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Abstract

Large amount of chart images with their groundhtraite essential in training and testing
chart understanding systems. However, manuallyexetig ground truth from real-life
chart images is a time consuming and error-proneqss. In this project, we propose a
procedure that makes ground truthing a fast andblel task by generating synthesized
chart images and automatically obtaining their gbtruth. We systematically study the
hierarchical structures of chart images, and defifevels of ground truth to be recorded.
To make synthetic images more helpful in trainingl desting, we design our own
parameterized image degradation model which simsilaome commonly seen real-
world image defect types. By applying such degiiadatodel, synthesized noise-free
images can be further degraded with precise cantBdsed on above ideas, we build a
software package which can be used to generaté ioege ground truth databases with
large sizes in a short time, this will greatly faate researchers in training and testing

their chart understanding systems.

Subject Descriptor:
1.3.3 Picture/Image Generation
[.7.5 Document Capture

H.5.2 User Interfaces
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Chapter 1

Introduction

1.1 Background and Motivation

Scientific chart has the advantage of representingierical data in a clear and
comprehensive manner; it is widely used in varikimls of documents. Therefore, in
recent years scientific chart analysis and recagniiraws increasingly more and more
attentions to researchers. One critical issue i® thsearch area is the need for large
qguantity of scientific chart images together witteit ground truth values. Bground
truth, we mean the correct information of every detaithart images. Take a bar chart
for example: a typical bar chart contains axes dnatformed by lines, rectangle regions
called bars, textual information, etc; the grounatht of a bar chart includes correct
information about attributes of the geometric otgjesuch as width and length of lines,
values interpreted by different bars and attribatiethe text such as content and location
of each word, etc (detailed scientific chart grodndh will be discussed in chapter 3,
this example is just for a brief illustration). Grad truth has significant usages in training,

testing and evaluating document understanding sysgtdgorithms.

However, there is not much study on how to createigd truth database of scientific
chart images. Since ground truth will be used @ntng and testing, the quantity of
ground truth data shall be large in size, the quath terms of accuracy must be high
enough. The usual method of getting a chart imagexsind truth is through human
labeling, but this is quite labor intensive andveno to be too slow a process to get
enough amount of ground truths. What's worse, minlabeling is prone to errors, and
the inaccurate ground truth will degrade the redagnsystem’s performance. Hence a
fast and reliable method of getting scientific ¢harages’ ground truth is needed. One

good choice is to use synthetic chart images agid ginound truths.



1.1.1 Synthetic Data vs. Real-life Data

The advantages of using synthetic data includedrgpneration process, low cost and
high accuracy. However, since the ultimate goakémognition system is to handle real-
life data, one key issue is how useful the synthetita is. (Dennis and Phillips 99) and
(Baird 2000) addressed this issue and pointedhaita system’s performance is largely
dependent on the size and quality of the trainiatadno matter whether the data is
synthesized or obtained from real life. From thignp of view, synthetic data is helpful
due to the virtues of its large volume in quangétyd high accuracy, which the real-life
data is lack of. Synthetic data and real-life data complementary to each other, using
synthetic data along with real-life data is a majend in document analysis research. In
fact, even synthetic data alone has been extegsiggd by researchers in training and
testing recognition systems. Some of the work omgussynthetic data alone to
successfully improve character recognition systgmsformances can be found in (Cano,
Perez-Cortes, Arlandis, and Llobet 2002), and stymieal work on using only synthetic
data for testing and evaluating recognition systeamsbe found in (Ho, Baird 1995) and
(Jenkins 1993).

1.1.2 Synthetic Data Degradation Modeling

Recognition system’s ability of handling ideal ineagvell enough does not guarantee the
system will also survive when facing corrupted iemgReal-life images are often
inevitably corrupted from image acquisition, tramssion and storage stages. It is
necessary to artificially degrade ideal synthetiages (a process called degradation), by
simulating the various types of corruptions (sushmaise) that images may have in the
real world. Quantitatively specified degradationdels can lead to more meaningful
testing and evaluating strategies, with two obvibesefits listed below: (1) we are able
to explicitly compare performances of different dowent recognition systems/algorithms
by using the same degradation level(s); (2) agdtat (Kanungo, Haralick and Phillips
1993), if we evaluate a system/algorithm for certeontinuous degradation levels, we
can locate the break-down points of the systemfdlgo simply by observing the
changes of performances, hence the weaknesse® aysfitem/algorithm can be more

easily identified. Since it is relatively costly tmllect real-life data and retrieve their



ground truth, real-life data sets are always tentdd small in size; this deficiency may
cause inadequate image degradation types, so systhioh are trained or tested using
real-life data sets may not perform well when fgcimseen data. Degradation models,
however, can help to reduce such bias becauseatieegble to cover a wider range of

image defects and thus making recognition systeore mobust.

1.2 Project Contribution

In this project, we developed an automatic scienghart image ground truth generation

system and we apply different kinds of degradatiorthie ideal synthetic chart images to

simulate the effect of real-world image degradattgpes. The contributions of this

project can be summarized as follows:
we build a software package that is able to rapgdigerate ideal scientific chart
images currently including bar chart (2D, 3D) amel ghart (2D, 3D); at the same
time, ground truth associated with each chart imagdtained automatically and
with almost 100% accuracy. This software package ainplements our own
image degradation model; ideal images can be furthemed into degraded
images with precisely controls. This software Valtilitate researchers in training
and testing their recognition systems/algorithmspbyviding them a convenient
way of generating large amount of ground truth déth trustworthy accuracy.
we study commonly seen real-world image degraddtipas systematically, and
use those degradation types to define our own peteaimed degradation model,
which can be applied to the ideal chart images rtyce real-like degraded
images.
Based on our idea and implementation, a synthdtartcimage dataset with
ground truth can be built easily. The size of theadet is fully dependent on the
users, because we make our system automaticallgratenchart image ground
truth, users can just create as many chart imagéseg like in a short time. The
diversities of different degraded chart images lbardecided by users in order to
fit them own intentions. The quality of the datagetalso guaranteed: (1) the

ground truth has very high accuracy; (2) variatidresn ideal images which
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simulate real-world image degradation types can anakecognition

systems/algorithms more robust.

1.3 Report Organization

The rest of the report is organized as follows. @#&a2 gives a review of related work.

Chapter 3 talks about our system’s overall strectumd gives the detailed definition of

chart ground truth. Chapter 4 and chapter 5 furthedvorate our system by looking inside
on the ideal chart image synthesizing and imageadiegion techniques used. Chapter 6
discusses the evaluation of our system and shoms soages that our system produced.

Chapter 7 gives a conclusion of the whole project lsighlights possible future work.



Chapter 2
Related Work

There are few studies on ground truth generatiansimthetic chart image in the
literature, since in the past few decades the fpoadt of document analysis research was
on processing textual information. Numerous techesgfor generating text ground truth
have been proposed, although they can not dirbéetlysed in our work, some of their

ideas give enlightenments to our research.

All the synthetic data ground truth generation pssccan be generalized as two steps:
synthetic data generation followed by applying degtion model. Synthetic data
generation produces ideal synthetic data; deg@uatiodel produces variations of the
ideal data. While generating synthetic data is alnaomatter of implementation issue, the

document degradation model has been extensivedaresed in the past few years.

The first and fundamental study of document degradanodel is (Baird 1990). In his
paper Baird defined the role of degradation moddbeé used to simulate the less-than-
ideal properties of real-life document images. lidtetl some commonly seen image

degradation types occurred in real life:

Image Degradations

Image Deformation Image Corruption
1. Geometric Transformation: 1. Imperfections due to printing,
. scanning, faxing, etc
translation .
. - noise
rotation .
. blurring
scaling .
stretching coarsening - .
thinning and thickening
2. Time-dependent Distortion: Jittering ve di .
e.g. due to biomechanics of perspective distortion
handwriting

Table 2.1 Image Degradation Types



Baird also enumerated some attributes that a dagomdmodel should have:

- Parameterizationit is better to have a degradation model expkasea
function of several parameters, since by this wiag,level of degradation can be
guantitatively measured and controlled.

- Completenesghis means how many types of degradation in IfEsaimages can
be simulated by the degradation model. When a systetrained using models
with a larger coverage of degradation types, thstesy will have a higher
accuracy estimates to unseen real images; simildrgn a system is tested using
models with a larger coverage of degradation tyflesweaknesses of the system
can be more easily spotted.

- Calibration: this means to what extent the degradation maatekamulate the
real-life images. The higher similarity between siated image and real image,
the better performance training or testing by usihg synthetic image will
achieve.

Baird thus proposed a 10-parameter model for ckarategradation; each parameter
represented the level of a degradation type suthoae mentioned in table 1. This model

is later used extensively by researchers in testimjevaluating OCR system.

Besides textual information, document images alveaygain graphical information such
as diagrams and figures. (Zhai, Liu, Dori, Li 20@8pposed line drawings degradation
model which simulate 4 types of common degradatitors engineering drawings:
Gaussian noise which simulates the electronic naiselectronic equipment; high
frequency noise which always occurs on the eddgme$ because the ink would spread
on rough paper; hard pencil noise due to the umessof paper’'s surface; motion blur

noise due to the movement of the paper during sagnn

In this project, we will design our own degradatimodel, and apply it to the generated
synthetic chart images. Next chapter discusse®vkeall structure of our chart ground

truth generation system.



Chapter 3

System Overall Structure

3.1 Chart Image Ground Truth

Before illustrating the overall structure of oustgm, we first talk about the chart image
ground truth that our system will produce. As shawrfigure 3.1, a chart image can be
viewed hierarchically from different levels (or ppectives): at the highest level, since a
chart image is used to represent certain numetia, gech component of the chart is
assigned some concrete meaning, for instance, @arin the bar chart represents how
much value an entity has. We human beings alwagspret chart images from this level,
that is, when we see, for instance, a bar charat wie observe is what entities are being
represented, how much value each entity has, vghiitei trend of the data, etc. Human
beings normally will not be interested in infornwatilike what is the width in pixel of
every bar, how long is theé axis; at a lower level, the chart image can beodgosed to
components such as bars, pie slices etc. Since eaciponent is certain kind of
geometric shape, we can view a chart as an apptegsiganizing of shapes. The shape
can be further decomposed to geometric primitidaeslines and arcs, hence at this level
a chart can be viewed as group of lines or arasallyi the lowest level is the pixel
information, because fundamentally pixel is theidasit of every image being displayed,
any line or arc is essentially composed by pixeldact computers “view” a chart image

from this level.

1 — Level Descripfion

: ﬂ ] = Highest Sernantic level & otual meaning associated with chart
Component level | Components inthe chart such as bars in bar chart

o ] g Wector level Lines, hrcs

21 D D Lowrest Fixel lewel Fixel inforraation about the chart image

1 2 3 4

Figure 3.1 View a chart image from different levels



The ultimate goal of a chart understanding systenoiunderstand input chart images
from the semantic level. Usually the input is atepilevel (e.g. an input chart image in
bitmap format), and in other words, chart undedita;n process is a procedure that
changes the “computer view” (pixel level understagyl all the way up to the “human
view” (semantic level understanding). When a chiaderstanding system goes through
such a process, information of the input chart lom dabove 4 levels will be retrieved,
since in order to move to a higher level understandhe system must know information
on the lower level(s). Therefore our system prowittee chart image ground truth for the

above 4 levels.

3.1.1 Pixel Level Ground Truth

Pixel level ground truth records the color inforroatfor every pixel in the ideal chart
image. Our system records the pixel level grounthtby keeping a copy of the original
ideal chart image. The usage of the pixel levelugt truth is: some document
recognition systems/algorithms perform well whestdd using ideal image, but adding
little perturbation to the input will reduce the rfmmances tremendously. Testing
recognition systems/algorithms using artificiallyriwpted images, and at the same time
comparing the results obtained with those gettroghftesting by ideal images, will help
researchers to identify the pitfalls and strengtitheir systems/algorithms.

3.1.2 Vector Level Ground Truth

Vector level ground truth includes attributes abling (straight line) segments and arc
segments in a chart image. Lines and arcs are tedsgmmitives for constructing more
complicated object. Detecting lines and arcs, e#led vectorization, is a necessary step
for a chart recognition system to understand hidgnezl components in a chart. Vector
level ground truth provides a standard to measuwe hvell the performance a
vectorization process can achieve.

A line segment is determined by its two verticesl @&s width, so we will store the
attributes of a line as:

<starting point’X, starting point’Y, ending point§ ending point's Y, line width



For arc segment, besides the above attributesetiter of the ellipse (we treat circle as a
special case of ellipse) which contains the arc twedlength of semi-major and semi

minor of that ellipse should also be recorded.Hodttributes of an arc is:

<starting point’X, starting point’Y, ending pointX, ending point’s Y, center point'’X, center

point’s Y, semi-major length, semi-minor lengtime lwidth>;

3.1.3 Component Level Ground Truth

We define a chart image’s components as the higlet (than lines and arcs) objects in
the chart, which are always comprised by primitidése lines or arcs or their
combinations. For instance, the chart in figurei8.fbormed by a coordinate system:>an
axis, aY axis, and four rectangles. Every component in artchmage is a certain
geometric object. Some geometric objects are regsileh as rectangle, sector; some are
irregular, such aX axis which is a longer line segment with sevenalrter line segments
(ticks) on it. Chart understanding system shouldabé to recognize various chart
components, since this can help the system delseleaformation like the chart type etc.
In (Huang, Tan, Leow 2003), chart components aeel &g construct chart models, in this
way, different chart models will have distinguistealieatures since the basic object
shapes that constitute every model are differemiauire; so when a new chart image is
given, the components it contains will be deteaad matched with existing model in
order to recognize the chart. In fact human beiregognize different chart types by
simply identifying chart components: when a persees a chart with several bars ahd

Y axes, he will say it a bar chart, rather than e ghiart or line chart. Therefore it is

necessary to provide chart image’s component lgneind truth.

3.1.4 Semantic Level Ground Truth

To generate semantic level ground truth, the téxtfarmation in the chart image will
be used to associate meanings with chart compoietshe chart itself. Again taking
the chart in figure 3.1 as an example, when theigetaken into account, we will know
the first bar represents entity 1, which has valRiesecond bar represents entity 2, which
has value 3, etc; and we will also know the scalX axis is 2, the minimal and maximal

values it can represent are 0 and 18 respectiBslyproviding semantic level ground



truth, we can evaluate how well a chart understandiystem really understands chart
images. Following the convention in OCR researchk, wge a bounding box which

bounds the text to represent the location of txd, content of text is also recorded.

3.2  System lllustration

Tabuwlar Data
Y
r N
Chart Generator
Tahle
P i .| Cround Trh
Chatt Ima.ge ™ | Higher level
Chatt Tmage Deformation o| ground truth )
Degradation ¥
Wodel P
Chart Image -
i Corruption ZAML Docurent
Generation
l L J i :
| g | Finat Tant
Degraded f| Chart Image sl Lable
Chart Imags | (Piellevel ZAML Docurent Cound Trath
{ | ground truth )

Figure 3.2 Chart ground truth generation systewésall structure

Figure 3.2 gives an overview of our system for Bgtit chart ground truth generation.
The collected numerical data which to be represkebtechart is firstly given t&hart
Generator The task ofChart Generatolis to create a chart of a certain type to reprtesen
the data given to itChart Generatorwill give appropriate geometrical information to
every chart component such as location and sizeryEdrawing primitive such as line,
arc etc is totally determined liyhart Generator hence the ground truth associated with
the chart can be obtained accurately. Howeverhiatrhoment the ground truth is not

stored, because in the image degradation m@ledst Image Deformatioprocess will
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introduce geometric transformations to the chaege) which will cause the vector level
ground truth, such as position of lines and art#echart to change.

After going through theChart Image Deformatiomprocess, the geometric attributes of
every chart component is then fixed, so the velgwel ground truth of the chart no
longer changes. We thus record chart ground trtlthis stage. We have used a
convention here: although chart image deformat®rpart of our image degradation
model, we still call images which have only undergaleformation as ideal images;
because until that moment, the deformed imageilis‘dean” - no corruption such as
noise and blur, etc has been added; only aftemtlage corruption process been applied
then we call the it as “degraded”. So in this stagestore the deformed ideal image as
the representative of pixel level chart groundhyutigher level ground truths are stored
separately, later they will be converted to machieadable XML format by th&XML
Document Generatioprocess.

Lastly Chart Image Corruptiorprocess will be applied to the previously defornhl
image. This process mainly approximates the physitise printing and imaging process
in the real world. Our degradation model is parameed, the parameters of image
corruptions and image deformations will also beorded as ground truth for the
degraded images. After image corruption process,ctiart image is further degraded,
and the final degraded image together with thetahage ground truth including a copy
of ideal chart image (pixel level ground truth) axWlL file (higher levels ground truth)
are the final output of our system.

In this project, our major interest is the synthethart images themselves and their
degraded variants. Since numerous researches ocalopharacter recognition and
character degradation have been done in the pastjlwnot put particularly focus on the
character information in the chart. So when a stithchart is created, minimal textual

information is generated for the chart such as ldédtels and scales ofaxis.

-11 -



Chapter 4

Synthetic Chart Image Generation

There are numerous chart synthesizing tools avaeilédr generating chart images,
perhaps the most widely used one is the MicrosofteExhart generator. Besides the
chart image itself, in order to obtain the groungtht data, additional information on
every detail in the chart image is also neededy siscvector level and component level
information mentioned in section 3.1. However, sucformation is not available in

commonly used chart synthesizing software. Theegfove design our own routine,

which can produce not only chart images but alsg tiround truths.

Currently our system can construct bar charts @D), and pie charts (2D, 3D). The
process of chart construction can be viewed agmrisg appropriate values to several
data structures which compose necessary compooétie chart. As stated in section
3.1 of chapter 3, a chart’s structure is hieramhyc figure 4.1 further elaborates on this.
Here in figure 4.1 we use general term like “Baraf@hto represent both 2D bar chart
and 3D bar chart. 2D chart is relatively easiecrate, so we mainly talk about how to

get 3D chart from 2D chart by utilizing simple afitransformations.

Genetic Chatt Object

Bar C

Text Graph Text Graph

Axes Bars Fie Shces

quadnlaterals Sectors

Lines Arcs

Figure 4.1 Decompose bar chart and pie chart
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4.1 Drawing 3D Shapes in the 2D Space

When 3D shapes are displayed on the screen oreopaper, it can be seen as proper
organizations of 2D primitives which give viewelsde-dimensional look-like feelings.
Because a screen or a paper’s surface is just imvengional, every object in such two
dimensional space is in nature a 2D object, buplaging certain 2D objects together,
human’s visual system can interpret them as aesiBDl object. One instance is given in

figure 4.2.

&5 &6 &5 A8

&1 2 &1 2

&8 &7 &7

¥ A3 A4 A3

Figure 4.2 Cubes are displayed in a two-dimensional space

In figure 4.2, the left hand side is the skeletdnaocube, which is constructed by
connecting its 8 vertices. The displaying environtrie a two-dimensional surface, every
vertex from A to As and every line segment formed between vertices2Brgeometric
objects; but by grouping those 12 line segmentheénmanner as shown above, what we
will observe is a 3D look-like cube. The right haside is the same cube having its
surfaces filled with a color. Thus this cube canJewed as composed by 3 two-
dimensional quadrilaterals:1A2Az3A4, A1A2A6A5, and A2A3A7As.

Since 2D primitives are adequate to compose 3Dcth)jave will purely draw 3D shapes
on the 2D plane, and later in chapter 5 when wdyaggformations on 3D shapes, we

also just manipulate their 2D components.

4.2 From 2D Bar Chart to 3D Bar Chart

In a 3D bar chart, the bars become cubes and tieeplaced in a 3D look-like space. If

we let the 8 vertices of a cube be in 2 groupsredtihae vertices of the front rectangle

-13 -



which appears “nearer” to the viewer; the otherel the vertices of the back rectangle
which appears “further” to the viewer. Since théeis drawn in 2D space, we can view
those 4 back vertices are obtained by applyingstagion operation in botK, Y direction

on the 4 front vertices. Based on this, we havievohg steps to create a 3D bar chart:

Step 1: create a 2D bar chart to represent thesalata

Step 2: for every component of the 2D bar chanp)yap predefined translation operation
on all the component’s vertices in both Y direction. If the component is a bar,
then we get 4 new vertices, together with the bamginal 4 vertices, a cube can
be formed; if the component is an axis, then thmew vertices together with the
axis’ original 2 vertices, forms a quadrilaterak shown in figure 4.3, we need 3
guadrilaterals to form a 3D look-like space wheaesbwould be placed, step 2
will produce two such quadrilaterals, nameélyand B in figure 4.3, the last
quadrilateralC can be automatically determined.

Step 3: adjust every cube’s thickness and positatlay it to be placed properly inside

the 3D look-like space formed in step 2

16
141 4
124
10

[ L T A = 1 I w1}
P T T |

1 2 3 4

Figure 4.3 Quadrilate’aB andC form a 3D look-like space where bars would be@th

4.3 From 2D Pie Chart to 3D Pie Chart

A 2D pie chart consists of circular sectors whiem @ll together form a circle. While a
3D pie chart consists of 3D elliptical sectors whiogether form a cylinder. We call
them elliptical sectors because the upper and Iewes of the cylinder formed by those

sectors are ellipse. A 3D elliptical sector hase@tives with 3 of them locating on the
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upper plane of the sector and the other 3 locabinghe lower plane of the sector.
Similarly, we can view the lower 3 vertices as tésult of being applied translation only
in Y direction on the upper 3 vertices. So in ordegeba 3D elliptical sector, we must

first have a 2D elliptical sector.

When converting a circular sector to an elliptisattor, the original sweep angle of the
circular sector must be re-calculated. If this siepgnored and original sweep angle
unchanged, a wrong percentage of the ellipticabseuill be caused. As shown in figure
4.4, suppose the length of the ellipse’s semi-mega@, length of its semi-minor i,

sweep angle of original circular sector/is sweep angle of corresponding elliptical

sector isq . The relationship between andg can be found as follows:

L J

Figure 4.4 Converting a circular angle to elliptical angle

The parametric form of the ellipse is:

X = a cos(t)
y = b sin(t)
wheret can be any value. So in the circular sector wehav
tan(y ) = Y- bsin®t) = Etan(t)
x acosf) a

we then let t equal tg, which is the corresponding elliptical.

g=t= tan'l(% tan(/ )) 4.1)
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Besides the angle, the 2 arc vertices of the algaircular sector should also be re-
calculated. The 2 arc vertices are the intersestiogtween a sector’s arc and its two
radiuses, we call them starting vertex and endergex that the sector’s arc. We define
the starting angle and ending angle as the anglaselen theX axis and the starting
vertex and ending vertex, respectively. By usingniga (4.1), new starting angle and
ending angle will be calculated for the ellipticsgctor, therefore the corresponding

starting vertex and ending vertex of the elliptisattor can be obtained.

We use following steps to construct 3D pie chanrfi2D pie chart:

Step 1: create a 2D pie chart to represent thesalata

Step 2: from step 1 we get several 2D circularasctand convert every 2D circular
sectors to its corresponding 2D elliptical sectors

Step 3: for every 2D elliptical sectors, apply agefined translation operationYh
direction on its 3 vertices (2 arc vertices + 1lteerpoint), then we get the 3
vertices of the lower plane of the 3D ellipticat&e, the old 2D elliptical sector

is the upper plane of the 3D elliptical sector.
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Chapter 5
Chart Image Degradation Model

5.1 Chart Image Deformation
Chart image deformation alters geometric attribudésa chart image, which usually
simulates the global degradations on chart imagesh global degradation effects

normally involverotation andshearing

5.1.1 Rotation

When a chart image is scanned or photocopied,eifctiart image is not being placed
appropriately, then the output chart image is nepldyed horizontally, i.e. the chart

image becomes skewed. This error is usually cabgddiman beings in the scanning or
photocopying process. Rotation is a very commorratigion type because one major
source for real-life chart images is scanned oitgdupied images. Figure 5.1 contains a
real-life bar chart image which is slightly skewed.

%

60 F —
40

20

O 1 | — | [ | j
2 3 4 5 ¢

Number of spawning events

|

Figure 5.1 A scanned chart image which is slightly skewed

Since our system draws chart images in the 2D plaaevill model the rotation in the
X-Y coordinates: suppose a poirt {) is to be rotated with respect to the originalnpoi

by an anglé, and &', y’) denotes the rotated point. We further assumédirieesegment
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from the original to pointx, y) forms an angla , and the length of that line segment,is

such as shown in figure 5.2.

Y 0 o
fx ¥’

¥ fx, ¥J

™
»

o X

Figure 5.2 Rotate a point in the X-Y coordinates

so we have

X'=r cos(a+ b)=rcosacosb -rsinasinb (5.1)
y'=r sin(a+ b)=rcosasinb +rsina cosb (5.2)
since

X=rcosa, y=rsina

equation(5.1)and(5.2) can be converted to

X=X cosb - ysinb

y'=xsinb + y cosb

in vector form, we can write the above equations as
X' cosb -sinb X

= (5.3)
y' sinb cosb y

Thus when we apply rotation to a geometric objeet,can use the above rotation matrix
to find the new position of the rotated object. Fmtance, if a line segment is rotated by
some angle, since a line segment’s position isra@bed by its two vertices, we can use
the rotation matrix to find the new values of theotvertices, and re-draw the line

segment in that new position. The rotated andgkeis in the range of

(-180, 180), measured in degrees.

5.1.2 Shearing
Shearing is also a common degradation type existingal-life chart images. Shearing
will usually change the shape of a geometric objéeke the chart in figure 5.3 for

example, this bar chart has been slightly sheanah that the whole chart is inclined to
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the right, and each bar in this chart thus becaimeshape more close to a parallelogram
rather than a strict rectangle.

%
35 " .
10 (d) Nipping the substrate

z 2 2 © v

Figure 5.3 A real-life chart image which is slightly steeh
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We can use a shearing matrix to model the sheafilegt. Since horizontal shearing is
most commonly seen, we only model horizontal singariThe derivation of shearing

matrix is as follows: suppose a poinx, §) is sheared to a new locatior',(y’) by a
distance, as shown in figure 5.4.

T &
{x, yJ %, 5
—————pn
a |
& Propctionof A
Poant f, p) on
i oaris

Figure 5.4 Shear a point along the X direction

We have

X' =x +r and
y' =y

Since

r =y cota
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wherea is the angle betweeX axis and the line segment formed by pokit ¥’') and
the projection of pointq, y) on X axis.
So in vector form we get the shearing matrix:

X 1 cota x

= 5.4
y' 01 y (54)

We call cota the horizontal shearing factor. The value and sifjoota determine to
what extent and the direction of the shearing. Hmrgif the absolute value abta is
too large, the absolute value xf (which equals tdx + y cota |) will also become too
large, this leads to severely yet unrealisticaligaying effect. Therefore we restrict the
values thatcota can take are in the range [-1, 1], that is, maxistaaring effect is
achieved whex’ = x+ y or x’ = x —y. Usually in real-life images, only slightly sheagi

effect exists, so small values foota are preferred.

5.1.3 Deforming 3D Objects

Section 5.1.1 and 5.1.2 mentioned deformationkentivo-dimensional space, which are
also applicable to 3D objects. As discussed ini@eet.1, every 3D shape is constructed
by several 2D primitives. Hence just by manipulgti2D primitives, the deformation

effects on 3D shapes can also be achieved.

F F F F
A5 A
A1 2
o »
x
A3 A7
¥ A3

Figure 5.5 Rotate a 3D look-like cube in the 2D space
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In figure 5.5, a 3D cube is rotated in tXeY coordinates. Since 8 points (vertices)
determine a cube, they are first rotated, and linersegments are drawn between rotated
vertices to form a rotated 3D cube. Rotating a fpioinhe X-Y coordinates is described in

section 5.1.1. Shearing 3D objects is similar.

In our discussion so far we demonstrated our idesasy a traditional coordinate system
with X axis pointing rightward and axis pointing upward. However, in most imaging
systems,Y axis’ direction is defined to be downward. We immpent our system
following this convention. The formulas we derivaldove are still applicable, the only
difference is the orientation which just affecte #igns of angles. For example, in our
implementation, we define clock-wise be the positdirection of rotation, while in

traditional coordinate system clock-wise is a negadirection of rotation.

5.2 Chart Image Corruption

As mentioned in section 3.2, image deformation @sscstill produces ideal images, in
the sense that each pixel still conveys the corrdormation. Chart image corruption
process, however, will alter certain pixels’ valubus making the chart image truly
“degraded”, or corrupted. Hence after this procesgain correct information in the ideal
images will be obscured or distorted. In this settive introduce three kinds of image

corruption effects: edge distortion, motion blud@®aussian noise.

5.2.1 Edge Distortion

In real-life images, distortions are very likely b@ found along the edges of lines or
regions. Figure 5.6 contains part of the magniftedrt image shown in figure 5.1. We
can see that the edges of bars’ are not perfees,libut being distorted. Such distortion
effect always goes with image reproducing procefikesscanning, photocopying and
faxing etc. For instance, most scanners use a OQ€&y & scan document, which is

controlled by a stepper motor, usually the steppetor is not ideal, so mechanical side
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effects such as vibration is unavoidable, suchatibn during scanning process may

cause distortions on the image components’ boueslae to pixel mis-alignment.

| | _r—

Figure 5.6 Part of the magnified chart image in figure 5.1

(Zhai et al, 2003) proposed a method to genergte fnequency noise along the edges of
lines, by using convolution. Our edge distortiogaaithm is based on their idea but
modifications are made to suit our own purposeirthegh frequency noise models
situations when lines are drawn or printed on @hopaper, the ink may spread out from
the drawing region to non-drawing region, thus mgkhe edges become un-smooth (i.e.
some background pixels which are near the edgesimthe edge color); our purpose is
to model pixel mis-alignment which is usually oaeat during image reproducing
processes such as scanning and faxing. As showigure 5.6, edge distortion can be
generalized as 2 categories: pixel increasing axel decreasing along the edges, these

two phenomenons are shown detailedly in figure 5.7.
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Ideal noise-free line

Cormupted line

Pixel decreasing >

Figure 5.7 Edtjstortion types, the lines are magnified

Pixel increasing

Figure 5.8 shows an algorithm to model the edg®disn effect which is modified from
(Zhai et al, 2003)’s high frequency noise generaipocedure. Generally speaking, edge
distortion in the real-life images is a non-detanistic process, that is, there is no rigid
pattern that the distortion will follow. Hence wés@ model the distortion using a

randomly manner.

To model randomly pixel increasing and pixel desnmeg along boundaries, 2 problems
need to be solvedl) locating edges of a lin€2) deciding whether to expand an edge
pixel or shrink it, choice is made randomly sinclye distortion is a random process.
Fromstep 2in figure 5.8 we can see thats the average value after convolving an area
in the image which has current pixel as the arearger; only when current pixel is near
a boundary of different colors, such as an edgeegions, did thé become a different
enough value comparing to the original color valmestep 3 condition| t— Gj | > d
measures the difference between the calculateck Vfalucurrent pixel and its original

value. ais always set to a small integer. If the differersckarger than the threshaid
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Let (F denote the set of pixels i a chart itnage.

Let RANEY ) denote arandom number generator which generates real mumnbers
uniformly distributed between 0 and 1.

Let & AddXbe a predefined value.

Let & be a threshold walue which i3 in the range of [0, L_A£4X]

Make a copy of the pozel set & use A to denote such a copy

for i = 1 to chart tnage’s height
for 7 = 1 to chart itnage’s width
Let R = RANDY ) * I_MAX,
if B < Lthen
Step 10 Create a convolution kernel £ with size of w = 3, each value m kermel iz a
randomly generated integer ranging from 1 to 1000
Step 20 Calculate the integer walue 2 using the following formula:

(w1312 (w-1}/2
Z Epg(Gmn

m=—w/[2 n=—w/l2

(w1072 (w1302

> Kpg

m=—w/!2 n=—wn/!2

where p = F+tm+twi2, g = [ +et+w/2, G715 the area of pizel in & which has Gy
as its center and with size of w, F%n i the {2, mlth ttem in &7
Step 30 if | #— Gy| = some predefined mteger threshold walue 4, then
randorly assign &y to the chart inage”s background color or edge color
with equal probability
end 1f
end if
end for
end for
Update every pizel value i & with the corresponding pixel value m &
Use a 3 by 3 median filter to convolve &) output the final result

Figure 5.8 Algorithm to simulate edge distortion effect

we then know the current pixel is near the edgesoaie region, in which case, we will
alter the current pixel value to either the backgib color or edge color, i.e. the
assignment is done randomly. After the whole ciragge has been convolved, pixels
near edges will have either the background coloedge color, giving an impression of
smashing edges. The last stage is to apply a 3rbgdian filter. By the characteristics of
median filter, when it is being applied, the inberregions of shapes will not be changed

because an interior region is filled with the saoodor value. Since edges have been
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smashed, i.e. pixels on the edges or near the ediggs be the edge color, or might be
the background color, when a median filter is cdwed along the edges, the percentages
of edge color pixels in all the pixels covered hg median convolution kernel (in our
case, 9 pixels are covered each time) are nonrdigtistic, therefore, the center pixel in
the median convolution kernel will be assigned lgaokind color or edge color randomly.
After convolving the whole chart image, edge distor effect is achieved. The result of

above process is shown in figure 5.9.

(&) (k) (c)
Figure 5.9 (a) ideal ima@® edge get smashed (c) final output, afterydpglmedian filter

In the algorithm in figure 5.8, controls the degree of edge distortionl.ifs large, the
edges get more severely smashed, hence more idistafter median filteringL. = 0
means there is no distortioh,= L_MAX means largest distortioh; MAX takes the
value of 10, sd.I [0, 10], figure 5.10 shows some different levelsedge distortions
that our system produced. As mentioned earlier,stusly does not put the emphasis on
degradation model of optical characters, so thesbhing procedure and the median filter
are not applied to the textual information in theart image. For specialized optical

character degradation modeling, please refer todB#90, Baird 2000).
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Figure 5.10 Sodiféerent distortion levels, L = 0 means no distortion

5.2.2 Motion Blur

Motion blur is caused by the relative motion betwdbe camera and the document
during capturing process. It's also one of the mammurces of image degradation types,
especially in the processes when documents aredextdy photographing or scanning.
We adopt a well-known degradation model (Gonzaléintz 1987) to model the motion
blurring process, as well as noise, which will biscdssed in section 5.2.3. This

degradation model is shown in figure 5.11.

7

|
f—*H—’®—'g

Figurd 5. Degradation model for motion blur and noise
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And mathematically we have
g(x, y) = f(x, y)*H(x, y) +1(x, y) (5.5)

whereg(x, y)is the observed imagé(, y) is the input imageH(x, y) is the blurring
function or called blurring point spread functiornieh can represent to what extent a
point source has been smeared by the image protesdenotes the convolution
operation, andr (X, y)is the noise function.

For this part, let’'s assunte(x, y) = Ofirst. Since a chart image contains pixels thatnfo

a 2D array with avidth and aheight the blurred image can be obtained by the follgwin

formula:

width  height

a(x, y)= f(x-m, y-n)H(n, m) (5.6)

n=1 m=1

We model the situations when an object moves abrestant velocityV, and further
suppose the exposure time is unit time, movingctiva forms an angle with the
horizon, S is the distance that the object has traveled dutlegexposure time. In this
case, the blurring point spread functior(56) is defined as:

1/S,wherD £| X |E S*cosg, 0 £| y |E S* sin
H(x,y) = " . x| s70£lyi ng (5.7)
0, otherwise

Since exposure time is a unit time,

S =V * exposure time =V

Because we are usirg(X, y) to convolve the input chart images, odd values\viare
preferred. Le = 2v + 1, vl [0, 5], so equatiofb.7) can be further represented as:

1/(2v+1),wherO £| X |E (2v+1) * cosg 0 £| Y |E (2v +1) * sing
0,otherwise

H(x, y) = (5.8)

-27 -



In equation (5.8)y denotes the level of the motion blur= 0 means no motion blur is
added;g!| (-180, 180), measured in degrees, denotes thes axighe motion blur; as
stated in 5.1.3, clock-wise rotatirggresults in an angle of positive value. Figure 5.12
gives 2 motion blur effects our system produced.

18' 18
16 1 —

LIS
124
10 H

3
1 2 3 4
(4) Original image

L R O L= =1}
I T TR

i
[,

u N

A

2 3 - i - 5 4

(b Motion blur withvy =3, 5= 0 () Mlotion blur with v = 5, & = -5 fdegres)

Figure 5.12 Clean chart image and its motion blurredoress

5.2.3 Gaussian Noise

Electronic devices such as camera, printer, scaetteare playing important roles in
image acquisitions. As pointed out in (Pratt, 199fhgrmal noise is the most common
noise source in electronic imaging systems whicttdased by electrons’ randomly
fluctuations, and additive Gaussian stochastic ggeds a very good model of thermal

noise. Hence we let the terfn(x, y)in formula(5.5) represent an additive Gaussian noise.

- 28 -



The core issue is to obtain a Gaussian (normafiilalision. For the purpose of keeping
the average brightness in the input chart imagehamged, we let the meamof the
distribution be 0, and therefore, what we needimdl fis a random variant with its
probability density function as:

1 -x% /252

[a) (5.9

p(X) =

§]

S

We use the polar method (Ross 1990) in figure Gdl@enerate a standard normal
distribution, for complete proof of polar metho@dase refers to (Ross 1990). Since polar
method generates a normal distribution based diornly distributed values between 0
and 1, the quality of the generated standard nofullgl depends on the quality of the
uniform distribution. A good uniform distributioral a longer period and less correlation
among successive numbers, in order to achievatiisot sacrifice much computational

time, we adopted the algorithm callehO in (William, Saul, William, Brian 2003).

Step 10 Generate two independent random mumbers U7 and 47 [0, 1]
Step 2 Let Vi =200-4, 13 =218 -1, 5=v1* +13°

Step 3 Checle if & = 1 then return to Step 1;

Step 4 Check if 5=0,letX =10, ¥ =0 Otherwize let

P _EIOESVL - —ElogSH
Ry Ry

then & and ¥ are the standard normally distributed variants.

Figure 5.13 Polar method to generate standard normal variables

Polar method returns a standard normal variabje Y¢aRelateXo to X in (5.9) we have:

Xo = (X-n) =
S

X X=s5 X (5.10)
S

Hence for each pixédbij in the original image, we upda@s’s value by adding a value
s Xo to Gij's old value, and if the sum is greater than 2%%,itsto 255, likewise if the

sum is smaller than 0, set it to 0. By this wag, @aussian noise is added to the original
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image. s controls the levels of Gaussian noise. Largerfem#ies will be, more/less
Gaussian noise will be added. Howevers ifis too large, the image will be unnecessarily
distorted, hence we set the upper bound dfe 50 which is adequate to model thermal
noise; although irt5.9), theoreticallys can not be 0, i(5.10) s =0 means no Gaussian
noise will be added. Practically ww#ow s can be O, thereforg | [0, 50]. Figure 5.14

shows Gaussian noise at level 8 and level 20.

18 - 1B 18 1 18
16 ey 18 1 e
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(D)o =8 (b) s =20

Figure 5.14 The effect of Gaussian noise

5.3 Summarization of Degradation Model
In this section, we have developed a chart imaggadiation model with parameters:

gr,/ ,L,Vv,gb, s, asummarization of those parameters is giveabtets.1.

Porcanaizr type range rraLning
Gr real value {-180, 180} | rotation angle, measured in degrees
A real walue [-1, 1] herizontal sheating factor
i integer value [0, 10] degree of edge distortion
integer walue [0, 4] radius of motion bl
b real walue (-180, 180} | angle of motion blur, measured in degrees
a real walue [0, 50 degree of Gaussian noise

Table 5.1 Paransetéour degradation model
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The effects of above degradation types can be guatdny, we define the sequence of
the degradation types being applied as: firsttimtaand shearing, which still produce a

noise free image; second, edge distortion; thiratjon blurring and lastly Gaussian noise.
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Chapter 6

Results

6.1 System Evaluation

The major strength of our system is to automatiogéinerate chart image’s ground truth.
During the generating process human will only dmedrivial jobs such as selecting
which type of charts to produce, deciding to whdest a chart image gets degraded and
choosing file names a chart image and its grouath tto be stored with. The system
itself will automatically find the ground truth assated with chart images. This is
because when generating a chart image, our systeindécides all the attributes of the
chart, which are indeed the ground truth datatfand then use those attributes to render
the chart image. This procedure is just the comvevih labeling ground truth from
existing images. Our system frees humans from sedious and error-prone manually

labeling, thus will make the ground truthing taaktfand reliable.

Another strength is that the parameterized degadatodel enables us to quantitatively
measure degradation types, then it is possible dkentomparisons between different
chart recognition systems/algorithms. Our systerahie to create a systematic set of
degradations for an ideal image, such that we care lchart images from slightly
degraded to severely degraded, forming a continatidegradation levels, testing using
such sets will enable us to find the break-downnpaf a given chart recognition

system/algorithm.

Since chart objects are highly modular. As disadisaeprevious sections, higher level
components can be repeatedly decomposed to lowardemponents. The chart itself is
at the highest level, it contains number of smatl@mponents. Smaller components are
used by different types of charts. For example,dhart, line chart and high-low chart all
have a coordinate system. 3D charts can be viewedransformations of their

corresponding 2D fellows. In our design of the egstwe catch the above relationships
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among different charts and different componentes,efore, modularity and reusability of

the code are realized, making our system extensibieclude new chart types and add

new functionalities.

6.2 User Interface

Figure 6.1 gives the snapshot of our system’s imserface, the white area is the drawing

place where the images are displayed, and from hsees can get feedback on the
appearance of a degraded image. Functionalitiethef parts are labeled in the figure. A
complete walk through of the system can be fourdigpendix A.

«’= Untitled - ChartGenerator

——

(:]:_ Corvedt the Diawang in the Pant Area to Image D

IReady

S——

changing chart’s appearance:
splitting pie slices, changing line width

selecting chart types

1000

zon

e

\

converting drawing to image

specifying nnage /

deformations’ =
parameters

specifying image corruptions’

Gon parameters
Angle (160, 180)
1o

400 B Raduus [0, 5]
fo o

11 Gaussnan Noie Rate

] X
1 1 1
1 2 3

saving images and ground truth

data

Figure 6.1 Screen capture of the system’s user interface

-33-



6.3 Sample Images

In this section we show some sample images ouesygenerated. Non-zero degradation
parameters are labeled under each image and tpmadrideal image are shown for
comparison with its degraded versions. Readerguzige from their own experience to
what extent the synthesized degraded images resewditlife images.

250) 250
200 200
150 150
100 100
S0 ' S
]
’ ) ! X ! ) ! ) ! * 1 2 3 4
1 2 3 4 =
(&) Original ideal syntheszed chart mage (b} Horzontal sheating factor =001,

edge distortion rate = 3

Figure 6.2 A 3D bar chart and its degradation version
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Figure 6.3 A 2D bar chart and its degradation versions
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Figure 6.4 A 3D pie chart and its degradation version

Figure 6.5 A 2D pie chart and its degradation version
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Chapter 7

Conclusion and Future Work

7.1 Conclusion

In this project, we have designed and implementedsaftware package to create
synthesized chart images and automatically obtia@ir tground truth. We investigate
some chart image degradation types which commoedyroin the real-world, and come
out with a parameterized model which simulates adagion effects including rotating,
shearing, edge (boundary) distortion, motion bhgrand Gaussian noise. We applied our
degradation model on generated ideal noise-fregesado produce various levels of
degraded chart images. Our software package casdubto create synthetic chart image

ground truth datasets in large scales.

7.2  Future Work

Some future improvements of this project include:
Currently our system is only able to generate larts (2D, 3D) and pie charts
(2D, 3D), more chart types can be studied and dioized into the system in the
future; besides, more functionalities can be addenlur chart generation process
to give more alternatives to the charts’ attributes
Our image degradation model can be further enricagdnore physical devices’
characteristics are studied; other sources of indaggeadations in real-world such
as degradation caused by chemical natures of gritiaterials are also worth
exploring.
Performance measure using the ground truth datdevidiefined. There are works
on line and arc detection algorithms’ evaluationsiclr can be used to define
performance measure on vector level informationfdP@ance measures from
other levels need to be studied.
Two important issues in degradation modeling aredehovalidation and

parameter estimation. Validation and parametemasgton themselves can be yet
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another new research topics. Validation of a maugdns given a degraded image
and its ideal prototype, how likely it is to dugte the degraded image by
applying the degradation model on the ideal im&grameter estimation means
given a degraded image and its ideal prototypamest the parameters of
degradation. Since we haven't addressed thesellepns in this project, future
researches on these 2 topics are still needed.
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Appendix A
Steps in Using the Chart Ground Truth Generation Sgtem

Step 1. Create a chart image by clicking a busttown below, the attributes of the chart
can be altered after the chart has been createssidR® image deformations may be
specified in this step.

Figure A.1 (Step 1) Create a chart drawing and change itsusdis

Step 2. Press down the left button of the mousksatect an area in the drawing panel
which contains the chart, then click the buttonvamdelow to convert the selected area
into an image.

A-1



Figure A.2 (Step 2) Convert the chart drawing to image

Step 3. Specify possible image distortion typeduiing edge distortion, motion blur

and Gaussian noise, to make the original ideal @hagk like real-life image.

Figure A.3 (Step 3) Distort the ideal chart image



Step 4. Click the “SAVE RESULT” button shown belcavfile dialog will prompt out to
ask the users to choose file name and path to #tenesult. The original clean image, its
degraded version and the ground truth data assowidih the degraded image will be

stored.

Figure A.4 (Step 4) Save the final image and its growutt tlata



