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ABSTRALT

An algorithm for digital character scaling by a contour
method is developed and implemented.The digqitized imagqe of
- the font' to be scaled is obtained by means of a vidicon
camera «The character 6ust be thresholded before processinq
with this methode.

The algorithm is based on scaling the contour of the
character through a transformatione cubic splines are used
to 1interpolate the discrete samples of the contour

character. The algorithm is applied to Arabic characterse.
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o » Chapter 1

INTRCDUCTION

1

The advancemen; in the digital image processing hardware N
has provided the printing industry with new facilities for
capturiﬁq new fontse.A font is a group of character types of
one style and size.

The importance of enlarging and reducing two levél images
such as characters 1in typesetting and qraphica; textey
continues to grow as more such characters are digitally
representeda Digital character scaling is the process
performed on the digital 'character input sTesulting in a
digital character output of a different size. For this
purpose a binary 1image 1is defined as a two-dimensional
signal whose amplitude is precisely elther black
{numerically -and logically represented as 1) or white
(numerically and logically represented as 0).

Very little work has bé;n presented in the literature for
scaling binary images of fonts.The work done by Re Ulicheny'
and D. Troxel [11+0(2] utilizes telescoping template.The
templates could be of any sizes and the quaiity of the
scaled font 1s dependent on the size of the template.The
larger the size + the better the quality. Results for uﬁ to

third-order window scaling are presented in thlis work.These



2
results are reasonably good except that for very large
enlargement there is an appearance of jaggiese.

AV well known method for font scaling is that -of
replication [31.This howeversresulted in pronounced jaqqged
edges when the character was magnifiede

Alfhouqh few papers have been presented for the scaling
of fonts represented as binary imagess for multilével images
a large number of alqorithms have been investiqated(eq;
[u1—[61).These algorithms are based on inteipolation
techniques sand are aimed at increasing the dimensionality
of the whole image rather than a particular object.These
algorithms do not: lend themselves to scaling of binary
imagess since the scaled image will have to remain binarye

Knuth [7]sused mathematical -épproaches such as spline

v
curves, circlds and straight lines for font designe

The importance of printing in advertising emarketing and
sales literatures text bookse.e.eetceshows the role that fonts
playe Ponts are useful in differentiating headinqgv
paragraph titles « and photo captionss fof example « b&a
styles .sizes.'ueiqhts. and emphasise. Typeset matetlél 15
easier to read and has an effect on both eyestrain and
reading interest .in thaE good fonts improve perceived print
quality.Type sizes are measured in units called "points™s a

system of measurment used exclusively in typographye. The

typographic point is approximately :1/72 of an inche
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To add fiexibility fo a wérd processoryalgorithms should

be included that can operate on camera captured fonts rather
than a fixed set of designed fonts.

In this thesis a review of the state-of=-the-art will be

carried outsand a new method for scaling of fonts is

presented and compared with the techniques reviewed .

This 1investigation focuses on an oOperation on the

character size of a given fontsresulting in a character of a

different size by either magnification or minification using
the border points of the font in a scaling mapping  and

smoothing algorithmse

1.1 GOAL OF THIS THESIS_ :

r

This thesis develops = -

l1alel Ihe-nse-nf-conxgn:s_in_chaxac;en_scaiing_a

The 1mages are camera captﬁred fontse In thi;\case Arabhic
characters are used.

The camera captured font is processed by many operations

such as =

1) Thresholding -

2) Border detection

3) Border scaling

4) border interpolation

5} Pilling in between the contours

Using a thresholding technique [B81 1n which all gqray

levels below the threshold value are mapped black and those
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levels above are ‘mapped whites the results in a binary
images A bofder following algorithm [93] is used to extract
the contourse By using a scaling transformationsall pixels
belpnqinq to the font arte mapﬁed outward or inuard depending
on the scaling vseither magnification or minification e
Resulting discrete samples {in the case of.maqnification)
are interpolated by mean of cubic splines (10]J« Finallys
filling 1in betweén the border 1is performed {11, which
results in the desired scaled charactere. Alsos generation
*Sf Arabic fonts by means of spline curves with the minimum

number of points is carried out.

1.2 _Thesis_organisatign

Chapter II gives a brief account of multilevel imaée
scalinge Several of the techniques available in the
literatures have been presen;ed-i'h brief.description of why
those technidueé are . not practical in scaling of binary
imaqés. which are fonts in this case is givene. Then follows
a detaiiéd explanation of some of the scaling of binary
images techniques. Results are shown for those techniques.
and a discussion i1s developed.

Chapter III gives a detailed discussion of scalinqg by
the contour methode. Examples are given to 1illustrate the
vse of the contour methode. Results ‘are shown and a
discussion is developed. As wells an explanation of how a
font is generated. by means of computer is givene and this

procedure is applied to the Arabic charactere.
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e , 5
Chapter VI finally develops a general comparison and

discusses the derived conclusione.



Chapter II

SCALING_QFP MULTILEVEL_AND BINARY IMAGES

21 _SCALING QF MULIILEVEL_ IHAGES

241.1  _INTRODUCTION

In relation to the many Qpplicatious of interpolation 1in
signal processing (see [121)¢ the need for a sampling rate
constantly arises in image processinges Examples of such
applications are image resolution: conversion and 1image
change of scale. The prpcess of’decreasinq the data rate 1is
called decimatione and increasing data samples 1is termed
intérpolatiOn.The resolution conversion process can be Seen
as a two-step operationsFirstethe discrete data is
reconstructed (interpolated) into a continuous curvesthen 1t
is sampled at a different sampling ratesas: shown 1in
Figqe{2s1)eIn real digital processingethe procedure of
reconstruction by interpolation and sampling at a different
rate can be done in one operatione

In this section two types of interpolation are presentede
One is based on interpolation with a one-dimensional formula
aprlied to every row then to every column of the image to be
interpolateds the other is based on interpolating by surface

over a given rectangle regions the assumption being that the



image to be interpdlated is a concatenation of a finite

4

number of rectanqle reqionse

{£ 1 - fix) {q‘}

INTERPOLATOR SAMPLER

Figure 2.1: The resolution conversion processe

2212 CHBIC_SELIHES_EQR_IHHGE-IEIEBEQLAIIQH-LﬁJ
In this type ” of interpolation I[5}va one—-dimensional

interpolat:ion formula must be evaluated ( see chapter VIi)a

=

f(x)=> . €S (x) (2.1)
k=1 k k-

where C, are the coefficients to be determined from the
input datae 5, {x) are chosen basis functionssand K is the
number of qiven'daéa pointse.

Having found tﬂe coefficients q(frqm the 1input datasthe

equation (2.1) is applied to every row then tOo every



8
column«The two-dimensional interpolation requires (m+N)
one-dimensional -interpolations to be'executed 'if m is the
number of rows of data points and N is the size of the

output imaqe.

2ala3 IHIEBEDLAIIDH_QI_DIGIILi_iHLGBRX_HSIHGfHIEERSHBEACE
APEROXIMATION [61
The hypersurface approximation [6] is carried out by a
quadratic surface, defined over a two-dimensional space of
the digital picture in the neighbourhood of the point to be
interpolated 4 using fthogonal polynomials as basis
functionss Given f(X)3 ldigital picture functions an estimate

of £(X) is given by :

=

qg(X¥=2>_ a s (X) (2.2)

1=0 1121

Where X=(x,+Xx,) a point in the two-dimensional spacesand
(a; v0<i<N) are setsof coefficients and (S; (X)«0<i<N} a set

of two dimensional orthogonal basis functionse.

The total squared estimation €rroTr. E2s can be written
as:
E2 =:E: (£(X)=g(Xx))? (2.3)
x €0

ising the orthogonal properties of the basis functionsy
from equation (2.2) and egquation (2.3)s the coefficlent g

that minimizes E2 can be obtained as ({t]):



1 x €l i 1

1

Having found the coefficients a, and si(x)o equation

r

(2.2) is applied to every rectangle region to be

interpolated.

242 RERLICATION AND TELESCOPING TEMPLATE_METHODS_FOR_FONT

SCALING -

22221 ~INTRODUCTION

The algorithms discussed above are based on interpolation
techniques, and they are aimed at 1increasing the
dimensionality of thel whole image rather than a particular
object. These alqorithms do not readily lend themselves to
scaling of binary ’imaq851 since the scaled image will not
necessarily rémain binarye PFor this purposes two methods of

scaling of binary imades are presented nexte

242e2 RERLICATION_[31]

The replication méthod consists of repeating each pixel
belonging to the object inside mxm square swhere m is the
linear magnification factor (see Piqe(2.2))e In‘other wordse
the interpolating basis function is the sampie—hqld function

BO +» as shown 1n Fige(2.3).

4



10
X X ’ XeoeX
- ssae
. esas
X X XaeX
snee
b 4 X X X X X YeswsaXoesesXoa)saaXeaus)X
*sssacvsssscassccccass
X X X X X X XhooaXseoXoaXasaXasealX
[ FF TR R RERRNNENEN RN
X X X X b 4 X.-.¥0-x.-cx.o.x
Eigure_3a2: ° (x) represents the original pixels and (<) the

added pixele.

SE

BO(xs x ox )
K k+1 &

Smaple—-hold function « (&A= Xy~ x“_l)

Bl{xs x X X )

Chateau function -«
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BZ2({xs X gox X X )
k-1 k k-1 k+1 #
Quadratice o
L L '
B3(xs x X eX ¢X . X )

k=2 k=T k k+1 Kk+2

Fagure_l2a3: SKETCH OF ?HE FIRST FOUE LOWEEK OKDER B-SPLINES.

42223  _TELESCORING_TEMPLATE METHOR [1-21

Ulichney and Troxel (1] spresented the telescoping
template method«In this method the contour characteristic
that can occur within a given 1mage "window" 1s stored in a
telescoping templates which consists of a concaténation of
many unit Sguarese. Fiq.(i.#) 1llustrates an assignment area

with its associate firstesecond and third order windowe
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000000 %* % * ¥ x

‘000000 * * * * %

0 O O Q=O0=0=¥%—%=% %

000 QQ-o=%=% ¥ ¢ ¢ Assignment area
00000 2 . - % First order window
000 QX %% * r * x Second order window
0O % % wedok—u" % & # Third order window
£ % & Mok mo Kok K X
* % & & & Kk %k ¥ % * X%

e % % ¥ ¥ ¥ & % & *x %k

J

- ~

‘Figure_2s=4: ASSIGNMENT ABREA AND SOME POSSIBLE WINDOWS.

Once an assignment rule is selected for each assignment
area describing how each assignment\aré# is painted then the
reconstruction is completgeThis 1s based on the neiqhborhood
ofjsamples defined by a window center.

If the window order p is smalledirect enumeration of all
2‘{fﬁ window arrangements would be tedious but nevertheléss
manageablee.

The telescoping template used by [1] is illust?ated by

Fige(2+5) swhere it shows one partjcular assignment area and

+he appropriate assignment rule for windows of increasing

order.
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Window scaling interpretation assiqnment .
order - rule '

* _ p=0 Solid black .

o * ‘ -

* * p=1 45 angle E

QO Q % =
0O 0 * %
L p=2 90 inside corner
* & k %

O 0 O % * %

Ooot**

0O 0O * % % Eii
0% % % % % p=3 120 inside corner

& & ¥ ¥ ¥ XK

* ¥ % ¥ ¥ Xk

Eigure 2a5: TELESCOPING TEMPLATES.

Window decoding is simple and has two steps.In the first
step +the first order window is consideredsonly sixteen
possible arranqehents exists and fall into t;o
groupsesenumerated here with thelr associated assignment

rules (see Fige(2«6)).
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(1) Solid area qroupe

oo
- O
-

o0
[ 30 Y
O -

-d b
—t

2) Bdge area groupes

00 01 10 00 :
0 1 00 00 00
00 01 11 10
11 01 00 10
0 1 11 11 10
11 01 10 11 E
Figure_ Z2afi: SIXTEEN POSSIBLE ARRANGEMENTS AND THEIR

ASSOCIATED ASSIGNMENT RULES.

Note that for the second order windowe thirteen templates
and eight assignment rules were presentedsfor the third
window forty five templates and twenty two assignment rules
are used.h complete list of templates and ‘assignment rules

is given {21 with corresponding assignment rulese.



223 —RESULTS

-

The computer simulation results obtained by using the
above two methods are shown in FiQS-(Z-T)-(2-1%)- Among the
images in Pigse.(2.7)=(2.10) | are those obtained from the
replications and the images in Fiqse.(2.11)=-(2.16) are those

obtained by the telescoping template method of window order.

Ty 2 and 3.
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Figure_ _Z.1: Replication methdd  for Arabic characters
scalx=4+0 and scalyz4.0, character with three
contougsle | ;

L1

Filgure 2s8: rkeplication method for Arabic characters
scalx=4.0 and scaly=4.0¢ character with two
CONtOULSs



Figure Z.3: Replication méthod for' Arabic characters
'scalx=4e0 and scaly=4.0y character with dote.

. , _ |
Figure 2.:10: Replication method for English characters
scalx=4.0 and scaly=4.0 character with one
CONTLOUTC -
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ab :
c d )
1
N . ' .
Pigure 2.11: Telescoping template method =~ for Arabic
charactery scalx=4.0 and scaly=4.0+ character

with three contourss a) given characters b)
Pirst order c) Second orders d} Third ordere.

o

Pigure 2.,12: Telescoping template method for Arabic
charactery scalx=4.0 and scaly=4.0+ character

with two contours: a) given characters b}
First order+ c) Second orders A} Third order.
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a
b
c
a -
<
Piguge 2.13: Telescoping template method for Arabic
characters scalx=t4.0 and scaly=4.0, character
with dots a) given characters b) FPirst order.
c) Sécond orders d) Third order.
Pigure 2.18: Telescoping template method for English

characters using first order windowe scalx=84.0
and scaly=4.0 .



Figure_<«135: Telescoping template method for English
characters using second order windowy
scalx=%.9 and scaly=4.0 .

Figure_2.15: Telescoping template method for English

characters using third order windowe scalx=4.0
and scaly=4.0 «
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224  _CONCLUSTION
The replication has resulted 1in highly pronounced
"Jaggies"™ along the edgeses the greater the énlargement the
higher the jaqglies. Im.the telescoping teﬁplate method + the
characters still have Jjagged edges and the timeArequirement
increases with the window order. As can be no£iced the
quality of the scaled font 1is dependent on the size of
template s the larger the size the better the gualitye.
Results provided by this method are good ™ except when great
enlargement occurs and jaggies appears In conclusion the
Only problem faced in character scaling is the stai}v shape

of the edges.



Chapter 11X

A_NEW_SCALING_ALGORITHN

321 ~INTRODUCTION

"X new scaling algorithm 1s developed to investiqaté the
p:dblem discussed above « This problem occurs only within
‘the bordere. Thus the role of this algorithm is to work on
that border (contour). The contours are scaleds interpolated
to give very smooth edges and meanwhile eliminate iaqqies.

The block diagram shown in Fige.(3.1) is described nexte.

322 GRAY_LEVEL THEESHOLDINGs

The qoal of thresholding is ﬁo partition.a given image
into meaningful reqgionseby transéorminq the coﬁtinuous tone
image ( gray~levels OsT1s29ee0e29255) to a binary or
multilevel imagesand at the same time retain all necessary
feaﬁures of the oriqginal imagee.

This operation consists of dividing the gray level scale
into bandse and then using tﬁresholds to determine reqgions
or to obtain boundary points-ﬂouever in most of the cases
not all the levels are fully utilized in defining the image.
This will be more obvious when the probabilty distribution

of the gray levels is plottede. The plot of the probability
4

distribution is often termed as the histogram of the image.

By looking at the histoqram of an image it 1s

- 22 -
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seen that more often they are clustered into two distinct
groups .as shown in Fige(3.2). These groups normally
represent the two populafions of the imaqg sthe object and
the backgrounds all pixels with gray level value below the
threshold value T are mapped black and those 4qray levels
above are mappeg into white ( this applies to the character
in this case)e. This technique is called single-level
tﬂreshﬁldiﬁq anle is Known as the threshold value. However
there might be cases where the image migh£ contain more than
two distinct populationse as shown 1in Fiq;(B-B)JIn these
cases it is required to group the levels 1nto more than two
values«.This type of.:seqmentation‘ of a given image into
different regions is called multi-level thresholding with
threshold values T1 and TZe.

Threshold selection for images whose histograms are the
same shape as the one given in Fige.(3.2) or(3.3) 1is quite
straightforwardeThe +threshold value 1is selected at the
bottom of the valley betuéeh two peakse Methods exists which
consist of transforming the histogram of an image to a shape
where threshold selection would be easier.Such techniques

have been investigated by several authors [13-15].



P(x) 4

T > K
8, 8,
Flgure J«2: A SAMPLE HISTOGRAM ILLUSTEBATING A BI-MODLL
DISTRIBUTION. H
P(K) +
1
: :
>k
T T
Figure_ 3.3: A SAMPLE HISTOGRAM ILLUSTRATING A HULTI-HODALI

DISTRIBUTION.
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323 BORDER_DETECTION =

The resulting image from the previous block is
thrésholded using a thresholding value. The two levels are
identified as 0 and 1. The border following can then be
applied as explained in (91

The alqorithm has been developed in such a manner that it
can detect transitions either from 0-1 or from 1-0. However
thé algorithm interprets in such a way that both the
transitions appear to be from 1-0.

In this algorithme as it can be seens ‘thee border point
once detected results in the tracing of the entire border of
the regione. Hence the bérder points of any reqion can be

easily stored in array to be used later (i.es in the Contour

. . , ' ™~ .

interpolation). A1sOv the method of computin the
neighbouring point co-ordinates makes the alqorithm
computationally efficient 1in detecting borders. The

algorithm.is tested out on several thresholded images. As an
examples consider the thresholded character of the character
that was shown in Fig.(3.4b)e. It is seen that the borders
are properly identified in comparing them with the original
image (Pige(3e8a)de.

Once the borders are extracted +- each border is given a
separate labelsy and the number of points on each border is
countede. This constitutes a data-base which is utilized in
borde; scalinq.For this purpose the border following the

algorithm described in [9] is utilizede.



Flgure J3.Uu: Contour method illustrations a) given binary
i1mage b) border detection ¢) border scaling 4d)
border interpolation e) filling in between the

4 borderse.
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3.8 BORDER_SCALING:

In this process each pixel on the border is moved outward

or inward based on the following procedure:

1- An object center (see Pig.(3.%)) is calculated as

follows:

top + bottom
H=

2 (2.1)
left +'riqht

M=

2

This step 1is required +to avoid the translation of the

object to one side of the captured images

left o right .

top

botsoun

Figqure 2.5: Object centers
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Fi

£z

scals{ N — 3 ) 4

scalyl M - 3 )

Eigure_3.5° Scaling mappinge

2= 4 scaling transformation is applied : -

In this step a transformation. to map each pixel belonging
to the fontsy tO 1ts new Scaled position 1is obtained.This
operation depends on the desired size of the output (scaling
iacrtors)sand can be done as follow =

Given an image of a font (see Fiqe{3.6))y with 1ts center
at (NsF) and a point of coordinate (is3) belongipg to the
border of <the fonty it is required to find the

transformation which maps :

From F19.(3+.0) we can Write :
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m M - scaly*(¥ - J)

or =

m scaly*y + M*(1 - scaly)

and similarly :

it

n scalx*i + H=(1 — scalx)

' ///”’ The set of the above equation a can be re-written-

as:

n scalx 0 i N * (1 - scalx)
= + (3.2)
m 0 scaly j m* (1 - scaly) .

Where scalx and scaly are the scaling factors over x

and y respectively. As an illustration see Pig.{3.7).

3.5 —_INTERPOLATION =

3.5.1 _INTRODUCTION :

Interpolation is the process of estimating the:
intermediate values of a continuous event from discrete
samples. Interpolation is used extensively in diqitai.imaqe
processing to magnify or reduce ima&es- In ptinciple we are
seeking a smooth continuous curve passing through a set of
discrete data at certaln spatial pointse. Mathematically

speakinge the interpolated continuous function 1in one

dimension is :

éﬁ?' f(x)=:§: c
k=0

y (x) (3.3)
k k .



Eigure 3.7:

ILLUSTRATION QF
THANSPORMATION.

9(n,m)

MIRIFICATION AND MAGNIFICATICN



32
Where ¢ are the coefficients to be determined from the
input datae. y (x) are the chosen basis functionse and N 1is

the number of given data pointSe

3s5.2 BASIC_CONCEPT OF SPLINE_INTERROLATION :

From a numerical point of views the classical polynomial
interpolation approaches [(121s e«gss+ Lagrange interpolation
{16)le at an increasing set of data points all involve the
use of a polynomial of an increasingly higher deqree.That
approach has several severe limitations. Firsty it cannot be
guaranteed that a sequence of Lagrange interpolations to a

continuous function f(x) will converge uniformly to f{x). In

fact for any sequence of sets of interpolation points. there

exists a continuous function f£{x) such that the sequence of
laqranqe‘interpoiatibns to f(x) at these points divergess
Seconds while the sequence of interpolations may 1in fact
converge to f(x)s approximating f°*(x) by the derivatives of
its interpola;ion can be extremely inhaccurates These
problems can be 1intuitively linked to two facts concerning
polynomial interpolatione. Firste polynomials have a
notorious ability to "wiqggle+" that iss pinning polynomial
down at a few points for a slowly va;yinq function may not
produces inh any senses a good uniform approximation to the
function or its derivativess Second polynomials are analytac
funétions. Thuse polynomial interpolation is in no sense a
“"local"™ procedure. That 1isv if the function to be

interpolated varies rapidly in some part of the reqion of
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interesty the effect of this on the interpolation would be
felt everywhere.

On the other hand + from the sampling theorem (17] one
may attempt tO use thg Cardinal spline (18] as the hasis

functionss 1s.Ce¢ let

sin 2 n (x:xk)
£f (x) = = sginc (x —-x ) (3.4)
K 27 (x-x) K

where (1 1s the one—sided-baqduith of f{(x). And.onée then

——a

concludes that from the sampling thiﬁfem

f(x) =§E: fy (x) (345)

k=-w k k

is a perfect reconstruction of f{x) if it was originally
sampled at or above the Nyguist rate. Howevers there are
many difficulties in doing this because the Cardinal splines
though beinqg analyticy behaves like an infinite degree
polynomial uhbse supports are not local which poses
computational probleme. If truncations are made on the upper
and lower limits of the summation in (3.5), oscillation
known as Gibb's phenomenon will show up in ?(x). Second the
interpolation formula in (3.5) has 1implicity 1mposed a
restriction that the discrete data [fK} must be equally

spéced.
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The cdnsider&fions above lead us rather naturally to the

. [, . ) ) )
idea of 1nterp?lat1nq a function by piecewise polynomialse

leces by analytic functions which are piecewise polynomials

\
of fixed degree. The whole class of piecewisg polynomials
are called splines. The spline interpolation not oOnly

alleviates the difficultiess as it was mentioned previously.
suffered by the classical polynomial approachs but also
minimizes the least squares errors of the desired function
valueé anhd its derivatives at the interpolation%boints. ‘In
other wordss among the many interpolating functions passing
through the data points only the spline interpolation gives

the smootheste which is also the best (in a least square

sense) approximatione.
-

3.5.3 Properties of spline_basis functions_:

In this section we are interested in the B-spline
functions [19-26) because éhév are smooth and span a finite
set of data pointss ie.ee their support is locale. Thus they
can be used as basis functions in the intérpolation formula
(3.3).These basis functions can be defined mathematically as
follows : &

Assume JU 1xXo<Xi1eee<Xn<Xpnyis a partition of the iﬁterval

{xo *X,) On a real axiss A B-spline of degree n on JU iss by

definitions the following piecewise polynomial =



. N4
B, (XiXoeXsaxzes X, )=(n+1) ﬁ Cemx, ) U Cx=x, ) (3.6)
K:O
co(xk)
vhere -
w (x )=TT(x -x:)
KoL x J
9=0
9tk
L] - o .
(x xK) for x > X,
Ulx=x_)=
K
0 for x ¢ X,
n = 011!2!...10

A sketch of the first four lower order B-splines for the
uniformly spaced "data points 1i1s shown in Fige(2.3}.
Evidently the B0 is é sample and hold function such that the
intervolation becomes replication. The interpolation by B1
becoﬁes plecewise straight line connections between the
knots.Likewise the interpblation by B2 is a graph composed
of a —sequence of parabolas whﬂéh join at the knots
continuously together with their K‘slopes- Finally the
interpolation by B3 is composed of a sequence of third
degree piecewise polynpmials which join at knots
continuously together with their slopese.

It is obvious that the interpolation by B0 and E1 does
not yield satisfactory resultse. On the other hands when the

order of splines increases beyond threes it behaves like
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normal polynomial interpolation and there is no meaning of
local basise Therefores from a smooth_interpolation and easy
implementation point of viewsy the cubic spline is a gqood

choice for a basis functione

3.5a4 . _Properties_of_cubic spline interpolation.i

The cubic spline interpolation (10) was used in this work
to ingerpolate the mapped cq?tour given by its label and its
puﬁber of points (see Fige(3<Uc))ethe résult is shown 1in
Fig.(3.t4d).

Cubic spline interpolation has the following properties :

1= The curve of the spline between any 2 consecutive data

points (weights) is a cubic (y is cubic function)e.

t ’

2-The equatién of the slope of the spline between any 2
consecutive data points is a parabola (y* isi a parabolic
function )e.

3-The equation of 2nd derivative 1in the spline bhetween
any two consecutive data points is a linear function( y" 1s
linear function)e. : ;

4-The slope of spline is continuous«Thuss y' values are
obtained from the slope equations for any two consecutive

spline intervals (defined by 3 data points).

S—- y" 1is the same at the data point common to the 2

eonsecutive intervalse.

A

We have made the brecedinq properties looking just at the
spline interval between the data points A and Be. However the

same properties could be made by considering any interval
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between data points along the spline such as shown in -

4

Fige(3.8).

\ In a cubic spline fit., it is assumed that the

approximating function between any two adjacent data points

[

is a cubic spline regardless of the magnitude of the

curvature between the pointse. Let's us next consider a

series of data points (Xey) with i=1+2+3eecesnen+ls where n

is the number of data intervaleSsand determine the equégion
of the éubic for i~th inteval (the inteval between x and x
Yeletting 1i%71+2+34eesen swe will obtain a set of cubic
equations which will constitute the mathematical model of a
spline connecting the data pointse |

We begin with equation of y" for the i=-th
interval.Knowing that y" varies linearly over an interval

{(see Fig.{(3.9))s we can write that =

(x_ =%, vy )

(3.7

yll: Y" +
xi+1- xi
where -
Yy" iis the second derivativee.

hj = X5 %3

The cubic spline function can be given by =

-~
[

" ‘ " 3 _ .
hi 6 hi
k| Yie] [x-%.1]

Vi[ Xi+17%4 il
+ + (3.3)
. " hi

Y

1

17
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The derivation of this function is given by (4].
! , )

VAL AT ALED £ are unknown. and can be found by

solving the set of eguations:

[2h1 * h2 ] ... 3 ) yz
é "
A I R o 0 Y,
: byl en) .0 o
b2 z(hn-z * hn—]_] h o Yo
L ° ° ° hn—l 2[hn-1 M hn] ¥y
y3 = Yz _ Y2 - Yl
By b
Yg = ¥3 Y3 - Y, (3.9}
by by
= 6 * ’/‘
In+1 ~ ¥n _ ¥p ~¥p
hn hn—l




Figure_ 3a.8:

W

A SPLINE PASS5ING THROUGH 5 DATA POINTSe.

"
Xive? Y iga

Figure_ 3.85:

A y" CURVE FOR THE ith INTERVAL.
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32543 ~CONTQUR_INTERROLATIION =
The contour interpolation is’ performed in two
sub-interpolations Fﬁ interpolatién over the 1i-axis and
interpolation over the J—axis. Before going through the
interpolations a representation of the contour over 1 and 3
versus the number of points must be accomplished
(Fig«(3.10b) and (3«10c))e«Then each -representation 1is
interpolaté& in one dimension separately resulting 1in
Fige(3104) and (3.10e)» in the case of one contoure.
Finally the continuous curves are 3joined together to form
the interpolated contours This is done by corresponding the
first point from the curve inFiq.(3.104) to the first point
from the curve 1in Pig.(3.10e) to form a pixel coordinate.
Then the second tO Second eees etce The number of

representation increases with the number of contourse. For

example if m is the number of contourss then the number of

representation is 2*m.
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Zigure J.30:

ILLUSTRATION OF THE CONTOUR INTERPOLATION.
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3a6 LINKING PROCESS =

The only problem faced in this work is the appeérance of
gaps of one pixel in length (in case of magqnification). due
to the truncation of the coordinate pointse when
corresponding an abscissa to its ordinate. The truncation is
aue to transformation of the pixel coordinates from real in
the 1 and j curves (see Fig.(3.104) and (3.10e))' to integer
in the i-9 plane (Fig.(3.10a)). To eliminate this problem,
gaps should be filled or linkeds for this purpose a linking
process 1s developed.

The linking process used in this work 1is based on the
border following algorithm explained abovee and the use of
a given template (see Fige.(3.11))e Knowing that the pattern
is formed from contoursewhich c¢an be one Or mores the
linking is performed as follows:

1-Scan the 1image row—wisesthe first black pixel ®1" 15
labelled different than "0O" or "1~

2-Follow the border and label each pixel with value

different than 0" or"1v.

3-When the next pixel detected in the border is different
from =1* +the preceding Qixel (11431) is the first
extremity. .

4-Use the template to find the other extremity (see
Fiqg(3.12)qby testing the néigthuthood Pir*P2eeespP1s to "I"

valuee.
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C3 5-0Once the 2nd extremify is detecteds ohe of pP: P2 vese
vpPe' 1s labelled uﬁon the nearest neighbor to the ‘2nd
extremitys Note that the label value must be "1"qso.it
could be detected by the bofder following.
| 6-Proceed 1n the i?ﬁe manner until the first border
element detected in step 1 is encountered againe. |

The procedure explained above i5 ,summarized by the

flowchart in Fig.{(3.13).

322  EPILLING

321a1 INTRODUCTION
In many casess such as 1interactive 1mage processinge
scene analysis and coﬁputer graphicsy the problem ' of
extracting or shading a region. delxneaged by a digital
contour has to be facede |
A recent paper by PAVQIDIS {27}y described a number of
'alqorithms to perform tﬁis tasks Generally most of these
algorithms do}not correctly work for non-simple contourse
Fill alqorithms are used to change the color of pixels
that lie within 'specified regionse. Vafious algorithms have
been developed fgr displaying filled areas. One method uses
the boundary definition to identify which pixels belong to
the interior of an areae Boundaries aresy 1n general, lines
or curves that define the outer extents of regionss Other
methods start from a poesition within the area and fill

outward from this¥point.
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TABLE

The nearest p,' for . p;'

Pl and P, Pl'

Py qu'

Pd' Ps and P6 P3|

P7 Pdl

PB' P9 and Plo PS‘

Py P6'

F1g: Pyy amd Py Py

) P1s Py
P16 P!

Given the 1lst
extrenity (i,3)

Pye™ 1 v AL T

Choose the nearest p;' to the 2nd

extremity pi {see the Table above).

4

Figuge 3.12: NEAREST NEIGHBOR FLOWCHAKT.



sTart

Given binnr;' image of size NxN.
Assign "1" to black
znd "0" to white.

Scan the imzge
row-wise

End

no

| label the pixels of wvalue-™' (i', i"). |
: with another value different from "0
and "1f

bl

o

Follow the border

yes If no
the next pixel
detected is
y&s . the next

r = T N - - from "1V
The ‘lstT-extremity is th¥ previous value
‘of the border. Use5x 5 template to
detect the 2nd extremity and £find the

nearest (pl', pz' . ...,_‘pg' }-to the 2nd -
oxtremity then label it different from
: g oand 'r1tt. )

Eigqure 3.13: FLOWCHART D&3CRIBING THE LINKING.

4o
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32722 _FILLING_ALGORITHM_ L1113 . ’

This algorithm performs correctly the £illing - of dvery
kind of closed digital cutvev- reqardless of its thickness
and of the presence of repeating or brush-past arce Suppose
that the contour is represented by "1*s" embedded in an NxN

array of "3's" and that such an array is scanned row by rows

“-and let x be the row coordinate and y the column coordinate

0f an element of the array. The algorithm 1is presented by
the following steps :
Pirst step: C is traced by a border following algorithm

(B.F-) of the type describea in fgl (see appendix A)e During
neFs the vectors.x and Y are builty where the coordinates ot
the'plxéi; of the coﬁtour are stored in the order they are
found by the algorithme.

Second step: The vector X is scanned and for every
cbnneég?d sequence 0of equal numberss, only the first element
of every seguence 1s retaineds ~together with the
coprespondinq element of the vector Y.

Third step: The vector X 1is scanned again and for every R
+ sStarting from pze 1t 1S rchecked 1f 1t 1s a contiguous

elementss l1.€.y p and p are such that:
K-1 K+

(a) x > x and X < x
k=1 k k+1 k

OLC Vice versa

{(b) x < X and X > X
k-1 k k+1 k
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Lg

If (a) or {(b) are verifieds Py is saveds otherwise it 1s
erased. -

The first element pp1 of vectors must be considered as
subsequent to the last one. The total number of saved
pixelsf that will be called px*'s from now Onemust be evena

Fourth step: The p*'s are rearranged within the vectorss
according to the increasing value .of x and for every Xxs
according to the inc:easinq. value Of Y Pairs from
successive elements starting from one end of the vectorss

represent now the extremes of horizontal runs which must be

filled by "1°'s".

3a8 RESULTS_AND_COMPARISQON

The method explained above 1s summarized by the
flowchart shown in Fige{(3=14)e The computer simulation
results obtained by using this method are shown 1n

Figse(3217)-(3.20). As 1t can be noticed from those flqup&#a

_'thgre is no appearance of jaggies and the edges appeatl

smOoOthe
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Figure 3als: - FLOWCHART DESCRIBING THE CONTOUR METHOD.
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3.9 ~CHABACTER DESIGN

3281 _HISIORIC

The idea of designing 1etters mathematically goes back to
the fifteenth century and it became rather highly developed
in the early part of the .sixteenth; The desi;n wWas on’
capital letters using simple +tools such ass ruler and
compasse The first person to do this was Felice Felicianos
The Italian mathematician Luca Pacioli has done a lot of
work in the desiqgqn of capital letters. The design of
character *B* in PFige(3+415) Wwas a part of his wOrKke
Apparently nobody carried this work further to 1lower case
letterss numeralse or italic letters and other symbols,
until more than 100 vyears later when Joseph Moxon made a
detailed study of some beautiful letters designed 1in
HollandeThe generation of typefaces by mathematical means
became - popular in the seventeeth centurys and 1t was
abandoned during the eighteenth centurye. The twentieth
century is the right time to have another 1look at the
generation of typefacess now that mathematics has advanced

and computers are able to do the calculationse.

Modern printing equipment based on raster lines in which a
metal Ytype™ has been replaced by purely combinatorial
pat terns of zeros and ones that specify the desired position
of ink in a discrete way make mathematics and computer

science increasingly relevant toO printinge



fiaure_3Je15: Slxteen century Culec—and-compass
constructions [Or tne letter B by Faciolia
o

Figure_s.ln: Generated arablc character (lert) With 1ts
ey points (right).
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They are able to give a completly precise definition of
letter shapes that will pfoduce essentially eguivalent
results on all raster-based machiness Furthermore it 1is

possible to define infinitely many styles of type at onces

3.9a22 _Geperation of typeface

To explain how to draw a shapes a precise way is needed
to specify various Eey‘point of that shape. & standard
Cartesian coordinaté is used for this.purpose. The location
of a point is defined by specifying its X coordinatey which
is the number of units to the right of some reference points
and its y coordinates which is the number of units upwards
from éhe reference points. In a typical application a rough
sketch of the shape is prepared on a piece of a graph papers
and the key points are labelled on that sketcn‘with any
convenient numberse. Then a program 1S written that
explains; (i) how to fiqure out the coordinates of those key
pointse and (ii) how to draw the desired lines and curves
between those pointse in this case cubic spline curves are
usede.

Points are specified in terms of fixed numbers like 300«
this means a distance of 300 on the square grid or "raster".

The character shown in Fig«(3.16) was generated on the
VAX VT 240 using thirteen key points in the grid of 300x300
unifs. Two spline curves are useds the first passes through
the points Ay Bs and Cs» the second through Ds Es and Fe. all

”

the remaining points are joined by straight linese.
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MagnificationsContour method
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MagnificationsCoOntour method
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Figunre 3Je14° MagqunificationsContour method for Arabic
charactersscalx=de0escaly=te0 ¢ Character with
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v

Figure_ 3.24: MagniflicationeCoOntour method for English
characteryscalx=4.0yscaly=4.0 + Character with

one CoOntourle



[

Chapter IV

COMBARISON AND CONCLUSION

4.1 _CHARLCIER_HLGQIEICAIIQN4_BESHLIS_AHD_CQHEARISQN

Three methods have been simulated for chara¢ter
enlargements these are reglication;teléscopinq template sand
the contour method.The computer simulation results obtained
by uusinq the above three methods are shown in
Figse{4.1)-(4.3)« Among thoée images 1N Fi1gs«(4.1b)y (4«2b)
and (4e3Db) are obtained from the replications  in
Figse(bdelcle(la2c) an§ (4.3c) from the telescoping template

using the third order window (which i1is the highest order),

and 1n Figs«(4.7d)+(8.24) and (4.34) from the contour

methode.

Ny
In comparing those results from the different scaling

proceduresthe replication has resulted in "Jaggies" along
the edges.ln the telescoping templates the character still
has jagqigs as the gqualaty of the scaled font 1s dependent
on the size of the template. The larger the sizes the better
the 4quality and the time requirement increases with the
window order as can be shown 1in Table (2). Time comparison
between the replication ¢+ the telescoping template and the
contour method is given in Table (3). Understandably the

superior performance of the contour method 1is due to the

- 55 =~
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cubic spline fitting that makes the edge of +the character

. smoothere.

-

TABLE Ze
ORDER WINDOW PROCESSING TIME
(image 512x512)
1 2 mine 56 seca
2 4 mine. 10 sece
3 5 mine 10 sece
TABLE 3.

o

PROCESSING TIME
(image 512x512)

Replication method

3 mine 90 sece

Telescoping template
method (3rd order)

5 mine 10 sece

Contour method

3 mine. 30 sece.

&
i



1]
o

¢ d
Figure 4.1: (a) Given  binary  imagesmagnifications
scalx=4e.0sscaly=4.0 (b) Replications (c)
Telescoping template methods (d) Contour
methode.
a b
3 c
Figure_Uu4.2: (a) Given ' binary imagesmagnifications
. scalx=4.0sscaly=4.0 {(b) Replications (c)
< Telescoping template methods (d) Contour

methode.
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Figure B4..3: “{a) Given binary imagesmagnifica“
- scalx=U.0sscaly=4.0 (b} Replications
Telescoping template methods (d) Col
methode.
v |
G



402 Character _minificationi resulits
Some results for character minification using this method

are shown 1n Figse(U4.4)-(U.9)a



Figure_ Lal: Minifications a) Given Arabic characters b)
scalx=0.6s scaly=0.8 c)scalx=0.54 scaly=0.5 4)

scalx=0«3+ scaly=0e.3 «

o

Figure_La5: Minifications a) Given Arabic characters b)
scalx=0e5s scaly=0e8 c)scalx=0.35s scaly=0.3> 4}

scalx=0e3y scaly=0.3 .



Flgure 4.6:

Figure_G.7:
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A
]

2

-
-
B

T - .3 i

Minifications; a) &iven Arabic characters b)
scalx=1.0s scaly=0.8 clscalx=1.0y scaly=0.5 d)
scalx=T1.0s scaly=0.3 e) scalx=0«6+ scaly=1.0 f)
scalx=0.5¢ scaly=1.0 g) scalx=0.3y scaly=1.0

LY

Minification; a) Given English characters b)
scalx=0.8+ scaly=0.3 c)scalx=0.5y scaly=0.5 d)
scalx=0.3y scaly=0.3 .



Flgure 4.8:

Figure %4.9:

Minification;

scalx=0e7y scaly=0.7 c)scalx=0.5
scalx=0e25y scaly=025 .

AT

o

a) Given English characters+ b)

scaly=0.5 d)

Minification: a) Given English characters b)

scalx=1e0s scaly=0.8 clscalx=1.0»
scalx=1.0y scaly=0«3 e) scalx=0.8,
scalx=0.5s scaly=1.0 g) scalx=0.3

scaly=0.5 4d)
scaly=1.0 £)
scaly=T«0 «
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423 , CONCLUSION :

The contour method described above was performed according
to the block diagram given in Fige{3s1)e The result was
reasonnably Lexcellent. and the Jagqgies produced by the
methods shown above swere eliminatede. This method allows
work to be done on the contours only instead of working on‘
the whole imagee. The main advantage of this method is that

the binary image can be covered by its borders alonea.
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APPENDIX A
Border following algorithm :

The border following algorithm used here is:'an
adaptation of the method described in reference 5.These
steps should he followed:

1- Detect the first border element at (il1+31) (a
. dark pixel) through a row {(or column) scan.The element
immediately preceding (i1+91) is labelled as the flISt
neighbor (idvjd).

2— Starting with (id.3d) and proceeding
clockwiseeslabel the other seven neighbors of (11+31) as
1139-00180 set k= 4.

3- Evaluate the coordlnates 1x(k)ely(k) of the k
neighbor of (11+31)“using the table shown below.

4- If the pixel at the k is a *1' (i.e.+a darck
pixel)ethen this pixel is the next border
elemente.Define (i1+91) as this element and (id.3d) as
the preceding element.Go to step 2.

5-If the pixel at the k neighbor 1s a '0',set k=k+1
and goto step 3.

6— Proceed until the first border element detected
in step 1 is encountered againe

TABLE 1

Co-ordinates of eiqht neighbours

LX{J) LY(J)

1 ID JD

2 LX(1)+K1 LY(1)~K2
3 LX(2)=K2 LY(2)=-K1
4 LX(3)-K2 LY(3)-K1
5 LX(4)=-K1 LY(4)+K2
6 LX(5}~K1 LY(5)+K2
7 LX(6)+K2 LY(6)+K1
8 LX(T7)+K2 LY(7)+K1

Co-ordinates of border element{(i11+31)
Co-ordinates of first neighbour{(ad.3jd)

K1 = Jp =J1 K2 = ID -I1
IF K 1=17¢ K 1=14 K=0

- §7 -



ok kkkkkkkkxokkkkkx APPENDIX (B)

3 KKK KKK KK KK K 3 KKK KK KoK K K

c- This program performs the scaling of binary images using

¢ contour method. It goes through different steps as follows;
¢ 1) Border detection using border following. 2) Scaling

¢ mapping.3) Contour interpclation over i and j axis.

¢ 4) Linking process .5) filling in between the contours.

c

kK K ¥ 3K oK oK 3 oK K 3K 2K oK oK ok 3K ok 3k 3k 36 36 2K 2K 2k o Kk ok K K oK 2K K o8 3K oK o o 3K 58 5K 3K 3K 3K oK K R K R ORK Ok sk ok kR koK
e
c .
implicit real*B8(a-h,o-z)
dimension y(160),£{(160),a(160),b(160),c{160),d(160)
real scalx,scaly
integer h(512,512),g(512,512),ai{600,4),23(600,4),
* pecount(4)

integerlx(8),ly(8),count,label ,nsize,max1(2)
integer y1(1300),y2{(1300),x1(260),x2(260),scal,max
character img(512,512)

character*l gg(1l28)

character*16 f£iln,film

write(*,*)'enter the input filename ------- >t
read(*,'(a1t6)') f£iln
write(*,*)'enter the input size image :' /

read(*,¥) nsize

write(*,%)'enter the scaling factor over x and y '
read{*,*) scalx,scaly

write(*,*)'enter the scaling factor '

read(*,*) scalx
open(1.file=filn.recl=128,form='formatted',status=

* 1514d')

do 1 i=1,nsize

do 1 j=1,nsize/128

read(l,456) gg

456 format{(1l28a)
do 457 k=1,128
hii,(3-1)*128+k})=ichar({geg(k))

c 457 continue
1 continue
close(l)

do 10 i=1,nsize
do 10 j=1,nsize



%o

Py

if(h(i,j).eq.0} then
h{(i,3i)=1 '
else
h(i,3)=0
endif

10 continue

C--—— - Border detection , to extract each contour of
the character

do 67 i=1,nsize
do 67 j=1,nsize
g(i,3)=255
67 continue
count=0
label=0
de 20 i=1,nsize-1
do 20 j=1l,nsize-1
if(h(i,j—l).eq.O.and.h(i,j).eg.l) goto 100
goto 20
100 count=count+l
k=0
il=i _ : N
31=3
id=i
jd=3-1
ibeg=1i1
jbeg=31
25 call cord(lx,lv,il,31,id, 3d)
e 3K 2K 3K 6 2K 3K 3K oK 3 3 K 3K K K 3K oK 3 % ok oK 3K 3 KK K K KOk ok K
do 30 33i=2,8
n=1x{33) .
m=1ly{(33)
if(h{n,m).eq.1) then
i1=1x(33)
31=1y(33)
id=lx(3i3-1)
id=ly(3ii-1)
k=k+1
h(il,31)=100
pcount(count)=k

c---——-= Scaling mapping is performed on each contour pixel.
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%Ok KK Ok K

20

39
chifHfH#

1958

nn=int{scalx*real{il)+256.0%(1.0-scalx))
mm=int(scaly*real(31)+256.0%(1.0-scaly))
aif(k,countl=nn ' '
aj{k, count)=mm

ginn,mm)=0

if{il.eq.ibeg.and.il.eq.3beg) then
h(il,31)=100 N
g{nn,mm)=0 )
goto 20
else '
goto 25
endif
endif

continue
0K 3K K 5k 3K 3K 3K 3K 3K 3K Ok 4 K K % K oK K K

continue

do 99 i=1,count

write(*,*)' number of pts = ',pcount{i)
write(*,*) in the',i,' contour’

continue
FHEBBEBHEBLERAHARHHF RS IR E RSB R R R RAHR
do 1958 i=1,nsize

do 1958 j=1,nsize

h{i,j)=255

continue

c############################ﬁ##################

999

895

996

write(*,*) 'enter kk'
read(*,*) kk

Contour interpolation over i and j axis.

do 343 k=1,count
m=1

do 11 i=1,pcount(k}
ifim.le.pcounti{k)) goto 599
goto 995
x1(i)=ajilm,k)
x2(i)=aif{m,k)

goto 996

nmax=i-1

goto 112

m=m+kk
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1z continue

112 n=nmax -
Xl{nmax+1l)=x1{1)
¥2(nmax+1)=x2{1)

€ 3 2K 3K KK 0 3 3 4 oK 3 KK K 3 3K 3 oK oK KK oK o K
write(* %) 'p=' 1t 1 n .

K 3K 2K K K 3K K 3K 5K 3K 3K 3O 3K oK 3 K K 3K K 2k 3K oK K K 3 3K K K KK K K K ok
m=1 '
do 19 i=1,nmax+x:

y(i)=real(m) -}

m=mt+scal¥*kk -

19 continue
write(*,%) 'y(n)=',' ',y(nmax+1)
n=nmax+1

o o 2 ok oK 3 2K K 2K 3K 3K Sk ok 2K o 3 3K o 28R R 3 K 3Rk ko 8 K K K K K ek ok
do 32 ii=1,2 )
if(ii.eq.1l) then .-
do 1& i=1,n
f{i)=real(x1l(i))

14 “continue
else
do 15 i=1l,n
fli)=real(x2(i))
15 continue
endif
call splni{n,v,f,a,b,c,d)
1k=1300
hh=1.0
x=y{1)-hh
do 8 i=1,1k' _y
x=x+hh
if{x.gt.v(n)) goto 32
call sple(h,y,a,b,c,d,x,p)
if(ii.eq.1) then
yv1l{i)=int{p+0.5)
elsé
v2{i)=int(p+0.5)
‘endif
8 continue
32 continue
max=int{y{n)) ,
write(*,*) 'max=',' ' max
de 126 i=1,max



hi(y2(i),y1(i))=0
126 continue
3413 continue
do 129 i=1l,nsize
do. 129 3j=1l,nsize
ifth{i,ji}.eq.0) then

hii,j)=1
else
h{i,3)=0
endif
129 continue ko
c---- Linking the gaps {due to real-integer transformation).
using template 5 x.5. .
count=0 e ‘u_
label=0 N

do 2 i=1,nsize-1
do 2 j=1,nsize-1
if(h{(i,j-1).eq.0-and.h(i,3).eq.1) goto 3
goto 2

3 count=counttl
k=0 =
il=i : o
j1=3 = '
h(i1l,3i1)=100
id=4
3d=3-1
ibeg=11
jbeg=3j1 .

I call cord(lx,lvy,il,31,id,id)

K 3 3K 3K K 3K K 3K K 3K K oK 3 3K 3K K K 3 3K KK K 3K o6 oK K KK K

do 5 iv=2,8
n=1x{(3jj) : . -
m=1ly{33)
if(hin,m).eq.1) then
il=1x{33)
3l=ly{(3i3}
id=1x(33-1)
jd=1y(3i-1) ' )
k=k+1
h(il,31)=100
peount{count)=k



if(il.eq.ibeg.and.jl.eq.ibeg) then
h(i1,31)=100

goto 2
- else

goto &

endif

endif

continue

C************f**************

c b neighbours‘

C

KK 3k ok 30K ik ok KOk ke kol ks Ok sk koK R kR ROk K ok Ok K K

if{h(i1,31-2).eq.1}) then
hiil,il-1})=1

goto & )
endif . : - -
if(h(il,31+2).eq.1} then
hi{il,j1+1)=1

goto &

endif
if(h(i1-2,31).eq.1) then
h{il-1,31)=1

goto &

endif
if{h(i1+2,31).eq.1) then
h{il+1i,31)=1

goto 4 '

endif

Cc corner neibours

c

if(h(i1-2,31+2).eq.1.0r.h(il-2,j1+1).eq.1l.0r.
*h(11-1,31+2).eq.1) then : d »

h{(ii-1,31+1)=1 '

goto &4

endif ‘ -

if(h(i1+2,3j1+2).eq.1.0or.h(il+1,31+2).eq.l.0T.
*h({il+2,31+1).eg.1) then

hiii+1,3j1+1)=1

goto & '

endif _ -

if(h(il+2,j1-2).eq.l.or.h(il+2,j1-1).eq.l.or.
*h(il+1,31-2).eq.1) then

h({il+1,31~-1)=1



400

6

goto &4
endif
ifth(ii-2,31-2).eq.1l.0xr.h{i1-2,51-1).eq.l.0r.

*h(il-1,31-2).eq.1) then

hi{it-1,31-1)=1

goto 4

endif

continue

continue

do 6 i=1l,nsize

de 6 3j=1,nsize
if(h(i,3).eq.100) then
h{i,3)=0. '
else

hi{i,3)=255

endif

continue

C*****************************************************‘*****
c************************************************&*********

1911

29

--- Filling in between the contours.

do 29 i=2,nsize

k=0

mm=255

nn=0

do 29 j=2,nslze
if(h(i,3i-1).eq.255.and.h(i,3).eq.0)then
k=k+1 -
maxli{k)=3

endif

if(k.eq.2) then

do 1911 n=max1(1),maxl(2)
h(i,n)=0

tontinue

k=0

endif

continue

do 1964 i=2,nsize-1 .

do 1964 j=2,nsize-1
if(h{i,j).eq.0.and.h(i-1,3).eq.255.and.h{i+l,3).eq.
255) then

h(i,3)=255



‘endif .
if(h(i,j).eq.255.and.h(i-1,3).eq.0.and.h(i+l,j).eq.
*¥(3) then

hi{i,3})=0

endif

1964 continue
3 % 2K 3 3 K K K 0K K3 K 3K R 3 3k 2K ok 3k 2K ok 3K 3 3 KK kK 2K 3 K oK K K K Bl 3K S 0K 3% 3 K ko ok 3 K K Ok

open{2,file='out.img',recl=128,Fecordtype="£fixed"',

*# form='formatted',status='new'/carriagecontrol="none )
do 81 i=1,nsize '
do 81 3j=1,nsize/128
do 108 k=1,128
nx=int(h(i,{(j-1)¥128+k))
gglk)=char{nx)

108 continue *
writel(2,456) gg

456 format(128a)
g1 continue /ﬂﬁ-
close(2) .
stop
end

o+

% 3 oK oK 38 ok ok ok oK o 3 3K oK 3 33K oK oK K 3 3K 3 2K 3K 2K oK 3K 2K K KR 30K K K K ok
subroutine spln(n,x,f,a,b,c,d)
K 3 3k ok 2ok 3k ok koK kK K KK Sk o K OR HOK 3K K K R 3K K K KK K 3K 3K oK ok o o 3K oK K K ok ok
implicit real*8(a-h,o-2z)
dimension x(n),f{n),al{n),b(n),ci{n),d(n),h(250),
*£(250,251),u{250)
nml=n-1
nm2=n-2
do 1 i=1,nm¥l
h{i)=x(1+1)-x(i)
culil)=(£{i+1l)-£(i)}/h{i)
a{i)=f(1i)
1 continue
do 2 i=1,nm2
do 2 j=1,nm2
t(i1,3)=0.4d0
2 continue
' do 3 i=1,nm2
ti(i,1)=2.d0*%(h(i)+h(i+1))
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3 continue
if(n.gt.3) then
do 4 i=2,nm2
- t(i,i-1)=h{i)}
t{i-1,i)=h(1i)
& continue
endif
do 5 i=1,nm2
t{i,nm1)=3.d40*%(u{irl)-ul{i))
5 continue
n2=n-2 —
m=1
nd=250
ndpm=nd+m
eps=0.000000140
call gausl{n2,m,nd,ndpm,t,eps)
do 6 i=2,nml '
c(i)=t{i-1,nml)
6 continue
c(1}=0.40
ci{n)=0.4d0
do 7 i=1,nml .
bli)=u(i)-h(i)*(2.d0%c(i)+c(i+1)}/3.40
dli)={c{i+1l)-c(i))/(h{1)*3.40)
7 continue )
return

c“.

end

oK o KK k3K K K KK K S K K o K 3K K 3K 3K K 3K K K 3k 8 oK K 2K 3K R K K R K K KK K K K K
subroutine sple(n,x,a,b,c,d,.t,p)
oK oK 3K 2K o KK 3K 5K K 3K K ok K K 3K 3K 3k 3K 3K K K oK K K 3 5K 6 2K 3 3K K K Kk 8 K K KOk K ok K
implicit real*8(a-h,o0-2z)
dimension x{n),a(n),b(n),ci{n),d(n)
i=2
6 . if{t.gt.x{1i)} go to 5
¥ oi=i-1
~_ go to 7
5 i=1i+1
' go to 6
7 continue
ti=t-x(i)
p=al(i)+tl*(b(i)+ti*(c(i)+d(1i}*tl1))
return ’
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end

-

% K o 3K 3 ok ok k3 3k ok ok ok oK oK 3K oK o 3K oK 3K 3 3 K K o 3K ok 3K K 3K 3K K K 3K 3 oK 3K 3K 3K oK ok
subroutine gausl{n,m,nd,ndpm,a,delt) ’
3 3K K 2 A 3K 3K K oK ok 3K K 3K K K K K 3K 5K oK K 3K o 3 3K K K K 3 K 3K K K K 3K oK 3K K 3K ok ok ok
implicit real*8({a-h,o0-2)
dimension a(nd,bdpm)
nml=n-1
if{n.egt.1) then
do 1 k=1,nml
u=dabs(alk,k))
kk=k+1
in=k
do 2 i=kk,n
if(dabs(a(i,k)).gt.u) then
u=dabs(alk,k)} ‘
in=1i
endif
2 continue’
mpn=m+n
if(k.ne.in) then
do 3 i=k,mpn
x=a(k,3)
alk,3)=alin, i)
alin,j}=x
3 continue
endif
if{u.lt.delt} then
write(6,&)
& format(2x, 'the matrix is singular.Gaussian,
* elimination cannot be performed.')
return
endif
do 5 i=kk,n
do 5 j=kk,mpn
ali,j)=al(i,ij)-ali,kt*a(k,3j)/alk,k)
5 continue
1 continue .
if(dabs(a(n,n)).lt.delt) then
write(6,4)
return
endif
do 6 k=1.,m



al{n,k+n)=aln,k+n)/a(n,n)
do 6 ie=1,nml
i=n-ie
1x=i+1
do 7 J=ix,.,n
ati,k+tni=al(i,k+n)-alj , k+tnl)*a{i, s}
7 continue
ali,k+n)=af{i,k+tn)/al(i,i)
6 continue
return .
else if(dabs(afl,1)).1t.delt) then
write(6,4)
return
endif
do 8. 3=1,m
a{i,n+il=a(l,ntil/all,l)
8 continue
return
end
o 4 2Kk K o ok oK o 36 K 2K 3K 2K 3K K K R 3 oK 3K R 3 ok 2K 3 3K ok K K 2K 3K K oK oK o K oK K oK
subroutine cord{lx,lv,il,31,id,id)
KKk K oK K oK kK oK KK 3K 3 K 3 K 3K 3K K 3K K oK 38 K K K KK K K K K KOk 0k Kok ok ok ok
dimension 1x(8),1y(8) '
ki=3j4-31.
k2=id-1i1
Ix(1)=id
1x(2)=1x(1)+k1
1x{3)=1x(2)-k2
1x(4)=1x(3)-k2
Ix(5)=1x(4&)-k1
Ix(6)=1x{5)-k1
1x{(7)=1x{61)+k2
1x(8)=1x(7)+K2
ly(1)=3d
lv(2)=1lv(1)-k2
ly(31=1y(2)-k1
ly(4)=1y(3)-k1
ly(5)=1ly(4)+k2
ly{6)=1ly({5)+k2
lv(7)=1y(6)+kl
lv(8)=1y(7)+kl
return
end
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vl

c*******¥****** APPENDIX (C) koo ok ok ok koK ook ok o ok ook ok ok ok sk 3 ok
.
c This program perforins the replication method.
c
oK KRR K K 2k o o 3K 3K K R K K R 3 oK K K 33K ok sk oK 3 3K 3k koK 3 8 ok 3K oK K ok K 3K 6 2k 2 oK 3 oK o KO koK
integer h(128,128),g(128,128),fact
character img(128,128)
integer nsize,nn,mm,n,m,scalx,scaly
character¥*16 filnme -
write(*,*)'!' enter the filename !
read(*,'(ai6)'}) filmnne
write(*,*)' enter the size of .the image ---->'
read(*,¥) nsize _ 7
write(*,*)' enter the scaling factors over-X and Y '
read(*,*) secalx,scaly
yWrite(*,*x)' 11
open(l,file=filnme, form="binarvy',status='o0ld"')
open{2,file="out.img', form='binary’',status="new')
lwrite(*.*)' 2
do 10 i=1l,nsize
do 10 3i=1,nsize
g{1,3)=0
10 continue
do 20 i=1,nsize
do 20 j=1,nsize
read{(l) img(i,3)
h(i,j)=ichar{(img(i,3i))
if(h(i,3).eq.0)then
h{i,j)=1
else
h(i,3)=0
endif :
20 continue -
do 30 i=1,nsize
do 30 j=1,nsize
kk=h(i,j)+h(i,j+1)+h{i+1,3+1)+h{(i+1,3)
n=scalx¥*i+é6&*{l-scalx)
m=scaly*jt+64*(1l-scaly)
if(n.gt.128.or.n,lt.D.or.m.gt.128.or.m.lt}D4’go o 30
nn=scalx+n-1 E\w\\
mm=scaly+m-1
if{kk.eq.0.0or.kk.eqg.l.0or.kk.eq.2) goto 30
if(kk.eg.4) goto 100

~



%S

gote 30
100 continue
do &0 k=n,nn
do 40 l=m,mm
/ gik,l)=1
LG continue
30 con;}nue
do 90 i=1,nsize
do 90 j=1,nsize
if(g(i,ji).eq.1} then

gli,3)=0

else

g{i,3)=255

endif &
a0 continue

do 200 i=1l,nsize 7

do 200 j=1,nsize

img(i,ji)=chari{g(i,i))
200 continue

write{2) ((img(i,3),3=1,nsize),i=1,nsize)

close(2)

stop

end

—
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CHRAFIAKNKKAKK KA KK KX LDPDPENDIX (D) % dokakokskokok sk ok % ok ok oKk ok ok ok o ok ok

c
c This program performs the telescoping template method
c with the first order window .

c

2 2 3K 3K 3K K 2 3K oK 32K 3K oK K 3K oK 3K 5K KK R SOk K KK 3K 3K 3 K 2K 3K 2K K K oK K 3 3 3K 3K 3K 3 K K K 0K 2 3K X ok ok ok
integer h(512,512},g(512,512}),fact

integer nsize,size,nn,mm,n,m,scalx,scaly,range
character*l gg(128)

character*16 filn,film

write(* *}'enter the input filename'

read{*,'(al6)') filn
write(*,%*)'enter the output filename'
read(*,'(al16)') f£ilm

write(*,*)'enter the input size image :'
read(*,%) nsize
write(*,*)'enter the scaling factors over x and vy :'
read(*,*) scalx,scaly
opentl,file=filn,recl=128, form="'formatted’,status=
¥ 'old')
do 761 i=1,nsize
do 761 j=1,nsize/128
read(1l,456) gg
456 .format(128a)
do 457 k=1,i28
h{i,(3-1)*128+k)=chari{gg(k))
457continue
761 continue
closel(l)
2 o 3 3 o k3K K K ok K K K K 3K K oK 3K 3K oK 3K 3K oK
de 10 i=1,nsize
do 10 j=1,nsize
g{i,3)=0
10 continue
do 20 i=1,nsize
do 20 3j=1,nsize
if{h(i,j).eq.0)then
hi(i,j)=1
else
h(i,3)=0
endif
20 continue
do 30 i=1,nsize
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200

40
300

400

500

50
600

700

60
800

S00

do 30 j=l,nsize
kk=h(i,3)+h{i,3+1)+h(i+1,3+1)+h{(i+1,3)

.n=scalx*i+256*(1-scalx)

m=scaly*j+256%(1l-scaly)

nn=scalx+n-1

mm=scaly+m-1
if(kk.eq.0.or.kk.eq.l.or.kk.eq.2) goto 30
range=ntmt+scalx-1 '
if{kk.&q.4) goto 200

goto 300 '

continue

do 40 k=n,nn

do 40 l=m,mm

glk,1l)=1

continue

continue

if(kk.eq.3) goto 400

goto 30

continue

if(h(i,3).eq.0) goto 500
goto 600

continue

do 50 k=n,nn

do 50 l=m,mm
if(k+l.ge.range) then
g{k,1)=1

endif

continue

continue
if{h(i+1,3+1).eq.0) goto 700
goto 800

continue

do 60 k=n,nn

do 60 l=m,mm
if(k+1l.le.range) then
glk,1)=1

endif

continue

céntinue

if(h(i+1,3).eq.0) goto 900
goto 5

continue

do 70 k=n,nn



do 70 l=m,mm
ifin.ge.m) goto 1
dif=m-n
if({k+dif.le.l} then «
glk,l)=1
endif _
goto 70 ~
1 continue
~ dif=n-m
if{l+dif.ge.k) then
glk,1l)=1
endif .
70 continue
5 continue
if{h(i,5+1).eq.0) goto 1100
goto 30
1100 continue
do 80 k=n,n (
do 80 I=m,m;R\
if{n.ge.m) goto 2
dif=m-n .
if(k+dif.ge.1l) then
glk,1)=1
endif
goto 80
2 continue
dif=n-m
if(l+dif.le.k) then
g{k,1)=1
endif
80 . continue
30 continue
do 90 i=1,nsize
do 90 3=1,nsize
if(g(i,3i).eq.1) then
h(i,3)=0
else
h(i,3)=255
endif
90 continue
open(2,file=film,recl=128,recordtype="'fixed’',
* form='formatted',status='new',carriagecontrol="none')
do 81 i=1,nsize ¢ )



108

83

do 81 j=1,nsize/128

do 108 k=1,128
nx=int(h(i, (j-1)%128+k})
gg(k)=charinx)

continue

write{2,456) gg
continue

close(2)

stop

end
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oXFkk¥oKKRIKIOKKkKkX  APPENDIX: (E)

vt

2 3 2 kK K Kok KK 2K K KR K Kk kK KR kR Kk kK

c
c
C

This program performs the telescoping template method ;

with the second and third order window.

P
/

C***************************************************i*******

456

&£57
761

integer h{(512,512),g{(512, 512) fact

integer nsize,size,nn,mm,n, m,scalx,scaly, range
character*l gg{128)

character*16 £iln,{ilm

write(*,*)'enter the input filename'
read(*,'{al6)') filn

write(*,*}'enter the output filename'
read(*,'(a16)') film

"write(*,*)'enter the input size image-:! -~
read(*,*) nsize

open(1l,file=filn,recl=128,form="'formatted',status=

do 761 i=l,nsize

do 761 3=1,nsize/128
read{l,456) gg

format(1l2Ba)

do 457 k=1,128
hii,(3i-1)*128+k)=ichar(gelk))
continue

continue

close{l)

ook 2 2K Rk ok ok 3 ko K 0K oK K K K K K Kk R OR R K K

20

g

do 20 i=1,nsize
do 20 3j=1,nsize
if(h(i,3).eq.0)then

h(i,3j)=1

g(i,j3=1

else

h(i,3)=0

g{i,3)=0

endif

continue

do 30 i=3,nsize-2

do 30 3=3,nsize-2 ' -

if(h(i,3).eq.1l) then
pi=h(i-2,3-1)
p2=h{i-2,3)
p3=h{i-2,3+1)
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a

pk=h{i-1,3-1) .
p5=h{i-1,3) ‘ |
pé=h(i~1,3+1) !
r7=h(i,j-1)

pB=h{i,3i)

r9=h{i,ji+1)

plO=h{i+1,3-1)
pli=h(i+1,3) v
‘pl2=h(i+1,3+1)
rl3=h(i+2,3-1)
pl&=h(i+2,3) .

p15=h(i+2,3+1)
plé=h(i-1,3+2) ¢

p17=h(i, 5+2) P
p18=h{i+1,3+2) /!
pl9=h(i-1,3-2) :
p20=h(i,3-2) :
p2i=h{i+1,3-2)

sl=pl+pl+tpl+pS+p7

S2=p3+pb6+p9+pl2+plS+plé+pll+plO+pl’

if(sl.eq.0.and.s2.eq.9%) then

gli-2,31=1

gli-1,3)1=1 —

g{i,i-1)=1 \\

goto 30

endif

sl=pl+p3+p5+p6+p9
&k52=p1+p4+p7+p10+p13+pll+p14+p12+p15

if(sl.eq.0.and.s2.eq.?) then

gli-2,3)=1

gli-1,3)=1

gli,i+11)=1

goto 30

endif

sl=p9+pl2+pl1S5+plliplL

52=pl+p2+p3+ph+pS+pbtp7+pl10+pl3

if(sl.eq.0.and.s2.eq.9) then

gli+2,3)=1

gl{i+l,i)=1
g{i,3+1)=1
goto 30
endif‘
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s1l=p7+pl0+pl3+plli+pli ]
s52=pl+p2+p3+pkt+p5+p6+p9+pl2+pld
if(sl.eq.0.and.s2.eq.9) then
g{i+2,3)=1

-~ egli+l,31=1
gli,i-1)=1
goto 30
endif

KK K 3 3K oK R K KK KoK K 3 3R KKK 3K 3 o 5 3K KK oK KK KKk 3 o 2k ok o ok o ok KKK KOk 3k ok
Sl=p20+p§:b11+p10+p21
$2=pl9+ph+pS+p6+pl6+p9+pl7+pl8+pl2
if{si.eq.0.and.s2.eq.%) then
gli,i-2)=1
£{i,3-1)=1
gli+l,3)=1
goto 30
endlif
51=p20+p7+p5+pL+pl9 .
52=p21+p1l0+pll+pb+pl6+p9+pl7+plB+pl2
if{sl.eq.0.and.s2.eq.9) then

~
~

g{i,i-2)=1
gli,i~-1)=1
g{i-1,3)=1
goto 30
endif
c
51=p5+p6+pl6+p9+pl7 “J
s2=pl9+ph+p20+p7+p21+pl0+plil+pl2+pliB
if{sl.eq.0.and.s2.eq.%) then
g{i,3+2)=1
gli,i+l)=1
gli-1,3)=1
goto 30
endif
c

s1l=pll+pl2+pl8+pY+pl7
s2=pl9+pL+p20+p7+p21l+pl0+p5+p6+pléb
if(sl.eq.0.and.s2.eq.%) then
g(i,i+2)1=1

g{i,+1)=1

gli+l,3)=1

goto 30

endif



o

30

S0

108

B1

endif

continue )

do 90 i=1,nsize

do 90 3=1l,nsize
if{g(i,3).eq.1) then

h{(i,3)=0
else
h{i,3ji)=255
endif
continue

open{2,file=film,recl=128,recordtype="'£ixed’,
form='formatted’,status='new',carriagecontrol='none’)
do 81 i=1,nsize

do Bl ji=1,nsize/128

do 108 k=1,128

nx=int(h(i, (3-1)*128+k)}

gg(k)=char{nx)
continue
write(2,456) gg
continue
close(2)

stop

end



CRFHRARRKKAN KRR APPENDIX (F)  FRkkxiokokkdodorkdor ok ook ook

C
%] )
/6///// This program performs the generation of an
c Arabic character, using 13 key points.
c The character was generated on the VAX/ VT 240.
C

KRR 36K ok KK oK KR MK KK 3K oK 33K 3 8K K 3K KK K KKK KKK KKK K KK KK Kok K ok ok
implicit real*B8{a-h,o-z)
dimension x{10),y(10),xx(10),yy{(10),p0(10},p1(10),
* p2(10),p3(10)
open(k,file='sou.dat’',status="new"')
write(4,*) char(27)//'P0Op’
call init '
call erasecoloxr(0)
n=3
(o3 3 K 3K ok 2K KK K K o 3 ok 3K oK 3K 3K K K 3K oK 3K K K oK oK oK ok
data(x{i),i=1,3)/100.,160.,300./
data(y(i),i=1,3)/100.,250.,200./
call coeff(x,y,n,p0,pl,p2,p3)

x1=99.0
do 11 i=1,201
®1=x1+1.0
call slope(n,x,p0,pl,p2,p3,x1,p)
if(x1.1t.150.) goto 1*» . )~
if{xl.eq.150.) then
print*,p
- enBif

if{xl.eqg.180.) then .
print*,'first’ '
pPrint* . xl,p ]
endif 4]
call move(int(xi),inti(p))
,cali drawl{int{x1),int(p))

11 continue

« ok ok oK o oK K KK o oK KK 3K K K 3K KK K K K K KK ok 3K kK K

datal(xx(i),1=1,3)/100.,160.,250./
datalyy{(i),i=1,3)/100.,230.,200./ .
call coeff(xx,yy.n,p0,pl,p2,p3)
x1=99.0
do 12 i=1,151
x1=x1+1.0 ’
call slope(n,xx,p0,pl,p2,p3,x1,p)
if(x1.1t.150.) goto 12

14
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if(xl.eq.lSO.).thén

print*,p

endif c
if(x1.eq.180.) ‘then r
print*,x1,p

endif

call move(int(xl),int{p))
call drawl(int(xl),inti(p))

12 continue
call coline(150.,151.,233.333,214.814814)
call coline(250.,100.,200.,200.)
call coline{100.,101.,200.,180.)
call coline(100.,300.,180.,180.)
call coline(3060.,301.,180.,200.)

c Dot :

call coline(200.,215.,150.,165.)
call coline(215.,230.,165.,150.)
call coline(230.,215.,150.,135.)
call coline(215.,200.,135.,150.)
call move(int(200.+300.),int(150.))
call drawl{int(200.+300.),int{(150.))
call move(int{215.+300.),int(165.))
call drawl(int{(215.+300.),int(165.))

. call move(int(230.+300.),int(150.))
call drawl(int{(230.+300.),int(150.))
call move(int(215.4300.),int(135.})
call drawl(int(215.+300.),int(135.))
call move(int(150.+300.),int(233.))
call drawl(int(150.4300.),int(233.))
call move{int(150.+4300.),int(214.))
call drawl(int(150.#+300.),int(214.))
call move{int(250.+300.),int{(200.))
call drawl{int(250.+300.),int(200.))
call coline(150.,151,.,233.333,214.814814,2a,b)
call colined{250.,100.,200.,200.,a,b)
call coline(100.,101.,200.,180.,a,b)
call coline{100.,300.,180.,180.,a,b)
call coline(300.,301.,180.,200.,a,b)
call move(int(100.+300.),int{(200.))
call drawl{(int(100.+300.),int(200.))
call move(int{(100.+300.),int{180.))
call drawl(int{(1006.+300.},1int(180.))
call move{int{(300.+300.),int{180.))
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call drawl{(int(300.+300.),int(180.))
call move(int(300.4300.},int(200.})
call drawl(int{(300.+300.),int{200.))
call move(int(180.+300.),int(261.)) .
call drawl(int(180.+300.),int(261.))
call move(int(180.4300.),int{231.))
call drawl(int(180.+300.),int{(231.))
WRITE(&4&,*) CHAR(27)//'

CLOSE(4)
stop
end
K o KK KK ok K o 3K ok 3K KK ok KK 3K K K K K KKK K
subroutine slope(n,x,p0,pl,p2,P3,t,p)
implicit real*B8{a-h,o-z)
dimension x(n),pd(n),pl{n),p2(nl,p3i(n)
i=2
6 if{t.gt.x{(i)) go to 5
i=i-1
go to 7
5 i=i+1l
go to 6
7. continue
tl=t-x(i)
p=pO0 (L) +pL {1 )*(t1)+p2 (L)¥ (L1)**2+p3 (L )}*(t1)**3
return ’
end
c*******************#**********************
subroutine coeff(x,y,n,p0d,pl,p2,p3)
implicit real*B(a—h,o-z{‘_

dimension x{20),vy(20),m(20),t(20},p0(n),pl(n),
* p2{n),p3in)

do 10 i=1,n-1
mii)=(y(i+1)-v (i) )/ (x(i+1)-x(1))

10 continue

_..gl_



20

*

if(m(Z).eq.ﬁ(l).and.m(n—l).eq.m(n—Z)) then
t{1)=(m{n-1)+m(1))/2

else
t(l)=(abs(m{2)-m(1) ) *m{n-1)+abs(m(n-1)-m{n-2))*m(1))
/({abs{m(2)-m(1))+abs{mi{n-1)-m(n-2))}

endif ‘
if(m(B).eq.m(z].and.m(n-l).eq.m(l)) then
t?2)=(m(n-1)+m(2))/2

else . |
t(2)=(abs{(m(3)-m(2))*m(1l)+abs(m{1l)-m{n-1) }*m(2))/
(abs(m(3)-m(2))+abs(m(1)-m(n-1)))
endif

if(m{n-3).eq.m(n-2).and.min-1).eq.m{1l)) then
t(2)=(m{n-1)+m(n-2))/2

else

tin-L)={abs{m{l)-m{n-1))*m{n-2)+abs(m(n-2)-m{n-3) ) *
m{n-1})/(abs{m{1)-m(n-1})+abs{mi{in-2)-m{n-3)))

endif,

do 20 i=3,n-2
if(m(i+l).eq.ﬁ(i).and.m(i-l).eq.m{i—2)) then
t(i)=(m(i)+m(i~é))/2

else

t(i)=(abs(m(i+l)—m(i))*m(i~l)+§bs(m(i~1)—m(i—2))
m{i))/{(abs{m(i+l)-m{i))+abs(m{i-1)-m(i-2)))

endif

continue

do 30 i=1,n-1

pO{1i)=y{1)

pl{i)=t(i) ¢
P2{i)=(3*%(y(i+1)-v{(1))/(x(i+1)-x(i))-2%xt(i)-t(i+1)}/
(x{(i+1)-x(1i))

P3 ()= (E(L)+E(i+1)-2% (y(i+1)-y (i) )/ (x(i+1)-x(3)) )/

F{x(i+1)-x(1i))**2
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" 30

continue

return

end /ﬂ\*
c********i{** A 2 oK 3 K oK K 3K oK K 5% 3k Kk ok ok ok 3K oK 2K K 3K oK K ok ok K K

subroutine coline{xl,x2,v1l,v2)
real xl,xz,yl,yg,a,b

Xx=x1-x2

yy=y1-y2

a=yy/xx

b= {x1*¥y2-x2*yl)/xx

I
C*******************‘**********************************

10

jf{abs{xx).ge.abs(yy)) then

if(x1l.gt.x2) then

k=~1

else

k=1

endif

do 10 i=int{x1),int(x2),k
x=real(l)

call line(xi,vl1l,x2,v2,2,b,x,v¥)
call move(int{x),int(y))
call drawl(int(x),int(y))
continue' |

else

if{yl.gt.y2) then

k=-1

else

k=1

endif

do 20 i=int(yl),int{v2).,k
y=real{i)

call line(x1l,vy1l,x2,v2,a,b,y,x)
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call move{int(x),int(y))
call drawl(int(x},int(y})
20 coptinue_
endif
return
end
c******;**************#*******************
subroutine line(xl,v1,x2,v2,a,b,x,y)
real a,b,x,v,x1l,v1,x2,vy2 _
xx=abs{xl-x2) ) &;
vy=abs{vyl-v2) |
if(xx.ge.yy) then
v=a*x+hb
else
v=x/a-b/a
endif .
return

end



C*********** DAPPENDIX (G) A 3 3 S ¥ K 3K K A K ke ke oK kK K ok ook R R K
C
c GRAPHIC SUBROUTINES —
C
c************************************************
C**********************x****
SUBROQUTINE INIT
C***************************
WRITE(4,10)
10 FORMAT(' S(A[0,470]1 [799,01}')
RETURN
. END
C***************************

SUBROUTINE ERASECOLOR(P)
C***************************
INTEGER P
WRITE(4,10) P
10 FORMAT(' S(I',I1,',','E) ")
RETURN
END ,
C***********iﬁ**************

SUBROUTINE ERASESC
C*************************#*
WRITE (4,10} "

10 FORMAT(' S(E) ')
RETURN
END
C***************************

SUBROUTINE MOVE(X,Y)
QK K 3K 3k 3K O 3K KK 30K 3K K oK ok K oK K ok K KK ok K

INTEGER X,Y
WRITE(4,10) X,Y
10 FORMAT(' P(',I3,',',I3,'1")
RETURN
END

C**************************

SUBROUTINE DRAWL(X1,Y1)
0k 3k kKK 3k ok 3K oK oK ok oK oK o K K K 3 K0k 36 KK K K K
INTEGER X1,Y1
WRITE(4,20) X1,Y1
20 FORMAT(' VI[',I3,',',I3,'1")
RETURN ‘
END
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(053 3k K Sk o K SR K N R KOR kK ok sk K ok R K

SUBROUTINE DRAWC(X1,Y1l)
% 3K 3 5K K 0K 3 3K K K oK 3K 3Kk K K K oK K K K K K
INTEGER X1,Y1
WRITE(4,20) X1,Y1
20 FORMAT(' CI[',I3,',"',13
RETURN
END
3k K 3K ok KK K K K K K K K 3K K K K 3k K K K K

SUBROUTINE DRAWCK(X1)
(oK 3K K K o oK kK oK ok KK 3K K K 2 K K oK KK K K
INTEGER X1
WRITE(4,20) X1
20 FORMAT(' CIL',I3,'1")
RETURN
END
0 ok ok K oK o K KK K K 3 K 3K K K K 3K KK K K K K K

SUBROUTINE DRAWCY (Y1)
3 3 KR K KK R K KOK KOk K 2k K ok R Kk K K K Rk KOk

TNTEGER Y1

WRITE(4,20) Y1

20  FORMAT(' C[',',',13,'1'

RETURN
END
(3K 3K 3K ok o6 30K K K K 3K K K K K K oK K oK K K K

SUBROUTINE DRAWLX(X1)
G 2 3K K 2 K 2K K K 2 K K 5K K K K 3K K K XK K K K K
INTEGER X1
WRITE(4,20}) X1
20 FORMAT(' V[',I3,'1')
RETURN
END
(K 5K 3k ok ok ok ok oK o K K oK 3K K KK K 3 K K oK K oK % oK K

SUBROUTINE DRAWLV(X1)
A R kR 3 o K R K A R K ok ok K K K ok ok koK ok oKk ok
INTEGER X1
WRITE(4,20) X1

» 1)

)

20 FORMAT(' v[','+',I3,'1")

RETURN
END
(3K 3 kK 4 oKk 2K 20K K 2K K K K K 3 K oK oK K Kk KKK

SUBROUTINE DRAWLY(Y1)
K 3k o KKK 3K 2 K K K KK oK K K KK KK oK K K K
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INTEGER Y1

WRITE{4,20) Y1
20 FORMAT(' VI[',',',I3,'1")
"~ RETURN

END
O 3 3 3 3 3K K K 3k 3K K 3K K R K KOK OK 36 K K KKK KO

SUBROUTINE SIZETXT(SIZE)
QK oo o 3k 3 K 2K oK oK oK K K K ok K KOk KK K Kk K
INTEGER SIZE
WRITE(4,10) SIZE
10 FORMAT(' T(S5<',I2,'>)")
RETURN )
END
ok 3 oK oK 3K oK 3K 2K K ok K oK ok o oK ok oK ok 3K ok K ok K oK K

SUBROUTINE MESSAGE(MESS)
Ok oK ok ok ok o oK 3 oK 3K K K ok 8 K K oK K o ok K K
CHARARCTER*15 MESS
WRITE(4,10) MESS
10 FORMAT(*®' T" ',R9,' "")
RETURN
END
3K oK oK K oK 3K K oK KK KoK 3K oK o Sk o Ok ok K ok Kk

SUBROUTINE MAP
€% Kk ok 3 ok 3K 3 2k 3K K oK K K K K K oK KOk ok 3K K ok ok
WRITE(4,10)
10 . FORMAT(' S(MO(AD)1(AB)2(RR}3(AG)) ')
RETURN
END
ook ¥ ok K K KK K K K K K oK K K K K KOK KK Xk ok %

SUBROUTINE FORCOLOR(P)
(03K 5 KoK 3K K oK K K KK K K K oK KK 3K K K oK ok K K K K K

INTEGER P
WRITE(4,10) P ' ~
10 FORMAT(' W(IK',I1,'>)")
RETURN
END :

C**************************

SUBROUTINE SHADEON
C**************************
: WRITE(4,10) .
10 FORMAT(' W{S1)')
RETURN
END



~
(23K 3k 2 ok ke ok ok ok ok oK kK kOO K ok Kk X 3K K kK OF

SUBROUTINE SHADEOFF
C******f*******************
WRITE(4,*)

10 FORMAT (| W(S0)')
" RETURN
mo \
C2K 2K K K KK K K 2K ok K K kK %k Kk XK K K KK Kk XK

. SUBROUTINE \GHADEY (M)
G 3K KK 3K K K koK K K K ok K K KK

A)

INTEGER M
WRITE(4,30) M

30 - FORMAT(' W(S[',',',I3,"N)
RETURN ' \
END

(C 2 2K ok 3k ok Ok 3Kk KKK R K ok KO 3k K Ok Ok ok

SUBROUTINE SHADEX(N)
o 2K 2ok ok ok ok ko ok K K R R ok Kk Ok R ok K ok kR ok
INTEGER N
WRITE(4,30) N
30 FORMAT('. W(S{(X)[*,',"',I3,'1)")
RETURN
END i
(0K 3K 2K 2K 2K 2K K 36K KK 3R KR 3K R R OR AR R K R R Kk
SUBROUTINE DRAWSEC(X,Y,N)
O M oK K K K 3K R R R 2R R R R R ol K ok ok o K ok K K Ok
INTEGER X(20),Y(20),N
WRITE(&,10) (X(I),Y(I),I=1,N)

10 FORMAT(' C(S)',20('[',I&,', ", T4, 1), "(E)")
RETURN ’
END
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