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ABSTRACT

In th{s project a method is presented that enables a.shift, ratation
and scale independent representation of a 2-dimentional shape in the compu-
ter memory and a crite}ionbis proposed for the comparison of two (or more)
such shapes. The boundary curve is extraéted and segmented in to such parts
that can be represented each by itself with a single valued r(©) function.
The FFT (Fast Fourier Transform) is of these curve segments are taken and
the Fourier coefficients are trunéated after certain value for the sake
of data réduction.

These truncated Fourier coefficients along with the‘number of curve
segments of the shape and a get of‘values related with the angular span of
each curve segment formia repreSentation"vector of the shape.

The "distance" between such vectors forms a basis for the comparison

of similarity between different sample shapes.



- OZETCE

Bu b%ojede sunulan yontem 2 boyutlu bir seklin kayma, donme ve dl¢ek-
ter! bagimsiz o]arakvb11gisayér be]leginde gﬁsterimlenmeéfhi saglamaktadir.
Ayrica 2 veya daha fazla seklin kars1]a$t1r11ma§1 i¢cin bir 61¢ﬁt onerilmistir.
Sinir edrisiit c1kak111p herbiri tek dederli r(8) islevi seklinde gosterile-
bilen parcalara ayrilir. Bu egr% parcalarinin hizl1 .fourier .ddnisimy (FFT).
alinir ve Fourier_katsay11ar1 veri indirgemesi i¢in belli bir dederden sonra
kesilir.

Bu azaltilmis Fourier katsayilari, egri parcalarinin sayisi ve herbir
parcanin ac¢isal uzunluduyla ilgili bir dizi dederle birlikte seklin gdsterim

vektorini olusturur. |
| Bu vektbrier arasindaki "uzaklik" dedisik sekiller arasindaki benzer-

1igin Ol¢iilmesi i¢in bir temel olusturur. .



CHAPTER T
IHTRODUCTION

Shape recognitioﬁ is an important branch in the field of the 2-
dimentional pattern recognition. |

As known, shape is the remaining know]eage about any figure after
the information about the position and size as well as the grey-level
information of the area within the boundary have been removed. In practical
applications 1like robotics,‘machine—pgrts classification, biomedical recog-
nition, hand-printed letter recognition, etc. pattern recognition appears

in the form of shape recognition since the silhouette usually supplies

- sufficient information.

_ The shape recognition problem can be considered in three steps:

1. Extraction of the Shape-Information of an Object from the Scene.
| Picture:

The output of a digital camera supplies sufficient informétion‘
about the grey-level of each "pixel" to form the matrix data of the scene.
The easiest method to obtain the regions (be]bnging to the objects) is to
put aﬁ approﬁriate grey-level threshold and compare the grey-level of each
pixel'fo that. This method is meaningful as long.as the contrast between
the object and the background is sdfficient, otherwise more éophisticated
methods must be applied. Another problem arises when there are several

objects in the scene. But these.problems are out of the scope of this project.

¢



The result of this step can be expressed either with a binary function
of x- and y- coordinates, that assumes the value 1 within the object regions
and 0 elsewhere, or with a list of the coordinates of the region points.

The later is used in this'project.

2. Extraction of the Representation Vector:
The shape must somehow be represented in the computer memory, such
" that this representation will form a basis for comparison of different shapes.

There are various methods for this, each suitable for different appli-
cation areas.

At this step usually a.data reduction is ﬁade without loosing however
any information necessary for discrimenation ofrdifferent shapes.

A summary of different methods used is given in the below illustration.

The dotted Tine shows the path followed in this project.
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In this project the representation. vector extraction: goes through
the following steps: |

a) The smallest circle encircling the shape and an intrinsic directibn'
of the shape (tHat will be defined later) are found. The coordinates of the
“object-pixels" are transformed ihto polar coordinates with the origin at

¢



the center of the smallest circle and the zero angle in the above mentioned
direction. The radius of the smallest circle is“used for normalization. Hence
the representation is made shift; rotatipn and scale independent.v

b) The boundary curve obtained by curve tracing is to be expressed as
r(0). This however may not be possible since the function can be multivalued

at some points.

— FAJ" 'Hli'i - ’
regton » (6) ¥s i
mulﬁvfﬂluEd l

The solution to that proposed in this project is to separéte the bouh-
dary-curve into such segments, that-each by itself can be represented as -
ri(O), i=1,....,N0S; NOS being.the "number of segments" in the boundary
‘curve of a éhape. The following remark about the above mentioned segments
should be méde:

If we start from a certain point on the boundary and move on it, let
-us say CCW, and note the angle of center between the point we are bn and a
certain reference direction, we will see that the derivative of the angle
of center with respect to time, as we keep gbing on the boundary may. change
sign, i.e. aTthough we move CCW on the boundary we may move CW or CCW with
respect to the origin (center of the circle). Each time such a change in the
direction of rqtation with fespect to tﬁé_origin occurs we can say that a

new segment has started.



In this figure it is shown how the boundary curve is segmented. The
numbers are the numbers of the segments.

Inspite of this measurement still a(ségmént with multivalued r(6) -
function can occur, if it has a spiral-like behaviour, i.e. its angular
span is greater then 360°.

This case is shown in the following figure. Here segment number 1
has an angular span greater than 360°. This prob]em is solved treating the
r](e). function of this segment as one with period 2x360°. Hence we guarantee
that no overlapping inlr](é) itself occurs.

In general, if a particular segment(i) rotates n, times in itself,
this number n; is noted and its ri(@) function is represented within
0<@ < nix360°.

Another. remark about ri(e)'s must be made:

ri(ﬁ) assumes the r value o% i'th ségment in the & range where the

segment exists and the value 0 everywhere else.

Start
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.-c) ri(e), i=1,...,N0S are sampled, to obtain 2" data point; for
each segment. This treatment is neceﬁsary for the FFT that will be used ih
the next step. | ‘

A conveniemt'va1ue for m can be choseh, keeping in mind that increa-
sing m increases the number of resulting Fourier coefficients, the length
of the representation vector and hence the acquired computer time, on the
other hand decreasing m too much may cause severe loss of information. In
the example program-given as appendix, m is taken as 7.

.d) The FFT's of the sampled %i(e) functions are taken, which results



in a set of comp]ex/Fourier coefficients for each segment.

At this stage a data reduction can be‘made‘considering that the lower
order Fourier coefficients carry sufficient global information about the
functions. | k

Choosing an appropriate index of reduction (IOR) only the. first
2(M=I0R) coefficients are taken (Mote: IOR must Qe less or equal m).

e) The representation vector is constructed with the number of seg-
ments (NOS) the nymbers n; indicating how many turns a segment makes
(see. 2.6) and the reduced Fourier coefficients.

They must be ordered however in a certain way according to the order
number given to each éegment. But untf] now the order number of the segﬁents
depended on the startfng point of the curve tracing. So at this stage the
segment with the greatest angular span is called the 15t segment. (If there
are several much segments the one with the Qreatest r at the first sample
point is chosén, if also these are equal second sample points are compared
etc.). The next segment that appears when moving on the boundary i§ then
an segment etc.

The representation vector looks 1ike the below one:

i NOS nunber of segments
™
turn number of each segment
"Nos |.
Reyy |1

?ﬁll. (- real and imaginary parts of the reduced

Rer. " Fourier coefficients of the 15¢ segment
A | _ '
.I-ml]

F. coefficients of the NOSth segment

e )



3. COMPARISON:

After obtaining an appropriate represenfation of the shape the last
problem of shape recognition is to find a criterion for similarity be£ween
different shapes. | -

The similarity is measured by the "distance" between the representation
vectors of different shapes. This distance can be compared to a threshold,
can be minimized or used for clustering (in the case of nonsupervised learning)
But it must be defined in an appropriatézway depending on the application
field, type of the vector etc. A popular definition of distance 1s'for
example the Mahalonobis distance d = [{v) - X%)Tlg—l(!} - !;)}%/2

The simplest case is where.§'='l, the Eﬁclidean distance.

For the representation vector ﬁgnstructed in 2 e) the following
criteria are found suitable for measuring similarity:

i) If the first entries (NOS) of two rép. vectors are different they
certainly repfesent different shape classes.

ii) If they are equal, consider the next NOS terms which indicate the
number of turns each segment makes. If they are not identical (i.e. Nyjp = Nipo
¥ i=1,...,00S) the vectors again represent different classes.

iii) If first NOS - 1 terms are identical, treat the next of the rep-
resentation vector separately as a vector, find the Euclidean distance
between two such vectors and divide this by NOS. The resulting distance can
now be compared to a threshold or used for clustering. The threshold can be
determined experimentally. It usually will depend on object size-to-pixel
ratic and noise.

This project deals with the extraction of.the representation véctor
only, and suggests a disténce.criterion -for recognition.

The algorithms for finding the smallest circle, boundary tracing,

boundary segmentation and interpoiation for sampling are original. The FFT

program is borrowed as a package program.



CHAPTER 11
ALGORI THIS

The input of the Whohe program consists of a list of object-point-
coordinates and some'barameters that must be specified according to app]i;
cation area.

A discussion about the determination of parameter values will be
given in Chapter III. - |

In thé algorithms, the points are currently assigned to different
groups and are stored in arrays. Storing a point however means storing two
coordinates. This unnecessary occupation of memory is avoided giving each
point a number. It is arbitrary in which order this assignhent is made.
Usually as fhe scene is being scanned the data is sent simu]taneous]y to -
the memory, so, the number can simply be given according to the order.of
entrance. This number is the identification number of the point and for ...
example if a point belongs to a certain segment: its identificatian number
is simply stored in the array of the segment. Using this number it is always

possible to go back and look up the coordinates of the point.

1. Algorithm for Finding the Smallest Circle:

As long as no strong restrictions are put 6n a shape there exists no
analytical method for finding the center of the smallest circle that encloses
it. Hence an iterative method is necessary. In fact most of the points of

the shape are redundant for the determination of the smallest circle. Taking



the iteration into account it is desirable to get rid of as much redundant
points as possible.

Reduction of Points:

- First the smallest rectangle enclosing the shape with sides parallel
to the particular Cartesian axes is found. For that purpose it is sufficient

to search for the maximum and minimum x and y coordinates that appear in the
. ’ 1 .

I

data.
3 4&

yiaxd

YMIN F -

XMIN XMAX :

. = Theorem: Points that 1ie on a 1line segment between any two points of
the boundary are redundant for the determination of the smallest circle,
because such a Tine segment is either chord of the smallest circle or lies

completely within the circle.

. Hence if one has all the boundany.points it is possible to get rid of
all redundant points, but we don“t have them. .
Still there are some po1nts that we know that they certainly lie on
the boundary, these are the ones touching the sides of the sma]]est rectang]e

Connecting those points one obtains a polygon (m1n1mum 3, maximum 8 corners).

¢
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As can be seen in the abpve éxamp]es also all points within that
polygon are redundant. On the other hand those outside the polygon may or
may not be:so. Thgrefore we keep only those points outside that polygon gnd
the corners of the polygon and use only these”points in the iteration.

To determine whether a point lies within or outside the polygon the
following analytical method is used:

The vector equation for each side-1line is written in the following
manner:

For a side with cornerscoordinates K\ T and. K i1
Y Yy
i

the equation looks 1like:

Since each side-1ine divides the 2-dimentional plane into two half
planes one must determine which half plane is the one that containes the .

i .
{
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X
polygon. To do that a third corner. i+2 is placed into the equation of

Yis2
the side (between (x5 y;) and (X547 » yi+])).

The right handside: of the equatfon becomes different than zero. The sign
of this value at the right handside supplies the knowledge about the half-
plane that contains the polygon. .

Any point:that gives a result with the same sign is in.the hé]f—p]ane

that contains the polygon.

(x‘(\-i\ ’ 5‘"’”)

(X;_ )3‘-)

ontmﬂm

" the Po[yﬂm poluﬂon

< If a point Ties in the half-plane containing the polygon for each
side-line then it Ties within the polygon.
A11 points are chegked and on]y'those outside the polygon are used
in the iteration. | |

Iteration for Finding the Center:

The method used in the iteration resemb]e% the intuitive behaviour
of a human. trying to.encircle an dbject with a ring with adjustable radius.
He first ensures that the object 1ies within the circle, than .he reduces-.
the radius to the smallest possib]e,vdlue, given the pérticu]ar center. ./

After ao%ng so he checkes the touching points. He tries to shift the ring
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in the direction of the touching points, such that they don't'touch-anymore
and hence the ring—radius can be reduced. If there are however other touch-
ing points in the “"opposite direction" of the shift, such a shift is of .
course not justified. When no shift andano reduction of radius is possible
the smallest circle is found.
This intuitive method is applied as fo]]ows;

- Initiate fhe ceﬁter c00rdinatesof the circle with those of the smallest
rectangle. 4

- Find the furthest data point(s)vfrom this center and note the angles
of center between these points. The distance of the furthest point is RMAX
for the time being. A tolerance of iteration EPS (epsylon) is chosen,Aaﬁd
| also those point; with a distance from the center greater or equal to
(RMAX - EPS) are considered as having maximum distance. This corresponds
to considering the ciré¢le as a ring of with EPS. (More information about

EPS 1is given in the "Comments")

EP3

i's- There will be as many a's

- --Call the so formed angles od center a
as the number of points touching the ring with the above determined center
and radius RMAX. | |

. If there is a single such pqint shift thé center. coordinates. in the
direction of this toﬁching pdint %or a distance STEP. (STEP must be chosen
by the programmer)

. If there are several such pointé check if there is any o greater than

180°. Ié there is such an oy shift the center of the circle in the direction
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of the bisector of o for a distance = STEP .

. If-there are more than one touching points but no asgreater than 180°
the iteration finishes,'the last coordinate values of the center are the
correct ones. ‘

. If a shift has occured find the furthest points from the new center
and note its distance.

. If this.distance is greater than the previous'va]ue of RMAX this is
an unjustified shift, hence go-back in the same direction to half of the
distance from the old center. Find again the furthest point aﬁd repeat” this
step until you obtain a fadius Tess than the previaus RMAX.

. If the distance of the furthest point is ]éss than, RMAX this is a
Jjustified shift. The new value of RMAX is the distance of the furthest from
the new center.

As stated above the iteration is terminated when no aigreater than

180° is found. The be]ow figure:Sth$ different.steps of the iteration.

The coordinates of the data points (1nc1udihg those within the polygon)
are transferred -into polar coordinateswith the origin at the center of the
circ]e,'i.e. two new arrays are genérated where a list of r and 6 values are
stored. according to the 1dentificati§n number of each point. The last value

of RMAX, which is equal_to the radius of the smallest circle is stored. Later
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the Fourier coefficients are divided by that value for the sake of scale

norma]ization.

2. Algorithm for Boundary Tracing and Segmentation:

In the following algorithm both the bodndary extraét@on from the
region data and segmentation of the boundary are made by simultaneously.

Before ‘explaining the algorithm let us first define some concepts:

we are going to trace the boundary starting from a point that touches
the smallest ciecle, because such a point certainly belongs to the boundary.
We will move on the boundary CCW, this however doesn't mean that the angle
of center with respect to the origin (center of the smallest circle) 1s.
a]ways'going‘to increase as we move. This is anyway how different segments
of the boundary are distinguished from each other.

Segments that yield increasing angle of center as we keep moving oﬁ
the boundary in CCW sense will be assigned a positive "turn" (ITURN = +1 in
the program), those that yield deareasing angle of center a negative turn
(ITURN = -1).

As we keep moving on the boundary a <+ turn segment will be followed by

a -turn segment and vice versa.

In the above figure the arrows show the direction of the motion. In
this particular case segment 1 has a +turn and 2 a -turn.

Tracing:

- Tracing starts as mentioned above from a point that touches the smallest

-

circle.: .,
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- The nearest points to the starting point are found checking the dis-
tances of all data points from the starting point. The nearest neighbours
are those within a neighbourhood with radius £ = 1.01 x V2. , this value
allows maximum 8 nearest neighbours.: _ (E is discussed in further detail

in the "Comments" part).

LTS L

. \ﬂ"—:~“i;i:://-{2' |

- The nearest neighbours are checked to find a next point that will

give a-+turn with respect to the first poinf. If there are several such-
points the one with greatest r value is chosen since as we are moving on -
a-+turn segment we always want to have the outmost points. The point found
is noted as the next point of the first segment and of the boundary. If
there is no nearest neighbour with +turn then the nearest neighbour with
-thrn and smallest r is chosen, since this means that we are starting with
a -turn segment. The nearestkneighbour with the smallest r is chosen as the
next point in this case, because a -turn segment on aCCW boundary means

"beginning of a concavity”, hence we want the in-most point.

!
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- Once the next point is determined, now this point is treated as the
cgnter of a neighbourhood with radius = E. The nearest neighbours are checked
to find a point that yields the same turn (better to say not the opposite
turn, since points on'the‘same radius of the enclosing circle, i.e. those
with O-turn-can be considered still being on the same segment) as the turn
of the particﬁ]ar segment we are on. If there is no such point within E_,
increase E for 1.01x/Z and search for the nearest neighbours yielding the
same segment-turn within this radius, if still no such point exists keep on
increasing E up to a certain Timit, which is conveniently can be taken as
three times the original value of E.(The significance of this limit is dis-
cussed in the “Comments"). If there sfi]] no next point that yield the same
turn as the one of the segment, this means that a new segment is stacrting,
which of course has the opposite turn. ,

In this case go back to the neighbourhood with radius E = 1.01x/Z and
choose the point with greatest ar smallest r depending 6n whether the new
segment has a + or - turn respectively.

When a point is determined as the next point and placed in a segment,
put a check on this point, such that it won't be conﬁidered afterwards.

- The tracing is finished when the first starting point is found as the
next point of a point, hence the loop is finished.

- The turns of the first and last segments are compared, if they are equal
.)they are mended and number of segments is decreased by 1. :
(A11 along this algorithm the distance calculations between points are
~ made using the Cartesian coordinates, since .

i) Distances don't change with coordinate transformation

ii) Cartesian coordinates are more suitable and yield less calculation
error). |

3. Turn Correction, Span Expansion, Determination of ni's and Sampling:

The following processes are applied to each segment.

1
t
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- If the segment has a -turn, the order of the segment points is.
reversed.

- Checking the angles of the segment points the angular span and n;
are determined. For those segments with“n1>1 the definition interval of

ri(e) is expanded to nix2n.

() f
./ 'Yl; = 2
v . 360" Te ;
ri(g) 4 . {21[') Y
360" . 2% 360" "o

(2% 27)

- ri(e) is sampled with a grid separation DELTA where
DELTA = n1-21r/(2m - 1). Such a sampling yields 2" points.
In the sampling process for a sampling point that 1ies between two data

points simple interpolation is used, i.e. given ri’”ef and Fig1> 8441

h

the r value for kt sampling point

ne =it | (k=1)DELTA - eil(ri44 = r)/ (844 ~85)
" 4. Determination of the Zero Angle:

Td make the representation ratation-independent an intrinsic dfrectioﬁ
of the shape must be defined. This is defined as the startinq angle of the
longest segment.

If there are several such, thg one starting with greatest r value

(etc.,'as described in II.e) is chosen.



5. Fourier Coefficients and Normalizations:
The FFT of each segment is taken using the 2" sampled points. The
~ obtained coefficients are truncated with IOR and are combined in magnitude
and phase form; IOR will be discussed<{n further detail in the "Comments".
The magnitude is divided by RMAX for the sake of scale nonna]izatfon.

The phase is shifted forieq/ni, where 0o is starting angle of the
longest segment - which will start from 09 from now on (by definition) -.

The reason for dividing 8o by n; is the fact that such a shift means’
really a shift of 6o degree if n; is 1, i.e. r{(e) is defined in [0,, 2m]
but for n; > 1 a shift of 6o degree in with respect to the absolute coor-
dinates, will mean only a shift of 8, dégree of phase shift, since ri(e)
has a period of 2nxnj. |

After the normalizations the coeffiéients are again converted into

real-and-imaginary form.



CHAPTER IIT -
COMMENTS

T. The .input of the algorithms consists of the coordinate data and the
values assigned to some parameters. The choice of these values is left to the
programmer. Let us consider.these parameteks §ne—by-one:

a) EPS = This is the tolerance of iteration used as the ring width in
the algorithm for finding the smallest circle.

A small ring width will yield a more exact result, but will also increas
the number of fterations applied until.this result is reached. On the other
hand the choice of a large EPS can cause a large deviation of the center coor-
dinates from the true value. (The.possible deviation is approximately equal to
EPS). Such a deviation is especially dangerous for the next stages of the met-
hod presented. The segmentatioh of the boundary curve is made according to a
change 6f sense of rotation with respect to the center. Hence a deviation in
the center coordinates can reéu]t in finding a wrong (actually non-existing)
segment or in skipping a segment that does exist.

In view of this danger and the fact that the iteration used here .doesn't
acquire too much time anyway, a small value for EPS should be preferred. In the
| prog}am givén'in the appendix it 1is taken as 1, a rather convénient value that
reduces the possible deviation to a pixel size.

b) STEP =_This value is theﬁstep size used in the determination of the
smallest circle. Although appearently a large STEP size will decrease the num-
ber of iterations, this is not true, sinée if a too large STEP is used, the

centerlw%]]'be shifted through'the right Tocation and beyond it.
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So in the next iteration a shift-back will occur. In view of this the
choice of STEP seems to be rather arbitrary, usually a fraction of the diagonal
length of the smallest rectangle is a conVeniént value.

c) E and uppef limit of E = E 15 thg radius of nearest neighbourhood
used in boundary curve tracing.

When we try to trace the boundary curve what we do is in fact to make an
interpretation about the continuity of a curve giwen a discrete data. The num-
ber of the nearest neighboursrof a pixel is 8. So a radius slightly larger
than the distance between the ce;ter pixé] and a diagonal neighbour ( =/ 2 )
is the smallest value that can be chosen for E. |

As described in Chapter II, the neighbours within a radius E are checked
to find a point that will be next member of thé last segment, i.e. a point
that yields the same "turn" as the segment turn is sought after. When such a
.point is not found E is increased step by step up to a certain limit. Let us

clarify the meaning of this procedure with the help of the following figures:

OCc nter

OCcnfcr

without increasing E ,iﬂcrcaﬁng E : . ‘
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The left figure shows what happens if the radius of nearest neighbour-
hood is not 1ncreased: Each change in turn is accepted as a new segment, re-
sulting in a series of segments each consisting of twopoints only, this is
however a serious mistake because such a data 1ike shown in the figures would
usually result when a straight line appeéfs with an angle of 45° to the par-
ticular coordinate system. Hence a 1ine that would be represented by a single
segment can look Tike tonsisting of several segments when rotated for 45°.

The right figure shows the case when E is increased to find a point
that will keep the.segment goiné on. This is actually nothing but ‘smooting.
The upper Timit put on E determines the degfee of. smoothing.

If the upper limit 1is chosén too large some of the segments will simply

the skipped.

The 801id Tike shows the true boundary whereas the dotted 1ine représents
the result of a high ﬁpper limit of E. |

Choosing the starting value (usually taken %~ 1.01x/2 ) of E to high has
practica11y the same result as a high.upper Timit, some segments will be auto-
matically skipped.

An upper Timit of 2x].0]%2~#7takes care of segmentation mistakes due
to rotation with fespect to the coordinate system and any mistake up to app-

roximately 2 pixel size.

An upper limit of 3x1.01/2 is rather convenient, it means a smoothing
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of the order of 3-pixel size, a reasonable tolerance in view of possible
noise and EPS (resu]tiﬁé in a tolerance of center location).

‘ d) m and IOR = (In the program m appearsrés NB2 = m of sampling
points with basis 2)

Each r;(0) sampled to obtained 2" data points, high m values ensure
a better sampling, but increase the number of the resulting Fourier coeffi-
cients.

It should be noted that 2nxni/2(m—]) determines the sampling grid spa-
cing, this spacing 1; however in-tenns of angle. As a result of this obser-
vation one could say that for boundary parts passing near the origin a Tow m
will be sufficient since the angular spacing between neighbouring pixels
near the origin are much larger than that between pixels far from the orig{n.
But a unique m value must be chosen that will take care also of the worst
conditions. So the choice of a high m Va]ue is meaningful especially for
those parts of the boundary that are fiar from the origin.

IOR shows the extend of truncation of the Fourier coefficients, namely
the original number of coefficients is divided by ZIOR.

The figures in the next two pages show the effects of different IOR
values .and justify the truncation of the Fourier coefficients.

In general even very few coefficients can yield enough'infdrmation for
discrimination of“shapes with same NOS and n, (i = i,...,NOS) values.

Since the final ]engtﬁ of the representation vector depends only on the

difference (m - IOR), it is advisable to increase both m and IOR for better

result without changing the rep. vector ]ength.i

2. The presented method for shape recognition has the following

handicaps:
a) As. can be uderstaad from the algorithm II.2 only the autmost
boundary is extracted, in other words the "holes" in a shape - if there are

some - are ignored.
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N

b) As stated in ‘1.3, a "distance" is defined only between shapes with
same NOS and n; , i = 1,...,N0S. Whereas shapes with different NOS or nj,
i=1,...,N0S are éutomatica]]y considered as belonging to different c]as’ses
without allowing any tolerance. But this p‘i'ﬂoperty vcan also be considered as
an ad_vantage as will be explained in the next chapter.

/

.....



CHAPTER IV
DISCUSSION

~AND
CONCLUSION

1. Discussion:

As summarized by the simple illusration in 1.2, there are very different
methods of shape recognition each suitable for another application area. |

C]assifications of different methods can be made according to various

criteria:

-a) External and internal methods, depending on whefher they consider
the whole (object) region or only the boundary; respectively (the method
presented in this thesis is an internal one).

b) Scalar transform and space domain techniques, depending on, whether

they transform the picture into an array of scalar or into another picture,
respectively (our method is a scalar transform technique).

c) Information preserving and information nonpreserving techniques,

depending on whether a reasonable approximation of the picture can be re-
constructed from the shape descriptors ofvnot. (the classification of our
.method according to this criteria depends to a greaﬁ extend on the value of
I0R).
~ Let us go over the most 1mportaht techniques:
A vefy common class of techniques is the contour processing in space

domain,'whefe the shape can be approximated by polygons or higher order
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curves or a syntactic analysis can Be made.
Polygonal approximations are presented. by Pavlidis |2], Davis |3],
Freeman |4]. In synactic analysis the contour is encoded into a string
of the form V = Vis 1= 1,...,n where V; can be an element of a chain code,
side of a polygonal approximation; a quadratic arc etc.
"As a matter of fact the Freeman chain code is a simple but efficient

description of the boundary, where the 8 principal directions are given

numbers and the boundary is described in term of these numbers.

Another class of techniques is the transformation into graphs and
thinning algorithms. The well-known method of medial axis transformation
(Skeleton) is presented by Blum and Nagel |5| and used for a linear approx-
imation of the skeleton by Montanani|6]. |

Thére are also projection methods - projections of the shape taken in
| one or several directions - and an interesting techniqué is- the one that
makes use of the probabi]istic_distribution of all possible cord lengths of
the boundary.curve for shape matching by S.P. Smith and A.K. Jain |7[.

A set of more prbmising techniques involve the Fourier transform of .
the boundary. This is expressed in terms of tangent angle versus arc length
as presénted by Zahn and Roskies |8| and some others or as the complex func-
tion b (x) - jby(x) as used by Persoon and Fu 191.

Among  these methodS'thinning algorithms are those that give emphasis
to the skeletal structure rather than the boundary curve. Because of this

property they are more suitable for application areas like biological recog-

i
&
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nition or hand printed letter fecoghition, where the skeleton of the shape
supplieslmore information necessary for the discrimination of different
classes than the boundary does.

The projection techniques - although they require less computation
result in considerable loss of information.. |

Almost all other methods deal with the boundary.

The method presented in this thesis can be considered as a combination
of syntactic analysis of the boundary and Fourier transform methods.

In the first part we try to achieve the recognition on the basis of the
string V = Vi , i =1,...,n where V; 's consist of the number of boundary
segments (NOS) and n, 's (defined in Chapter 1). If no unique result can be
obtained at that stage, the Fourier coefficients are introduced for final
discrimination.

The basic advantage of our method is thaf the computational complexity

is not inserted until necessary.

2. Conclusion:
Although clustering methods can be applied in cases where no knowledge

.'s; clustering met-

about the classes is available (below figure shows to n;

hods can be applied within the subgroups), applications where a certain .
knowledge abot the classes is available can make use of the -above mentioned

advantage of the presented method.
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b) Another property of the method is 1ts.sensitivity to the proportions
of the shapes. Variations of the proportions th;t could be tolerated in othef
techniques can cause a shift in the location of the center of the smallest |
circle, which again can cause a change in-the number of segments - the most
important criterion used for the recognition.

So it is preferable to use this method fn cases where the samples to.
be assigned to the same class are expected to have completely identical
shape and proportions - for example this is not the case in hand-printed
letter recognition or biological applications -.

Ah'aréa'that satisfies both conditions a) and b) is certainly the machine
part recognition. In a‘factory the number of different machine-part-types -
to be produced are usually known (these known classes can even be discri-
minated using only NOS values = a great simplification of.the recognition
problem), on the ofher hand iﬁ series production different samples of the
same machine part must have exactly the same shape.

So,a system where this methos is expected to yield successful appli-
cation can be described as follows:

. An assembly line carrying different types of machine parts waiting
to be sorted.

. A digital camera taking snapshots synchronized with the line motion,
such that it supplies singlefobject.pictures of each part that constitute
the input of the algorithm.

. A robot arm that sorts the machine parts according to the decisions

of the algorithm.
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74/176 CPT=CsRGUNR= A/ S/ M/=C4=US FIN S.1+4577

~0T 4 ARG==CUMMON/-FIXED,CS= USEK/=-FIXEC,CB=~TE/~SE/=SL/ ER/=10G/=FMD/=S1
TREC398=bIN. .

OO0 OO0 OO0 0000000000000

PRCGRAM RAIN (CINPUTHSCUTFUT S TRANS »TAPEGE=0UTPUT,TAPEB=TRANS)

CIMENSTON IX(900),IY(SCC) .

CIMENSION X(9C0)yY(GCG) 9 ISXACZ) 9 ISXI(Z)4ISYA(2),ISYI(2)

CIMENSION TIPCLY(8), C(d)qSlDE €)sITUL(ECO)

REAL NX(B)4NY(8)

CIMENSION LIR(9G)»A(SQC)sK(S0)sR(9CC)I4TH(GCO)

DIMENSIUGN INEAR(B0)sB(8C)sICHECKI(GCC)

CIMENSION INUM(100)5ISEG(LICC+5CC)ITURN(1ICC)

DATA (IX(I)31=142G1)/20921922+239249259263527+28525,30531,
£3293333493593€6937938939940694L942943344945946947 948949550
£51752’53954,55’56,57358,59760’61’62,63’64’65’66’67768’691
709719729735 7497597€ 9773578979580 +81982,63+84+855806987,88)
£8G910%909915G29939949553569G79G891C*G8998957+969G5+G4993

'892991y10*91190989’58’87,36’85,84183,82{81180,79,78977,76a

8759749739729 7L0G%7T197C 969968907966 3653649€639€29619609554558
£5795695595495395295195C949+4854794€945944943942941+440493G938,
£37936935934933+325,3193C92C*%209231932+2393493543652793893G,40C,
L4G 18741 93%4C93G93893793693593449323432,42 1,30929o28’279209éa92H9
£2392292292%2195%2092142292392492592692792892G9309314932+33534
635936937338 93F940C941 94294393 %444,23%45 467464945944/

DATA (IX(I1)9I=2924516)/4354294194C+3G938937936935934933522431,
£3C92932892792692592492292292192C91G91E917916915414+9139124114910C,
59,8979695$4,312’1,0,-19-2’-39-49-51*6,—79‘83-9!-10,"119‘129-139
E~149=159~1643=179=189=199=209=214~223=239~244=253-2€9-27+-284-26G;
£E=3C9=319=329=339—~349~359-364=-37,4- 383-‘9,—40,—41, 42 9-434-44,
ElO* =084 4=43 942 9-4) 9= 409-3G43-3849-379~269~359-349-33,y-3249=-21+-30,
L—2G9=289~279=269=259=249=239=229-2192%-2045%-1942%-2049=213-22,
£-234=249=259=269=2T79=289=2G9~303y=-319~329=329=344y~359~3649=37,-38;
8‘39,8*—40,-39,-38,*371-369-35,-34’-331‘329‘31,“3C’19*-3C9‘31$
6-32’—33s-349-35"361-37’—38,-39, 4Cg 41,—42,-431-449-45,—46,
E=47+-489-49,-509-513-529=523-544-55,-569=-57,-58,-5G,-605-€1,-62.

~633—b4y—-65 -cﬁa-671 €84-68/ ‘

DATA (IX(I)sI=5179815)/-6G,4G%= 70s-ll’ 721“731“74"751‘769‘77,
8“78,-79) 80"819-821 839 &4,—8 86,-87)—889—8919*-899-909-919
8-92g—93,—94,-95,-96,-97,11*—979—96,—95,—949—939 G23=919~50»
E—6G4G*%~-8G ¢~ E§By4—67 9~ 861-851 54’ §34-8Z29~81,4- 8C9=7G 4~ 781‘(/,-76,
E=T759=743~739-724~ 71,-70,-09;-08,-679—66,-65,-649 ~639-629-61,
ﬁ-bC9-59a-587-57?“96, 55 9=549=534-523-519—504=4G9~4B9=479-46,-45,
E~449~434=423=413=-403~399=389~373-369-359-349-334-32,-31,-3C,-29.
6—28,-27,—26,—259-24y-23,—22,-21,-ZC,-ZC,Q*-lQ,Z*-ZO,-Zl,-ZZ,-

—24,-25,—26,—279—281-295‘29,6*—30,2*—299-28Q‘27"269-25’-243
6-23a”22;“21,‘20,9*-19,—18"175—16,-15a—14y-13,—12,—11,—1C,9*-1C.
8-94-8,—7,—6,-5,—4,—3’"2a~29'1,0,1C*l?293v49516177899910,1031C*1:
512,13914’15,16717’18919’2C921922sZE’24925,26727926’297309319
£G%3192%3032G92892792€6925924923+224+21+2058%20/ .

DATA (IY(I)sI1=2132L6)/71%=G3=83=79=69-59—49=39—23—L1+Cs8%09L02+3,
Lhy5 9ty 79E9G91C98%11912913914,515 31691 791691G49209214520%2149224+23,
£2492592092792892993C541%3C»314932+32,24,435), 10937138’39140a41’4é9
h45,44,4),ﬂ6,47948149,bc 1C*50/

NATA (IY(I)yI= 2173421)751952453954455356997, 5695F,59y0C,617
E1GHEL 9624639649053 E€967,68:6G970971433%7237%7394%T7493%759769£%77
2T +79,8Cs0l, 82,&3,84765 BE2ET79BEIEC,SCyGC*GC489,88387+86+85984,
£B39c298Le8CsTYs T8y 77, 3*/6 EX¥T7C34374,4%7392%72971L97C3699¢E5€7486¢€
5651€4f65102/



M MAILN 74/176 DPT=O’RGUND=.A/‘S/ M/~-Cs=0S FTN S.1+4577 g

CATA (IYULI)yT=422,€66C)/3%61915%EC95595895795695535544953952+51,51,
£9%5094954b947546945944943,42441940+399389379369354934933,32,31,
£36%3192%3C9299289279269.5924922922921915%21,4%20519,18917516,515,
61"913712!1.1, 8*11110,9,817,615,4,3,271,098*09"’19"2"‘39"‘4"‘59-61-7’
E~8+-9469%~1GC4~-9/ ‘

CATA (IY(1)9I=6619815)/~8y-T9y~b9=59=43=39=29=130309199%L+92+354+5,
6€97989G91C95%L191291391491551691791891952C920,6%2192%205194918,
£1791691591491391291198%10923%1191291351491591691791851992C921,59%21,
£20919918+91751691591491391291191092C*1C9598979695949392319150,
£10%09=19-29=33-449-54=69=79=-8/

CC DATACIX(T) 91=1921C)/ 719729730 T49759T€977978579¢8C181982+383 964985,
CC LBO187988+8G9G0991992+2%G399493%G5,2%GE92%G792%98+2%GG42%10C,2%10G1
CcC L+2%1C2

CC £91C392%10492%105410692%10743%10891CG91C791C6+2%1C551C4491C3,51C25
CC £10G191C099992%98997+2%G6995954993952951+50,89:88987+86985,84,83482
CcC E731,80079775977,76975,2¢74,2*75,2*7692*77,2*78,2*7918C92*81,2*821
CcC G2%¥B392%8492%8592%B€92%8T92%BB42%8G924G042%9192%G232%93,532%G442%6G5,
CC L2%¥969353%9742%9892%9952%10Cy3%1G142%1C292%10392%10442%105,52%106€,42%
CcC £10742%108,2%10992%11C92%11192%11252%11391145115411691174118,5116G,
CC £12C49121912291235124912%5126491275128912G92%13C5131,51329132,41344135
CC £913691374136913G91409141914291439144414591469147+5148+914942%150/
CC CATAUIX(I)91=211942C1/2%15142%15242%15342%15442%15542%15€42%15742
CC E*15E89157915691559154915391529151915C9149+514891474146914591445143, .
CcC £14291415140513951384512379136912551345133,2%13241314130912G,51284,127
CC £91269125412492%123912291214126+9119911E8+117+2%1164+115,114,4113,112,
cC £2%11151105109,10851C0791C691CG59104910292%10291019100+99+984+97,+96,
CccC £2%959G4499399299192%93C98G9889879869E8598498398298198C979978477476,
CC ET7597497392%729T7197C923%6G92%6892%€792%6692%€E592%0492%€3492%6292%€1
cC L2¥ECs6)19629€639644653€C63C6T9689699TC971 9729729749753 7647737897S%9EGC,
ccC L8l 982983984985+ 8698798898G599099199295939G493%95,594492%G342%92492%G1,
CcC EGGs2%E992%8E 9 2%8 7 92%80 9853 2%84 92389 E292%8L92%8042%7G57892%77,42%
cC ET7642%753T74+2%7342%72/

CcC DATACLX(T) 91=4219828)/2%T1+2%7052%€F92%6892%CT92%6692%6542%€4,2%
CC LE392%6292%E6196042%5G92%5842%5795€95545495295295195094G9484947446€,
ccC £4594494394294194093G593893793692593442%33493293193C329928B927426925
cC 6249223922921 92042%1992%F1E92%1T791692%1C92%1492%13912+2%1132%1042%9,
CcC L2%B92%792%€92%592%4939293%19C 9192929495969 7989991041191249134514415
CcC £91691791851G9209219229239249259269279284929930331+2%32433534,35,36,
CcC &’2*37a2*36s39§2*4C941,2*4212*43344,2*45,2*45,47,48,49,50,51,52’53\
cC E995495995€95799895G3605619629635.649€516636T36836G97C971972573474,
cC €75 97609779783 7993%8092%7G92%¥7892%7797692%75+2%7492%73472571/

CcC CATACIY(I)9I=19210)/1191C42%G42%B32%T92%€9592%492%39292%192%245,
CcC £E69B892%991C911912913514915916€6917918916G92%20921922923+24+2545206+27,
CC &.28929930931’32’3313‘1,35,3693573692*3772*38’2*3912*4092*41’3*42s2*1
cC EA392%4442%05046492%08T792%4892%4G95C92%5142%52,2%53492%54495545€+957,+58
cC £959,2%6096L36290396490596€96796836G9T7C97192%7297243749759769773786
CC £7G+8092%8L98298349844985586487+92%6E€,89990991992+993+9442%95996,52%G7
ceC 698459,1005101,2%106251C3,2%¥1C441C551G€,+167,41C8,5109,11C»111,5112,2%
cc £113,114911542%1169117911891194912C912149122+12391244125,2%124,2%123
Cc¢C E9c%12292%121912092%11G92%11892%117+92%116+2%115+92%11492%1139112427%
cC 6111,2%11C92%109,2%1C8410793%10C€4107,5108,1CG/

CcC BATACIY(I)91=2114420)/1109111411291139114+2%115+91169)2792%11E4116
ccC £ 912G L219122912342%124492%125492%126912742%12842%129+2%13042%131,
cL £132,2%132,2%134,2%13592%13642%13792%138,2%139,52%14C,2%141,2%142,2
ce EX1h392%10a92%18592%L0092%10792%14842%149,2%150+92%15142%152+2%153,
e L2%1564,2%15542%15692%15742%158,2%15G92%160,92%161,2%1C292%1€2,2%1€4
o Ll LB5 2% 166 LHT92%LEBc¥1EG92%1T7092%17092%)1729173917241719170422

OO0 OO OO0
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74/176 OPT=C4RGUND= A/ S/ M/=-C,-US FTIN 5.1+577

.5109,10892*107,166’165,164,163,2*1&2,161,16C,159,158,1579156v2*ib§

E92%15492%1534915292%15L92%15C914G92%14892%L47+2%146914592%14442%
§143,2¢142,141,2*140,2*139,2*138,2*137’2*136y135,134a13391324131a
613C+12991284127912691259124912391229121512051199118511791169115,
6114y113a1121111,110,1L9 1C841C7,10651C54104,51C3 s102,10191CCg99798
L9G799699546G4/

CATACLY(I) 1= 47lq028)/93,92 91 43G5C9EG92%8898798€985984983+8242%81,
E8G9 7978977970975 97497337297197G9€6G9€B16792%6632%6792%68+2%6G970
82*7192*72,2*73974,2*7552*76,2*7712*78)2*79y2*80,2*8192*82,8392*84
E93%E598498398298198C97G578977976975974973972971970969,689+67966965
696492%639629€196095995895795635595495395295192%5C2%4992%4842%47,
G4692%4594492%4392%4292%4142%4043G92%2892%3792%3692%3542%3492%32,2
£%3292%3193293393493593692793893G94C94194294394494594692%4794842%
E4794632%4592%4492%4394292%4192%4C92%3G92%3893792%3642%3542%34,42%

64/

£3342%32, 3192*‘012*29128927926925a24,23722121,20,19918,17,16915114,

£+13512/

DATACIX(I)9I=1+213)/09192523495+€6979E9991C9115125139149155160917,
£18919411i%204214922923524+25+26,

£2792892993C53193293393453543693793852G,11%40541542942544945546947

E948B894G921%50949948 947946945 9344943942941 434093993893 79369359244533,

€32931941%3C93193293393493593693793853994C941942543944+45946947+48

E949911%5094G 948947 9469459444343 942941940939938937+36935934533432,
€31930929928927926925924+23922921+2C5154+18/
DATACIX{I)s1=2149340)/1741631591451391251141C9G98979€9554935291,
E11%0319293949596€97989G91C91191291391491551691791891G9941%20+1G,18,
£1791€631591491391291191C9998973€E959493452414520%G/
DATACIY(T)9I=19213)/21%C919293949596979899921%109998979695949392»
€E1911%C9l9c93949596E97989G91C9119129139144915516917518451G921%2CG421,
£2242392492592692792892G93C352193233292449359369375289394404941942,
843y44y45146,47948949’5C,51y52153’54,55956f57)58'59921*607619621
E€3 964565466367 36896G93337C/
DATACIY(I)9I=214+4340)/18%7C96F9689€71669€5964963962+61921%€C956,
E5B8957956955954+45355295195C94G94E894T956€945944943942941540+53G4938
£23793693593493393293193C92G92892792€325924923922921421%20519518»
£1791691591451391291191C994837963S5954539251/

NEN=340

DO 1 I=1sNEN ' , )

WRITE(H69%) TENTRY: *43I4" X3 'SIX(I)y"' Y: ',IY(I)
X(I)=FLOAT(IX(T))

Y(I)=FLGAT(IY(I)) .

DATA XMAX,YMAX9 XMINsYMIN/2#~100GCCC.92%100CC00./

DATA NXAsNXIaNYASNYI/4%* C/'

CO 11 I=1,2

ISXA({I)=1

ISXI(l)=1

ISYA(I)=1

IsYyi(1)=1

CONTINUE

LG 10G I=24NEN

IF(X(])- XNAX)19710’20

IF{NXA=L)24+394

TF(Y(1) LT.Y(ISXA(LYIDICGC TC S

TF(Y(I).GT.Y(ISXAL2)))ICE TC 5

Gu TO 19

ISXali)=1

Gy 10 19

ISXale2)=F
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74/176 OPT=G,ROUND= A/ S/ M/=Cs=0S

GU T0 1y
IFCYCI)=Y(ISXA(L)))7,7,+8
ISXA(2)=ISXA(1)
ISXA(1)=1

GU 70 §

ISXA(2)=1

NXA=2

GO T0 19

ISXa(1)=1

NXA=1

GO T1C 19

XMAX=X{1)

ISXAa(l)=1

NXA=1 '
TF(XMIN=X(T))39,3C+40
IFINXI-1)224+23,524
IF(Y(I)aLT.YCISXI(1)))IGE TO 25

JRIY(I)}.GT.Y(ISXI{2)))GG TC 2¢

GG 10 39
ISXI(1)=1

GG TO0 39
ISXI(2)=1

GO TO 39
TFAYC(L)=Y(ISXI(1)))127427+28
ISXIC(z)=ISXI(1)
ISXI(1)=1

GG TG 26
ISXI(2)=1

NXI=2

GO TG 39

S ISXI(L)=1

NXI=2

GO TO 39

XMIN=X(I)

ISXI(1)=1

NXI=1

IF(Y({I)-YMAX)59,5C,60
IF(NYA=-1)42943444 ‘
TFIX(I)LTLX(ISYA(L)))GC TC 45
IF(X(I)eGToX(ISYA(2)))CC TC 46 °
GO T0O 59 :
IsSYya(r)=1"

GO TO 59

ISYA(2)=1

GG TC 59 '
TF(XLI)-X{ISYA(L)))4T 447448
ISYA(2)Y=ISYA(L)

ISYA(L)=I

Gu TO 46

Isyate)=1

NYA=2

GL T0 &9

Isya(i)=1

NYa=1

GL T 59

YMAx=Y{1)

IsYatid=1

FTN 5.1+577
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74/176 OPT=0,RGUND= A/ S/ M/-C,»-DS FIN S.1+577

NYA=1]

TF(YMIN=-Y(I))7G,7C+4C
IFINYI-1)02563+64
IF(X(I)eLTeXx(ISYI(L)))GE TC &5
IF(X(I).GT. X(ISYI(Z)))CC T0 66

GG TO 79

ISYLI(1)=1

GG T0O 79

ISYI(z)=1

G0 TC 79
TF(X(L)=X(ISYI(L1)))ET,67+68
ISYI(2)=ISYI(1)

ISYLI(1)=1

GO TC 69

ISYI(2)=1

NYI=2 -

GG 70 79

ISYI(1)=1

NYI=2

GG TO0 76

YMIN=YI(I)

ISYiI(1)=1

NYI=1

CONTINUE

CUNTINUE .
HRITE(E 9 *) " XMAX o XMIN gYMAXJYMINS "9 XMAX 9 XMINSYMAXSYMIN
NOPC=0

DG 90 I=19NXA

NGPC=NOPO+1

IPOLY(NGPO)=ISXAL(I)

IFCISXAINXA) EQ.ISYAINYA)INCGPC=NCPC~1
0O G5 I=14NYA

NCPG=NOPO+1
IPOLY(NGPO)=ISYA(NYA+1-1) .
TF(ISYA(1).EQ.ISXIINXIYINCPG=NOPC-1
DG 102 I=14NXI

NCPC=NOPO+1
IPOLY(NGPO)=ISXI(NXI+1~1)
IF(ISXTI(1).EQ.ISYI(1))INCPC=NGPC-1

CO 1CH I=1,4NYI

NUPO=NOPO+1

IPOLY(NQPQ)Y=ISYI(I)

IFCISYIC(NYI).EQ, ISXA(l))NGPC NCPC-1

00 11G I=1.nN0P0O-1

NXCI)=Y(IPCLY(I))=-Y(IPOLY(I+1)) -
NY(I)=X{IPOLY(I+1))=X(IPOLY(I))
C(T)=Xx(IPCLY(I+1))*Y(IPCLY(I))=XCIPOLY(I))=*Y(IPCLY(1+1))

IF(I.0.NOPU-1)GO TO 111

CALC= h?(I)*X(IDbLY(I+Z))+hY(I)*Y(IPULY(I+2))-C(I)
G TO 112

CALC= SNX(T)#XCIPCLY (L)) +AY(ID*Y(IPGLY(1))=C(])
SISE(I)=SIGN(L.,CALC)

CuNTINUE
WRITE(6,%)'nC.S CF THE CCRNER\',(IPDLY(I)al l,NUPb)
Nu 115 LL=14NGPL

WRITE(E 9 )X (LIPCLY(LL)) '

(IPCLY(LL))
Nx(hﬂPﬂ) Y(IPGLY (NCPG) )~ Y(IPO (1))

84
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74/176 CPT=0,RLUUND= A) S/ ¥/-C»-DS FTN S.1+577 54/C

NY(NCPO)=XC(IPGLY (1) )=-X(IPGLY(NCPC))
CINOPU)=X(TPOLY(1))*Y(IFGLY(NGPG))=-X{IPOLY(NOPO))I*Y(IPOLY(1))

CALC=NX{NOPU)I*X(IPOLY(2))+NY(NGPC)*Y (1POLY(2))-C(NCPG)
SICE(NGOPG)=SIGN(1.4CALC)

z**z*¢¢¢#*#*#4**##*#*#****¢¢¢***#¢##4¢*¢¢*¢**¢**¢¢¢¢**¢*¢¢*¢#4#44*###
NU=0 . : -
DU 120 I=lsNEN

DO 132C KK=14NQPQ

TF(L1.NELIPOLY(KK))IGC TO 130

NU=NU+1

ITU(NU)=T

GG TC 1120

CONTINUE

DO 14C KK=14NGPQO
CALC=NX(KK)*X(I)fNY(KK)*Y(If-C(KK)
IF(SIGN(1.9CALC)«EQ.SIDEIKK)IIGE TG 146
NU=RU+1 '

TTUINU) =T

GG TC 120

CONTINUE

CONTINUE

WRITE(69*)*NC OF PNT.S CUTSIDE: '5hU
DO 125 JJ=1,4NU ‘
WRITE(B+*)ITU(JJI)

B P L R L Lt s T L L A S LR L

FIND THE CENTEK GF THE SMALLEST CIRCLE

R T I I G T T e T I e L I I T I I T LI T T T T

STEP=5.

XC=(XMAX+XMIN) /2.

YC=(YMAX+YMIN) /2,

RMAX=(XMAX=XMIN+YMAX=YMIN)

EPS=1.

LA=0

RO=0.

CG 15C I=1sNU
RS=SOQRT((X(ITU(I))=XCI#%2,+(Y(ITU(TI))=-YCI**2,)
IF(RO-RS)151+1529153

RO=RS

LA=1

LIR(LAI=ITULI)

IF(1.EQ.1)GC TO 150

BO 154 J=1,1-1
ZR=SCERT((X(ITU(J))=XCI¥32.+(Y{ITUCJ)I=YCI**2.)
IF((RU-ZR).GT.EPSIGO TO 154

LA=LA+1

LIRILAI=ITU))

CUNTINUE

Gu TG 15¢C

La=LA+]

LIR(LA)=ITULT)

GG TO 15¢C

IF (LRG-RS).GT.EPSICC TO 15C

LAa=LA+]

LIRILAI=ITULT)

CGNTINUE ,
WRITE(62%)'XC: 'HxCs’  'H'YC: 'y YC
WkITE(H,#) 'k FOR THIS CENTER: 'yRC,* 'STMAX R: ' ,RMAX
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156

c

74/176¢ CPT=0,RGUND= A/ S/ M/-C4+-DS ETN Sel+b (¢
WRITE(69*)*NQ OF TOUCHING PNT.S: 'sLA
IF(ROLLE.RMAX)GG TO 159
GU TO 156

XC=(XC+xCl)s2. .

YC=(YC+YCl) /2. \

WRITE(69%)*STEP TUO LARGE-NEW CENTER'$'XC:'3XCs'YC:2',YC
GO TO 145

C o #anat g b hadmhb bbb dor S b e o oo ek ook o e

159 -
158

161

180

170

160
c

C
C

Cl65

C *#***#¢¢¢***¢f¢*#?***v¢¢**¢*¢¢¢

189

190

200

RMAX=RO
DG 16C I=14LA

ACLIR(I))I=ATAN3C(X(LIR(I)}=XC)s(Y(LIR(I)I=YC))
IF(I.NE.1)GC TO 1lel

NUM=1
K{NUMI=LIR(I)
GG TO 160

DO 17C J=1ysNUN
TFCACLIR(I) ) oGELA(K(J))I)ICGE TO 17C
DU 18G L=0sNUM-J
K(NUM+1-L)=K(NUM=L)

K(J)=LIR(I)

NUM=NUM+1

GG TC 160

CGNTINUE

NUM=NUM+1

KINUM)=LIK(I)

CONTINUE

WRITE(E4%) YANGLES WITH INCREASINC CRCER!
WKITE(64%)'NO: Yy*I: 'y VANGL S
CG 165 I=1,LA
ARITE(6 %YL 9"  Y4K(I)s? (K(I))
Y L R e s s I I IS TIT I
IF(LA.NEL.1)GO TG 189
XC1l=XC
YC1l=YC
VSTZE=SURT((XIK(1))=-XCI**2.+(Y(K(L))-YC)*%2.)
XC=XC+STEP*(X(K{(1))-XC)/VSIZE
YC=YC+STEP*(Y(K(1)})- -YC)/VSIZE
GO TC 145 .
CG 19GCG I=1,LA-1 .
IF(A(K(LI+1))=-AIK(I)) LEL3.1415G)G0 TC 190
XC1=XC
YCl=YC
XX=X(K(I+1))+X(K(L))=2.%XC
YY=Y(K(I+L))+Y{K(I))=-2.%YC
XC=XC+STEPHAX/SURT(XX*E*Z2.+YYX%2,)
YC=YC+STEP*YY/SURT(XX*%¥2.,+4YY%*%2,)
GO 10 200
CONTINUE
TF((A(K(L))I+2.%3,14159-A(K{LA)))LE.3, 14156)G0 TP 210
XC1=XC . .

-YC1=YC

XX=X(K{L)Y)+Xx(K(LA))=-2.%XC
YY=Y(K(L))+Y(K{LA))=-2.%YC

XC=XC+STEP*AX/SURT (XX%X2,4¢YY¥*¥2,)
YC=YC+STEPAYY/SURT(XX%*%Z2.4YY*%2,)

WKTTE(6y*) 'ANGL GT PI-SHIFT'
CoO T0 145



O i R R R R T g S S L L
210 MRITE(64%)"CENTER CGCRDINATES: ',XC.* ',YC
DU 226 I=14NEN
X{I)=X{1)=X_
Y(I)=Y(I)-YC
RETI=SARTIX(I)*%*2,+Y(I)%%2,)
THOLY=ATAN3(X(TI)sY (1))
23¢ CONTINUE :
o s L L E L T I I s L

C SEGMENTATIGN ALGGRITRYV
ol e I L T s T T e eI e e e

CATAUICHECK(T)+I=14340)/34C%0/5(INUM(I)sI=1,1C0)/1C0%*C/
CONTOL=4.%1,01%2.,%%0.5
NOS=1 o
NGSS=LIR(L)
248 INCW=NOSS
INUMINOS)Y=INUMINOS)+1
ISEGINOS s INUM(NOS) )=INOK

249 E=1.01%2.%%C45
247 NNE=0
c WRITE(69%) ' INGW: '93INOW,' SEG: 'oNOS,»' ENTRY: ',INUMINGS)
c &'  XT 'SIXUINGW)s' Y: 'HIY(INGW)
DO 250 I=14MNEN
IF(ICHECK(TI).EQ.1)GG TO 25¢C
DIS=((X(I)=X(INOW))I*F2 +{Y(I)-Y(INCW))*%*2.)%%0.5
IF(CIS.GT.E)GD TO 250

NNE=NNE+1
INEAR(NNE) =1
250  CONTINUE ,
c WRITE(65#)NNE,"' NEAREST PNT.S!
o
IF (NNE.NE.O)GO TO 251
o WRITE(64%) '"NO NEAREST PNT. WITH E: ',E,' INCREASE E*
E=E+1.01%2.%%C .5
IF(E.GT.RMAX)IGO TC 3CC
GG TC 247
C.
251 ° IFCINOW.NE.LIR(1))GC TO 280
: NOP=0
RM-—‘-l.
C WRITE(64+%) "NEAREST PNT.S:!
DU 255 J=1sNNE
. CALL FNDDIR(THC(INGW)sTH(INEAR(J)),IR) ,
C C WRITE(Hs*) ' , INEAR: '",INEAR(J),' IR: ',IR," Xz
o EsIXCINEAR(J)) 4" Y: "HIY(INEAR(J))
IF{IR.LE.CIGO TG 255 -
NCP=NGP+1 :

IF(RCINEAR(J)) LLELRMIGO TO 255
RM=R({INEAR(J))
INEXT=INEAR(J)
255 CONTINUE
ILOCP=1

IF(NOP.NELC)IGE TO 266

RM1=1000%



AN MAIN 74/176 0OPT=0,RCUND= A/ S/ M/-Cs-DS FTIN S.1+577

DU 256 J=1,NNE

CALL FNODIR(THUINGW) sTHCINEAR(J)),IR)
IFUIR.EUW.0UIGO TU 256

NUGP=N(P+1 ‘
IF(RUINEAR(J)) CGELRMNIDIGG TC 25€
RMI=R(INEAR(J))

INEXT=INEAR(J)
256 CONTINUE

IF(NOP.NE.O)GU TO 260

D0 257 J=14NNE
TF(RCINEAR(J)).LE, RM)GG T0 257

RM=R{INEAR(J))
INEXT=INEAR(J)

257 CONTINUE

NGSS=INEXT
ICHECK(INEXT)=1
GG 710 248

C

260 TTURN(NOS)=ILGOP
GO0 10 270

C

280 NOP=0
RN=10060G00C0C.
RX"“"‘]..
DU 258 J=1,NNE
CALL FNDDIR(TH(INGN)9TH(INEAR(J)),IR)
C WRITE(69%)? INEAR?: ,INEAR(J), IR: 'LIR,' X:
C EsIXCINEAR(II) " Y2 'HLIY(INEARC(J))
IF{IRLEQC.(-1¥ITURNINGS)))IGC TGO 258
IFCITURNINGS) o NEL(-1*ILCOP))IGG TC 256

IF(RCINEAR(J))GELRNIGC TG 258
RN=R(INEAR(J))
INEXT=INEAR(J)
NOP=NOP+1
GU 10 258
C

259  IF(RCINEAR{J)).LE.RX)GO TG 258
RX=R(INEAR(J))
INEXT=INEAR(J)

NOP=N(P+1
258 CONTINUE
C

TF(NCP.NELO)GL TO 270
c _

261 F=F+1.01%2.%%C.5
TF(ELEe3e%1.01%2,%%C.5)G0 TC 247

NGS=NLS+1
ITURN(NGS)=ITURNINOS-1)%(-1)

) INUMINGS)=0
C WRTTE (G %) T abddrka ks Ak a ks A b A A HF IR ARG A"

GL TC 249

270  IF(NOS.EQ.1)1GC TO 271
T¢ (INUMINOS) ohELCIGC TO 271



\M MAIN 74/176 GPT=01RGUND='A/‘S/ M/-C4s=-LS FTIN 5.1+4577%

IF CITURNINGS) eNE.ITURNINGS-1))GO TC 271
CALL ENDDIR(TH(ISEG(NOS-1,INUM(NOS- 1)), THUINEXT)»IR)

IF(IR.NEJLITURNI(NDOS))GO T0 272
NGS=NGS-1

271 INUMINGS)=INUM(NOS)+1
ISEGINGS 9 INUM(NGS))=INEXT
TFUINEXTL.EQLLIR(1))IGO TG 300
ICHECK(INEXT)=1

INOh=INEXT
GO TO 246

272 IFCINEXTLEQ.LIR(1))IGG TG 3006
ICHECK(INEXT)=1

INCW=INEXT )

GO 70 249

E1Y IFCISEG(Ls1) NE.ISEGI(NGSsINUM(NOS)))ICC TO 3C4
IFCITURNC(L)NELITURNINOGS))IGGC TO 304
DU 301 I=1,INUM(L)
B(I)=ISEG(1l,I)

301 CONTINUE
DO 302 1=1sINUM(NGS)

_ ISEGILs1)=TISEGINDOS,I)

302 CONTINUE
DG 303 I=1.INUM(1)
ISEG(LsINUM(NGS)=1+1)=B(])

303 CONTINUE
NCS=NC0S-1

304 CONTINUE

DG 350 I=14N0S
DU 351 J=1ls1NUM(I) _
WRITE(692)'PNT. NO: 'HISEG(IsJd)y® SEG: 'y3I4' ENTRY: ',J
351 CONTINUE '
WRITE (6o %) "4xd et k4324432 d XA AR BE RS R RLEL R EIF LR HFSITHEHD
350 CONTINUE
355 CONTINUE

WRITE(853G5) (R(I)sI=14NEN)H(TH(I),I= 1,NEN) s RMAX
WRITE(B89310) NOS,ILOCP
WRITE(8,306) (INUNM(I)sI=1,NCS)
WRITE(853C7) (ITURN(I)sI=14NCS)
WRITE(B8y30G5)((ISEG(I4J)J=13INUM(I)) »I=1,N0S)
305 FORMAT(8FL1.€)
306 FORMAT(8I10)
307 FURMAT(8110)
309 FGRMAT(8110)
310 FGRMAT(IS)
C**#**#*******#********#***#*#######**#***##%«'**#******##**#**##***#*
C304 AMAX=C,
C - DU 220 1=1sNCS
IF(ITURNII).ECL1)GO TO 325
NU 33U J=l INTCINUMII)N/2)
M1S=ISEG(IsJ)
ISEG(I9d)=TSEG(LINUM(T)+1-J)
ISEG(I o INUNM(I)+1i-0)=NMIS

oNeNeNeNe!



FUNCT%ON ATAN% 74/176 QOPT=0,RGUND= A/ S/ M/-Cs-DS FTN S5.1+57°
DL=-LUNG/~0T yARG=-CUMMCN/-FIXED,CS= USER/-FIXEDsCE=-TB/-SB/-SL/ ER/-ID/-F
FTNS5+1=PATREC35=BIN. -

C Secsesesavncccscccavsesssesssasavenraces))
REAL FUNCTION ATAN3(XXX4sYYY)
TF(XXXeNE.C.)IGO TC 1
IF(YYY)29344
2 ATAN3=1,5%3,14159
, G0 10 5
3 ATAN3=0,
GU TO 5
4 ATAN3=0,5%3.,14159
GO 70 5
1 I=ATANZ2(YYY, ,XXX)
I=((SIGN(1esZ)+1a)/2.)%2+((14a—SIGN(1asZ))/2.)%(7242.%3 14"
ATAN3=7Z
5 CONTINUE
RETURN
END
LE MAP——(LG=A)
~ADDRESS——BLOCK~=—== PROPERTIES—=—==m 1 D2 S — SIZE
628 REAL
i DUMMY~-ARG REAL
Z DUMMY—-ARG ’ REAL
638 REAL
WJRES—~-(LO=A)
————— TYPE-=======AR{S======CLASS—~—~-—
GENERIC 2 INTRINSIC
GENERIC 2 INTRINSIC

IENT LABELS-—(LO=4)

-ADDRESS—~———=PROPERTIES————DEF
278 11
INACTIVE 5
21b 7

248 G

468 14

POINTS——(LC=A)
-~ ALDRESS—-—ARGS=—~-

6B 2



SUBROUTINE FNDDIR 74/176 OPT=0,RGUND= A/ S/ M/-C,~CS FTN 5.1+57

DU=—LLNG/-CT,ARG==CGMMON/~FIXED,CS= USER/-FIXED,CB==TB/~SBE/-SL/ ER/~-ID/-
FTNS5+1=PATREC3sE=BIN,-

SUBROUTINE FNDOIR(THNGHTENEXT »1YCN)

1.

2 IF (THNEXT-THNOW) 311,312,313

3 311 IF((THNOW-THNEXT).GT.3.14159)G0 T0 314.

4 1YON=-1 .

5 60 TO 360

6 314 I1YCN=1

7 G0 TO 360

8 312 IYOMN=G

9 GO TO 360

10 313 IF((THNEXT-THNOW).GT.3.14159)60 TC 315

11 IYON=1

12 60 TO 360

13 315  IYON=-1

| 4 360  CONTINUE

5 RE TURN

16 END

\BLE MAP—=(LG=A)

- ADDRES S==BLOCK==—=~ PROPERTIES===sm—=TYPE—mmmmmmmm STZE
3 DUMMY=ARG INTEGER

(T 2 DUMMY=-ARG REAL
L DUMMY=ARG REAL

-MENT LABELS—-(LO=4)

~ACCRESS—=——— PRGPERT IES-——-DEF ~LABEL—~ACDRESS=—=~~ PROPERTIES-—-~DEF
. INACTIVE 3 314 228 6
z 258 8 315 378 13
a 308 16 360 418 . 14

( PRINTS-—(LG=A)
-~~ADDRES S=—ARGS~—~

[R 58 3 ..

STICS--
AM=UNIT LENGTH 52B = 42
> TGURAGE USED 617008 = 25536

LE TIME : 0,127 SECGNDS
X ‘

>
. e *e o0 ™" s (Y]
N A WD
o K K KKl <
- . e .« se a0 .8
Do 0o o000 0

.
N4
“{ o8 e
= e
) [ X ]

> O3 X WX XX

.
o]
<

.
O O

—t
'.

X XX

Y .t .

S ko

) = D



PRUGRAM MAILNZ 74/1%0 CPT=0,RCUND= A/ S/ M/-L,-DS FIN 5.1+577% ‘

=LUNG/=-0T y ARU==CUMMCN/=FIXED,C35= USER/-FIXEC LB==TRB/~SB/-SL/ ER/-10G/-PMC/~
59 l=PATRECOEsB=BIN

PKGGRAM MAIN2(INPUT,CLTPUT»TRANSsVECTC14VECTCZs5S15052,

ETAPEE=0UTPUTTAPES=TRANS 4 TAPEG=VECTG1,TAPELO=VECTO02,TAPELL=DS
£ETAPELIZ2=0S2)

CUMPLEX H(E€S5)
DIVMENSION KAT(50)9ILONG(1C) sILGNGL(1C)4+REPVEC(10CO)
DIMENSION R(SGO)4TH(SCO) s INUM(50) s ITLRN(50)3ANDUR(5GC)
CIMENSTION ISEG(50,5CC)+STANG(50)+DS(5C»6C00),00(128)
FGQUIVALENCE (DDyH)
REAC(8+3CS)I(R(I)9yI=1934C)s(TH(I)sI=19340),RMAX
REAC(5531C) NGS,ILOCP
REAG(8930€) (INUMII)sI=1,NCS)
REAC(89307)Y(ITURN(I)s1=14NCS)
REAC(G93C9)((ISEG(TIsd)yJ=15INUM(I))yI=14NGS)
205 FURMAT(EF11.¢)
306 FGRMAT(8ILC)
307 FUGRMATI(ETLQ)
309 FORMAT(8I1C)
310 FURMATI(IS)
R L L LR E L T T ey Y e
304 AMAX=C. '

NB2=7
TUR=3
DG 32C I=1,NOS

c DU 51¢ ITI=1+INUM(I)

C510  WRITE(6s%)'NG: "5ISEG(IZIII)s' Th: *STH(ISEG(I,III))

C
IF(ITULURN(I).EG.1)GO TG 325
DG 330 J=1,INTC(INUM(I)/2)
BIS=ISEG(IsJ)
ISFG(I+J)=ISEGIIINUM(T)+1-J)
ISEG(IsINUM(TI)+1-J)=MIS

330 CGNTINUE

325 STANG(I)=TH{ISEG(I,1))
RT=0.
CC 336 J=2+INUMII)
THOISEG(IsJ) )= Th(ISEG(IaJ))+ROT 24%3414156
CIF(TH(ISEG(I3d))eCGELTHIISEC(ISJ~1))ICC TC 33€
RGT=R0T+1. ’ .
THOISEG(IyJ))=TH(ISEG(TI4J))+42.%3.14156

336 CGNTINUE '

C
ANCLRII)=TH(ISEG(IINUMI(I)I)I-STANG(I)
KAT(I)=INT(ANBUR(I)/(2.*3.14159))*1
TF(ANGUR(I) «GTAMAX)AMAX=ANCUR(I)
DELTA=FLCAT(KAT(I))#2.%3,1415G/(2.%*NB2~1.)
c :

mEX=0
ILAS= lNT(TP(IbC(,(IlebM(T)))/DELTA)+1

DU 335 J=1ly1lLAS
IF((FLOAT(J=-11%#LFLTA)GELSTANG(I)ICA TO 247
CS(Iys)=0.
Gu TC 235

247 IF(LELTARFLLAT (U~ L)—Tr(IQEC(I MEX+1)))341 4,342,347

{



26
57
58
59

6l
62
63
b4
65
b
67
08
69
70
71
72
73
74
75
76
77
78
79
80
81
82
63
84
65
36
387
88
59
90
31
92

33

g4
95
96
97
98
59
100
161
102
lu3
104
105
1ué6

107

108
109
110
111
112

PRUGRAM MAINZ 74/176 OPT=0,RGUND= A/ S/ M/-LC,-CS FTN 5.14

341 DS C19J)=R(ISEG(LsNMEX))+(R(ISEG(TI+MEX+1))~R(ISEG(TIsMEX)
E(DELTA*FLOAT(J=1)-THCISEG(IZMEX)))/(TH(ISEG(I MEX+1))
E=TH(ISEG(IsFEX))) .

TF(JeGT.2%4NB2)DS( T, J=2%%NB2)=DS(I4J)
GG TO 335

342 DSCIsJ)=R{ISEG(IsFEX+L))
TF(JeGTa2%%NBZIUS(T9J=2%%NR2)=DS{14J)
PEX=MEX+1
GO TO 335

343 MEX=MEX+1
GO TO 247

335 CONTINUE
DO 1060 K=1,INT(2.%%NB2)

1¢00 HRITE(ﬁ’*)'DS("I’.",K,")= ',DS(I,K)

C1000 WRITE(11,%)DS{I+K) '

320 CGNTINUE

WRITE(G6y%) "MAX ANGULAR SPAN:z ',AMAX
R R E R L R T R R
EPR=RMAX/LC. '
CPAN=2.%3.14159/2.%%NB2
LONG=C :
D0 370 I=14NCS
IF(ANCUR(I) LT+ (AMAX=EPAN))GO TG 37C
LONG=LONG+1
ILCNG(LONG) =1
370 CONTINUE

C
TLCNGL (1 )=ILGNG(1)
IF(LCNG.EQ.11G0 TC 4G0
C
I2=C
I=1
397 LEONG1=0
RR=G.

D0 390 J=15LONG
DELTA=FLOAT(KATC(ILONG(J)))%2.%3.14155/(2.%%NB2-1.)
JU=INT(STANG(ILGNG(J))/CELTA)+1+1
IF(J0.GT.INT(2.%%NB2))JG=yC-INT (2.3%NB2)
L=0S(ILONG(J)3J0) —
IF(D.LE.RR)IGO TG 390
RR=0
KATHMAX=KAT (J)

390  CONTINUE

364 0O 395 J=1sLONG
DELTA=FLGAT(KAT(ILONG(J)))#2.%3.14156/(2.%%NB2~1.)
JO=INT(STANGUILGNG(J)+IZ)/CELTA)+1+1
TE(JO.GT.INT(2.%%NB2))JC=JO-INT(2.%%NB2)
C=CS(ILONG(J)I+1I2,540)
IF(D.LT.(RR=EPR)IGO TO 395
LONG1=LONG1+1
ILONGL(LONG1)=TLONG(J)

395  CUNTINUE i

TF(LONGL.EG.1)GL TO 400

Bu 29¢ J=15LCONGL ,
394 ILCNG(J)=ILENGL )



113
114
115
116
117
li8
lie
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
l44
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
169
161
lo2
163
lo4
105
lob
lo7
108
169

PPUGKAM

MAINZ 74/17€¢ - OPT=04RGUND= 2/ S/ M/-C,-DS FTN 5.1

I=1+1
CELTA=FLOAT(KAT(ILONG(J)+12))%2.%3.,14159/(2.%%NB2=1.)
IF(LeGTo CINTCANGURCILCNG(J)+TI2)/CELTA)+1))IGO TO 299
GG TO 397
o
399 12=12+1
TF(I2.GE.NCS)IGO TG 400C
I=1
GU TO 394
C
400 IZ=ILGNG1(1)
ZERC=STANG(I2Z)
WRITE(Es%*) 'LONGEST SEG: ',IZ,' ANDUR: '3ANDUR(IZ)
o I by e P s e s
420 DG 41C I=1,N0S
DO 36GC ITI=142INT(Z.%%NB2)
360 COCITII)=DS(I,I11)

CALL RFFT(H,644641)
CU 361 ITI=14INT(Z.%%{(NB2-ICR))

"361 CS{1,111)=DD(III)

NO 262 J=14INT(2.%%(NB2=ICR-1))
STR=SCGRT(DS(I sJ%2=-1)%%2.+0S(I4J%2)%%2,.)
STH=ATAN3(CS(I+J%2-1)3DS(14J%2)})
STR=STR/ (RMAX)
STH=STH-ZERO/FLGAT{KAT(I))
DS(I14Jd%2-1)=STRFCGS{STH)
DS{I44%*2)=STR*SIN(STH)
WRITE(64%) *PROCESSED 0S: '90S(I44)
362 CUNTINUE
4106 CONTINUE
I I I T T T T T T T I P T T T LT L L T e
C CONSTRUCTION GF TRE REPRESENTATICN VECTQOR
R T e T L R L TR L L o L P
440 REPVEC(1)=NQOS
INDEX=2
D0 450 I=174N0OS
REPVECUINDEX)=FLGAT(KAT(I))
450 INDEX=INDEX+1
IF(IZ.EQ.1)YGO TQO 452
DU 451 I=1+1Z-1
REPYEC(INDEX)=FLCAT(KAT(I))
451 INDEX=INDEX+1 .

452 CL 46C 1=12,4NGS :
DG 461 J=1sINT(2.%%(NE2-ICR))
REPVEC(INDEX)=DS(14J)

461 INDEX=INDEYX+1

460 CONTINUE
IF(IZ.EG.L)G0O TG 500
DG 470 I=1412-1
DO 471 J=l,INT(2.%%(NB2- ILR))
REPVEC(INDEX)=0S(I4J)

471 INDEX=INDEX+1

470 CUNTINUE

560 CL 5C1 JJd=1,InDEX-1
WRITE(G6s%) " NC:  '9JJy' REPVEC: 'LREPVEC(JJ)
WRITE(104%)REPVEC(JI)



170
171
172
173

PRUGRAM

MAINZ
501 CUNTINUE
5G2 CONTINUE
sSTee
END

:TABRLE MAP—=(L0O=A)

iE—==—ADDRESS--BLOCK

X
JUR

TA

N

\S
ING
INGL

1632518
75448
1633008

1563G408

1632618
703608
1632708
lo32678
1630408
1632448
1633078
1632638
15748
16068
1632458
1633158
72008
1632538
74208
72628
1633C«48B
lo32738

;CEDURES—--(LG=A)

REAL

GENERIC

REAL

GENERIC

TEMENT LABELS~--(LG=A)

3EL—ADURESS

47 3238
504 %NU KEFS*
305 1367b
30 ¢ 13710
30 7 13736
50 G 13750
510 1377
32 G INALTLYE
125 1756
330 INACTLIV:
135 4340
§3 6 240y

. CO=-TERA

74/176 OPT=0,RQUND= A/ S/ M/-LC,-DS

EQV
EQV
%S%*
—————— ARGS—-——==~ CLASS————
2 FUNCTIGN
1 INTRINSIC
1 INTRINSIC
1 INTRINSTC
PRGPERTIES-——-DEF
55
: 21
FORMAT 15
FORMAT 16
FORMAT 17
FORMAT 1¢&
FORMAT 16
O0~-TERM 71
35
DO-TERN 33
DO-TERNM 67 -
42

FTN 5.1+

~=TYPE-==cmm—— SIZE ~-NAME-—-—-ADDR
REAL J l1e32
REAL 5¢C JJ 16233
REAL Jeo 1€32
REAL 128 K 1632
REAL KAT 15
REAL 26CGC KATMAX 1633
REAL LONG 1632
REAL LONGL - 1632
COMPLEX 65 ME X 1632
INTEGER ‘ MIS 1632
INTEGER NB2 1632
INTEGER ‘NCS 1632
INTEGER 1€ R 35
INTEGER 1C REPVEC 16
INTEGER RMAX 1622
INTEGER RCT 1632
INTEGER 50 RR 1632
INTEGER STANG 702
INTEGER 2500¢C STH 1623
INTEGER 5 STR 16232
INTEGER TE 5
INTEGER ZERC 1623
~NAME—===== TYPE———————— ARGS--

RFFT _ 4

SIN CENERIC 1

SGRT CENERIC 1
~LABEL-AGDRESS—--—-- PRGPERTIES-=--DE
341 INACTIVE p
342 - 401¢E ¢
243 4318 4 ¢
3¢0 . INACTIVE DG-TERM 1:
361 INACTIVE DC—-TERM 1’
362 INACTIVE DG-TERM 1¢
37C 52CB - DG-TERM ¢
360 6118 DU-TFRM ¢
3G4 6leB ¢
1€ e70®R CL-TERN L
366 INACTIVE DG-TERM 1]
367 5268 ' ¢



FTINL431=PATRECbsb=HBIN.

c..oOo.o..oc....'..Q..O.ll-.-0..........ll..o.o'c.ou..o."...ou.

C

“*%¥ FEATULRE, EXRACTICGN FINISHED %%

C.O...lll..Q.;..C......Q..............OCI....-.l'........l..l-l.

REAL FUNCTIGN ATAN3(XXXsYYY)
TFIXXXeNE.OLIGO TC 1 .
IF(YYY)243 44

2 ATAN3=1,5%2,14156
GO T0 5 -
3 ATAN3=C.
GG TO 5
4 ATAN3=0.5%3.14159
60 1O 5
1 Z=ATAN2(YYYsXXX)
Z=((SIGN(L1e9Z)+14)/2)#2+((1e=SIGN(LasZ))/2.)%(Z42.%3.1415
ATAN3=1
5 CONTINUE
- RETURN
ENG
E MAP=—(L0=A)
-AGDRES S=—BLGCK===~=PRUPERTIES=mmmmmm TYPE-=—=-———=~ SIZE
628 REAL
L DUMMY=-ARG  REAL
2 DUMMY=ARG REAL
638 REAL
JIRES——(LO=A)
=T YP Emmmmmm ARG S=mm—mm CLASS====-
GENERIC 2 INTRINSIC
GENERIC 2 INTRINSIC

NT LABELS--(LO=4)

\DURESS————— PROPERTIES-———DEF
| 278 13
INACTIVE 7
216 g
244 11
466 16

OINTS-~(LG=A)

-AUDRESS——ARGS—---

B 2



SpﬂKOUT{Nt FNUD IR 74/176 OPT=0,RGUNC= A/ S/ M/=L.-LS FTN S5.1+¢
Dg=—LUNu/—nT-AQG=—CUMMDN/-F1XED,CS= USER/~-FIXEDyDE==-TB/~SE/-SL/ ER/-1D/
FINS 3 I =PATRECo+B=51N-

O ONT N b -~

C.'l'.........'O'..'l'.‘....i...II.....Q..C......I...l'....‘l

[ABLE MAP—~—(LG=A)

= ———ACDRES>S—-~BLGCK

N 3
=XT Z
Iw 1

SUBROUTINE FNODIR(THNGW s THNEXT,IYGN)
TFCTHNEXT~THNGW) 311,312,313

311 IF((THNOW=THNEXT) eGT3.14159)G0 TC 314
IYON==1
GO TC 360
314 IYCN=1
GG TC 360
312 IYCN=C
GO TO 360
313 TFC(THNEXT-THNOW) «GT.3414155)G0 TC 31%
IYCN=1
GO TC 360
315 IYCA=-1
360 CONTINUE
RETURN
END
————— PRGPERTIES=—=~===TYPE=rm=e—ee—-=SIZE
CUMMY=-ARG INTEGER
CUMMY=ARG REAL
CUMMY-ARG REAL

[cMENT LABELS--(LO=4)

"L-ADDRESS—=—-
|1 INACTIVE

L 2 250

3 308

Y POINTS-—-{(LG=A)

=== ADDRESS=—ARGS-—~

)IR 58

ISTICS—~

3

RAK=UNIT LENGTH

STuRAGE USED
iLe TIME

~PRGPERTIES—-=—=DFEF ~LABEL~ACDRESS=—=~-~ PROPERTIES—=~=DEF
4 314 228 . 7
g 315 378 : Y
11 360 418 1

528 42
617CGCB 2583¢
C.13C SECCGNDS



SUBROUTINE FFT 74/176  0PT=0,RGUND= 2/ S/

DU=fLUNG/—UTsAQG=—CUMMON/—FIXED,CS= USER/-FIXED,D
FTIN5+1=PATRECH6+B=BIN.

C‘..I..‘l.‘..Q...............4..........

1

2 SUBRCUTINE FFT{XsNsL2ZN)
3 COGMPLEX X(N)yWsb
c 4

DATA P1/3.141592€653586763/

V./-Cy=DS
E==-T8/-5S

IAL F CONSTANT TOC LCNG o EXCESS DIGITS TRUNCATEL
5 Nv2=N/2
5 ~ NM1l=N-1
7 L=1
8 DU 3 K=1l4NML
9 IF(K.GELL) GO TG 1
10 B=X(L)
11 X{L)=X(K)
12 X(K)=8
13 1 M=Nv2
14 2 TF{M.GE.L) GG TC 3
15 L=L-M
16 M=M/2
17 Gu T0 2
18 3 L=L+M
19 K=1
20 0C 5 L=1yL2N
21 M=K
22 BM=N
23 K=2%K
24 w=(l¢’00)
25 DO 5 J=14M
26 8J=J
27 D0 4 I=JsNsK
28 I2=1+HM
29 B=X({I2)*uW
30 o X(I2)=X{1)-B
31 4 X{I)=x(]1)+8
32 ARG=PI*8J/8BM
33 5 W=CMPLX{CGS(ARG) +=SIN(ARG))
34 RETURN

35 END

\RIABLF MAP-—(LG=A)

\ ME———ADDRES S=—BLOCK=====FRUPERTIES———~===TYPE——===muu=
6 2478 N REAL
2258 COMPLEX
J 24,8 REAL
| 2378 |  REAL
2438 ; . ~ INTEGER
z 2468 , INTEGER
2408 INTEGER
2338 INTEGER

2328 ' : INTEGER:



SUBROUTINE RFFT - T4/176 0OPT=0,ROUND= A/ S/ 11/-C4-DS
Du==LUNG/~0T yARG=-COMMON/- FIXED CS= USEK/-FIXEC,Cb=-TRB/-SB
FTN54,1= PATRECH+8=BIN.,.

1 C.CO...l"'....l.........'..l...0.'..‘0.!'...‘..
2 SUBRGUTINE RFFT{(H4NsLZ2NSIG)
3 COMPLEX H(1) ¢HKyHNKyXKyYKoH
4 DATA PI/3.141592653586763/
V1AL % ’ CONSTANT TOU LONG 4 EXCESS DIGITS TRUNCATEC

5 NV2=N/s2
6 IF{ID.GE.O) GO TC 2

7 RO=REAL(H(N+1))/2.
8 CUO=REAL(H(1))/2.
9 H{l)= LNPLX(R0+GO9RO GQ)

10 GO TO 4

11 2 CALL FFT(HsN4L2N)

12 ’ RG=REAL(F(1))

13 GO=AIMAG(H(1))

14 F{1)=CMPLX(RO+GOs0.)

15 "HIN+1)=CMPLX(RO=GO04C.)

i6 4 HINVZ+1)=CONJG(H(NVZ+1))

17 IFINVZ2.LE.L) GO TO 3

18 PN=PI/N .

19 KU=NV2-1

20 B0 1 K=14KU

21 HK=t(K+1)/2.

22 HNK=CONJG(H(N-K+1))/2.

23 XK=HENK+HK

24 YK=HNK-HK

25 ARGC=K%*PN

26 W=CFPLX(SIN(ARG)+COS(ARC))

27 W=W*YK

28 H{K+1)=XK+W

29 1 H(N-K+1)=CONJG(XK-HW)

30 3 TF(ID.GE.Q) RETURN

31 CALL FFT{HsNsL2N)

32 RETURN

33 END

VARTABLE MAP;—(LG=A)

VAME——==AUDRESS=~BLOCK—=~=~ PRGPERTIES-——-—-- TYPE-———=—==- SIZE
ARG 2538 . REAL

50 2468  REAL

| 1 DUMMY=-ARG CGMPLEX 1
1K 2318 CCMPLEX

INK 2338 | COMPLEX

1D 4  DUMMY=ARG INTEGER

< 2518 | INTEGER

Y 2508 - INTEGER

2N 3 DUMMY-ARG INTEGER



1G2
Ju:
{102
Ju:
U
VY
]
\G:
I
N2
N s
TV
NG
NG:
NG 2
My
N{ :
NG :
NU 2
N{:
N
K
NU :
g
NG e
NG :
{U:
ITH
Niys
Ny ¢
ND 2
NU S
N2
M
N{) 2
N2
IR
IVH
NU S
N{U 2
NU s
My
NU ¢
My :
SITE

oo N WN -

REPVEC:
REPVEC:
REPVEC:
REPVEC:
REPVEC:
REPVEC:
REPVEC:
REPVEC:
REPVEC:
REPVEC:
REPVEC:
REPVEC:
REPVEC(C:
REPVEC:®
REPVEC(:
REPVEC:
REPVEC:
REPVEC:
REPVEC:
REPVEC:

REPVEC:
REPVEC:®
REPVEC:
REPVEC:
REPVEC:
REPVEC:
REPVEC:
REPVEC:
REPVEC:
REPVEC:
REPVEC:
REPVECL:
REPVEC:
REPVEC:
"REPVECL:
REPVEC:
REPVECL:
REPVEL®
QEPVEC}
REPVFC
REPVEL:

12.

1.

l.

1.

l.

l.

1.

i.

l.
1.
1.
l'
1'
-1.9580€C8370057
-9.006838951722
«36488573281G7¢
6.1456313220304
«4€6G4988483€65¢8
»0157779164G182
.03593474484914
-3.54G62754311C5
-+5336162175551

2.033645201222
.03196323984206
1.33366751518¢
6656439204108
-2.218269644992
-.3686879175193
.2104307581831

-1.322623935308
-6.08407C4C6C25
5.,20847637974¢6
3.215121475€653
~5.631768014239
1.434063413196
2.651344768G85
—4.6086589624419
1.25417246433
4.49575179459¢
~3.396557865082
~1.G18295467634
2.97071214690¢
-~ 7717184514462
-1.222340072939
1.85391C487575



e b6 66 as 48 4 0 ab B0 ap 4B 0 B0 A0 00 00 B8 B A0 TP 8 ee e

|l G5 W R B e o B S R I i o e T i T t i i e L R LI SR i S o N L S Ot R S VP
.

o8 80 a4 a0 8¢ 68 S0 00 00 20 00 W0 00 ee e

.

L L S S S e T S S S

47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
56
87
88
89
90
91
92
93
94
95
96
97
98
99

100
101
102
103
104
105 .
106
107
108
109
110

111

REPVE(C:.

~0.5686L16R14)2
5.57501769648
3.6793750G768%
—b6¢435490145029
1.239223894881
3.618C0967G€67
—5.21465228209

"1.014656565456

5.978267118679
-4.62448267108
-3.350638(1812
5.2361596G3281 -
~.7915822892728
-2.889859823472
3.867200924G569
-.1542688096567
-.70963€5612132
7260974454854
~.01286135278937
-.1290365¢€1457
« 714655496658
-.6757458067337
~4e2659795357455
+3927043029¢658
-.6108733462578
«5225227772776
«5043340777324
~.596580379C567
«4140951171658
-.2897513373444
-.6659032041054
-1.81034654G926
-B.3275656€3824
7.709376979242
~2,21€06753¢866€
4,285778446G54
6.587L24€51667
-5.12G0900428¢7
. 86988324216
-4.,90G224775832
-3.548198207029
2.063575111381
-4.,400401976142
3,4781671076C3
.862115C045215
-.06747855312102
2.302464209152
~.336363452578
-1.5472719549071
1.278989718691
-.9326682078432
1.368741057991
.79228€62603423
-.1713246150029
1.56681C325985
-1.501988252443
L47665024€7192
~1.04012481€6554
-1.178073575118
L6551231866811
~1.4¢22730218721
1.556970264432
0242558756896
~2.23523856CC44
~1G6.742CG68C0420



® se c0  se 00 00 60 R0 00 00 0D K0 ed 00 b ) s 0}

28 44 8% eé e ee ed lee e

SO 9 40 9T 00 09 S0 40 40 28 st B0 ob 00 ab 00 ve o0

l1lo
117
116
119
120
121
12¢
123
124
125
120
127
128
129
130
131
132

133

134

"135

1306
137
13b
139
140
141
142
143
L44
145
l46
147
148
149
150

151
152
153
154
155
156
157
156
159
160
161
162
163
164
165
1l 6o
167
163
169
170
L7
172
173
174
175
170
177
L76
i749

REPVEC: 5.669660085769
KEPVEC: 7.58930646551
REPVEC: ~2,222615347154
REPVEC: 8.0B45G5506G23
REPVEC: —6.574351406633
REPVEC: 2.67525586652
REPVEC: —-4,B776R0385165
REPVEC: =2.926462344427
REPVEC: -.3494899473588
REPVEC: =4.223446615555
REPVEC: —1.3675454€7587
REPVEC: =6.29070946482
KEPVEC: 4.1134£97459G2
REPVEC: ~4.787109408285
REPVEC: 5.931453407935
REPVEC: .36422296089C4
REPVEC: 2.984414165307
REPVEC: 4.448441534931
REPVEC: -1.448836158434
REPVEC: 4.36109583C466
REPVEC: -3.4B6047757G8
REPVEC: 1.276334135939
REPVEC: -2.399¢77929774
REPVEC: -1.384269389916
REPVEC: —-.422477274541
REPVEC: —1.792733807443
REPVEC: -1.977615669998
REPVEC: -9.097¢32535551
REPVEC: =2.201366047535
REPVEC: -5.823249449242
REPVEC: -.66315325:2232
REPVEC: .2772033001932
REPVEC: 1.049188927632
REPVEC: 3.468267177922
REPVEC: 1.176355677541
REPVEC: 1.80765199319
REPVEC: —.1125645816703
REPVEC: -1.410193052008
REPVEC: —~1.048554513042
REPVEC: —2.125506780608
REPVEC: —.5224799€52771
REPVEC: ~.1046256443227
REPVEC: ~1.610G17635639
REPVEC: —7.406076730759
REPVEC: -7.056578637&87
REPVEC: —-2.501679315835
KEPVEC: —-5.634489350068
REPVEC: 4.508567619519
REPVEC: .80216E2874516
KEPVEC: 6.729818215638
REPVEC: 5.60212493€952
REPVEC: 2.63219559205
REPVEC: 4.608948081024
REPVEC: -2.960795104723
REPVEC: =-.02892736473722
KEPVEC: —4.672447696G15
KEPVEC: =3.213024866229
REPVEC: -2.041C2728€120
KEPVEC: =5.791131941519
KEPVEC: -26.62520826034
REPYLC: —24.05018564u90
REPVEC: 5.21392696527
REPVEC: 3.712170695526
REPVRC: 17.1467%2451256



Nyt
NG
Nus
NG:
NU:
s
Nus
NU:

NO3.

vo:
NG:
NUS
Ng:
NUs:
NQ ¢
NU:

182
183
184
185
180
187
188
189
190
191
192
193
194
195
196
197
196
199
200
201
202
203
204
205

KEPVeC:
KEPVEC:
REPVEC:
REPVEC:
REPVEC:
REPVEC:
REPYEC:

REPVEC:

REPVEC:
REPVEC:
REPVEC:
REPVEC:
RFEPVEC:
REPVEC:
REPVEC:
REPVEC:
REPVEC:
REPVEC:
REPVEC:
REPVEC:
REPVEC:
REPVEC:
REPVEC:
REPVYEC:

~.02289741555125
. 1376968955825
5.41423493382
-1.094C86133380
-1.379619823968
~6.802836802711
~4.830586063808
.9668315775347
-1.707874218271
~7.856221756G87
-6.07650646808
5.08614452G987
7,.012750361836
2.886428230077
-.6620465124G08
-7.00398507218%
-5.271549417725
3.46265171¢673
4,773237502471
2.60124635736 .
.008866367355318
-4.465588113873
-3.01136c639548
1.671352886565.



UGRAN sﬁﬁ ‘ ~74/17€¢  GPT=C,RCULND= A/ S/ F/-C,=0S FIN 5.,1+577
UNG/=OT s ARG==CCMMON/~FIXEDyCS= USEKR/-FIXECyCE=~TB/=SB/=SL/ ER/-IC/=PMC/=ST
[=PATREC7+8=BIN. -

’PROGRAM SCN{INPUTSOUTPUTHVECTGLyVECTC2+TAPE6G=0UTPUT s TAPEG=VECTC
CTAPELC=VECTC2) '

CIMENSIGN VEC(251500) -
Nb2=7
TUR=3
THRESKh=10.
READ(G4*)IVEC(141)-
NCS=INT(VEC(1,1)) .
LENGTH=L+NOS+NOS*INT(2.%%(NB2-1GR))
CU Zz J=24LENGTH
REAC(94*)IVEC(144)
2 CONTINUE
REAG(1Q09*)VEC(2,51)
NOS=INT(VEC(2,1))
LENGTH=L+NOS+NOSH*INT(2,%%(NR2-10R))
NG 3 J=24LENGTH
REAC(10y*)VEC(2,J)
CGNTINUE '

[S¥]

IF(VEC(L91)NELVEC{2,51))CGC TN 5C
CIFFER=0«
BG 1€ I=1,INT(VEC(1,1)) '
WRKITE(6,%)'VECL "HVEC(14I+41)s' VECZ '"oVEC(2,I+1)+' DIFF ',CIFFE
CIFFER=DIFFER+(VEC(1,I+1)-VEC(2,1+1))%%2, '
10 CONTINUE
IF(CIFFERLNEL.C.)GC TC 5¢C
DIFFER=0.
GG 2C I=2+NCSHLENGTh
FARK=(VEC(L,I)-VEC(2,1))%%2,
CIFFER=DIFFER+FARK
WRITE(E,%) 'VECL 'yVEC(1,1)," VEC2 'HVEC(2,1)
20 CONTINUE \
PIFFER=SQRT(DIFFER)/NGS
IF(DIFFER.GT.THRESH)GL TC 30 : .
WRITE(69%)"SAME CLASS,DISTANCE: 'oCIFFERs' THRESKHOLD: ',THRESEH

GU TC 60
50 WRITE(6,%) *SHAPES 1 AND 2 ARE FRCM DIFFERENT CLASSES®

GO TO 60 :
30 WKITE(64%) *CFRNT CLAS.sCISTANCE: ',CIFFERs' THRESHGLD: °*,TERESH

C 60 CUNTINUE

STOF
END

== (LG=A) - - - :
5 S=—~BLGCK-===~ FRUGPERTIES-=—=~- -=TYPE-—--—mmm- SIZE -  -NAME---ACCRESS--BLO!

78 REAL ~ LENGTF 62%3E
38 REAL NB2 . 62478
Ga - ' INTECGER NCS €252E -
ue INTEGER THRESE 62518
48 : INTEGER VEC 3578
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