
drawings are being sketched on paper by experienced draftsmen who are not yet familiar
with CAD tools. To afford the advantages of digital format and enable manipulation of
the drawings by CAD tools these paper-based drawings need to undergo a conversion
into a format that is CAD compliant. Several methods are used to computerise paper-
based drawings; these include scanning which provides limited advantages of CAD and
redrawing using a CAD tool, which is expensive in both time and effort since it can be
compared to re-drawing from scratch. There are techniques within Image Analysis that
are used to manipulate a scanned drawing so that the components of the drawing can be
recognised by the computer therefore facilitating their manipulation by computers. These
techniques can serve as an improvement to scanning by providing a straightforward and

less protracted way of performing absolute paper-to-computer conversion.




1.2 RESEARCH CONTEXT

In the field of technical drawing, graphics recognition techniques have been applied to
many kinds of technical documents and drawings. However, as Ah-Soon and Tombre, [2]
observed, there are few teams dealing with architectural drawings. In this research study,
the problem of converting a paper-based drawing into digital format was placed in the
field of architecture, with emphasis on floor plans. This involved the application of an
image analysis technique to a digitized (scanned) floor plan. Therefore, the major aim of
this research was to use Java to develop a tool that would enable the automatic
componentization - extraction or recognition - of the lines in a scanned or digitized

drawing.

1.3 RESEARCH GOALS

The major goals of this research are,

1.Identifying the important properties of raster images as well as the problems associated
with componentization of digitized lines in architectural floor that could affect the
image processing,

2.1dentifying Image Analysis techniques that can be used for extracting the line
information from an Architectural floor plan,

3. The Implementation of this technique to the Architectural floor plan by developing an
image analysis tool using Java,

4.Evaluation of the performance of the Image analysis tool by testing for robustness,
time efficiency and the accuracy of the vectorized entities attributes. This evaluation
was done by applying the tool to different images and therefore assessing its ability to

meet the requirements based on the properties and problems identified in (1) above.

1.4 RESEARCH QUESTION

The research question is, “Is it feasible to develop a java based image analysis tool that
enables the componentizing of the lines in digitized architectural floor plans in a robust

and efficient manner? ”



1.5 THE PROPOSED TECHNIQUE

This research project evaluated the utility of the Global Line Vectorization algorithm as a
line extraction technique for the digitized floor plans. The Global Line Vectorization
algorithm is a direct recognition method of vectorization that was introduced by J. Song
et al, [/2]. It has particular advantage of easily detecting lines directly from a raster
image without the need of pre or post processing. The tool was developed using Java to

take advantage of its object orientation and platform independence.

1.6 THE CHAPTER OUTLINE

This thesis is organised into seven (7) chapters. This section provides an outline of the

chapters.

1.INTRODUCTION

This gives a brief overview of the problem outline, the research context, research goals
and research question. It introduces the technique that was proposed as a solution for the
research problem, which is the componentization or extraction of the lines in digitized

architectural floor plans in a robust and efficient manner.

2. BACKGROUND AND LITERATURE REVIEW
This chapter defines the terms that are used in this thesis. It gives a more detailed account
of the problem background and a literature review of the research that has been carried

out in the area of technical drawing analysis and in the field of architecture.

3.GLOBAL LINE VECTORIZATION
This chapter provides a detailed description the Global Line Vectorization algorithm. The
description provided is that given by the researchers who introduced the algorithm as a

vectorization technique.




4. THE IMPLEMENTATION OF THE GLOBAL LINE VECTORIZATION
This chapter describes the implementation of the Global Line Vectorization algorithm in
this research project. The changes and adjustments to the algorithm that were made to

better suite it to this project are also described.

5. EVALUATION OF THE FEATURE EXTRACTION TOOL
This chapter gives an account of the evaluation plan for the Feature Extraction tool that
was developed. It includes the assumptions that were made, the parameters to be tested

and the various types of images that will be used to test these parameters.

6. TEST RESULTS AND PERFORMANCE EVALUATION

This chapter gives the details of the test results and their evaluation. It also discusses the
specifications of the machine on which the tests were run, the test images used, the test
method, the test results and impact of the test results on the feasibility of the development

of this tool

7. CONCLUSION

This chapter provides a conclusion to the entire thesis. It gives a brief recap of the
research question, describes the research goals and their achievement, provides the
conclusion to the research with explanations where the test results diverge sharply and

discusses possibilities for future work.




2 BACKGROUND AND LITERATURE REVIEW

The development of the computer opened up new possibilities in the area of Technical

drawing analysis; an example is the ability of creating a 3D simulation of a technical

drawing before the final drawing has even been made. However, a problem arose for the

reason that many technical drawings existed in paper format and more were being drawn

on paper. This gave rise to the research in the area technical drawing analysis, especially

in the field of Engineering. This chapter will therefore give

1. some definitions of the terms commonly used in the area of technical drawings
analysis;

2. the background of what architectural drawings are;

3. an overview of the paper-based dilemma;

4. abackground to the research done in the area of graphic object recognition, technical

drawing analysis and architectural drawing analysis.

The end of the chapter mentions the technique that was chosen to implement the

development of the tool.

2.1 DEFINITIONS

This aim of this sub section is to provide brief definitions for some of the common

concepts that will be used in this thesis.

An Analog image
An analog image is defined as an image in 2-Dimensional continuous space represented
by the function a (x, y). Digital images are derived from Analog images through the

process of sampling often called digitization.




Digital (Raster) Image

A digital image is a two dimensional image represented as a finite set of digital values
called picture elements or pixels. The image can be defined using the function a [m, n]
where m is the number of columns and n is the number of rows; the digital image is then

referred to as having a resolution [n * m].

Digital image types are classified based on the quantities that make up the values that
represent each pixel position. The digital image classifications include binary (bi-level),

greyscale, colour, false-colour, multi-spectral, ete.

Digitization

Digitization is the process of transforming an analog image into a digital image, using
devices including scanners, digital cameras, and many others. The resultant digital values
called pixels are stored in computer memory as a raster or a two-dimensional array of

small integers.

Binary image
A binary image is a digital image that has two possible values for each pixel position.
They are also called bi-level or two-level images. A binary image is stored in computer

memory as a bitmap, which is a parked array of bits.

Noise
During the process of digitization, random changes in the values of pixels in the image
may be introduced; these changes are called noise. There are several different types of

noise including additive, multiplicative, quantization and impulse noise.

Noise is usually an effect of the image acquisition process. However, noise cannot be
predicted owing to its random nature. Noise also cannot be measured accurately from a
noisy image since the contribution from noise cannot be distinguished from that of the
image pixels. Based on its effect on the image, noise can be characterized into Signal-

independent noise and Signal-dependent noise. [26]. Signal-independent noise is not a




function of the image data while Signal-dependent noise is a function of the pixel value at

a given point and is hence dependent on the image.

Signal-to-Neise Ratio (SNR)
This is the ratio of the amount of the signal to the amount of noise in an image. It is also

referred to as the error rate. It is often desirable that the SNR is as large as possible, [26]

Vectorization

Vectorization is the most fundamental operation in document image analysis. According
to J. R Parker [26], vectorization is the process of creating a line drawing from a raster
image. Each pixel in the raster is presumed to belong to a straight line and adjacent pixels
are added to it until some linearity constraint is violated. If this set is a line segment, then
the line segment is saved at its endpoints and the pixels removed from the image; the next
line is then extracted. Vectorization is the process of converting a raster image into a

vector graphic.

A vector graphic stores drawing elements as primitive’s i.e. lines, circles, arcs, etc; as

opposed to the way raster graphics store drawing elements as a set of pixels.

Figure 2.1 A Vector Graphic - defined by graphic primitives




Figure 2.2 A Raster graphic - defined by an array of pixels

Algorithm

An algorithm is a finite set of well-defined instructions for accomplishing some task
which, given an initial state, will terminate in a corresponding recognizable end-state.
The word algorithm comes from the name of the 9™-century Persian mathematician Abu
Abdullah Muhammad bin Musa al-Khwarizmi. Algorithms can be implemented by
computer programs and in this case, an error in the design of an algorithm for solving a

problem can lead to failures in the implementing program.

The Bresenham Algorithm

The Bresenham Algorithm is one of the earliest algorithms developed in the field of
computer graphics and is used to draw lines on a computer screen. It was developed by
Jack E. Bresenham in 1962 at IBM. The Bresenham line algorithm determines which
points on a 2-dimensional raster should be plotted in order to form a close approximation

to a straight line between two given points, [33].

In computer graphics, a line will be specified by two endpoints through the slope and the
y-intercept. The other points are calculated as intermediate results for use by most line-

drawing algorithms. The problem that arises, when drawing lines on a computer screen is




the need to approximate the line using pixels which are not infinitely small, and are

limited to fixed positions based on the screen resolution.

Line

A line segment is defined by an infinite set of points, which lie between two points; these
points have no area, [32]. A line can be defined using its two end points or its path can be
defined using the mathematical equation y = mx + ¢, where m is the gradient of the line
and c is the x intercept of the line; ( x, y) is any point along the line that satisfies the path

definition.

Feature Extraction
Feature extraction is an area of image processing that involves applying algorithms to a
digitized image to detect and isolate the desired portions of the image, e.g. the lines, arcs

and circles.

The word Feature extraction is sometimes used interchangeably with Image Analysis to

describe the tool that was developed in this Thesis.

Foreground pixels
This is used to define the pixels of interest. In this case, the foreground pixels are the

black pixels in the image.

Bar in a raster

In the raster images, bars refer to the sections of a straight line, which have self-
similarity; they define a graphic object characterized by its direction, thickness and style.
This means that the characteristics of a bar in its regular form are similar to its global
characteristics i.e. the characteristics of the line that it represents [11]. For example, the
thickness and orientation of a bar must be similar to the general thickness and orientation

of the line it represents.




2.2 ARCHITECTURAL DRAWINGS

In technical disciplines, diagrams are used during design as representations for thinking,
problem solving, and communication, [21]. Drawing plays an important role in

architectural design to help discover and explore ideas, [5].

What Is Architecture?

Architecture, a derivative of the Greek word meaning craftsmanship is defined as both
the art and science of designing and constructing buildings and structures. [7]. This
definition could be broadened to include the design of the total built environment, from
the macro level of town planning, urban design, and landscape architecture to the micro

level of furniture.

Arxchitectural drawings

In architecture, drawings are the primary form of representation; they carry a design from
conception to construction. The drawings are used by the architects for the purposes of
communication with clients, consultants and engineers in addition to providing a means
of understanding the forms that the architects work with. Architects make many kinds of
drawings, which include soft-line (freehand) and hard-line (drafted) schematic drawings,
working drawings, as well as different projections (plans, sections, elevations etc), [21].

This project concentrated on a floor plan — the horizontal projection of a building.

Floor plan

A Floor plan is a view as though looking straight down at a room or building after a
horizontal cut has been made through the structure, [9]. A floor plan can be called a
horizontal section of a building. It is a two-dimensional scale drawing showing the
arrangement of important features on the floor of the part of the building in question. A
floor in this definition describes the lower surface of a room, on which one walks, stands
etc, [8].
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Figure 2.3 An Architectural Floor Plan

The Specifics of Architectural Drawings

According to D. Elliman [3], engineering drawings are constructed from the set of

primitive symbols, which include; curves, arrowheads, text and other symbols. In many

senses, architectural drawings are similar to engineering drawings, as they typically

represent orthogonal projections of the walls and construction elements. However,

several differences include:

1.

A number of different representation scales are used because different diagrams
are designed in different phases.

Architectural sketches can be said to belong more to “art” than to “engineering”
since they define the architect’s intentions, with very symbolic representations of
the project’s shape, its general outlines and major characteristics.

Architectural design is about arranging spaces in such a way that it is convenient
for people to move around in these spaces whereas engineering drawings
represent matter arranged in different ways to make up a building, machine, or
some other device. In a sense, empty space can be considered as being more
important than matter in architecture.

Architectural representations are very heterogeneous, meaning usually only 70%

of the graphical information is compliant with some standard representation rules.

(2]
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2.3 PAPER-BASED DRAWINGS

The International Data Corporation and Document Management magazine estimates that
there are more than eight billion drawings worldwide, of which fewer than 15 percent are
in a Computer Aided Design (CAD) format, [4]. There are yet more paper-based
drawings being made by designers and draftsmen who are not experienced in using CAD
tools to support their drawing tasks. The discipline of architecture is not different.
According to Do E. Y-L [5], Architects are trained to use pencil and paper as a traditional
media to develop design concepts and to communicate their thinking through the act of
drawing. Although many CAD programs support drafting, pencil on paper is more
flexible and easy to use compared with conventional CAD software. Using a pencil to
draw allows the designer to explore more freely and quickly with colours, shapes lines

and line widths without stopping to type commands or select menu items.

The Paper-Based drawings Diletnma
There are several problems associated with maintaining technical drawings in paper
format when compared to electronic documents. These problems include,
1. Paper is susceptible to damage and aging while electronic documents are not.
2. Manual based revisions of paper-based drawings are more costly than electronic
documents in both time and human resource.
3. Paper distribution is slow in comparison to the distribution of electronic drawings
which can be as simple as sending a document as an email attachment.
4. Paper is restrictive in format because it is limited to only text and graphics while
electronic documents can contain hyperlinks, audio and video.
5. Paper is cumbersome often making it hard to find specific information in specific
documents while electronic searching is more efficient and faster.
6. Paper easily gets lost or misplaced. It is established that 5 — 7% of paper assets get
lost through misfiling or other processes.
7. Paper is static.
8. There is a higher cost in maintenance of storage and archiving facilities of paper

documents, [4].
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These drawbacks in using paper-based drawings can be overcome by converting these
drawings into digital format. This move from paper-based documentation towards
computerized storage and retrieval systems has been prompted as a result of numerous
advantages to be gained from the “electronic-document” environment, [18]. These
advantages include,
1. An archiving advantage because search and editing time are significantly reduced
2. A CAD advantage since electronic drawings can be revised, modified, plotted or
copied in a fraction of the time it takes to modify paper designs
3. The document management advantage enabling the application of various
document management options ranging from a simple file storage system with
limited revision tracking, to a system that securely controls viewing, editing and
distribution of all technical-information applicable to the drawings. This enhances
productivity.
4. The workflow advantage given that workflow aims to create a paper-less office
environment, enabling company-wide document management from scanning the
document, to viewing, redlining, tracking and archiving, [4]. This advantage is

available in even distributed workspaces.

Conversion from Paper-Based To Digital Format
There are various methods used to convert paper-based drawings to digital format. Some
of these methods are discussed below:

v Manually redrawing the diagrams from scratch using a CAD tool, the advantage
of this method is that it results in a clean electronic replica of the drawing.
However, it is slow and tedious and effectively results in the repetition of work,

v Placing the drawing on a digitizing tablets and using a puck to trace over the
paper design using a CAD system. This faster than manual redrawing though it is
prone to errors and is still slow and labour intensive.

v Scanning the diagrams to create an archive in compressed raster format, this
enables improved distribution. This process can be painless and cost-effective,
[4]. However scanning paper diagrams creates raster files that are not CAD

compatible.
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2.4 TECHNICAL DRAWING ANALYSIS

The goal of Document Image Analysis is to interpret the contents of an image, [26].
Technical Drawing Analysis is part of a broader field of Document Image Analysis,
which focuses on the analysis, and interpretation of technical drawings. Technical
Drawing Analysis has been applied to many fields including; conversion of 2D CAD
drawings to 3D, sketch interpretation, indexing and searching techmical drawing
databases and technical document analysis. In the area of Technical Drawing Analysis,
significant work has been undertaken in the interpretation of engineering drawings.
According to L. Yan [19], this is probably because the conversion from paper-based
engineering drawings to CAD drawings is in great demands in many engineering

domains.

2.5 GRAPHICS RECOGNITION

Graphics recognition is a part of document image analysis that involves work on raster-
to-vector techniques, recognition of graphical primitives, analysis and interpretation of
engineering drawings, logic diagrams, maps, diagrams, charts, etc, [16]. Graphics
recognition is therefore a vital part of paper-to-computer or digital format conversion. It
comprises of low-level recognition and high-level recognition. The former involves
recognition of graphic objects, including straight lines, arcs/circles and curves, which
plays a fundamental role in the whole conversion process while the latter involves

structural analysis by domain knowledge, [14].
The General Frameweork for Graphic Recognition Systems
There is a framework for architectural floor plan analysis, which was developed from

Kanungo’s compiled review of a variety of engineering drawing recognition systems. It is

described in three levels or phases shown in the diagram below.
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This research will focus on the lexical phase to enable componentization or feature
extraction of digitized Architectural floor plans. Feature extraction is a part of image
processing that aims to locate the regions of interest (Rol) in the image. These are the
objects or graphical primitives of interest in the image, for example if the aim of the
feature extraction were to locate the lines in the image, then lines would fit this
description. Therefore, algorithms designed according to the characteristics of the Rol are
used to remove unwanted information and detect the actual paths of the features of

interest, [23].

2.6 GRAPHICS RECOGNITION APPROACHES

There are three different approaches that can be applied to graphics recognition
techniques in any situation. These include:

1. Vectorization-based (two-step) methods,

2. Direct recognition-based (one-step) methods,

3.  Hybrid methods, which are a combination of the two

277 THE TWO-STEP METHODS OF GRAPHICS RECOGNITION
(VECTORIZATION BASED METHODS)
The first step of this two-step method is vectorization of a digitized image and the second

step is the post-processing or vector-based refinement. There are four families of

vectorization methods:-

)
R4

Thinning based methods,

< Contour based methods,

% Graph structure based methods and
% Sparse pixel based methods, [14]

THINNING BASED METHODS
These methods use a technique that involves the identification of the object pixels that are

essential for communicating the objects shape; these are the skeletal pixels of the object
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and define its skeleton. A skeleton is a small number of structural pixels that represent the
shape of an object. The position, orientation and length of the line segments of the
skeleton represent those from which the lines of the image are composed. There are,
however, some things to consider-
1. Thinning works best for objects that are made up of lines e.g., circles or squares
but not objects that have a shape that composes a significant area e.g. a disk.
2. Thinning is usually a pre-processing step hence the type of skeleton needed is
dependent on the processing steps that follow the thinning process.
3. Thinning is simply used for identifying the skeleton of an object and hence cannot
be defined by the algorithm used, [26].

Thinning based methods have good results but tend to be extremely sensitive to noise,

[30]. In addition to this, Song et.a/ discuss that thinning has other drawbacks including:

1. High computation time due to number of passes needed

2. Distortion at Junctions

3. Accuracy of the algorithms varies with orientation

4. There is a loss of line-thickness information, [13].
CONTOUR-BASED METHODS

Contour-based methods use a technique that locates the entire outer contour or all the
contours of the subject object and then deletes these contours except those needed for
connectivity. These methods use 3 x 3 templates for locating the pixels to remove, [26].
The fundamental idea here is that these contours will be used to determine the medial

axis of the subject object, [13].
The major advantage of contour based methods is their speed, [26]. Despite the speed,

these methods spend a lot of time handling mismatched contours and have problems

identifying junctions seeing as they rely on very complex matching systems, [30, 13].
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GRAPH STRUCTURE-BASED METHODS

Graph structure-based methods use graph-like structures to represent the linear shapes
and the topologic relations among these shapes in the original image. Graphs are usually
built using Run-Length Encoding (RLE). RLE is a simple but efficient technique that
scans the image in a predefined direction; it then records the starting position and length
of every run of foreground or black pixels on the scan line. This in effect performs a run-
length encoding of the image resulting in the construction of a line adjacency graph, [13,
31]. These methods are efficient for sparse line drawings containing mainly horizontal
and vertical lines. Their main weakness is that the vector quality heavily depends on the

scan direction.

SPARSE PIXEL BASED METHODS

Sparse pixel-based methods employ a technique of scanning every so many rows and
columns of the image, which results in only a small portion of pixels in the image being
visited, hence the name “sparse” pixel. When a line like object is identified, a “zig-zag”
algorithm is used to track the black pixel area; this algorithm turns each time the tracking
path reaches the edge of the black area. Owing to their scanning method, Sparse Pixel

Based methods do not require lines of one pixel thickness.

These methods have the advantages of speed owing to the fact that only small pixel areas
are visited, they can track through small size junctions and preserve line thickness.
However, tracking terminates prematurely if the size of intersection is larger than the

tracking step. It is also difficult to judge their performance, [13, 31].

EVALUATION OF THE TWO-STEP METHODS

Most two-step methods base their vectorization on skeletonization (thinning) methods or
medial-axis approaches to get the skeletons or the medial axes of the image.
Polygonization is performed to remove redundant points after which certain line-fitting
and arc-fitting algorithms are employed to convert the original image into its low-level
vector format represented by short line segments and short arcs. However, the results

from vectorization do not necessarily correspond with the ground-truth graphic objects,

18




thus, post-processing is necessary to rebuild graphic objects from vectors using geometric

constraints. The advantages of two-step methods are that:

1. They are capable of recognizing all kinds of graphic objects, especially those without
fixed geometric constraints. Searching for components at a vector level is much more
efficient than detecting at a pixel level.

2. They handle graphic objects with no junctions or only a few simple junctions well.

The disadvantages of the two-step methods include-

1. Their difficulty in handling junctions, and

2. The requirements for post-processing can be time consuming, [14].

2.8 THE ONE-STEP METHODS OF GRAPHICS RECOGNITION
(DIRECT RECOGNITION)

Direct recognition approaches work on pixel level images; they recognize the graphic
objects directly from the binary (Raster) image. Some examples of one-step method

include; Pixel tracking, Hough transform and region.

PIXEL TRACKING

Kovalevsky proposed pixel tracking for straight lines and arcs. Pixel tracking uses the
narrowest strip to constrain the tracking direction, [14]. This method has the advantage of
being able to track through intersections; it is also less noise-sensitive if the initial
direction of strip is accurate. However, a major drawback is that it cannot guarantee the
correctness of the initial direction. Pixel tracking can therefore be applied to complex
images or to high-quality images with few non-linear patterns by interactively specifying
the starting points at high-quality linear parts. A major weakness of this method is its

unawareness of the line thickness.

HOUGH TRANSFORM
Hough Transformation is used to identify known geometrical shapes such as lines,
circles, ellipses etc. The Hough transform is a line-to-point transformation which, when

applied to the centroids of connected components in an image can be used to detect sets
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of connected components that lie along a given straight line, [18]. The advantage of the
Hough transform based methods are that they can extract the desired shapes from a noisy
environment; however, the Hough Transform based-methods have the following
disadvantages,

1. They are not sensitive to partial misses or distortions of a line,

2. They have a heavy computation cost and huge memory requirement, [13 , 14]

REGION DETECTION
The region-based method was proposed by Chiang et al to recognize straight lines
directly from images. It uses the Maximum Inscribed Circle (MIC) to detect the
characteristic of a straight line, [14]. This method recognizes straight lines directly so
that the distortions at junctions are eliminated, and it recognizes the line thickness.
However, the method has three disadvantages namely,
1. The use of an MIC to detect the characteristic of a straight line causes redundant
tests.
2. The method is not time-efficient and in a noisy environment, it does not
accurately detect the line characteristics.

3. This method cannot handle dashed lines and arcs, [13].

GLOBAL LINE VECTORIZATION
The last one-step method, the Global Line Vectorization (GLV) method recognizes
straight lines (both solid and dashed), arcs and circles in their entirety directly from
images. The technique that GLV uses is to detect the characteristics (path, thickness and
style (solid/dashed)) of a line by extracting a seed segment which is the bar of the line,
and then vectorizes the original line in one-step based on the seed segment information,
no matter how many crossings exist along the line, [11, 12, 29]. The GLV enjoys the
advantages of

1. Time efficiency;

2. Accurate Junction and endpoint location;
3. A low misrecognition rate;
4

. A low noise sensitivity;
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The major disadvantage is that it cannot recognize very short lines, [13].

EVALUATION OF THE ONE-STEP METHODS

The advantages of one-step methods are

1.

They recognize a graphic object with fixed geometric constraints in its entirety
without being affected by junctions and text-graphics touching cases.

They are time-efficient as long as the geometric constraints can be implemented
efficiently.

Progressive image simplification avoids the repetitive detection and decreases the

junction complexity.

However, these methods have some serious drawbacks like,

1.

They are expensive on the internal memory since they work on raster images that
are stored in an uncompressed format; this also causes these methods to be very
slow on machines with limited memory. However, this limitation is mainly
dependent on the hardware specifications of the computer running the algorithm.
Since each pixel carries the same weight for the pixel analysis, it is very easy for
the local pixel analysis to be ‘fooled’ by the pixels of neighbouring objects or
noise, [12, 14].

2.9 THE HYBRID OR INTEGRATED PARADIGM

The integrated paradigm proposed by J. Song et al, [13] incorporates vectorization-based

analysis with direct recognition based analysis. This paradigm will therefore integrate

techniques from the vectorization-based methods and the direct-recognition based

methods, so that all their advantages are retained and all the weaknesses are avoided.

Direct-recognition methods work well for straight lines and arcs/circles but cannot be

applied to curves since they do not have a fixed geometric constraint. Vectorization-

based methods are much better for curves though handling junctions has been their long-

time difficulty, [14]. The direct-recognition method they employed is the Global Line
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Vectorization (GLV) and the vectorization-based method is the Sparse Pixel

Vectorization method (SPV).

The general architecture is described in the figure below.

~ Original binary image i Graphical results E
i 1 | Straight lines i

Application of one-step method > Arcs S
l 1 | Circles ;

. Raster image containing curves E f
. l i Curves i
Application of two-step method : i

Figure 2.5 The general architecture of the integrated paradigm

The paradigm is composed of three levels: - the raster level that contains image data to be
recognized, the graphics level that contains the recognized graphic objects and the
processing level which includes all recognition processes. These are described in the

diagram below:
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lines. The recovered graphic objects enter the graphics results and their corresponding

pixels are erased from the image.

A vectorization-based method is applied to the remaining image to recognize all residual
objects, including curves, short lines, thin lines, and small arcs/circles. At this time, the
vectorization-based method will be more efficient for two reasons: first, the image data
has been greatly simplified so that only a small portion of pixels are left; second, the
original junctions between curves and recognized objects disappear so that the distortions
are avoided. The output lines will be examined to filter out noise before being added to

the final graphics results, [13, 14]

2.10 GRAPHIC RECOGNITION SYSTEMS

These systems make use of the approaches described in the previous section. Research on
graphic object recognition from raster images has been carried out for a couple of
decades, and many methods have been proposed. However, no single method provides
complete raster-to-graphics conversion in a way that is satisfactory in both speed and
accuracy. A researcher in the area of document image analysis, K. Tombre [13] sums it
up in his comment that, “None of these methods works. ... Actually, the methods do
work, but none of them is perfect”. A few of these methods as they are applied in

different ways to Graphic Recognition problems are discussed below.

M. Delalandre et a/ [20] apply a symbol recognition system that they decompose into
three main parts; a recognition chain, a control system, and a knowledge base. They deal
specifically with the structural approach to recognition where the image-processing step
extracts graphs corresponding to symbols, and the structural recognition step exploits
these graphs. The approach is complex and highly sensitive to noise so it is undesirable

for scanned diagrams that are characterised by noise and distortion problems.

Yan and Wenyin [17] describe the case-based approach that they utilize for the analysis

of engineering drawings. This case-based scheme is a reasoning based procedure, which
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includes Graphical knowledge representation, Case-based knowledge acquisition and
Knowledge-based graphics recognition. This approach is efficient and effective.
However, its limitations include the fact that the scheme can only learn graphic
knowledge from a single example, and therefore needs user feedback to guide this
process; this makes the process tedious when used for the recognition of architectural

symbols because the entire process will have to be repeated for each symbol example.

T. C. Henderson and L. Swaminathan [24] examine the use of agents in engineering
drawing analysis. They also apply agents in their structural approach to engineering
drawing analysis, [25]. An Agent is an independent software processes that is
autonomous, persistent, has a state, and can communicate and perform some action. G.
Mackenzie [6] uses agents in his sketch recognition project. The advantage of using an
agent is that they use their autonomy as a means to distribute the processes involved in

solving a common task,

As Tombre et al [15] put it, most of the current research is usually a case of “reinventing
the wheel”. There are enough methods available for the implementation of basic
processing tools of a graphics recognition system, therefore instead of developing our
own special brand, we should aim at choosing “off the shelf” the methods best suited to
our purpose, with few, well-defined parameters to meet the robustness criterion, and with

a stable implementation.

2.11 ARCHITECTURAL DRAWINGS ANALYSIS

The area of Architectural drawing analysis has been mentioned as a problem area and a
challenge to the analysis of graphics documents. K. Tombre [16] states that though
Graphics recognition techniques have been applied to many kinds of technical documents
and drawings, few teams have been dealing with architectural drawings. This is probably
because there has been less demand from the application field than in other domains for
systems capable of analyzing paper drawings to yield a 2D or 3D CAD description of the

represented building, furthermore architectural design appears to be at the crossroads

25




between engineering and art, which makes precise analysis and reconstruction more
difficult. Owing to the fact that Architectural symbols are much less normalized than
those found in other technical domains, there is need for a flexible method, capable of
easily integrating new symbol models with minimal computation overhead in the
recognition phase, [1]. The rest of this section discusses some Architectural Recognition

Systems.

NETWORK OF CONSTRAINTS
An architectural graphic recognition system should satisfy the requirements of flexibility
and generality. Ah-Soon and Tombre, [1] make use of a network of constraints for their
Architectural symbol recognition system, to ensure that these requirements are met. The
network they use is in the form of a tree that is made up of four types of nodes:

1. NNSegment node is the root of the network , it has several children,

2. NNCondition node that has only one parent and several children,

3. NNMerge node that can have two parents and several children,

4. NNFinal node is the terminal node that has one parent and no children.

This approach enables the use of constraints common to several descriptions as well as
the ability to consider all symbols in a single step. The major weakness of this method is
that the defined language lacks descriptive power for more complex constraints. In
addition, though the building of the network is robust and fast, it cannot guarantee that
the resulting network is the most compact, hence affecting its efficiency. The network
relies on the quality of the vectorization and since it is designed to perform one-to-one
matches at the segment level, it ends up missing extraneous features, leading to
recognition errors. This approach looks for a single symbol or a subset of all possible
symbols. It is complex and there are still errors due to noise and the approximation of

curves by polylines.

SELF-INCREMENTAL AXIS-NET-BASED HIERARCHICAL RECOGNITION
Construction structural drawings are a set of Architectural drawings that describe the

layout of various structural objects. Tong Lu et al propose a Self-Incremental Axis-Net-
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based Hierarchical Recognition (SINEHIR) model for automatic recognition and
interpretation of real-life complex electronic construction structural drawings. Their aim
is to develop recognition algorithms that are as shape-independent as possible, and are
based on internal semantic constraints rather than visual graphical constraints. SINEHIR
first identifies its characteristic features from the more regular objects, like dimensions
and grid lines, and then tracks the graphic objects to the extent that is possible under the

guidance and constraints of recognized objects and the domain knowledge, [27].

A COMPUTATIONAL SKETCHING INTERFACE FOR ARCHITECTURAL
DESIGN

E. Y. Do describes a research framework for building of computational sketching tools to
support the early conceptual design process in architecture. To support creative design
work, CAD systems need to emulate paper-based media and enable the designer to work
with a pen in an unstructured way because architects still find Pencil on paper more
flexible and easy to use compared with conventional CAD software. The tool she
describes aims to provide a computer interface that enables free hand sketching and
diagramming. This will enable architects to interact with a knowledge-based design
system so that simple freehand sketches or marks can be interpreted by the system and

represented on the screen as some architectural component. [5]

VARIATIONS IN ARCHITECTURAL DRAWING ANALYSIS

Ah-Soon and Tombre describe a project with the aim of reconstructing 3D models of
buildings from the analysis of architectural drawings, as automatically as possible. They
take advantage of previous experience in the analysis of engineering drawings since there
are many similarities in the analysis of the drawings, especially in low-level processing.
Their low-level processing step was carried out on a scanned drawing, which included
segmentation, vectorization using a three-step vectorization algorithm and the detection
of significant loops analysis. The next step is the structural and symbolic analysis. They

however state that they need to improve the low-level and intermediate-level steps, [2].
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A COMPLETE SYSTEM FOR ARCHITECTURAL DRAWING ANALYSIS

P. Dosch et al. defines a complete system for the analysis of architectural drawings. It is
an extension of the one described by Ah-Soon and Tombre, [2]. Their image processing
and feature extraction scheme involves tiling, segmentation, vectorization and arc
detection. Owing to the variations of the stability of the current process, there is a need to
improve the precision of vectorization and the processing of junctions is still difficult.
This has a great impact on the quality and robustness of all the following steps, including
symbol recognition hence there is a need to investigate post-processing methods and/or
complementary approaches where the skeleton is not computed but the lines are searched

for directly from the raster image. [22]

2.12 THE TOOL IMPLEMENTATION TECHNIQUE

The examples above provide evidence that there is progress being made in the field of
graphics recognition of architectural drawings. Like other disciplines, the methods are
being focused on particular problem areas e.g. Frechand sketches and Construction
structural drawings. However, Ah-Soon and Tombre attempt to extend the knowledge
that they have of analysis of engineering drawings to the field of architecture that they
find needs some improvements. In addition to this Ah-Soon and Tombre, [2] state that
there is a need to improve the low-level processing, while P. Dosch et al. [22] emphasise

the need to search the lines directly from the raster with no need to compute the skeleton.

This research project will therefore aim to apply a method that has previously been
applied to the area engineering drawings and has some of the characteristics that will
enable the efficient and effective extraction of the lines from the raster, [2]. The method

will focus on the low-level processing and search the lines directly from the raster.

The Global Line Vectorization method has been identified to perform the feature
extraction in this research project. It has the following advantages:-
1. It detects lines directly from the raster.

2. It does not visit all pixels;
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The tracking path is generated by the time-efficient Bresenham algorithm;
4. The image is progressively simplified by deleting pixels that have been
recognized,;

5. It dose not generate and store so many medial vectors as two-step methods.

The implementation of the tool will be done in Java. This is to take advantage of Java’s

object orientation and platform independence.
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3 GLOBAL LINE VECTORIZATION

Global line vectorization (GLV) is a direct recognition technique in which the original
entity is vectorized in one-step with no need for pre or post-processing, [12]. GLV detects
the characteristics {path, thickness and style (solid/dashed)) of a line, and vectorize's one
original line in one-step, no matter how many crossings exist along the line, [29]. The
algorithm based on GLV involves scanning the image to sample it, followed by the
vectorization, which involves finding a seed segment, Direction Guided Tracking and
finally some line analysis to recover junctions. Global Line Vectorization can therefore
be characterized into four major steps:-

1. Sampling the image by means of a scan algorithm,

2.  Seed Segment Extraction
3. Direction Guided Tracking
4

Junction Recovery
The flow chart below can be used to define the general flow of the Global line

Vectorization algorithm sometimes referred to as the Line Net Global Vectorization
algorithm.
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[ Start of LNG ]

[ Scanning the image by interlaced mesh ]4.__.___...

Is a LN found?

=

Vectorization Finding the first entity of the LN }‘

ofalN, - ; .

o [ Vectorizing the entity ]‘—_ \\\

l’ ‘\
lf' \"
: { Along-path analysis to detect junctions ] |
'\\ :

s )

\\ ’

AN Are all of 3 junction ’/

stacks empty?

-

Is it the end
of image?

[ End the algorithm ]

LNG - Line Net Global Algorithm
LN — Line Network

Figure 3.1 The flow-chart of the Global Line Vectorization algorithm

3.1 STEP 1: METHODS FOR SCANNING THE RASTER IMAGE

Many algorithms use a mesh for re-sampling the raster image in order to reduce
redundant image information and consequently speed up vectorization. There are three
possible ways of using a mesh to scan the image: - the equidistant scan lines that are used
by the Sparse Pixel Vectorization algorithm, interlaced mesh that is used by the Global
Line Vectorization algorithm and the standard mesh. These meshes each have a different

sampling rate (SR), [12].
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Equidistant scan lines
SR=1/({(T/2+1)*(T+1))

Standard mesh
SR =1/(T+1)*

Interlaced mesh
SR=1/(T+1)

T is the interval between two adjacent scan lines interval
T = {1, H} where H is the height of the image

Figure 3.2 The Three Scanning meshes

The main issue is to ensure that the mesh that is used will encounter most entities in a
given scenario. For example, if the image were composed of many horizontal lines it
would not be advisable to use equidistant horizontal scan lines because the chance of
missing is greater if a wrong scan resolution is chosen. When a foreground pixel is

encountered during the process of scanning, the vectorization is started.

The GLV algorithm scans the image using an interlaced mesh because it can clearly
encounter more entities than equidistant scan lines, [12]. The image is scanned until a

foreground pixel is encountered.

3.2 STEP 2: SEED SEGMENT EXTRACTION

When a foreground pixel is encountered the scanning stops and the next step is started,
this is the seed segment extraction. The major reason for Seed Segment extraction is to

extract the nearest characteristic of a line in a form of seed segment; these characteristics
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include the line thickness, orientation and direction, The dentificanon of o sced scgrnent
enables the LY method w overcome the difficulties of other methods whose tracking is

nol guided by the entily direenon, [L2, 297,

32,1 THE SEED SEGMENT (85)

A Beed Segrnent is a regular segment of an entity that features the dircction and width of
the entity, 1L could therefore be said that an 85 characterizes the path and thickness ol a
line in question: It gsually takes the torm of a rectangular area. possibly slanted. on a
rerular part of @ bar m the raster rmage; 110 caplures the dirceuon and the thickness of the
bar. Tlowever. ifa ling has many intersections with other lines, it probably has no 55, The

disgram below 1 wsed o desenbe some of the characieristics of an S5,

VIEF. i

Definition 1:

ABCT s the smallest rectangle that encloses a aroup of connected blagk pixels, E and F are
the midpoints of the mwo sharter edges of ABCTY T and G are the midpoints ol the two
longer edoes of ABCTH, and O is the centre pownt of ARCD,

Difinition 2:
PiRyis the wotal number of piaels 1o the clused vepion B BED 15 the number of black puacls
in B owhile WiR b is the number ol white pixels,

Detinition 3:
The path of line ! s 3P, (1=t ._n) % (), 1} 15 the number of conneeted black pixels passing
throueh Byoand o the Tine perpendicular to Tine £

Figure 3.3 Phe definition of a Secd Segment



CONDITIONS THAT A STRAIGHT LINE SEED SEGMENT SHOULD MEET
The SS of a straight line must meet the three conditions of acceptable density, acceptable

length: width ratio and acceptable distribution of foreground pixels.

These three conditions are defined in detail before:

1. ACCEPTABLE LENGTH: WIDTH RATIO

The ratio of length and width must be acceptable. Using the diagram above, |AB|: |AD| =
K, K is usually a constant = 4, to maintain balance. If the ratio, K, is too small, the line
will not be characterized by the bar well, while if K is too large there is a larger detection

cost.

2. ACCEPTABLE DENSITY

The rectangular area must have an acceptable density of foreground pixel. The
percentage of black pixels in the rectangular area must be larger than 90 percent. Using
the diagram above this can be expressed as W (R) < g, where ¢ =P (R) * 10%. However

to reduce the complexity of the algorithm the value for ¢ = P(R)/8.

3. ACCEPTABLE DISTRIBUTION OF PIXELS

The density must be symmetric with respect to both the long axis and short axis of the
rectangle. Using the diagram above, N represents the number of black pixels in segment
ABFE when referring to the long-axis and segment AGHD while referring to the short-
axis; while N; represents the number of black pixels in the segment EFCD when referring
to the long-axis and segment GBCH while referring to the short-axis. The numbers of
black pixels on the two sides of the long axis, (N;, N») must be similar, i.e. | Ny - N, | <
0.05 * (Ny -+ N3) and a similar condition applies to the numbers on both sides of the short
axis. [12, 29, 11]

3.2.2 FINDING THE SEED SEGMENT

When the first foreground pixel is encountered during the scanning process, the

extraction of the seed segment is started. The extraction is performed by using an

34




algorithm defined by J. Song ef a/, [12]. The following is the description of the algorithm
to extract an SS from a starting point, which is a foreground pixel that is identified by the

Scanning Algorithm.

found =F;
direction [4] = {right, bottom, left, top};

while (!found && (search scope < maximum search scope))

{
for (i=0; i<4; i++)
{
Searching SS in the direction[i] of starting point, and striding over junctions;
if (get a correct SS) found = T;
}
if ('found) enlarge the search scope;
}

If the scan resolution of the raster image is R, the search step is defined as S(R); the

maximum search scope is defined as S(R)*10

Algorithm 1: An algorithm for extracting a Seed Segment

3.3 STEP 3: DIRECTION GUIDED TRACKING

This step makes use of the Bresenham scan conversion algorithm for generating the
points on the tracking path. The tracking path follows the long axis of the Seed Segment
and extends towards two opposite directions as long as two conditions are met,

1. There are still foreground pixels in the image at the path points, P; and

2. The perpendicular width runs are similar to or longer than the width of SS.
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Black
segment

B White
' segmenl

Perpendicular run

S8
— Tracking path - Pempendicular path

Figure 3.4 Direction Goided tracking definition

Since the direetion ol the exiension s pre-detenrned, junctions on the path will not stop
Lhe extension, Dunng the extension. minor divection adjusimeni should be done to correct
passible offser or rotation of 85, This cosures that the 85 16 sufficiently extended 1o cover

the amgimal enlity. The process of [Direcuoan-Goided Tracking 15 as tollows:

Step 1

Use the Bresenham algonithm o generate the path ¥o[1] (0., n) which passes through
O {centre of 55) and perpendicular Lo the path of §5. The centre of the perpendicular path
W, (042] is at Q. and the length of it is 3¥T., (T 1s the thickness of S8 Imitalise path

sepmienl arrdy as emply, L1 and L2 as O
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O - Cenlre
of the 85

Sk

Aﬂh of 85

Xy, fi

Firure 3.5 The path through the centre of the 53

Step 2
Use the Bresenham algorithm to generale the poimts on the trucking path from (O while
moving along the 88 based on its orientation. Check the pisel value at cach gencrated

point, 11911 a black pisel, go 1o step 3 Otherwise, go 1o slep 4.

Step 3

Count the length of cumrent black segment. Check the length of perpendicular mun at
current point I'. (it is unnecessary to generate V), - the perpendicular path at P — again).
Yo can be obtained by translanog V.. that 16, %, 1] = V1] — offsel (1 — Gon, offser — 1* -
(). Check the pixels at V. from ¥V, 102 ] towards lwo sides to get the length of the black

L.
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Figure 3.6 | bhe perpendicular run at i

THE PERPENDICLULAR TEST

It the length s stmlar o Ty, accumulate the Tength ac two sides of O respectively, ta T,
and T 18 |Ly-La = the smaller of L. and Lz, the 55 should be adyosted o correel the
possible offsgl or ro@tion of S5, and then track again. This ensures that 85 can be
exlended as fur as the onginal Line, TF lrack g s ouc of the current black segment, record

the current segment length in path segment array.

It is not necessary o perform a perpendicular oyt 4l every point on Lhe tracking path, To
speed up the perpendicular test. it could be done at mntervals of k pixels where K 15

dependent on the sean resaluban,

Step 4
Count Lhe length of the currenl while segrnent, IT 10 1s longer than allewable masimum
gap tength. which is dependent on the scan resolution, the tracking in this direction stops.

Otherwise, reeond the length in path segment array.

3.4 STEP 4: FINDING JUNCTIONS
One of the sirengths of GLYV 13 the fact that 11 can recognize juncooms. 11 anabyzes the

perpendicular runs along the path of a vectorized entity 1o delect these junctions along the

1
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line, A cunction s identified by a change in the length of the perpendicutar runs. The
change of 1be lenglh of the perpendicular rums however varies tor difterent types of
Junctons. The algorithm classifies the junctions into three types: Perpendicular Junciion
(PN, Obtigue Tunction (O and Undetermined Junction (U, PI and OF indicate a
perpendicular intersecting entity and an obbique inlersecting entity respectively. L1
sdicates an undetermimed cnuty, such gs g character of a symbol. When 4 juncion is
wdenliticd, the mlonmation detected o the regon of the junclion for example the location
of the junction, the perpendicular run length, is slored in a stack relating to the junction

fvpe e a PT slack, oran O stack.

Figure 3.7 The throe basic fypes of junctions

After an enity 5 vectorized, Hls biumap representation will be crased 1o avoid repetition
and to simplity the related junctions. The algonthm checks the stacks ol all junction fypes
in the order BI—=0OT—1I1 If any of the stacks 15 not empty, then pop a junciion and irack
the mersecung eatly: otherwise, complele the veclorization of this line network and
resume scanming che raster image for a new S8, The praority of each junction type i3
assigned bascd on its efficiency to obtain the ditection and width of an cntity. 1) has the
hrohesl prionty becanse the direction and width s already available. (0F has the second
priovity because the direction must be detected. 120 has the lowest prornily because S5

detection will have o be performed again, Since an entity oy be relaled w more than
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one junction in a line network, this order of priority ensures that a line network will be

vectorized in the fastest way, [12].
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4 THE IMPLEMENTATION OF THE GLOBAL LINE
VECTORIZATION

This section describes the implementation of the Global Line Vectorization algorithm in
this research project. The Global Line Vectorization Algorithm was originally developed
for engineering drawings; this implementation is therefore an attempt to extend its use to
the field of Architecture. The algorithm is being applied to Architectural floor plans. The
image characteristics to which the algorithm was applied had to be identified so that the
necessary assumptions and trade-offs could be made to the algorithm in its use to extract
lines from the floor plans. The algorithm execution follows a series of steps, which are

represented as Java Classes.

4.1 IMAGE PROPERTIES AND PROBLEMS

The source images for the Feature Extraction tool were digitized Architectural floor

plans. The images were created by Microsoft Paint and saved as a bitmap image.

TYPE OF DIGITAL IMAGE:

The type of digital image used was a binary image where each pixel had only one of two
possible values. These values were white or black. Black was represented by the pixel
value (0, 0, 0), while white was represented by the pixel value (255,255,255). Black was
the foreground pixel.

NOISE

Noise is an effect that frequently occurs during the process of digitization; it results in
random changes to pixel values in the image. Noise was therefore one of the
characteristics of a digitized image that was tested by the tool. The noise was introduced
into the image using the same tool that was used to develop the images. The performance

of the tool was then tested for different noise levels. The Noise levels were measured as
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Signal-to-Noise Ratio - SNR value that reduces as the amount of noise in the image

increases.

DISTORTIONS

Another characteristic of digitization is the distortion of some of the features that make
up the image. The digitized image therefore has some of the line ends blurred or slightly
distorted. The performance of the tool was tested to determine how well it identified the

entity attributes even in the presence of slight distortions.

LINE THICKNESS

Architectural floor plans represent the arrangement of features on the floor e.g. walls. In
the floor plan, the walls are represented using lines. A property of architectural images is
the difference in line thickness, which in a floor plan will represent different wall
thickness. The performance of the tool was tested in relation to its ability to detect lines

of varying thicknesses.

JUNCTIONS
The images had different types of junctions. In the floor plan, these junctions represent
intersections between walls. The junctions of interest were all perpendicular junctions.

The performance of the tool was tested for different junction types and thicknesses.

4.2 ASSUMPTIONS MADE

The assumptions made in the implementation of the Global Line Vectorization algorithm
are discussed below,
1. The floor plans were assumed to have only horizontal and vertical lines.
2. The lines in the diagrams did not have many intersections because this would
prevent seed segments from being identified.
3. The lines were restricted to a minimum thickness, W, of two (2) pixels and a
maximum thickness Wy, of twenty (20) pixels.

4. The distance between lines was greater than three (3) times the line thickness.
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5. The maximum gap length i.e. the white space between two black portions of a line
was five (5) pixels
6. The scan resolution of the raster image be R, search step is defined as S(R). The

maximum search scope is defined as S(R)*10. S(R) = 10.

4.3 IMPLEMENTATION OF THE ALGORITHM

The implementation of the GLV Algorithm was in the following steps that were
represented by various algorithms:

1. Sampling or Scanning the image

2. Extraction of the Seed Segment

3. Direction Guided tracking

4. Detecting lines and junctions

5. Updating the Image,

These steps are discussed in detail in the sections below.

4.3.1 SAMPLING THE RASTER IMAGE

This step makes use of the image-scanning algorithm. The sampling method that was
applied to the tool was the standard mesh. Since the images in question were small and
simple images, the interval between two scan lines, T = 1 pixel, since this would not
greatly affect the performance of the tool. In order to prevent a scenario where the
sampling method did not encounter any entities, the scan line moved pixel by pixel from

left to right, top to bottom.

The image-scanning algorithm involved determining whether the first foreground pixel
encountered was a result of noise or was a part of the desired entity i.e. a line. If it were
established that the point was noise, the Image-Scanning algorithm would call the Image-

Updating algorithm to remove the noise from the image.
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The Image-Scanning algorithm was responsible for terminating the feature extraction
operations on any given image. If the point returned by the Image-Scanning algorithm
was (0, 0), the operation of the tool terminated because this indicated that there were no

more foreground (black) pixels in the image.

RESULT
The result of sampling an image was a point, (x, v); that was the first black pixel that was
encountered by the scanning algorithm and was found to be part of a line. This was

passed to the extraction of the seed-segment step.

4.3.2 EXTRACTION OF THE SEED SEGMENT

This step makes use of the seed-segment extraction algorithm. When the Image-Scanning
algorithm encountered a foreground pixel, it was stopped and the seed-segment extraction
algorithm begun. The extraction of the seed segment used a more detailed algorithm than
that which was defined in section 3.2.2. The algorithm was defined by J. Song, [29]; a

full description is provided below.

Bool found = False,
Enum direction [4] = {right, bottom, left, top};
int searchFscope = 10;
int Wmax(R) = 20;
While (!found && (searchFscope <= maximum search scope))
{
currentFpos = starting position,;
for (i=0; i<4; i++)
{
Make a square centred at currentFpos and the border length = 2*Wmax(R). Then check the
black pixel segment on the direction[i] border, and store the segments whose length is

within W, in a queue Q.

While (Q is not empty)
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{

Popup the first segment of Q, and L is the length of the segment.

currentFpos = the centre point of the segment.

Bool search = True;

int step = S(R),;

tend while Q

}end for

While (search)

{

Make a square centred at currentFpos and the border length=2*step. Then
check its direction[i] border to find the segment. Define regular segment as
the segments whose length is similar with L. The other segment is

irregular segment.

if (the connected component of continuously detected regular segments

satisfies the conditions of §§)

{

found = True and search = False, a 8§ is found.

if (the distance between the starting position and current segment is larger

than 2*maximum search scope)

{
search = False, finish the search from this segment in Q.
}
if (current segment is regular segment)
{

currentFpos = the cenire point of current segment.
} else {
step = step + S(R), jump over the regular segment.

} end while search
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i Hownd)

searelitrenpe = scarch Facope — SO enlarge the scarch scope.

Vend while Heound

Adgorithm 2: The Impleniented Secd Scpownt vxlragtion Algeritlim

The diagram below defines the working of the aleorithn defined above

r
L

Position
Regular segment. ~ ——————~ Irregular segnnent
Y Currenl posibon e *  Threchion of detechion

Figure 4.1 A Digeramomaric definition of the Seed Sepment extraction Algorithm

As deseribed., the seed-seamnent exlraction aleanihm was staried al the point passed on by
the image-scanning algorithom. It searched in the four directions namely, right. boltom,
lett and top. by drawing an imaginary square of width 2% W, with the starting peint as
the centre. The alrontlun searched for seed seimments i the given divections by checking
it the sides of the square encouncered connected foreground pixels that were less than
W oo grreater than W, I5 a0 seed segment wis Tound moa grven direction, the seed

segment informabion was stored 1o an arvay based on the grven direction, The information

46



included the direction in which the seed sepment was tound e right, bottoar, lefl or top;
s widih, height, and twe points that marked the ends of the line passing through the seed

segments centre.

The seed-sepment extraction  algorithm invelved  detenioning  whether the poinls
encoyntered in the vanous directions were noise or not. If it were established that the
prnts were noise the seed-segrment extracton algermthen would eall up the Tmage-

updating algorithim 16 remove the nese from Lhe imuge,

RESLLT

The resull of the seed-segment extraction algerthm was an arcay of seed segments; this
had four clements, which contained cither the seed segment value ina given direetion or
i null value where no seed segment was weniifiad in that direclion, This array was passed

to the Direction Guided Tracking step.

4.3.3 DIRECTION GUIDED TRACKING
This step makes use of the Directiion Guded Tracking algorithm, This algorithm was
altered inthe nuplememation beeause itowas apphicd w0 only vertical and horieonial Hnes.

The seed sezmend provided the direction, nrientation and thickness nf the line.

The direction parameter could take four vabues, right, botony, l2ft and top; the onentalion
parameler could like two values, homeontal |dx — U] or vertical [ay — U]; the thickness
parameter could take a number value that defined the thickness, in pixels, of the seed

segment that represented dhe ling.

Step 1:

The poms were generated al a given imlerval, [k = 5 pixels|, atong the tracking direction
of the line based on the line (hat passed theough the centre of the Seed Segment. This
involved moving on either side from the centre of the Seed Scement, The gencrated

points were passed o oan amay.
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Seed Segment The: cntire by

The tracking peth

Figure 4.2, The Tracking path Through the Seed Segments centre — aeep |

Step 2:

The algorithm then moved along the tracking palh {the amay) point by point. unil a black
pixel was encountercd. When this happens, the exccution ol the algarithin moved 1o step
2 gtherwise, it moved to step 3. 10 a while pixel was encountered, the execution af [he

algarithm moved to seep 4.

Step 3

A parh perpendicalar to the line path was generated based on the orentation information
of the sced segmuent; (his path passed throegh this point. The length of the perpendicular
path was thrice the line thickness, (3% tlucknessy, Moving along s perpendicular path,
the number of black pixels was counted and stored in an avay that contained the

hiickness value al a given painl,

t

M— Purpendicalur run = 3%
i

‘-. B ﬁ i .-.‘

Line thickness, ¢

I
I
I

L

Fipure 4.3 The Perpendicular ron — Step 3
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Step 4

It the preceding pixel was a black pisel, the tracking algorithm moved in the direction
appesite the tracking dircetion unel 4 black pixel was encountered, this wus lubelled the
lasl point of the current hne segmment and the execution ot the algonthm moved 1o step 3.
Adlerwands, the algorithim proceeded o move along the tracking path counl lhe current
white segmenlt. Lf his sczment exceeded the allowible gap length, e tracking stopped in

[his given dircetion.

3 A black paxed ancounered, 21 The dwceton  of
a  pernendicular path s rracking vhumizes

pencrated At i poant amd

thickness noted  Siep 3,

o Ly A wlite pisel s
e [ LSO TS [ L

Diraction  of
fracking

1
H
. i i
47 Tha wcking meves in the H
wriwing divectiom and the gap ¥
lengrh s coame to delenmine 1

the lracking s cailifed

Figurc 4.4 Determining the Last Pixel on che line and (esting Gap Length - Step 4

Step 5:
T idlentify ehe first poing, (he algorithm changed the oacking direction and moved unlil &
while pixel was encountored: the preceding pixel was lubelled the starting poine of the

line. The execution of the algorithm then moved to step 3.
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I} The fiest hlack pisel
23N he dicecoion of tracking clanges ercawnteraed

7

e ———— o

\ /,,
E S Ll - / 4 q 'y
Dhiraetion of

....................... * fruvking

A1 The areceding black pisel s considered
the: fivse black piscl on the line 2o to Step 3

Figure 4.5 Determining the First Pixel on the Line  Step 5

RESUILT

Phe: resulls of the Dircetiom-Guaded Traceking algorithm wene hree armays -
A two dimensional array that holds the points along the tracking path [or cach
darection,

< A two dimensional amay thatl holds the thickness associawd with every respective
porint in the firsl array.,

4 Anoarray that holds the sced segment thickness [or the seed sepments found i
cich direclion,

These results were passed to the detecting the lines and juncrions step.

134 DETECTING THE LINES AND JUNCTIONS

This step neade use of the e and junction detection algorithm, This algorithm ok the
theee wrmiys that resulted from the Direction-Guided Tracking algonthm. The fallowing
stepy detine the operation of the algorithim, The junctions of dmlerest woere all
perpendicular junctions (P These were elassiftel mlo three tepes of PPs, - junelons,

| sjunetions dand 1-Junctions or Inlerseetions

These junctions can be delned in the diagram below,



T.-lunction

T-lunceion

Itersccnion or
l-junction

Figure 4.6 Uhe Theee types of Perpondicular Junctions

Step 1:

The average thickness. ty, of the line was calculated using the thickness values fram the
thickness array ina gven dircetion and the seed segment thickness o thad same direction,
If the thickness value of o mven point, thue. which resulted, was within the acceptable
ranze, 1t was added to the total for averaging. 1f the resuleant thickness valug, Lpurine, Wiks
outside the aceeptable range. this wus considered 1o represent a junction point' and this
point was added 1o the pmelion array, which would be called in step 3. The cxecution of

the algorithim then moved to atep 2.

Fhe acceplable range was defined as:

Lpamt bisi

WHerE Lwin 15 The thickness ala poant and L 15 Lhe thickness of the seed scgment.

The juneriar point thickness was ot used G caleulace the averape rhicknass,



Lrrection of
tracking

Point sl u Juneticn
Pexint aweng  line sieh [ — L 52 iiticsicle
[Cpoam Lo [==2 within the allowable range
the allowable ranwse

Figurs 4.7 Phe point aleng the lie and the poind a8l g junction - Step

Seep 2:
The lines ends were Lhan extractad by detenmining the stant and cod of cach Tine nsing the

prerint armivy ineg given direction.

Step
Lsing the junection array created o step 1, the algorithm proceeded to extract all he
poinls within the line that were within junction arcas. These points were added to an array

that hialds all lbhe pomts o Lhe Juneinon arcd,

ol THeection of
tracking

The vellow square encloses the area of inderest, all the
pinels wilkin this sread ace entered 10 1o 4 junetion point
ArTily

Figure 4.8 The puints within the Jungction seea — Srep 3

RESULT:
The result of the iine and juncnon detection glgorthm wys

< A one-dimensional areay thal contamoed the hines that Tad beeo deteetod and

|
|



<A one-dimensional array thal contained he peints thal were ocated within

junetien areas. along the respective lines.

4.3.5 UPDATING THLE IMAGE

This step made wse of the Imaee-Updating alsornhm. This algonthm was called
whenewver the image needed to be simplitied by either removing noise or by deleting
pixels that had abready been wdenufed, The algpaton took the fili image bitmap or array
that needed updating and an aray of points, or an ity of lines, When used in seenarios
of,
1. Neise removal, the Image-Updating algonthm way called either aficr scanning
the image or while extracting 4 seed segment to remeve noeise from the maee, 1
ook an array of poines that had been wlentitied as noise by other the Image-

seanning algorithm or the seed-sepment extraction algorithm,

2. Simplifving the image. the Tmage-Updating algonthim was called to remove the
points of a line that had been idenificd, The algonthm wok an array of the lines
thal had been deteciad; the lines arc defined by the line starl, line cnd, line
thickness, ling eype and the aray of points oo the ling within the junction area.
1he army of pomts within the junction arca was uscd (o determne the pomnts thay
were oot 1o he deleted by the imare-updating algorithin since they were shured

with another line.

The Tmage-Updating algorithm was described as tollows,

Step 1
The major aim of this step was 1o identify the pixels that will be deteted.
S0 When called 1o delete noise. all the poines o the array were deleted, ie the
exceutn of the abeerithm sunply moved o step 3,
% When called to simplity the image by removing the pixels that had been detected.

the method was ore complex sinee hefore cach podnt was deleied i had o he

h
tad



determencd whether or not thes poindt lay in the junclion arca, 1000 was found o the
Junetion avea, the execution of the sleorithim moved to Step 2; otherwise, Homoved

o Step A

Step 2
Lo not delete this poml o the image army 1.¢0 10 1he pusel vatoe 1 black, 11 remauns

Dlack (0, 0, 0.

Step b
[Felete this pomt from the image areay and update the woray Le F the pixet value al this

point 15 black (0, 0, 01 change this value to white (233, 235, 2530

RFESULT:

The hge-Updaimy algarithim retuened the apdated moge oy, where cather the piscls
lhat have been identified were deleted 1o prevent repealed recognition or the pixels
identified as nonse had Been removed W presvent enoneous ident Meaton. This array was

passed back 1o 1the Tmage-Scanmng algorithim 1o begin the progess apgain,

4.4 THE FLOW CITART OFF THE IMPLEMENTATION OF THE
GLY

The dingrim below defines a flow chart of the mmplementation of the (ilobal Line
Vectorization algorithin that was Jescribed in the preceding sections of this rescarch
project, This 1s @ high-level representaton of the alporithm and the sub-alsorithony (thal
wire involved i perfomming the Teature extraction, The dushed circle stgnifies the parl of

the alzorithm tnvolved in the aclual vectorization of lines.
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4.5 THE FLOW OF INFORMATION THROUGH THE TOOL

The diagram below defines the ow of mlormation as it 1s processed by different parts of

L)
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5 EVALUATION OF TIHE PERFORMANCE OF THE
FEATURE EXTRACTION TOOIL.

The Teature extraction tool was evaluated by testing its robustness. accuracy of entity
atirtbutes and mne efiiciency when 115 apphied 1o diflerent mages with varving levels of

the digitized and architeceral image characleristics discussed in section 4.1,

1. Robustness was measured by testinge the abidity of the feature extraction tocl to
maintain a high level of performance in varving scenarins. This was measured by
laking the ran 1ime, editing cost and vectorizaion cae as the complexity of the
imaze was mercasad, The complexity was inereased by increasing the size, the

number of lines, the nuimber of junctions and amount of nodse i the image.
The Correction Cost, [12] wis taken us the costs for inleractive comreclion, which
included the redrawing ot missed entities and deleting falsc entities and

modifying altributes of cntities that involved both deletion and redrawing,

The editing cost 15 as follows [or different types of ermors,

Error " Correction method Correction cost
Miss ! Adklition 1

Falsc Alatm . Modificaoon 1
I E111:il,y brolen nto .{-'.lm'ls B _ _[}e]eliun and Modilication | (N-11-+ 1

The correction cost 15 the tefal of the cost of commection [or the different ermrors that

vceur. Hence

Corrcetion Cost, COC — Addition + Modification + Delepon




L 1tus evaluation of the correction cost it 15 assumed that the addivon of an entity,

delelion of an entity and modification of the entily have Lhe sume cost,

The Vecturization Rate was used as the parameter 1o measure the Robusiness of
the Tool where the vectorizalion rale 15 the ralio of the total nwnber of entiliey
veolorged (vectonged entity count) by the ool o the 1ot number of enlines

the image. The acceplable threshold for the vectorization rate 1s (85, [12].

Yectorized rate VR — (veclorized entity count) / (1oda] number of entities)

| B )

Accuracy ol entity atirilhutes was measurcd by lesting the wals abihty to
identity the correct line attributes. These atiributes were; the line start, end,
thickness and 1ype, and junciions where junchions occur, The abalily of the ool o
deteet unctions and o differeniite notse from the desived pixels was also

meusured,

5. Time efficiency was measured by testing the mn time of the algorthm, which s
effectuvely measunng the Speed of Yecloraation as the number of entities to
vectorize increases. This was measured as the Procpssing time PT, aml Noise

Trme X1, Ve effect of noise on the tme efficieney was also delermined.

5.1 TERMS USED

The terms used m the desceription of lhe nnages vsed w evaluate this ool are defined
b los:,
< Simple image referred (0 vmage with than five lines
Y {Complex image referred to an inage with maore than five ines: the most complex
wages that were tesied had more than five Boes, more than four junelions, and o

high level of noise.
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4= Toew junctions reforred to an image with no more than four junctions

4 Muny juncrions eefermed o an inage with more than four junclions

5.2 TEST A: EVALUATION OF THE LINE THICKNESS AND LINE
IDENTIFICATION

The elicctiveness of the wol i detecing varving line thickness was evaluated. The

pccuraey aoed U effteeoey woere measured and the only purameter that was changed

tesl A was the line thickness, These situanons are discussed below,

. A simple enage that has Tees of the same chickness

2. A simaple imase that has lines of varying thickness
3 Acomplex image that has lines of the same thickness
4. Acomplex image that has hnes of varyving thickness

5.3 TEST B: EVALUATION OF THE JUNCTION
IDENTIFICATION

The elfeeiivencss of the ool dens aog the dillerenl types of junciens  the 1), 17 and
LJ- was evaluated. The accuracy and time efficiency were measured and the only
paramater that was changed was the number of junctons, the hine thickness remaimed
unchunged, These situatnens are discussed below,

L. Asimple image that has a few junctions

2. A simple image that has many junctions
3 Acomplex imagre thas has o [ew Junciioos
4. A complex tmage that has many junclions

a9



34 TEST C: EVALUATION OF THE EFFECT GF NOUSE ON THE
TIME EIFICIENCY AND ACCURACY OF ENTITY
IDENTIFICATION GF TIE TOOL WHEN APPLIED TO
SIMPLE IMAGES

The time efficiency and the aceuracy of entity idemtificaion of the lool were tested us

applied w jdentical sinple images with varving SNR. These are discussed below,

L. A simple imagee

2. Asimple image with varving SNR {398, LW, 31, 6.7_5)

5.5 TEST D: EVALUATION OF THE EFFECT OF NOISE ON THE
TIME EFFICIENCY AND  ACCURACY OF ENTITY
IDENTIFICATION OF THE TOOL. WHEN APPLIED TO
COMPLEX IMAGES

The time efficiency of the tool was 1ested as applied w g identical complex images with

varying SNR. These are discussed helow,
1. Acomplex wmage

20 Acomplex Image with varving SNR 1052, 3%, 18, 13,14

56 TEST 8: EVALUATION OF THE EFFECT OF THE SIZE OF
THE IMAGE ON THE TIME EFFICIENCY AND ACCURACY
OF THE TOOL

The time efficiency of the too] was tested when the tool was applivd @ invges of varying
size, arca and complexity. The sizes ranged from 43000 pxs’ 1o 350000 pxs®, The effcet

of noise was not pul inlo consideration i lest S,

&l



6

TEST RESULTS AND PERFORMANCE EVALUATION

The purposc of the testing was to evaluate the performance of the feawre exlraction lool

that was implemented using javin 1o detenmime the feasibilily of watng Tava 10 develop the

1toal. This therctore mvolved Lhe wesls for robusiness, time ctlicieney and 1he accuracy ol

lhe veetorizod entitics atiribules in varving situations. The parameters that were lested

were the,

*
L) .‘

6.1

Tune cMeieney of the ol by measuring processing time in different situations
it the presence and absence o norse (Test © and T, Tor stmple amd more
eomplex images (Test A and 13} and varving sizes of images (Test 5)

Accuracy of the vectorized entities attributes by measuring the tools ability 10
identify limes {Test Ad, the 1ools abihny woudentify varatons in line thickness
{Test Ad the ools ability 1o identify the three 1ypes of junctions m the lines (Tes
B, the effect of notse (Test O oand T3 and iemagee sive (Test 8) on the correct
identitication of entily attribules

Robustness of the too] was measured by calcululmg the correction cost and the
veelortzalion rate of the toe] for all the images that were used. The acceplance

threshaold of the voclorisation rate was taken ag (85,

TEST MACHINE SPECTFICATIONS

The specifications of the mzchine that was used 10 run the tonl and the tests are provided

in the table below:

_Paramcter Yalue
Tvpe ol CPU CPERNTIUM (R 2 400 Hz |
RAM L2 WIS

Syslern - Windows XP home editien

Woersiom 2007

Sarvics pack |

Lahle 1 : Specifications of the Test Machiny

il




6.2 TEST IMAGES AND TESTING METHOD
The fesls were tan on 23 amages thal were developed wsing Microsoft 1aint,. The

properties of the images are defined in the table helow:

Parameier Yalue

Tile type . Bmp Nl pa——
Honzonlal resoluiion &

Vertical resolution i | *_1_Ili________
| Birdeph 24 S - ;

Frame coant ]

Tubde 2 1 Ganeral specilivations of the dest images

Each image was tested 5 times and an average of the observed values was determined.

6.3 TEST RESULTS

This section presents the test resulis for the images that were ested upder varving

coml .

6.3.1 TEST A: LINE THECKNESS IDENTIFICATION

The tests woere run o determine whether the tool could detect Jines of difTerent
thicknesses. The lests were run on Towr (4) [mages all of the same siee. Two of the
images were simple images while the other two images were complex mages. The focus
of the est was to determipe whether the taol eould lentily the difTerent thicknesses of
these lines. The resulls below demonstrate thit the tool could identity the thickness of

the lines that made up the images even when the lines were of dilfecent thickpesses.
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A: LINE IDENTIFICA'FION

rin to determine whether the ool could extraet fincs from the images. The

on four (44 mmages all of the same stze. Two of the images were simple

images whtle the other twe images were comiplex images, The focus of the lest 15 1o

determine whether the tool accuralely wenhlied the line altributes. The tesults show that

the ool could efficiently identity lines in instances where there was oo noise inftoduced

in the image. The diagram below shows the resulis of the lme o the onginal image

plotted against the lings in the veclorized reage. The resall shows there is 100% line

dentificition.



Line ldentification

M
A
] H
|
T o
3
5 4
=

2

o

lesid-1 leswh-2 lessh-5 |5y -4
il Lines in coigined Imaga I Test Images
|

B Lines in Vegtorized Imege !

Figore 0.5 0 The line identification bar graph

.33 TEST B: JUNCTION IDENTIFICATION

The tests were mn o determine whether the tool could identify the junetions of lines.
‘There are three tvpes of perpeodicular junclions of inferest in this scenano, the T-
junctians, Launctions and Triersection ar T-junctians. The tesis were run on four (4)
wnages all of the same size wilh incereasing numbers of unctions: the tocus of the lest 15
ta determine whether the tool correcily identified the junctions. The results demonstrated
thit the 1ol was very efficient in the wentification of T-junciions and T-junctions with an
identification rate of 100%,, The teal however hisd problem idenafane T-junctions wilh
nlentification rate sometimes as low as %% Thos (5 probably a result of inetficiencies in
lhe code siving se w the need for further wvesigation seeng as some T-junclions arc
identified while semetines none of the T-junctions 15 idenlified at all. These results can

be clearly seen in the bar graphs below.
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6.3.4 TEST C: EFFECT OF NOISE ON TIME EFFICIENCY DURING
THE PROCESSING OF SIMPLE IMAGES
Fhe tests were run o delermune Lhe effect of noise on the processing time of the feature
exlraction tool. The wests were run on five (53 images all of the same s1-c; the variation
was i noise levels reprosented by changes in the SWR These lests were applied 1o
simple mmages with a total of five (3] lines and four (4] junctions. The emphasis 1s on Lhe
Processing time of ool as the SNR changes. The SNR decreases as the amount of hoise
i Lhe image inereases, The relabonship between the SNR and processmg tme 1s non-
linear which mdicates that the Processing time increased as the SNR reduced 1.e., the

amount of noise in the Image igcreased. This result was o be cxpocied,
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The affect of SNR on the Processing Time of Simple mages
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Figure 6.9 1 The effect of ovise (SNR) on the Processing time in simple images

6.3.5 TEST C: EFFECT OF NOISE ON LINE IDENTIFICATION IN
SIMPLE IMAGES

The tests werg ran o deteemine the effect of nose on the adenlification of lines by the
feature cxlracton ol The tesls were run o 5 images all of the same size; the variation
Wik in noise levels representad by changes in the SNR. These lests were applied simple
images with a total of five (3) lings and four {4) junciions, The emphasis was on the line
wenlification capabilities of the tool as the SNR changes. The results demonstrated that
Lhough the noise had no etfect on the line identification abilities of the tool. As shown

balow the ling idencification rare remained at [D0% for cven small SNR s,
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Effect of SMR on the Line identificaiton in Simple images
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6.3.6 TEST D: EFFECT OF NOISE ON TIME EFFICIENCY DURING
THE PROCLESSING OF COMPLEX IMAGES

The: tests were run 1o determmne the offect of noise on the processing time of the feature

extraction tool. The tests were mn an & umages all of the same size; the varialion was in

noise level, These rests were apphiad 1o complex images with a total ot ten (10} lines and

eighteen (18) junctions. Phe emphasis was on the Processing time of ool as the SNE

changes. As expected. the increases tn noise cansed an increase in the Processimge tme of

the ymage. This is made clear in the dhagram below.



The effact of SHR on the Processing Time of Complax Images
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6.3.7 TEST D: EFFECT OF NOISE ON LINE IDENTIFICATION IN
COMPLEX TMAGES

The tests were run to determine the etfect of notse on the identification of linegs by the
feature extraction wool, The 1ests were run on 5 umapes all of the same size; the vanation
15 Tor notse. These tesls were applied Lo complex mages with a total of ten {100) lines and
eighteen {L¥) junctions. The emphasis was on the ling wentificanon capabiliies of the
tool as the SNR changes. The tests demonstrated (hat the SNR had no effect on he
idennficanon of hnes inomore complex inage, The line identification rate was maintained

dl 1008 even for very hich amounts of noise in the image.
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Effect of SNR on Line idemtificaion of Complex irages
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6.3.8 TEST 5: EFFECT OF THE IMAGE AREA ON TIME EFFICIENCY

The tests were tun 1o determing the effect of the size of the images on the processing tlime
of the feature extraction ool The tests were mn on five (3) images all of varying and
increasing sizes; the images alse increased in complexaty, The results demonsirated that
the processing tune of the ol increased steadily ay the size of the image-increased
showing thal the provessing time i directly proportional to the size of the image. This
result was expected and showed that the ol could be exlended 10 ideniify larver images

wilh the cast of an increase nr processing me,



The effect of Image Area on the Processing time
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6.3.9% TEST 5: EFFECT OF IMAGE AREA AND SIZE ON LINE
IDENTIFICATION

The tests were an w dewermine the effect of the arca and siee of the wnage on the
whenliDeation of lines by the feature extraction ool The fests were run on five {5) images
all ot the ditferent sizes wilh an mereasing nuwmber of fines and junctions n the images,
These tests were applied 1o images ranging from a simple image with only four (4) lines
and three (3) juncliony w the most cormplex mage with g tota] of sixteen (16) lines and
tourteen (14} junctions. The emphasis was on the line identification capabilities ot the
ool as the image area changes, The SNR was mainiained al a very hagh value so that the
effict of nose could be agnored, The 1ests demonstvated that the hne swdenbifcation v of
the tool was unaffeeled by the mereasce in the size and arca of the image. The Image tosiS-
4 had a line identification rate ot 93% owing to the wrong identitication of the line
allribuwtes of one of the lnes, Overadl, the wdenuficaton rale was 100% showing that as
the image size increased the identification rate was unattected; the signiticance of this is

that the ool can be extended 1o larger s1aad uimages,
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The effect of Image area on line Ideniltication
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6.4 THE TEST FOR ROBUSTNESS

The tool was tested for robustness wsing twno parameters; Correclion Cest, OO and
Vectorzation rale, VR, The robusiness was Lested as the wel was apphied 1o all the

LIages.

641 CORRECTION COST

The correction cost for cach of the entitics {lines, T-junctions. T-junctions and I-
Junetions) was detenmined. B owas found thal the correction cost for lines. L-junctions and
I-junictions was Zern () owing to the 100% identification rate.  Tha correction cost tor
the T-junctions was however [ound 10 be very high owing o the low idenlificadion rate.
The overall correction cost is therefore the sum total of the correction cost of the T-

Junctions sinee the identiication of the other entilies 1 1009,

Identificaiton of Linas far all the images
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Tho [dantifleatian of L-junctions for all the images
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The identification ot T - junctions for all the images
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6.4.2 VECTORIZATION RATE

The lotal veotorization rale of the ol for cach of the images was detenmined. This
vectonization rate was a result of the vectorezation of cach of the entibes wnd the tal
veelonsation tale for the sum toal of all entises (lines, L-jusctions, T-junetions and I-
Junctions) in the imuee. The resulls show o high vectorization rate of aboul 1O Tor bines,

[-qunctions and I-junctions.

The T-junctions however have o low vectorization rate with the highest al 067 and the
levecst 0.0 1his 15 below the reguired threshold of .85 The low vectorization rate tor T-
junetions tosulls inoa reduction of 1he toal vectorization rate and the average
vectorization rale. For the todal vectorizaiom rate for cach mage the highest value s 1.00
{where thore wre no T-junctions) while the lowese value is .7 (where there are many '1-
tunelions). the average of the wial Veewrization rae for all images is .82, For the
ayerage of the vectorization rates for the entities in each Image the highest value 15 again
100 {where there are no Tounctions) while the lowest value is .75 (where there are

wany T-junctionsh the average of the total Veeworization eate s N1
The average of the toal and average Vectorization rates of 0.82 and 0.8 Lrespectively wre

all theretore below the required threshold of 085 This iz because of the low

vectorization rate of T-jusclions,
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Vectorization Rate for each entity in the image, Total Yectorization Rate and Average Vectorization Rate
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7  CONCLUSION

The previous chapier - Test Results and Performance Ewvaluation, discussed the tests
carricd oul, the resuliz of the weas and provided an evaluation of (these resulis. This
chapter will present s swmmary of what the wsts have proved and sugzest possibilities for

any finure work.

7.1 THE RESEARCIT QUESTION

The research question was, s it feasible o develop a jova based image analvsis tool
that enables the composentizing of the lines w digitized architectorad floor plais in o

vofuest amd efficient meanner? "

7.2 THE ACIHIEVEMENT OF THE ORIGINAL AIMS

Before discussing the achievement of the orieinal aims, they must be highlighted. The
uriginal aims were,
1. Todentify the properties of raser images and the problems associated with
vommponenizzaiion of digtized of the bnes inacchaleetural Door hat coutd aifed

the image processing,

1.

Todemily an Tmage Analvsis technigue that conld be used for extracting the line

information from an Architectural floor plan,

3. To implement this rechnique to the Architectiral floor plan by using Java to
develop a Feature Exiraction tand

4. To evaluate the perfurmance of the 1ool by tesling for robustness, tme efficicney

and the accuracy of the vectorized entities attributes.
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In order to achieve these aims an extensive literature review was carried out on past work
done in the field of technical drawing analysis in general as well as research done in

architectural drawing analysis.

The common properties associated with raster or digitized images were compiled and
these were found to be noise and distortions. The problems associated with
componentization of line drawings included the identification of line attributes, especially
the line thickness and the junctions along the line, and the occurrence of repetitive

detection.

After reviewing the advantages presented by various researchers, the Global Line
Vectorization algorithm was identified as an image analysis technique that could be
applied to the extraction of lines. The advantages of the Global Line Vectorization
algorithm include the facts that,
1. It does not visit all pixels hence improving performance;
2. Its method of operation enables it to identify the line attributes including the
tricky areas of the line thickness and junctions;
It is not affected by noise or distortions in the image;
4. The image is progressively simplified by deleting pixels that have been

recognized hence removing the problem of repetitive detection;

The feature extraction tool was then developed by implementing the Global Line
Vectorization algorithm using Java with a few adjustments. The tool was then tested by
applying it to 23 images, each test being run five (5) times and the average of the results

for each image were taken.

7.3 SHORTCOMINGS AND LIMITATIONS OF THE STUDY

The study has a number of limitations and shortcomings that arose owing to the time and

resource constraints associated with the project. These did not permit the extensive
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application of the algorithm used in the study to a wide range of scenarios and instead led

to the restriction of the scope of the study.

The limitations and shortcomings are discussed below.

1.

The study was only applied to horizontal and vertical lines, there is therefore a need
to apply the study to a wider range of line

The study limits foreground pixels to purely black pixels (using the RGB colour
model, the colour is defined as (0, 0, 0)). In a scanned drawing, the foreground pixels
may not be an exact black; there is therefore a need to use a more appropriate value

for the foreground pixels.

. The algorithm that was used in the study has been applied to 24-bit bitmap images

developed using Microsoft Paint, the noise was also introduced using this application.
Given that the images that were tested in the study were generated, using Microsoft
paint there was no consideration of the scan resolution of the image this will have to
be factored in when the algorithm is applied to scanned architectural drawings

The study does not take into consideration numbers, letters and other diagrams that
usually appear in architectural drawings. This is a shortcoming because the algorithm
has not been applied to a real architectural drawing.

The study was limited to images of relatively small size: since architectural drawings
are typically large.

The algorithm used in the study was applied to lines between 2 pixels and 20 pixels
thick.

74 RELEVANCE TO CURRENT ARCHITECTURAL CONTEXT

As previously mentioned, the area of Architectural drawing analysis presents both a

problem and a challenge in the area of the analysis of graphics documents. This is

because there are few teams dealing with architectural drawings.

The relevance of this study is therefore to reinforce the idea of applying the knowledge

from the other over researched areas of technical drawing analysis to the area of
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architectural drawing analysis. As a result, the research demonstrates that it is not always
necessary to reinvent the wheel concerning architectural drawing analysis, but to take
advantage the experience in other areas of technical drawing analysis by choosing “off
the shelf” the methods best suited to our purpose and applying these methods withy some

minor changes to the area of architecture.

7.5 CONCLUSION

In relation to the research question, it is feasible to develop a java based image analysis
tool that enables the componentizing of the lines in digitized architectural floor plans in a

robust and efficient manner,

This is because the tool developed was able to extract the line information from the floor
plan with accuracy of the line attributes, in a time efficient way and robustly. The
exception was in the identification of T-junctions that was sometimes as low as zero (0);

this requires further investigation.

7.6 FUTURE WORK

There are a number of areas to be investigated,

1. T-junctions, there is a need to establish why the tool has problems identifying T-
junctions because though the identification rate was sometimes zero (0) it can also
be 0.67 , which proves that the tool can actually detect the T-junctions although
there are instances where they are totally ignored.

2. Image Size, there is a need to investigate the effect of very large image sizes on the
tools performance.

3. Extending the tool to other types of lines, there is a need to investigate the tools
ability to identify other types of lines e.g. slanted lines and dashed lines.

4. Extending the tool to other types of symbols, there is a need to investigate the
feasibility of extending the tool to identify other primitives e.g. circles and arcs.

5.  Extending the tool to scanned architectural drawings, there is a need to apply the

tool to scanned architectural drawings.
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A. APPENDIX

APPENDIX 1: THE TABLES OF RESULTS

Image Name Image size Kb lines Junctions
testA-1 555x 324 527 4
testA-2 555x324 527 4
testA-3 555 x 324 527 10 25
testA-4 555 x 324 527 10 25
Table 3 : Test A - Line thickness identification
Image Name Image size Kb Line in original Image Pines jn vectorized
image

testA -1 555 x 324 527 5 5
testA-2 555 x 324 527 5 5
testA-3 555x 324 527 10 10
testA-4 555 x 324 527 10 10
Table 4 : Test A- Line identification

R QOriginal Image Vectorized Image
Image Name Image size Kb i3 T3 o i3 T3 o
testB-1 555x 324 527 3 1 0 3 0 0
testB-2 555x 324 527 4 10 4 4 2 4
testB-3 555x324 527 0 4 0 0 3 0
testB-4 555 x 324 527 4 10 4 4 2 4
Table 5 : Test B - Junction identification
Image Name Image size Kb F? reground N.mse SNR Avg. PT Avg. NT

pixels pixels {msecs) {msecs)

testC-1 517 x 300 454 | 12742 32 398 1334 50
testC-2 517 x 300 454 | 12838 128 100 3334 362
testC-3 517x 300 454 | 13130 420 31 9099 1300
testC-4 517 x 300 454 | 14927 2217 6.7 41912 6052
testC-6 517 x 300 454 | 15642 2930 5 55935 8296

Table 6 : Test C - Effect of noise on Processing Time for Simple images

Image Name Llfle.s n Lines in vectorized image | Foreground Pixels | Noise Pixels | SNR
original Image

testC-1 5 5 12742 32 398

testC-2 5 5 12838 128 100

testC-3 5 5 13130 420 31

testC-4 5 ) 14927 2217 6.7

testC-6 5 5 15642 2930 b

Table 7 : Test C - Effect of noise on the line identification for simple images
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. Foreground | Noise SNR Avg. PT | Avg NT
Image Name Image size Kb pixe‘;f pixels (ratio) (msgecs) (msgecs)
testD-1 493 x 334 482 | 17898 17 1052 1054 18
testD-2 493 x 334 482 | 18354 473 38 7168 853
testD-3 493 x 334 482 | 18927 1046 18 13243 1619
testD-4 493 x 334 482 | 14927 1509 13 22835 3261
testD-S 493 x 334 482 | 19859 1984 10 25241 2614
Table 8 : Test D - Effect of nolse on the Processing time for complex images
Image Name E:?;ii:: Image i‘el:f:rge d image Foreground Pizels | Noise Pizels (Sggo)
testD-1 9 9 17898 17 1052
testD-2 9 9 18354 473 38
testD-3 9 9 18927 1046 18
testD-4 9 9 14927 1509 13
testD-5 9 9 19859 1984 10
Table 9 : Test D - Effect of noise on line identification in Complex images
Image Image size | Kb Lines Junction | Foreground Neise |SNR Avg. PT |Avg NT
Name 8 Pixels Pixels | (ratio) (msecs) | {(msecs)
testS-1 | 300x 150 | 132 4 3 4608 14 329 667 18
testS-2 | 400x 200 | 235 7 6 8015 21 381 869 16
testS-3 | 500x 300 | 440 10 9 14860 22 675 1432 36
testS-4 | 600x 400 | 704 14 12 19977 10 188 2692 108
testS8-5 { 700 x 500 | 1027 | 16 14 30650 304 100 4176 240
Table 10 : Test § - Effect of the image area on the processing time
Image Name | Image size Area Kb Lines in original Image | Lines in vectorized image1
testS-1 300 x 150 45000 | 132 4 4
testS-2 400 x 200 80000 | 235 7 7
testS-3 500 x 300 150000 | 440 10 10
testS-4 600 x 400 240000 | 704 14 13
testS-5 700 x 500 350000 | 1027 16 16

Table 11 : Test 8§ - Effect of Image Area on Line Identification
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SNR [PT  |NT _ |Lines|Lines Ly [LJ T3 |13 TR Entity | Total | Total
Tmage | ratio) |(msecs) | (msecs)|(0) CCIVR Loyivy |CC1 R0y || CCIVR Loy (vy| €€ VR Toar |GG |VR
testAl |398 (833 (52 15 |5 Jo 11 1303 o i1t jo 1 o Jofolo 1 fo |1 |oso
testA2 |254 (817 148 15 |5 Jo 11 I3 13 Jo 11 11 Jo 1 Jo Jo Jojo Jt |9 |1 |oso
testA-3 901  |1640 |42 110 10 Jo |1 14 |4 Jo |1 [1iz |3 |9 Jo25]9 |9 [0 |1 I35 o |o7a
testAd |24 |4830 |44l 110 10 Jo [1 14 |4 Jo |1 Jiz |3 [9 Jo25]9 19 Jo 11 I35 |9 o074
testB-1 |398  [982 |64 15 15 Jo |1 I3 |3 Jo |t |1 Jo i Jo Jo oo 1 lo |1 Jos
testB2 |589  |1510 |48 |9 |9 o |1 |4 |4 Jo |1 J10 |2 |8 Jo2 |4 |4 Jo |1 |27 |8 o070
testB3 |289 |1847 108 |8 |8 Jo |1 Jo Jo_Jo |1 |4 13 |1 Jo7500 Jo o |1 |1z |1 |09
testB4 1213|1550 138 19 19 [0 |1 |4 |4 Jo |1 10 12 |8 Joz {4 |4 lo 11 |27 |8 o7
testC-1 1398 11334 (50 |5 |5 o |1 13 13 Jo 1 11 Jo i Jo Jo 1o fo 11 fo |1 Jos
testC2 1100|3334 (362 |5 15 10 11 13 13 Jo 1 11 o 1 Jo fo Jo o 11 fo |t |oso
testC-3 131 ]9099 (1300 15 |5 Jo {1 I3 13 Jo (1 11 Jo j1 o Jo lo 1o 11 19 |1 Jogo
testC4 167 41912 16052 |5 15 1o {1 13 13 1o 11 J1 Jo 1 Jo JoJo o 11 19 11 Jogo
testC-6 |5 55935 (8206 |5 |5 (0 (1 13 13 1o (1 11 (o1 (o Jojolo 1 o |1 o
testD-1 |1052 11054 (18 19 19 10 |1 14 |4 o (1 f10 [2 [8 Jo2 |4 |4 lo |1 127 |8 lo70
testD-2 |38 |7168 1853 19 (9 [0 |1 |4 (4 Jo |1 110 |2 [8 [o2 |4 |4 1o |1 127 (8 Jo70
testD-3 |18 13243 [1619 |9 |9 J0 |1 14 |2 Jo |1 [0 [2 [ oz Ja |2 o {1 {27 {8 [o70
testD-4 |13 22835 [3261 |9 |9 J0 |1 |4 |4 Jo |1 Jio |2 [8 Jo2 |4 [4 Jo {1 J27 18  [0o70
testD-5 |10 |25241 2614 19 (9 [0 |1 14 |4 Jo |1 Jio |2 [8 Joz |4 |4 Jo |1 |27 |8 Jo70
testsd |320 |667 |18 14 |4 Jo |1 |3 13 Jo J1i Jo Jo o1 Jo oo |1 17 [0 [Loo
testS2 1381|869 |16 |7 17 o 11 13 13 Jo 11 I3 |2 |1 jos7fo [0 Jo |1 |13 |1 [oo
testS3 |675  |1432 |36 110 110 _Jo |1 6 16 |0 |1 |3 12 |1 Joe7]o Jo Jo |1 |19 |1 |095
testS4 188 |2692 108 |14 |13 |1 09313 |2 |1 Jo7]9 15 |4 Jose)l |1 jo 11 |27 16 |o78
testS-5 100 |4176 1240 |16 |16 Jo |1 |5 |5 10 |1 18 14 |4 los J1 |1 {0 11 30 14  |os7

Table 12 : Correction Cost CC and Vectorization Rate of the tool
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APPENDIX 2: IMAGES USED IN TEST A, LINE THICKNESS

Figure.A.1 : testA-L.bmp

Figure A.2 : testA-2.bmp

Figure A3 : testA-3.bmp

Figure A4 : testA-4.bmp
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APPENDIX 3:
IDENTIFICATION

Figure A.5 : testB-1.bmp

IMAGES USED

Figure A.6 : testB-2.bmp

S R R R B
Figure A.7 : testB-3.bmp

I

Figure A.8 : testB-4.bmp

IN TEST B, JUNCTION
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APPENDIX 4: IMAGES USED IN TEST C, TIME EFFICIENCY IN
PRESENCE OF NOISE

Figure A.9 : testC-1.bmp

Figure A.10 : testC-2.bmp

Figure A.11 : testC-3.bmp

Figure A12 : testC-4.bmp
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Flgure A 13 “te'stCA-6'.b‘mp
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APPENDIX §: IMAGES USED IN TEST D, TIME EFFICIENCY IN
THE PRESENCE OF NOISE

]
|

Figure A4 : testD-Lbmp

Figure A.15 : testD-2.bmp

Figure A.16 : testD-3.bmp

o

FxgureA17 . féstf)—4.bmp
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l‘T'i'gﬁreAA.l'S : testD-S.bmp
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APPENDIX 4: IMAGES USED IN TEST S, IMAGE SIZE AND AREA

Figure A.19 : testS-1.bmp

Figure A.20 : testS-2.bmp

Figure A.21 : testS-3.bmp
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Figure A.22 : testS-4.bmp

Figure A.23 : testS-5.bmp
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