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ABSTRACT 

In this project a method" is presented that enables a,shi.ft, ratation 

and scale independent representation of a 2-dimentional shape in the compu­

ter memory and a cri terion is proposed for the comparison of two (or more.) 

such shapes. The boundary curve is extracted and segmented in to such parts 

that can be represented each by itself with a single valued r(8) function. 

The FFI '. (Fast Fourier Transform) is of these curve segments are taken and 

the Fourier coefficients are truncated after certain value for the sake 

of data r.eduction. 

These truncated Fourier coefficients along with the number of curve 

segments of the shape and a set of values related with the angular span of 
. 

each curve segment form a representation vector of the shape. 

The "distance" between such vectors forms a basis for the compa.rison 

of similarity between different sample shapes. 



.OZETCE 

Bu lJrojede sunu1an yontem 2 boyutlu bir sek1in kayma, donme ve olcek­

terl baglmslz olarak bi1gisayar be11eginde gosterim1enmesini sag1amaktadlr. 

Aynca.2 veya daha faz1a sek1in karSl1astln1maSl icin bir olcUt onerilmistir. 

Slnlr egrisi;,; <;:lkan11p herbiri tek deger1i r(e) is1evi sek1inde gosterile­

bi1 en parca1 ara ayn11 r. Bu egri parca1 an nl n hlZll, four;i.er.'don~sUniq (FFT), 

a11nlr ve Fourier katsaYl1arl veri indirgemesi icin belli bir degerden sonra 

kes i1 i r. 

Bu aza1tl1mlS Fourier katsaYl1arl, egri parca1arlnln saY1Sl ve herbir 

parcanln aClsa1 uzun1uguy1a i1gi1i bir dizi deger1e bir1ikte sek1in gosterim 

vektorUnU olusturur. 

Bu vektor1er araslndaki l uzak11k" degisik sekiller araslDdaki benzer-

1igin olcU1mesi icin bir teme1 olusturur. 



CHAPTER t 
I I~TRODUCTI ON 

Shape recognition is an important branch in the field of the 2-

dimentional pattern recognition. 

As known, shape is the remaining knowledge 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 like robotics, machine-parts 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 information 

about the grey-level of each "pixel" to form the matrix data of the scene. 

The easiest method to obtain the regions (belonging to the objects) is to 

put an appropriate grey-level threshold and compare the grey-level of each 
. 

pixel to that. This method is meaningful as long as the contrast between 

the object and the background is sufficient, otherwise more sophisticated 

methods must be appl ied. Another problem arises when there are several 

objects in the scene. But these problems are out of the scope of this project. 
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The result of thi.s 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 appl i-

cation areas. 

At this step usually a. data reduction is made without loosing however 

any information necessary for discrimenation of different shapes. 

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

The dotted 1 ine shows the path followed in this project. 

REulONS (08JecTs) WAvE f'olt HS 

In this project the- representation vector extraction: goes through 

the following steps: 

a) The smallest circle encircling the shape and an intrinsic direction 

of the shape (that will be defined later) are found. The coordinates of the 

lIobject-pixels ll are transformed into polar coordinates with the origin at 
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the center of the small~st 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; rotation and scale independent. 

b) The boundary curve obtained by cu~ve tracing is to be expressed as 

r(0). This however may not be possible since the function can be, multivalued 

at some points. 

The sol ution to that propose'd in this project is to separate the boun­

dary-curve into such segments, that-each by itself can be represented as , 

r i (0), i = 1, .... ,NOS; NOS being ,:the "number of segments II in the boundary 

curve of a shape. The fOllowing remark about the above mentioned segments 

shoul d be made: 

If we start from a certain point on the boundary and move on it, let 

us say CCW, and note the angl e of center between the poi nt we are on and a 

certain reference direction, we will see that the derivative of the angle 

of center with respect to time, as we keep goi ng on the boundary may change 

sign, i.e. although 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 rotation with respect to the origin occurs we can say that a 

new segment has star-ted. 
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In this fjgure it is shawn how the boundary curve is segmented. The 

numbers are the numbers of the segments. 

Inspite of this measurement still a segment with multivalued r(9) 

function can occur, if it h'as a spiral-like behaviour, i.e. its angular 

span is greater then 360°. 

This case is shown in the following figure. Here segment number 

has an angular span greater than 360°. This problem 'is solved treating the 

rl(ff). function of this segment as one with period 2x3600. Hence we guarantee 

that no overl appi ng in r l (e) i tse 1 f occurs. 

In general, if a particular segment(i) rotates ni times in itself, 

this number ni ,is noted and its r i (6') function is represented within 

0< '8 < n.x3600. , 
Another remark about ri(e)' s must be made: 

r i (8) assumes the r value of i 'th segment in the a! range where the 

segment exists and the value 0 everywhere else. 

Start 
~ 



-r(e) 

1 

3 

360" 

8 

e 

~----------~------------------~~~e 

.c) ri (8), i = ,1, ... ,NOS are sampled, to obtain 2m data points for 

each segment. This treatment is necessary for the FFT that will be used in 

the next step. 

A conven:iier:tt value for m can be chosen, keeping in mind that increa­

sing m increases the number of resulting Fouri~r coefficients, the length 

of the representation vector and hence the acquired computer time, on the 

other hand decreasing m too much may cause se~ere loss of inf~rmation. In 

the example program given as appendix, m is taken as 7. 

d) The FFT's of the sampled r..(8) functions are taken, which results 
I ( . 1 
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in a set of complex 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. 

Choosing an appropriate index of reduction (lOR) only the. first 

2(m-IOR) coefficients are taken (Note: lOR must be less or equal m). 

e) The representation vector is constructed with the number of seg­

ments (NOS) the numbers n· indjcating how many turns a segment makes 
.' 1 

(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 segment. But until now the order number of the segm~nts 

depended.on the starting point of the curve tracing. So at this stage the 

segment with the greatest angular span is called the 1st segment. (If there 

are several much segments the one with the greatest r at the first sample 

point is chosen, if also these are equal second sample points are compared 

etc.). The next segment that appears when moving on the boundary is then 

2nd segment etc. 

The representation vector looks like the below one: 

I " 

NOS number of segments 

1ni 
1.1 . ~:) . 

turn number of each segment 

'\ 

L real and imaginary parts of the reduced 

,\ Fourier coefficients of the 1st segment 

F. coefficients of the Nosth segment 
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3. Cot4PARISON: 

After obtaining an appropriate representation of the shape the last 

problem of shape recognition is to find a criterion for similarity between 

different shapes. 

The similarity is measured by the IIdistance" 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 n,onsupervised learning). 

But it must be defined in an ap.propriate way depending on the appl ication 

field, type of the vector etc. A popular definition of distance is for 

example the Mahalonobis distance d = [(:~l - ~:)T ~_l(~) - ~2nU2 

The simplest case is where ~= I, the Eucl~dean distance. 

For the representation vector constructed in 2 e) the following 

criteria are found suitable for measuring similarity: 

i) If the first entries (NOS) of two rep. vectors are different they 

certainly represent differ.ent shape cl asses. 

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. nil = n;-Z' 

V i = 1, ... ,I~OS) the vectors agai n represent di fferent cl asses. 

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 

nO ... 1 be compared to a threshold or used for clustering. The threshold can be 

determined experimentally. It usually will depend on object size-to-pixel 

ratio and noise. 

This project deals with the extraction of-the representation vector 

only, and suggests,adistanoe;criterion 'for recognition. 

The algorithms for finding the smallest circle, boundary tracing, 

boundary segmentation and interpolation for sampling are original. The FFT 

program is borrowed as a package program. 



CHAPTER I I 

ALGORI THfilS 

The input of the vihol;e program consists of a 1 ist of object-poi nt­

coordinates and some' parameters that must be specified according to app1i­

ca ti on a rea. 

A discussion about the determination of parameter values will be 

given in Chapter III. 

In the algorithms, the points are currently assigned to different 

groups and are stored in arrays. St0ring 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 assignment is made. 

Usually as the scene is being scanned the data is sent simultaneously to 

the memory, so, the number can simply be given according to the order,of 

entrance. This number is the identifica~ion number of the point and for ,;" 

example if a po,int belongs to a certain segment: its identification number 

is simply stored in the array of the segment. Using thj,s number it is always 

possib'le to go back and look up the coordinates of the point. 

1. Algorithm for Finding the'Sma1lest Circle: 

As long as no strong restrictions are put on a shape there exiJsts 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 
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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 

data. 

Yfo/IIN 

-+------~---------------~~---~x XH/N XMAX 

_ - Theorem: Points that lie on a line segment between any two points of 

the boundary are redundant for the determination of the smallest circle, 

because such a nne segment is either chord of the smallest circle or lies 

completely within the circle. 

Hence if one has all the boundary points it is possible to get rid of 

all redundant points, but~e dorr't have them. 

Still there are some points that we know that they certainly lie on 

the boundary, these are the ones touching the sides of the smallest rectangle. 

Connecting those points one obtains a- polygon (minimum 3, maximum 8 corners). 
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I , 
I 

I 

i 

As can be seen in the abDve examples also all points within that 

polygon are redundant. On the other hand those outside the polygon may .or 

may not be:;so. Therefore we keep only those points outside that polygon and 

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-line is written in the following 

manner: 

For a side with corner,.coordinates 

the equation looks like: 

where (:: ') is the nonnal vector of the line 

"';.Yi+l) 

- x· 
1 

S·ince each side-line divides the 2-dimentional plane into two half 

planes one must determine which half plane is the one that containes the .' 
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(

X. 2) polygon. To do that a third corner. 1+ _is placed 
Yi+2 

into the equation of 

tne side (between (xi' Yi) and (xi+J 'Yi+l))' 

The right.handstde.: of the equation becomes different than zero. The sign 

of this value at the right handside supplies the knowledge about the half­

plane that contains t~e polygon. 

Any point:that gives a resul t with the same sign is tn.;the hal f-pl ane 

that contains the polygon. 

hnlf-elorae. 
tDntQltlin .9 
+h~ polj.9OW\ 

(X,l) ~l) 

hrilf-r.lon~ 
witho,ut 
fO~~o~ 

, If a point lies in the half-plane containing the polygon for each 

side-line then it lies within the ~olygo~. 

All points are che~ked and only those outside the polygon are used 

in the i terati on. , 

Iteration for Finding the Center: . 
The method used in the iteration resembles the intuitive behaviour 

of a human trying to encircle an object with a ring with adjustable radius. 

He first ensures ,that the object lies within the circle, than ~he reduces 

the radius to the smallest possible .. value, given the particular center .. ,' 
. 

After do~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 donlt touch anymore 
-

and hence the ring-radius can be reduced. If ther.e are however other touch-

ing points in the "opposite direction" of the shift, such a shift is of '-_i 

course not justified. When no shift and no reduction of radius is possible 

the smallest circle is found. 

This intuitive method is applied as follows: 

- Initiate the center coordinates of the circle with those of the smallest 

rectangle. 

- Find the furthest data point(s) from this center and note the angles 

of center between these poi nts. The di stance of the furthest poi nt is RMAX 

for the time being. A tolerance of iteration EPS (epsy10n) is chosen, and 

also those points with a distance from the center greater or equal to 

(RfMX - EPS) are considered as having maximum distance. This corresponds 

to considering the circi:1e as a ring of with EPS. (t~ore information about 

EPS is given in the "Comments") 

- - Call the so formed angles od center ails. There vlill be as many als 

as the number of points touching the ring with the above determined center 

and radi us RMAX . 

. If there is a single such point shift the center. coordinates in the 

direction of this touching point for a distance STEP. (STEP must be chosen 

by the programmer) 

. If there are several such points check if there is any a greater than 
1 , 

180 0 • If there is such an a. shift the center of the circle in the direction 
1 



of the bisector of a. for a dis tance = STEP _. 
1 
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· If-there are ~ore than one touc.hing points but no a.greater than 180 0 

1 -

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·i.distance is greater than the previous value of RMAX this is 

an unjustified sh·ift, hence go back in the same direction to half of the 

distance from the old center. Find again the furthest point and repeat-this 

step until you obtain a radius less than the previous RMAX. 

· If the distance of the furthest point is less than. R1~AX this is a 

justified 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 a.greater than 
1 

1800 is found. The below figure:'shQWs;, differenLsteps of the iteration. 

r-~----------------------~I 

'\ i 
\\ 
{~ 

] 
.I 

/' 

The ~oordinates of the data points (incl~ding those within the polygon) 

are transferred into po·lar coordinates with the origin at the center of the 

circle, i.e. two new arrays are generated where a list of rand 8 values are 

stored. according to the identifi·cation 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 

normal ization. 

2. Algorithm for Boundary Tracing and Segmentation; 

In the following algorithm both the boundary extracto,on from the 

region data and segmentation of the boundary are made by simultaneously. 

Before.exp1aining the algorithm let us first define some concepts: 

We are going to trace the boundary starting from a point that touches 

the smallest ciec1e, because such a point certainly belongs to the boundary. 

We will move on the boundary CCW, this however doesn1t mean that the angle 

of center with respect to the origin (center of the smallest circle) is 

always going to increase as we move. This is anyway how diffe·r.ent s.egments 

of the boundary are distinguished from each other. 

Segments that y.ie1d increasing angle of center as we keep moving on 

the boundary in CCW sense will be assigned a positive IIturn ll (!TURN = +1 in 

the program), those that yield dea~easing angle of. center a negative turn 

(!TURN = -:' 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 di.rection 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 

circ1e.1 , 
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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 E = 1.01 x ~ , this value 

allows maximum 8 nearest neighbours.:; .( E is discussed in further detail 

in the "Comments" part). 

• • • • • 

• • . -.. . 
/~E 

• • j • 
I • • • \ 

• ., .~.//-:~ .. . ,.,. .. 

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

give a -tturn with respect to the first point. If there are several such· 

points the one with greatest r val ue is chosen since as we are moving on ·.t 

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 

-turn and smallest r is chosen, since this means that we are starti.ng with 

a -turn segment. The nearest neighbour with the smallest r is chosen as the 

next point in this case,because a -turn segment on aCCW boundary means 

"beginning of a concavityD, hence we want the in-most point~ 

+ 

S;
\~ \. rz \,.. 

\T \ \ _ \"J\ \ 

\\ \\ '" 

\ .. ---- . \\ 
, \ 
\ \ 
\ ' 

\ \ 

\\ 
\ 

\ 
\ 

Center 
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- Once the ne~t point is determined, now this point is treated as the 

center 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 particular segment we are on. If there is no such point within E, 

increase E for 1.Olxl2 and search for the nearest neighbours yiel ding the 

same segment-turn within this radius, if still no such point exists keep on 

increasing E up to a certain limit,. which is conveniently can be taken as 

three times the original val ue of E. (The significance of this 1 imit is dis­

cussed in the IIComments"). If there still no next point that yield the .same 

turn as the one of the segment, this means that a new segment is starting, 

which of course has the opposite turn. 

In this case go back to the neighbourhood with radius E= 1.Olxv'2 and 

choose the point with greatest or smallest r depending on whether the new 

segment has a+ or - turn respectively. 

When a point is deteni1ined as the next point and placed in a segment, 

put a check on this point, such that it wonlt be considered afterwards. 

- The tracing is finished when the first starUng 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. 

(All along this algorithm the distance calculations between pOints are 

made using the Cartesian coordinates, since 

i) Distances donlt change with coordinate transformation 

ii) Cartesian coordinates are more suitable and yield less calculation 

error). 

3. Turn' Correction, Span Expansion, Determination of ni IS and Sampli'ng: 

The following processes are ~ppl ied to each segment. 

I , 
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- If the segment has a -turn, the order of the segment points cts, 

reversed. 

- Checking the angles of the segment points the angular span and ni 
are determined. For those segments with~n;>l the definition interval of 

r i (8) i,s expanded to ni x21T. 

"Yl. = 2 

-;r----------
3
-.
60
I-.. --------+-9'.' 

(211:) 

360" 

~ r.(8) is sampled with a grid separation DELTA where 
1 

DELTA = ni 21T/(2m - 1). Such a sampling yields 2m points. 

In the sampling process for a sampling point that lies between two data 

points simple interpolation is used, i.e. given r i ,',8i' 'and ri+l , 81+1 

8i < (k-l )DELTA < 8i+l 

the r value for kth sampling point 

rk = ri + I (k-l )DELTA - Bi I (ri+l - r i )/(8 i-tl -8 i ) 

4. Determination of the Zero Angle: 

To make the representation rotation-independent an intrinsic direction 

of the shape must be defined. Thi~ is defined as the starting angle of the 

1 onges t segment. 

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

(etc.,'as described in II.e) is chosen. 
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5. Fourier Coefficients and Normalizations: 

The FFT of each segment is taken using the 2m sampled p6ints. The 

obta i ned coeffi cients are truncated with lOR and are combi ned in magni tude 

and phase form. lOR will be discussed ·in further detail in the "Comments". 

The magnitude is divided by RMAX for the sake of scale nonnalization. 

The phase is shifted for8 0/n., where 80 is starting angle of the 
. 1 

l.ongest segment - which will start from 00 from now on (by definition) -. 

The reason for divi ding .80 by ni is the fact that such a shift means 

really a shift of 80 degree if n. is 1, i.e. r:(8) is defined in [0 , 21T], 
1 1 

but for ni > 1 a shift of 80 degree in with respect to the absolute coor-

dinates, will mean only a shift of!o degree of phase shift, since ri(B) 

has a period of 21Txn .. 
] 

After the normalizations the coefficients are again converted into 

real-and-imaginary form. 



CHAPTER II I ' 

COi1j~ENTS 

L The .input of th-e a1goriiti}ms' .consists of the coordinate data and the 

values assigned to some parameters. The choice of the£e values is left to the 

programmer. Let us cons i der..:these parameters one-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 increasl 

the number of iterations 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.possib1e deviation is approximately equal to 

EPS). Such a deviation is especially dangerous for the next stages of the met­

hod presented. The segmentation of the boundary curve is made according to a 

change of sense of rotation with respect to the center. Hence a deviation in 

the center coordinates can result in finding a wrong (actually non-existing) 

seg~ent or in skipping a segment that do~s exist. 

In view of this danger and the fact that the iteration used heredoesn I.t 

acquire too much time anyway, a small value for EPS should be preferred. In the 

program given in the appendix it is taken as 1, a rather convenient value that 

reduces the possible deviation to a pixel sdze. 

b) STEP =-Thisva1ue is the step size used in the detennination of the 

smallest circle. Although appearent1y a large STEP size will decrease the num­

ber of iterations, this is not true, si nce if a too 1 arge STEP is used, the 

center'wi11 be shifted through the right location 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 convenient value. I 
I 

c) E and upper 1 imit of E = E is the radi us of nearest neighbourhood 

used in boundary 'eurve 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 given a discrete data. The num­

ber of the nearest neighbours of a pixel is 8. So a radius slightly larger 

than the distance between the center pixel and a diagonal neighbour ( =v-z-) 
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 the last segment~ i.e. a point 

that yields' the same IIturn ll 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:, 

., 
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The left figure shows what happens .if the radius of nearest neighbour­

hood is not increased: Each change in turn is accepted as a new segment, re~ 

su1ting in a series of segments each consisting of twopoints only, this is 

however a serious mistake because such a data like shown in the figures would 

usually result when a straight line appe~rs with an angle of 45° to the par­

ticular coordinate system. Hence a line that would be represented by a single 

segment can look like consisting 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 going on. This is actually nothiD9 but ·smooting~ 

The upper limit put on E determines the degree Qf. smoothing. 

If the upper .limit is chosen too large some of the segments will simply 

the skipped. 

The sol i d 1 ike shows the true boundary whereas the dotted 1 i ne represent~ 

the result of a high upper limit of E. 

Choosing the starting value (usually taken ~ 1.Olx;Z-) of E to high has 

practically the same result as a high upper limit, some segments will be auto­

matically skipped. 

An upper 1 imit of 2x1. 01 v'2 takes care of segmentation mi stakes due 
-

to rotation with respect to the coordinate sys~em and any mistake up to app-

roximately 2 pixel size. 

An upper limit" of 3xl.Ol;Z- is rather convenient, it means a smoothing 



of the order of 3-pixel size, a reasonable tolerance in view of possible 

noise and EPS (resulting in a tolerance of center location). 

d) m and lOR = (In the program m appears:as NB2 = m of sampling 

points with basis 2) 

Each r i (8) sampled to obtained 2m dat~ points, high m values ensure 

a better sampling, but increase the number of the resulting Fourier coeffi­

cients. 

It should.be noted that 2rrxn i /2(m-l) determines the sampling grid spa­

cing, this spacing is however in terms of angle. As a result of this obser­

vation one could say that for boundary parts passing near the origin a low m 

will be sufficient since the angular spacing between neighbouring pixels 

. near the origin are much larger than that between pixels far from the origin. 

But a unique m value must be chosen that will take care also of the worst 

conditions. So the choice of a high m value is meaningful especially for 

those parts of the boundary that are nar from the origin. 

lOR shows the extend of truncation of the Fourier coefficients, namely 

the original number of coefficients is divided by 210R. 

The figures in the next two pages show the effects of different lOR 

values.and justify the truncation of the Fourier coefficients. 

In general even very few coefficients can yield enough 'information for 

discrimination or'shapes with same NOS and ni (i = 1, ... ,NOS) values. 

Since the final length of the representation vector depends only on the 

difference (m - IOR), it is advisable to i.ncrease both m and lOR for better 

result without changing the rep. vector length. 

2. The presented method for shape recognition has the foll owing 

handicaps: 

a) As can be uderstaad from the algorithm 11.2 only the Qutmost 

boundary is extracted, in other words the IIholes li in a shape - if there are 

some - are ignored. 
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b) As stated in 1.3, a "distance" is defined only between shapes with 

same NOS and ni ' i = 1, ... ,NOS. Whereas shapes with different NOS or ni' 

i = 1, ... ,NOS are automatically considered as belonging to different classes 

without allowing any tolerance. But this property can also be considered as 

an advantage as will be explained in the next chapter. 

I 



1. Discussion: 

CHAPTER ,: IV 

DISCUSSION 
AND 

CONCLUSION 

As summarized by the simple illusration in 1.2, there are very different 

methods of shape recognition each suitable for another application area. 

Classifications of different methods can be made according to various 

criteria: 

a) External and internal methods, depending on whether they consider 

the whole (object) region or- only the boundary; respectively (the method 

~resented in this thesis is an internal one). 

b) Scalar transform and space domain techniques, dependin~ 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 or not. (the classification of our 

method according to this criteria depends to a grea.t extend on the value of 

lOR) • 

Let us go over the most important techniques: 

A very conmon class of techniques is the contour processing in space 

domain, where the shape can be approximated by polygons or higher order . , 



2.7 

curves or a syntactic analysis can be made. 

Polygonal approxi~ations are presented. by Pavlidis 121, Davis 131, 

Freeman 141· In synactic analysis the contour is encoded into a string 

of the form V = V.i' i= 1, ... ,n where Vi 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. 

"f /.s 5*' It v t 
3 

Another class of techniques is the transformation into graph~ and 

thinning algorithms. The well-known method of medial axis transformation 

(Skeleton) is presented by Blum and Nagel 151 and used for a linear approx­

imation of the skeleton by ~~ontanani 161. 

Ther:e are also projection methods - projections of the shape taken in 

one or several directions - and an interesting technique is· the one that 

makes use of the probabilistic distribution of all possible cord lengths of 

the boundary.curve for shape matching by S.P. Smith and A .. K. Jain PI. 
A set of more promising techniques involve the Fourier transform of " 

the boundary. This is expressed in terms· of tangent angle versus arc length 

as presented by Zahn and Roskies 181 and some others or as the complex func- . 

tion bx(~) - jby(~) 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 ap~l ication areas 1 ike biological recog-
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nition or hand printed letter recognition, where the skeleton of the shape 

supplies more information necessary for the discrimination of different 

classes than the boundary does. 

The projection techniques - although they require less computation 

result in considerabie 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 transfonm methods. 

In the first part we try to aOhieve the recognition on the basis of the 

string V = Vi ' i =l, ... ,n where Vi IS consist of the number of boundary 

s;egments {NOS) and ni IS (defined in Chapter I). 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 that the computational complexity 

is not inserted until necessary. 

2. Conclusion: 

Although clustering methods can be applied in cases where no knowledge 

about the classes is available (below figure shows to nils; clustering met­

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. 

1-1053 
.~----

sroups ::> 

~ ~ 
n" I \ No~f 

I t1 i /\ ,-*?' (~j,: 
'Sub~fDLtfS ~._._ . 



b) Another property of the method is its sensitivity to the proportions 

of the shapes. Variations of the proportions that could be tolerated in other 

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 in cases where the samples to 

be assigned to the same class are expected to have completely identical 

shape and proportions - for examp)e this is not the case in hand-printed 

letter recognition or biological applications -. 

An area trrat 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 other hand i,n 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 single~object.pictures of each part that constitute 

the input of the algorithm. 

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

of th~ algorithm. 
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~M MAIN 74/17b OPT=O,RGC~D= ~I SI M/-[,-US FT~ 5.1+577 
'-OT.ARG=-CQMMON/-FIXEO,(S= USE~/-FIXEC,CB=-TE/-se/-SLI FR/-IDI-FMD/-ST 
~TP.ECj,t3=bIN. 

c 
PROGRAM ~AIN (I~PLT,CuTFUT,TRANS,T~PE6=OUTPUT,TAPE8=TRANS) 

r.I~ENSION IX(900),IY(9CC) 
CIMENSION X(900),Y(9CG),ISXA(2),ISXI(2),ISYA(Z),ISYI(Z) 
r.IMENSIO~ IPCLY(8),C(8),SICE(e),ITU(€CO) 
RI::.AL f'..X(8),Ny(8) . 
DIMENSION LIR(9G),A(qOC),K(~O),R(9CO),Th(qOO) 

OlME~SIGN INEAR(80),S(8C),ICHECK(SCO) 
DIMENSIONINUM(100),ISEG(lOC,5CG),ITlRN(100) 

C DATA (IX(I),I=1,291)/20,21,22,23,24,25,26,27,28,29,30,31, 
C &3~,33,34,35,3t,37,38,39,4G,41,4Z,43,44,45,46,47,4B,49 ,5C, 
C L51,52,53,54,55,5~,57,58,59,6C,61,62,c3,64,c5,66,c7,68,69, 

c t70,71,72,73,74,75,7t,77,78,79,8C,81,e2,63,84,85,86,87,88, 
C ~89,10*90,91,g2,93,94,95,96,97,98,1C*98,9S,q7,96,95,94,93, 

C ~9~,91,10*91,qC,89,88,87,S6,S5,84,83,82,81,80,79,78,77,76, 

C &75,74,73,72,71,9*71,7C,69,68,67,6~,65,64,63,62,61,60,59,58, 
C ~57,56,55,54,53,52,51,5C,49,48,47,4C,45,44,43,42,41,40,39,38, 

C ~37,36,35,34,33,32,31,3C,2C.30,31,3i,~3,34,35,36,37,38,39,40, 
C ~40,B*41,3*4C,39,3d,37,3t,35,34,33,32,31,3C,29,2B,27,20,25,24, 
C ~23,22,22,2.21,5*2G,21,22,23,24,2~,26,27,28,29,30,31,32,33,34, 
C ~35,36,37,3e,39,4c,41,42,43,3*44,~*45,t~4c,45,441 

C DATA (IX(I),I=292,51c)/43,42,~1,4C,3S,38,37,36,35,34,33,~2,31, 
C &30,29,28,27,26,25,24,23,22,21,2C,19,18,17,16,15,14,13,12,11,IC, 
C tS,8,7,6,5,4,3,2,1,0,-1,-2,-3,-4,-5,-c,-7,-8,-9,-10,-11,-12,-13, 
c &-14,-15,-16,-17,-18,-19,-20,-21,-22,-23,-24,-25,-26,-27,-28,-29, 
C ~-30,-31,-32,-33,-34,-35,-36,-37,~38,-39,-40,-41,-42,-43,-44, 
C ~10*-44,-43,-42,-41,-40,-3~,-3e,-37,-36,-35,-34,-33,-32,-31,-30, 

C c-29,-28,-27,-26,-25,-24,-23,-22,-21,2*-20,5*-19,2*-20,-21,-22, 
C &-23,-24,-25,-26,-27,-28,-29,-30,-31,-32,-33,-34,-35,-36,-37,-38, 
C &-39,8*-40,-39,-38,-37,-36,-35,-34,-33,-32,-31,-3C,19*-3G,-31, 
C &-32,-33,-34,-35,-36,-37,-38,-39,-4C,-41,-42,-43,-44,-45,-4c, 
C ~-47,-48,-49,-50,-~1,-52,-53,-54,-55,-56,-57,-58,-59,-60,-61,-62, 
C ~-63,-b4,-65,-66,-67,-68,-681 
C DATA (IX(I),I=517,815)/-6~,~*-70,-71,-72,-73,-74,-75,-76,-77, 

C E-78,-79,-80,-81,-82,-83,-B4,-85,-8c,-87,-BS,-89,9*-S9,-9C,-91, 
C &-92,-93,-94,-95,-96,-97,11*-97,-96,-S5,-94,-93,-S2,~91,-90, 
C &-89,9*-89,-68,-87,-86,-E5,-64,-83,-82,-81,-8C,-7Q,-78,-77,-76, 
C E.-75 , -7 4, -73, -7 2,-71, -7 0, -6 9, -6"8, -6 7, - 66, -6 5, -64, - 6 3, -6 2, - 61, 
C ~-bC,-59,-5e,-57,-56,-55,-54,-53,-52,-51,-50,-49,-48,-47,-46,-45, 

c ~-44,-43,-42,-41,-40,-39,-3e,-37,-3c,-35,-34,-33,-32,-31,-3C,-29, 
c ~-28,-27,-26,-25,-24,-23,-22,-21,-2C,-2C,9*-19,2*-20,-21,-22,-23, 
C t-24,-25,-Z6,-27,-28,-29,-29,6*-30,2*-29,-28,-27,-26,-25,-24, 
C E-23,-22,-21,-20,q*-19,-le,-17~-16,-15,-14,-13,-12,-11,-lC,9*-1C, 
c &-9.,-8,-7,-6,-5,-4,-3,-2,-2,-1,0,IC.1,2,3,4,5,6,7,8,9,10,10,lC*11 
C &12,13,14,15,16,17,18,19,2C,21,22,23,24,25,26,27,28,29,3U,31, 
C &q*31,2*30,29,28,27,2c,25,24,23,22,21,~O,8*201 
C GATA (IY(I),I=1,216)/71*-S,-B,-7,-6,-5,-4,-3,-2,-1,C,8*O,1,2,3, 
C ~4,5,6,7,E,9,lC,8*11,12,13,1~,15,16,17,18,1q,20,21,20*21,22,23, 
C ~24,25,2b,27,28,29,3G,41*3C,31,32,33,34,35,30,37,38,39,4G,41,42. 

C t.43t44,45,<tc,47,48,4t1·,5C,lC*SOI . 
C 'nATA (IY(I),I=2i7,421J/51,~2,53,54,55,56,~7,58,5G,5Q,6C,~1, 

c ~'lb*tl,6l,b3,64,05,ct,67,6e!b9,70,71,3*72,7*73,4*7~,3 *75,76,i*77, 
r ~7b,7q,BG,ol,82,b3,84,d5,8t,tJ,8b,as,SC,~O*9a,8q,e8,87,8b,H5,e4, 

c ~e3,~~,81,Ht,7Y,78,77,3*7t,c*7~,<t*74,4*73,2*72,71,7C,6 ~,te,t7,66, 

c ~65,~4~63,621 
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C DATA (IY(I),I=4L2,6tC)/3~01,15*6C,5~,58,57,56,55,54,53,52,51,?1, 
C ~q*50,~q,4b,47,46,45,44,43,42,41,4C,3q,38,37,36,35,34,33,32,)1,' 
C h36*31,2*30;29,28,~7,26,~5,24,23,22,21,15*21,4*20,lq,18,17,16,15, 
C ~14,13,12,11,8*11,lC,q,8,7,6,5,4,3,2,1,O,e*O,-1,-2,-3,-4,-~,-6,-7, 
C t-B,-q,69*-lG,-91 
C DATA (IY(I),I=661,81S)/-8,-7,-6,-S,-4,-3,-2,-1,O,O,1,9*1,2,3,4,5, 
C ~6,7,8,q,1C,9*11,1i,13,14,1S,16,17,1a,1q,2C,20,6*21,2*20,19,18, 
C ~17,16,1~,14,13,12,11,8*10,3*11,12,13,14,15,16,17,18,19,2(,21,9*21, 
C E20,19,18,17~16,15,14,13,12,11,10,2C*1C,q,8,7,t,5,4,3,2,1,1,0, 
C E10*O,-1,-2,-3,-4,-5,-b,-7,-tll 
CC DATA(IX(I),1=1,21C)/71,i2,73,74,7S,7t,77,78,79,aC,81,82,e3,84,85, 
CC ~8b,87,8B,8q,qO,91,92,2*q3,94,3*qS,2*G6,2*97,2*98,2*qG ,2*10C,2*101 
CC &,2*102 
CC ~,1C3,2*104,2*105,106,2*107,3*108,1Cq,1C7,1(6,2*1C5,104,1C3,102, 
CC E101,1GO,99,2*98,97,2*q6,9~,q4,93,92,G1,90,89,88,87,86 ,85,B4,83,82 
CC &,81,80,79,78,77,70,75,2*74,2*75,2*76,2*77,2*78,2*7G,8G,2*81,2*82, 
CC ~2*83,2*B4,2*85,2*86,2*87,2*88,2*e9,2~qO,2*91,2*92,2*9 3,2*94,2*G5, 
CC &2*96,3*97,2*98,2*99,2*100,3*101,2*1C2,2*103,2*104,2*105,2*106,2* 
CC bl07,2~108,2*109,2*11C,2~111,2*112,2*113,11~,115,116,117,11e,11G, 
CC b12C,121,122,123,12~,1Z~,126,127,12e,1~9,2*13C,131,132,13~,134,135 

CC ~,136,137,13b,139,140,141,142,143,144,145,146,147,148, 149,2*1501 

CC DATA(IX(I),1=211,42C)/2~151,2*152,2*153,2*154,2*155,2*156,2*157,2 
CC ~*158,157,156,155,154,153,15Z,151,15C,149,14B,147,146,145,144,143, 

CC ~142,141,14C,139,138,137,136,135,134,133,2*132,131,130,129,128,127 

CC ~,12t,125,124,2*123,122,121,120,119,11e,117,2*116,115,114,113,112, 

CC ~2*111,110,109,108,107,1G6,1G5,104,103,2*102,101,100,99,98,97,96, 

CC E2*95,94,93,92,91,2*9C,8~,88,87,86,e5,84,83,82,81,8C,7 Q,7e,77,76, 

CC E75,74,73,2*72,71,7C,3*6G,2.68,2*67,2~66,2*65,2*64,2*~3,2*62,2*61, 

CC ~2*tC,61,62,63,64,65,66,ti,68,69,7C,71,72,73,74,75,76,77,78,7~,EO, 

CC ~81,B2,83,84,85,86,87,88,8~,qO,91,92,G3,94,3*95,94,2*93,2*92,2*91, 

CC E90,2*89,2*8b,2*e7,2*e6~e5,2*84,2*8~,E2,2*e1.2*80,2*7q,78,2*77,2v 

CC ~76,2*75,74,l*73,2*721 
CC DATA(IX{I),1=421,628)/2*71,2*70,2*t9,2*68,2*67,2*66,2* 65,2*t~,2* 
CC ~63,2*t2,2*61,bO,2*5~,2*58,2*57,56,55,54,53,52,S1,50,4 q,48,47,46, 
CC E45,44,43,42,41,40,3Q,38,37,36,35,34,2*33,32,31,3C,29,28,27,26,25, 
CC ~24,23,22,21,20,2*19,2*1E,2*17,16,2*1~,2*14,2*13,12,2*11,2*10,2*9, 
CC E2*8,2*7,2*6,2*5,2*4,3,2,3*1,C,I,2,~,4,5,6,7,8,9,10,11,12,13,14,151 
CC t,16,17,le,19,20,21,22,23,24,25,26,27,2e,29,30~31,2*32,33,34,35,36: 
CC E,2*37,2*3d,39~2*4C,41,2~42,2*43,44,2.~5,2*46,47,48,49,50,51,52,531 
CC &,~4,5;,5t,57,58,5~,bO,61,62,63~64,t5,t6,67,68,69,70,71,72,73,74, 

CC &75,76,~7,78,79,3*BO,2*79,2*78,2*77,76,2*75,2*74,2*73,72,711 
CC CAT~(IY(I),1~1,210)/11,lC~2*9,2*e,2*7,2*~,5,2*4,2*3,2,2*1,2*2,5, 
CC &6,8,2*9,1C,11,12,13,14,1S,16,17,1S,lG,2*20,21,22,23,24,25,26,27, 
CC ~28,29,30,31,32,33,34,35,36,35,36,2*37,2*38,2*39,2*40,2*41,3*42,2 0 : 
CC ~43,2*44,2.~5,46,2*47,2*48,2*49,5C,2*51,2*52,2*53,2.S4,5~,56,57,58 
CC ~,59,2*60,b1,6Z,03,64,b5,6t,67,68,6q,7C,71,2*72,7;,74,75,76,77,781 
CC &79",aO,2*81,82,S3,84,85,86,e7,2*Se,e9,QO,91,9Z,93,94,2*95,96,2*G7, 
CC ~q8,99,100,101,2*102,1C3,2*IC4,1C5,1Gt,107,108,10q,11C,111,112,2* 
CC ~113,114,115,2*116,117,11e,119,12C,121,122,123,124,125,2*124,2*123 
CC ~'L*122,2*121,120,2*11q,2*11B,2*117,2~116,2*115,2*114,2*113,112,~* 
CC ~111,2*11C,2*109,2*10e,107,3*106,107,1C8,1C91 
CC DATA(lY(Il,I=211,420)/110,111,112,11~,114,2*115,116,117,2*11e,11~ 
CC t,120,121,12~,123,2*124,2*125,2*126,127,2*128,2*12q,2*13u,2*131, 
ct tI32,2*lj3,2*13~,2*135,2*136,2*137,2*138,2*139,2*14C,2*141,2*14Z,~ 
CC l*14J'L*14~,2*14?,2*146,~*147,2*14e,2*149,2*150,2*151,2*152,2~1~~, 
CC ~2*1~4,2*lS5,2*1~6,2*157,2.1~8,2*15q,2*160,2.161,2*lt? ,2*lt3,2*lb~ 
CC ~,i*166,2*16t,161,2*168,~*1t9,2*170,2.171,~*172,173,172,171,170,2~ 
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CC &loG,lbA,2*lb7,166,165,lt4,lt3,2*lt2,161,16C,15G,15e,157,156,2*i55 
CC ~~2*154'L*15j,152,2*151,Z*15C,149,2*148,2*147,2*146,145,2*144,2* 
CC ~143,2*142,141,2*140,2*13q,20138,2*137,2*136,135,134,133,132,131, 
CC &13C,129,128,127,126,125,124,123,122,121,120,119,116,117,116,115, 
CC &114,113,112,111,11C,lCG,lC€,lC7,106,lC5,104,103,102,101,10C,99,98 
CC ~,97,9b,95,941 -
CC OATA(lY(I),I=421,b28}/93,92,91,9C,89,2*88,87,86,85,84, 63,B2,2*€1, 
CC ~80,79,78,77,70,75,74,73,72,71,70,t9,t8,67,2*66,2*67,2*68,2*69,70, 
CC &Z*71,2*72,2*73,74,2*75,2*76,2*77,2*78,2*79,2*80,2*81, 2*82,83~2*B4 
CC e ,3 * e 5,84 ,83,82, in, 8 G , 79,78,77,76,75,74,73,72,71,70,69,68,67,66,65 
CC &,64,2*63,62,cl,6o,59,5a,57,56,55,54,:3,52,51,2*5C,2*49,2*48,2*47, 
cc E46,2*45,44,2*43,2942,2*41,2*40,3S,2*38,2*37,2*36,2*35,2*34,2*33,2 
CC ~*32,2*31,32,33,34,35,36,37,38,39,4C,41,42,43,44,45,46,2*47,48,2* 
CC ~47,46,Z*45,2*44,2*43,42,2*41,2*4C,2*39,2*38,37'L*36,2*35,2*34,2* 
CC ~33,2*32,31,2*30,2*29,2a,2i,26,25,24,23,2Z,21,ZO,19,18,17,16,15,14 
CC 6.,13,121 

OATA(IX(I),I=1,213}/O,1,2,3,4,5,c,7,8,9,1C,11,12,13,14,15,16-,17, 
E18,19,11*2C,21,22,23,24.,25,26, 
~27,28,29,3C,31,32,33,34,35,~6,37,38,39,11*40,41,42,43,44,45,46,47 
~,48,4~,21*50,49,48,47,46,45,44,43,42,41,40,39,38,37,36,35,34,33, 

&32,31,41*3C,31,32,33,34,35,36,37,3e,39,4C,41,42,43,44,45,46,47,48 
&,49,11*50,4~,48,47,46,45,44,43,42,41~40,39,38,37,36,35,34;33,32, 
&31,30,29,28,27,26,25,24,23,22,21,2C,19,181 
DATA(IX(I),1=214,34G}/17,16,15,14,13,12,11,1C,9,8,7,6,5,4,3,2,1, 

&11*0,1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,41*20,19,18, 
t17,16,15,14,13,12,11,1C,Q,a,7,6,5,4,3,2,1,20*OI 
OATA(IY(I),I=1,213}/21*C,I,2,3,4,5,6,7,8,9,21*10,9,a,7,6,5,4,3,2, 
e1,11*G,1,2,3,4,5,t,7,8,~,lc,11,12,13,14,15,16,17,18,19,21*20,21, 
~22,23,24,25,2t,27,28,29,3C,31,32,33,34,35,36,37,38,39,40,41,42, 

~43,44,45,46,47,48,49,5C,51,52,53,54,55,5C,57~58,59,21*60,61,62, 
&t3,64,65,6t,67,68,69,33~7CI 
DATA(IY(I),I=214,340)/18*7C,69,68,t7,66,65,64,63,62,61,21*60,59, 
~58,~7,56,55,54,53,52,51,5C,49,4e,47,4t,45,44,43,42,41,40,39,38, 
~37,36,35,34,33,~2,31,3C,29,28,27,2c,25,24,23,22,21,21*20,19,18, 

&17,16,15,14,13,12,11,1C,9,8,7,6,5,4,3,Z,11 
NtN=340 
00 1 I=1,NEN 
WRITE(6,*)'E:NTRY: ',I,' x: ',IX(I),' Y: ',IY(l} 
X(I}=FLOAT(IX(I)} 

1 Y(I.)=FLGAT(IY(I» 
DATA XMAX,YM~X,X~IN,YMI~/2*-1000CGC.,2*100COOO.I 
DATA hXA,~XI,NYA,NYI/4*OI 

00 11 1=1,2 
ISXACI}=1 
ISXI(I)=1 
ISYA<.I}=1 
ISYI(I)=1 

11 CONTINUE: 
CO 100 I=2,r-;EN 
IF(X(I}-XMAX}19,1G,2C 

10 IF(NXA-l}Z,3,4 
4 IF(Y(I).LT.Y(lSXA(1)})GC Te 5 

Ir(Y(I).GT.Y(ISX~t2»)GO Te 6 
GU TO 19 

:; ISXA(U=I 
GU TO 19 

" ISXAlL}=T< 

64) 
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GU TO 19 
3 IFCY(I'-Y(ISXA(1»)7,7,8 
7 ISXA(l'=ISXA(l) 

ISXA(U=I 
GO TO 9 

e I5XA(2)=I 
q NXA=2 

GO TO 19 
2· ISXA(U=I 

NXA=1 
GO 10 19 

20 XMA)<=X(l) 
ISXA(l)=! 
NXA=1 

19 TF(XMIN-X(I»39,.3C,~O 

30 IF(hXI-l)22,23,2~ 
24 IF(Y(I).L1.Y(ISXI(1»)GC 10 25 

IF(Y(l).GT.Y(ISXI(Z»)GG 1e 26 
GO TO 39 

25 15XICl)=I 
GO TO 39 

26 ISXI(21=1 
GO TO 39 

23 IF(Y(I)-Y(IS~I(11)127,27,2e 
27 ISXI(21=ISXI(11 

ISX1(ll=I 
GO TO 29 

28 ISXI(l)=I 
29 NXI=2 

GO TO 39 
22 . I$X1(1)=1 

NXI=2 
GO TO 39 

40 XMII\=X(Il 
15X1(1)=I 
NxI=l 

39 IF(Y(I)-YMAX159,5C,60 
50 IF(NYA-l)~2,~3,44 
44 IF(X(I).LT.X(ISYA(l»)GG Te 45 

IFCX(Il.GT.X(lSYtdZ»)GC Te 46" 
GO TO 59 

45 ISYA(ll=I 
GO TO 59 

4b ISYA(Z)=I 
GC Te 59 

43 IF(X.(Il-X(ISYA(1»)47,47,48 
47 ISYA(2)=ISYA(11 

ISYA(ll=I 
Gu TO 4<1 

48 I::'YAl.::l=I 
49 NYA=2 

GL TO 59 
42 lSYA(ll=T 

1\'(11=1 
Gu TO 511 

60 YMAX=Y(l) 
ISYA(ll:t:! 

FTf\ 5.1+577 
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NYA=l 
59 IFCYMl~-Y(I»79,7C,~C 
70 IFCNYI-l)o2,63,64 
64 IFCX(I).LT.xCI5YI(1»)GG Te 65 

IFCXCI).GT.X(I5YI(2»)GG TO 66 
G(J TO 79 

65 ISYICll=I 
GO TO 79 

66 ISYI(2)=I 
GU TO 79 

63 IFCXCl)-X(ISYICl»)67,67,68 
67 ISYI(2)=ISYI(I) 

ISYlCll=I 
GO TO 69 

68 ISYI(2)=1 
69 NYI=2 

GO TO 79 
62 ISYI(l)=I 

NYI=2 
GG TO 79 

80 YMIf'oc=Y(I) 
ISYI (1)=1 
NYI=l 

79 CONTINUE 
100 CONTINUt: 

FTt-; 5.1+577 

C WRITE(6,~)'XMAX,XMIN,Y~AX,YMIN: ',XM~X,XMIN,YMAX,YMIN 

NOPC=O 
00 90 I=l,NXA 
NGPC=NOPO+1 

90 IPOLY(NOPO)=ISXACI) 
IF(ISXA(NXA).~a.ISYACNYA»NGPC=NCPC-l 
DO 95 I=l,NYA 
NCPC=NOPO+1 

95 IPOLY(NOPO)=ISYACNYA+1-I) 
IFCISYA(l).~O.ISXI(NXI»NOPG=NOPO-1 

DO 102 I=I,NXI 
NOPC=NOPO+l 

102 IPOLY(~GPO)=ISXICNXI+I-I) 
IFCISXI(l).EQ.ISYICl»NCPO=NOPO-l 
CO Ie, I=l,NYI 
NUPO=I\OPO+l 

105 IPOLY(NOPO)=ISYICI) 
IFCISYI(NYI).EO.ISXACl»NOPO=NOPC-l 
DO 110 I=I,NOPO-l 
NXCI)=Y(IPCLY(I})-Y(IPOLY(I+l}) 
NYCI)=X(IPOLY(I+l})-X(IPOLY(I» 
CCI)=XCIPGLYCI+l»*YCIPCLYCI»-XCIPOLYCI»OYCIPOLYCI+l)} 
TFCI.~O.NOpu-l)GO TO 111 
CALC=NxtI)*XCIPGLYCI+Z»+NY(I)*YCIPOLYCI+2»-CCI) 
GU TO 112 

III CALC=NX(I)*XCIPCLYC1»+NY(I)*jCIPGLYCI»-C(I) 
112 SIDECI)=SIGNCl.,CALC) 
110 CuNTTi'tUt 
C WRTTE(6,*)'~O.S OF THE CCRNERS',CIPOLYCI),I=l,NOPU) 
C Ou 11; LL=l,~GPL 
Cll~ hRIT~C6,*)XCIPGLYCLL»,' ',{(IPCLY(LL» 

NXCNOPO}?Y(IPOLY(NCPG)-Y(IPOLY(I» 
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NY(~OP01=X(IPGLY(1»-X(IPOLY(NQPC1) 
C(NOPU1=~lIPOLV(1»*Y(IFCLY(NGPO»-XlIPOLY(NOPOl ).VlIPOLY(1» 
CALC=~XlNOPU)*X(IPOLY(2»+~Y(~OPC).V(IPOLY(~»-C(NOPG). 
SlCt(NOPG)=SIGN(1.,CALC) 

84/0t 

***************************~************.********************************: 
NU=O. 
DO 120 I=1,NEI'1 
DO 13C KK=1,NOPO 
IF(I.NE.IPOLY(KK)lGC TO 130 
NU=NU+l 
ITU(NlJ)=I 
GC TO 120 

30 CONTINUf: 
DO 14G KK=1,NGPO 
CALC=~X(KK)*X(I)+NY(KK1*Ylli-C(KKl 
IF(SIGN(1.,CALC).·fC.SIDE(KK»GO TG 140 
NU=NU+l 

21 TTU(Nl;}=I 
GG Te 120 

LtC CONTINUE 
20 CONTINUE 

WRITE(6,*1'NG OF PNT.S OUTSIDE: ',t\u 
DO 125 JJ=1,NU 

:125 WRIT~(b,*)ITU(JJ} 

************************************************************************* 
FII'1D THE CENTE~ OF ThE SMALLEST CIRCLE 

************************************************************************* 
STEP=5. 
XC=(XMAX+XMIN)/2. 
YC=(YMAX+Y~lNJ/2. 

RMAX=(XMAX-X~lN+YMAX-YMIN) 
EPS=1. 

~45 LA=O 
RO=O. 
00 15C 1=1,I';U 
RS=SQRT( (X(ITU(1 lJ-XC)**2.+lY(ITU(I) )-YC)**2.) 
IF ( RO- R S )151,·152,153 

LSI RO=~S 

LA=1 
LIR(LA1=ITU(I) 
TF(I.EQ.1lGG TO 150 
CO 154 J=1,1-1 
ZR=SCRT«X(ITU(J)}-XC)**2.+(Y(ITu(J»-YC)**Z.) 
IF«(RO-lR).GT.EPS1GO TO 15~ 

LA=LA+1 
L 1 R l LA ) = IT U ( J ) 

1 5 4 C UN T TtW f 
GO TO lSC 

157. LA=LA~1 

LIR(LA)=ITUlI> 
GG TO 150 

153 IF (lRG-I<S) .GT .EPS)(C TO l~C 

150 
C 
r. 

LA=L.fI+1 
LIRlLA)=ITUtI) 
CCiNTINUt 
W kIT E ( 6 , * ) • XC: " XC, • , , , Y c: '~, y C 
WkITF(6,~) 'k fOR T~IS CE~TF.K: ',RC,' ','MAX R: ',R~AX 



RAM MAIN 

C 

74/176 QPT=O,RGU~D= AI 51 M/-C,-05 

WRITE(6,*)'~0 OF TOuChl~G PNT.5: 
IF(RO.LE.RMAX)GO TO 159 
GU TO 156 

156 XC=(XC+XCl)/2. 
YC=(YC+YCl>/2. 

F-TI\ ').1+';)11 

C WRITE{6,*)'STtP TUO LARGE-~EW CE~TER','XC:',XC,'YC:',yC 
GO TO 145 

C ********************************************************************~: 
159 RMAX=RO 
158 00 16C l=l,LA 

A(LIR(I»=ATAN3l(X(LIR(I»-XC),(Y(lIR(I»-YC» 
IF(I.NE.l)GG TO 101 
NUM=l 
K O;LM )=L IIH 1) 

GO TO 1bO 
161 DO 170 J=1,~UM 

IF(A(LIR(I»).GE.A(K(J»)GO TO 170 
DO 180 L=O,~UM-J 

180 K(~UM+l-L)=K(NUK~L) 
K{J)=LIR(I) 
NUM=NU1"+l 
GO TO 160 

170 CONTlt-.UE 
NUM=NUM+1 
K(NUMJ=LIidI) 

160 CONTIl\UE 
C WRITE(6,*)'ANGLES WITh INCREASI~G GReER' 
C WKITE(6,*)'NO: ','I: ','ANGL:' 
C CO 165 I=1,LA 
C165 wRITE(b,*)I,' ',K(I),' ',A(K(I» 
C *********************************************************************: 

IF(LA.NE.1)GO TO 189 
XC1=XC 
YCl=YC 
VSIZE=SURT«X(K(1»-XC)**2.+(Y(K(1»-YC)**2.)· 
XC=XC+5TEP*(X(K(1»-XC)/VSIZE 
YC=YC+5TEP*(Y(K(1»-YC)/VSIZE 
GO TO 145 

189 CO 190 I=1,LA-1 
IF(A(K(1+1»-A(K(I».L~.3.1415q)GO TC 190 
XCl=XC 
YC1=YC . 
XX=X(K(I+1»+X(K(I»-2.*XC 
YY=Y(K(I+l»+Y(K(I»)-2.*YC 
XC~XC+STfP*xX/5GRT(XX**2.+YY**2.) 
YC=YC+STEP*VY/SURT(XX**2.+YV**2.) 
GO TO 200 

190 CIJNTU .. UE: 
TF«A(K(1»+2.*3.14159-A(K(LA)}).LE.3.1415Q)GO Te 210 
XC1=XC 

.Y(,I=YC 
Xx=xCK(1»)+X(K(LA»-2.*XC 
YY=YCK(1»+YCK(LA»-?*VC 
XC=XC+STFP*XX/5URT(XX**2.+YY**2.} 
YC=VC+,STEP*YY/5uRT(XX**Z.+YY*~2.) 

C WKTTF(6,*)'A~GL GT PI-ShIfT' 
200 GO TO 145 



c ************************************************************************ 
210 W R I T E t 6.., *) , C E 1'1 T E R CO C R 0 I NAT E S : ' , )( C , ,- , , Y C 

00 230 I=1,r-.EN 
X( I )=X( I)-XC 
Y(!)=Y(l)-YC 
R(I)=SQRT(X(I)**2.+Y(I)**2.) 
THCI)=ATAN3(X(I),Y(I» 

230 CONTINUE 
C ************************************************************************ 
C SEGMENTATIGN AlGGRITh~ 
C ************************************************************************ 

r.ATA(lCHECK(I),I=1,340)/34C*0/,(I~UM{I),I=1,100)/ICO*C I 
CONTOl=4.*1.01*l.**O.5' 
NOS=l 
NOSS=lIR(l) 

248 INOh=NOSS 

C 

INUM(NOS)=I~UM(NO~)+l 
ISEG{NOS,INUM(NOS)}=INO~ 

249 E=1.Ol*2.**C.5 
247 NNE=O 
C WRITE(6,*)'INOW: ',INOh,' SEG: t,NOS,~ ENTRY: ',I~UM(NOS), 
C t' x: ',IX(INOW),' Y: ',IY(I~O~} 

DO 250 l=l,~EN 
IF(IChECK(I).EQ.1)GG TO 250 
0IS={(X(I}-X(INOW»**2.+(Y(I)-Y(INCW})**2.)**O.5 
IF(CIS.GT.E)GO TO 250 
NNE=NNE+l 
INEAR(NNE)=I 

250 CONTINUE 
~ WRITE(6,*}NNE,' NEAREST PNT.S· 
C 

IF(~NE.NE.O}GO TO 251 
c WRITE(6,*)'NO NEAREST PNT. ~ITH E: ',E,' INCREASE E' 

E=E+1.01*2.**0.5 
IF{E.GT.RMAX)GO TO 3CG 
GO Te 2it? 

c-
251 IF(INOW.NE.lIR(l})GC TO 280 

NOP=O 
RM=-l. 

C WRITE{6,*)'NEARcST PNT.S:· 
DO 255 J=l,I\NE 
CAll FNDOIR(ThCINGW),TH(INEAR(J»,IR) 

c WRITE(6,*)' . INEf,R: ',INEAR(J),' IR: ',IR,' x: ' 
C f.dX(INEAR(J»,· y: ',IYCINEAR(J)} 

IF{IR.lE.C1GO TO 255 
t\CP=NCP+l 
IF(R(INtAK(J}).lE.RM)GO TO 255 
R~i=R ( INEAR (J) ) 

INEXT=INEARtJ) 
255 CONTINUE 

IlOCP=l 
C 

IF(~OP.NF..O)GG Tn Zoe 
r. 
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nu 2,?b J=l,I\NE: 
CALL FNODIRlTH(INOW),THlI~EARlJ»,IR) 
If(IR.Ew.U)GO TO 256 
NOP=N('P+1 
IF(R(IN~AktJ».GE.RMI)GO Te 256 
RMI=R(!NEARlJ) ) 
INEXT=INEARlJ) 

256 CONTHWE: 
C 

C 
IF(NOP.NE.O)GO TO 260 . 

00 257 J=l,I\NE 
IF(RlINEAR(J».LE.RM)GO 10 257 
RM=R(INEAR(J» 
INEXT=INEARlJ) 

257 CONTINUE 

C 

N05S=INEXT 
ICHECKlINEXT)=l 
GO TO 248 

260 ITURNlNOS)=ILOOP 
GO TO 270 

C 
280 NOP=O 

RN=lOQOGOOCOC. 
RX=-1. 
DO 258 J=l,I\NE 
CALL FNDOIRlTh(INOW),TH{INEARlJ»,IR) 

FTN 5.1+577 

C WkITE(6,~)t INEAR: t,I~EAPlJ),t IR: ',rR,' x: • 
C ~,IXlINEAR{J»,' Y: ',IYlI~EARlJ» 

C 

C 

IF(IR.EQ.(-l*ITURNlNOS»)GC TO 258 
IF(ITURNlNGS).NE.l-l*IlCOP»GG TG 25G 

IFlK(INEAR(J».GE.R~)GC TO 258 
RN=R(INEAR(J» 
INEXT=INEARlJ) 
NOP=NOP+l 
GO TO 258 

2SQ IF(R(INEAR(J».LE.RX)GO TO 258 
RX=R(INEAR(J)} 
INEXT=INEARlJ} 
NOP=NGP+l 

258 CONTINUE 
C 

-IflI'tOP.NE.O}GC TO 2'70 
C 
261 E=F.+l.Ol*2.¥*C.5 

IF(E.LE.3.*1.Ol*2.**C.5)GO TO 241 
t-;GS=NCS+l 
ITURNlNUS)=I1URN(NOS-ll*(-1) 
II\Ur,(j\jCS)=O 

C W~ITE(6,*)'****************~********~********' 
GL TQ 2.4q 

C 
270 IF(NOS.£Q.l)GC TO 271 

I f (' 1 N lJ M (N 0 5 ) • r~ '= • C ) G G T 0 2 7 1 
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-
1~(ITUR~(NO$).NE.ITURN(NOS-1»GO Te 271 
CALL ~NDOIR(Th(ISEG(NOS-1,I~UM(NOS-1»),Th(INEXT),IR) 
IF(IR.NE.ITURN(NOS»GO TO 272 
NGS=NOS-1 

C 
271 INUM(NOS)=INUM(NOS)+1 

C 

ISEG(NOS,iNU~(NGS)·)=INEXT 

IF(INEXT.EO.LIR(1»GO TG 300 
IC~ECK(INEXT}=l 

INOh=INEXT 
GO TO 24<1 

272 IF{INEXT.EO.LIR(1»GG TG 300 
ICHECK{INEXT)=l 
INOk=INEXT 
GO TO 24q 

C 
300 IF(ISEG(1,1}.NE.ISEG(NOS,I~UM(NOS}»~O TO 304 

IF(lTURN(1).NE.ITURN(NOS»GC TO 304 
D~ 301 1=1,INUM(1) 
B( I )=ISEG(l,I} 

301 CONTINUE 
00 302 1=1,INUM(NOS) 
ISEG{l,l)=ISEG{NOS,I) 

302 CONTINUE 
00 303 1=1,INUM(1) 
ISEG(l,I~UM{NOS)-l+I)=B{I) 

303 CONTINUE 
NOS=NOS-1 

304 CONTII\UE 
C 

OU 350 l=l,NOS 
00 351 J=l,lNUM(I) 
WRIIE{6,*)'PN1. NO: ',ISEG(I,J),' SEG: ',I,' ENTRY: ',J 

351 CONTINUE 
WRITE(6,*)'*************************~********************. 

350 CONTINUE 
355 CONTINUE 
C 

WRITE(8,3U5)(R(I),I=1,NEN),(THJI},I=1,NEN),RMAX 
WRITE(8,310) NOS,ILOOP 
WRITE{8,306)(lNU~(I),I=1,NOS) 
WRITE(8,307)(ITU'RN(I),I=1,N~S) 
WRITE(8,30Q)«ISEG(I,J),J=1,INUM(I»,I=1,NOS) 

305 FOR~AT(8F11.6) 

306 FORMAT(8IIO) 
307 FGRMAT(8IIO) 
30Q FORMAT(8IIO) 
310 FORl'IAT<I5) 
c******************************************************************* 
C304 AI'1AX=C. 
C - DlJ 320 1=1,NOS 
C IF(ITUR~(I).EC.1)GO TO 325 
C 00 33u J=1,INT(INuM(I1/Z) 
C MlS=ISEG(I,J) 
C ISEG(I,J)=JSEG(l,lNu~(I)+l-J) 
C JSEG(I,INU~(I)+l-J)=MIS ~ , 

84 



FUNCTION ATANj 74/176 Opt=O,ROU~O= AI SI r.1-C,-OS FT~ 5.1+57/' 
OL=-LUNG/-OT,ARG=-COMr.ON/-FIXtO,CS= USE~/-FIXEO,CE=-18/-Sb/-SLI ER/-IO/-P 
FTN5,I=PATREC3,B=~I~. -

c ••••••••••••••••••••••••• 0 •••••••••••• ) ) 

REAL FUNCTION ATAN3(XXX,YYY) 
If(XXX.NE.O.1GO Te 1 
IF(YYY)2,3,4 

2 ATAN3=1.5*3.141S9 
GO TO 5 

3 ATAN3=O. 
GU TO 5 

4 ATAN3=O.5*3.141S9 
GO TO 5 

1 Z=ATAN2(YYY,XXX) 
Z=({SlGN(1.,Z)!1.)/2.)*Z+«1.-SIGN(1.,Z»/2.1*(Z+2.*3.141 
ATAN3=Z 

5 CONT INUE 
RE:TURf\. 
END 

,LE f'o1AP--(LC=A) 
"-AODRESS--BLOCK-----pROpERTIES-------TYpE---------SIZE 

628 
1 OUMMY-ARG 
2. GUMMY-ARt, 

638 

tURES--( LO=A) 
-----TYPE--------ARGS------CLASS-----

GENERIC 
GENERIC 

2 
2 

INTRINSIC 
INTRINSIC 

1ENT LAtlELS--(LO=A) 
~ADDRESS-----PROPERTIES----OEF 

27b 
INACTIVE 

21& 
24b 
468 

POINTS--(LO=Al 
--AODRESS--ARGS---

oB 2 

11 
5 
7 
9 

14 

REAL 
REAL 
REAL 
REAL 



SUB~OUTINE FNDDIR 74/176 dPT=O,ROUhO= AI 51 M/-[,-05 FT~ 5.1+51 
Ou=-LCNG/-OT'ARG=-CG~~ON/-FIXED,CS= USER/-FIXED,GB=-16/-56/-5LI ER/-IU/­
FTN~,I=PATREC3,B=bIN.-

-1. 5U8ROllTINf F~ODIR(THNGW,Tr.~EXT,I~G~) 
2 IF(THNEXT-THNOW)311,312,313 
3 311 IF«THNOW-ThNEXT).GT.3.14159)GO TO 314· 
4 IYON=-1 
5 GO TO 360 
6 3·14 IYOl\=l 
7 GO TO 360 
8 312 IYOl\=C 

.q GO TO 360 
LO 313 IF«THNfXT-THNOw).GT.3.1415Q)GO TO 315 
Ll IY ON= 1 
L2 GO TO 360 
L3 315 IYON=-1 
l4 360 CONTI~UE 
l5 RETl.;Rl\ 
L6 END 

~BLE MAP--(LG=A) 
---AODREsS--BLOCK-----PROPERTI~S---~---TYPE---------SIZE 

3 
2 
1 

OUMMY-ARG 
DUMf'lY.-A RG 
DUMMY-ARG 

INTEGER 
REAL 
REAL 

:MENT LABELS--(LO=A} 
~-ADCRESS--·---PRGPERT IES----DEF -LABEL-ADORESS-----PROPERTIES----DEF 

INACTIVE 
258 
308 

( POINTS--(LG=A) 
~--ADDKESS--ARGS---

[R 3 

:STICS--

~A"\-UN I T LENGTH 
;TORAGE USED 
LlE TIME 
1 x: .0 y: 0 
2 x: 1 y: 0 
3 x: 2 Y: 0 
4 X: 3 y: 0 
5 X· . . 4 y: 0 
6 X: c:; y: 0 
7 X: 6 Y: .0 
e x: 7 y: C 
q x: 8 y: C 
lu X: 4 v: (j 

11 X: 10 Y: '0 

12 X: 11 Y : 0 

3 
8 

10 

528 
61700B 
0.127 

= 42 
= 25536 

SECONDS 

314 
315 
360 

22e 
31B 
41e 

6 
13 
14 



PRGGKAM MAl~~ 7~/17b CPT=O;P'GU~D= AI SI M/-C,-US FT~ ~.1+571 
=-LLNG/-OT,ARu=-CCMKC~/-FIXtD,C~= CSEK/-FIXcC,C~=-T8/-SB/-SLI F.R/-IC/-PI1C/­
~~,1=PATRE(b,B=8IN. 

c 

PROGRAM MAI~2(I~PuT,CLTPUT,lRANS,VECTCl,VECTC2,DSl,OS2, 
ETAPE6=OUTPUT~TAPEd=TRANS,TAPE~=VECTOl,TAPElO=V~CT02,TAPEll=OS 
ETAPE:12=DS21 

CliMPLEX 1-1(651 
DlrENSION KAT(501,ILONG(lC),ILO~GICIC),REPVEC(lOCO) 
OI~EN~ION R(900),TH(9CO),I~UM(50),ITLRNC50),A~OURC50) 
CI~ENSIO~ ISEG(50,5CO).STANG(SO),DS(5C,600),DDC128) 
~QUIVALENCE (OO,H) 
REACCB,3CS)(R(I),1=1,34C),(TH(I),1=1,340),RMAX 
R~ACCb,310) NCS,ILOOP 
RcAG(8,30t)(INUM(I),I=1,NGS) 
R~ACCd,3071(ITURN(),1=1,NGS) 
RtAC(cl,309)(CISEG(I,J),J=1,INu~(I»,I=1,NGS) 

305 FORMATC8F1l.6) 
306 FORMATC8IIC) 
307 FOR~AT(8IIO) 

309 FORMATC8I10) 
310 FUR~ATCI5) 

c*****************************************************************~ 
304 

C 
C510 
C 

AMAX=O. 
Nij2=7 
TOR=3 
DO 32C l=l,NOS 
OU 51~ III=l,INUM(I) 
hRIT~C6,*)t~G: ',ISEG(I,III),' Th: ',THCISEG(I,III» 

IFCITLRNCIJ.EQ.1)GO TG 325 
00 330 J=1,INTCI~uM(I)/2) 
~IS=ISF.G(!,J) 
IS~GCI,J)=ISF.G(I,INU~(I)+l-J) 

ISfG(I,INUM(I)+l-J)=rIS 
330 CONTTe-cUE 
C 
32~ STA~G(I)=TP.(IS~GCI,l» 

RlJT=O. 
CO 336 J=2,INUM·(I) 
Th(ISEG(I,J»=ThCISEG(I,Jl)~ROT*2.*3.14159 

. IF(T~(ISEG(I,J».GE.Tr.(ISEG(I,J-l»)GC TO 336 
ROT=ROT+l. 
TH(ISEG(I,J»=TH(ISEG(I,J)I+2.*3.1~15S 

336 CGNTINUE 
C 

C 

A~CLR(I)=TH(ISE~(I,I~UM1I»l-STA~G(I) 
KAT(I)=I~T(ANCUk(I)/C2.*3.1415q»+1 

IF(ANUUKCl).GT..AMAXlAMAX=ANCUR(I) 
DELTA=FLOAT(KAT(IJ )*2.*3.1415S/(2.~*~B2-1.) 

MtX=O 
ILA~=lNTCTP(I~FGCI,lNUM(I»)/GELTA)+1 

OU ::J3j J=ldLAS 
If«(FLOAT(J-l)*iJFLTA).G~.~TANG(IllGO TO 2~7 

r.~>fl,J)=r.. 

Gu Te ::!J5_ 
247 IF(LfLTA*fLLAT(J-II-Tr(IS~G(I,~~X.l) »]41,?42,34? 



?n 
57 
~8 

59 
on 
61 
02 
63 
64 
65 
06 
b7 
08 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
0(1 

81 
82 
ti3 
84 
65 
d6 
87 
6F3 
0 9 
90 
91 
'12 
93 
94 
95 
96 
97 
~8 

99 
Ion 
1(;1 
102 
103 
104 
105 
106 
107 
I-oH 
1U9 
110 
III 
112 

PRuGkAM MAIN~ 74/176 OPT=O,RGU~D= AI 51 M/-C,-D5 FTf\ 5.1-1 

341 

342 

3ft) 

335 

1000 
CIOOO 
320 

OS (-1 , J ) = R ( I S F. G ( 1 , I" F. X ) ) .. ( R ( I S E G ( I , M E x of 1 ) ) - I< ( I S E G ( I , P.J: EX) 
~(OELTA*FLOAT(J-1)-TH(ISEG(I,MEX)}}/(TH(15EG(I,~EX+l» 
~-TH(ISEG(I,"'EX») 

IF(J.GT.2**~B2)OS(I,J-2**~e2)=oS(I,J) 
GO TO 335 
DS(I,J)=R(ISEG(I,I"EX+1» 
IF(J.GT.2**NB2)US(IrJ-2**~e2)=OS(I,J) 
flEX=/'IEX+1 
GO TO 335 
MEX=fo\EX+1 
GO TO 247 
CONTINUE 
00 1000 K=1,INT(2.**NB2) 
WRITE(6,*)'oS(',I,'~I,K,')= ',oS(I,K) 
~RITE(ll,~)OS(I,K) . 

CONTINUE 
WRITE(6,*)'MAX ANGULAR SPAN: ',A~AX 

c*********************************************************** 
I:PR=RMAX/IC. 
EPAN=2.*3.14159/2.**NB2 
LONG=C 
00 370 l=l,NOS 
IF(ANDUR(I}.LT.(AMAX-EPAN»GO IG 37C 
lONG=LONG+l 
ILOr-;G(lONG}=I 

370 CONTINUE 
C 

C 

397 

390 
394 

395 

396 

ILONGl(l}=IlGNG(l) 
IF(LONG.EQ.l}GO TO 400 

12=0 
1=1 
LCt\G1=O 
RR=O. 
no 390 J=l,LONG 
OELTA=FLOAT(KAT(ILONG(J)})*2.*3.1415S/(2.**NB2-1.) 
JO=INT(STANG(ILG~G(J»/CELTA}+l+I 
IF(JO.GT.INT(2.**N82»JG=JO-I~T(2.~*~82) 

C=DS(ILONGeJ},JO} 
IF(O.LE.RR}GO Te 390 
RR=D 
KATMAX=KAT<J) 
CONTINUE 
00 395 J=l,LOf'jG 
OELTA=FLOAT(KAT(ILONG(J»)*2.*3.1~15G/(2.**NB2-1.) 

JG=INTCSTANG(ILONG(J)+IZ}/CELTA)+1+1 
IFCJO.GT.INT(2.**~B2})JO=JO-I~T(2.**~B2) 
C=CS(llO~G(J}+I2,JO) 

IFCO.LT.(RR-FPR)}GO TO 395 
lONGl=lONGl+l 
ILONGICLONGl)=ILO~G(J) 
CUNTIl'lUE 

Jf(LO~Gl.~Q.1)GC TO 4UO 

Gu j9b J=l,LONGl 
lLC~G(J)=llONGl(J) 



113 
114 
11.5 
116 
117 
118 
119 
120 
121 
122 
123 
124 
ll5 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
litO 
141 
142 
143 
lit4 
145 
146 
147 
148 
149 
150 
·151 
152 
153 
1:;4 
155 
1;6 
157 
158 
159 
Ib() 
161 
102 
Ib3 
104 
105 
106 
1u7 
108 
169 

i'PuGkAM MAINi 

C 

74/176 OPT=O,RGU~O= ftl SI M/-C,-OS FTN 5.1~' 

1=1+1 
C~LTA=FLOAT(KAT(ILOhG(~)+12»*2.*3.14159/(2.**NB2-1.) 
IF(1.GT.(I~T(ANDUR(ILCNG(J)+I2)/CELT~)+1»GO TO 399 
GO TO 397 

399 12=12+1 

C 

IF(IZ.GE.NCS)GO TO 400 
1=1 
Gu TO 394 

400 Il=ILGNG1(1) 
ZERC=STANG(IZ) 
WRITE(6,*)'LONGtST SEG: ',ll,' ANOLR: ',A~DUR(IZ) 

C*********************************************************** 
420 00 410 I=l,~OS 

DO 360 III=l,INT(Z.**hBZ) 
360 CO(III)=OS(I,III) 

361 

362 
410 

CALL RFFT{H,64,6,1) 
DU 361 III=1,INT(Z.**{NB2-IGR» 
CS(l,III)=DD(III) 
00 362 J=1,INT(2.**(NBZ~IGR-l» 
STR=SQRT(DS{I,J*2-1)**Z.+OS(I,J*Z)**2.) 
STH=ATAN3(CS(I,J*2-1),DS(I,J*2» 
STR=STR/(RMAX) 
STH=STH-ZERO/FLOAT(KAT(I» 
DS(I,J*Z-l)=STP*COS(STH) 
DS(I,J*2)=STR*SIN(STH) 
WRITE(6,*)'PROCESSED DS: ',CS(I,J) 
CONTII\UE 
CONTI~UE 

C**********************************************************' 
C CONSTRUCTION ·OF ThE REPRESEhTAIICN VECTOR 
C**********************************************************' 
440 

450 

451 

452 

461 
46(1 

REPVEC(l)=NOS 
INDEX=2 
00 lt50 1=IZ,NOS 
REPVEC(INDEX)=FLOAT(KAT(I) 
INOEX=INDEX+l 
IF(IZ.EQ.l)GO TO lt52 
o U. 4 51 I = 1 ,I Z - 1 
~EPVEC(INOtX)=FLCAT(KAT(I) 
Ir~ 0 E X= IN 0 E X + 1 

OU 46U l=IZ,NGS 
OC 461 J=1,INT(Z.**(N82-IOR) 
QEPVEC(I~OEX)=DS(I,J) 
INDEX=INDEX+1 
CONTINUE 
IF(IZ.EC.l)GO TC 50C 
OG 470 I=l,IZ-l 
DO it7I J=1,lNT(Z.**(NB2-ILR» 
P.tPv~C(INO~X)=DS(I,J) 

Ii'<IJEX=INDI:X+l 
CU"1TIt~UI:: 

CL SCI JJ=l,I~OtX-l 
WkIIE(6,*)' NC: ',JJ,' RtPVEC: ',REPVECeJJ) 
WKITf(lO,*)kEPV~C(JJ) 



PQOGRAM MAIN2 74/176 OPT=O,ROU~D= AI SI MI-C,-DS 
I 

FTI'\ 5.1-+ 

170 
171 
172 
173 

tIARLE 

501 
502 

r1A p-- (LO=A ) 

CUNTll'iUE 
CONTINUE 
STOP 
El'iC 

lE---AuDKF.~S--BLOCK-----PRUPERTIES-------TYPE---------SIZE -NAME---ADDR 

,X 103251B 
iUR 7~44B 

Ib33008 
Ib30408 EOV 

."fA 1632618 
7036uB 

~N 163270B 
1b32678 
1b304uB EOV 
16324£:8 

l 1633078 
~S 1632638 
)NG 157itB 
jNG 1 160e8 
jOt> 1632458 *5* 
jE X 1633158 
JM 7200B 

103253B 
:G 74268 
JRN 72629 

1b33Cit13 
1032738 

jCi:OURES-- (LG=A) 
lE------TyPE--------ARG5------CLASS-----

~N3 

JJ\ T 
r 

~TEMENT 

REAL 
GENERIC 
KEAL 
GENERIC 

LAtiELS--(LG=A) 

2 
1 
1 
1 

FUNCTION 
INTRINSIC 
INTRINSIC 
iNTRINSfC 

j~L-ADD~ESS-----PR.GPERTIES----OEF 

~4 7 3231:3 55 

304 *Nu kEFS* 21 
HJ5 1367b FORMAT 15 
jOb 13710 FORI"AT 16 
j07 13730 FOR~AT 17 
j04 13750 FORMAT Ie 
:no 1377b FORMAT 19 
j 2 () I r,Al.; T 1 I/l: DO-H: R/"; 71 
;2 ~ 1750 35 

>30 II\jt'.CT.lVt: iJ 8-T I: Q ~\ 3] 
n, 4;'/10 00- T I: lUI 67 

nb 2itf'tj , Or.-TI:R/"i 42 

REAL J 1632 
REAL 5C JJ 1633 

I 

REAL JO 1t32 
REAL 

I 

12e K 1632, 
REAL KAT 15 
REAL 3CCGC KATMA)< 1633 
REAL LONG 1632' 
REAL LONG1 1632' 
COMPLEX 65 MEX 1632' 
INTEGER MIS 1632' 
INTEGER ,...82 1632 
I"'TEGER Nes 1632 
INTEGER 1C R ":l ~ 

Jj 

INTEGER lC REPVEC 16 
INTEGER RMAX 1632 
INTEGER ReT 1032 
INTEGER 50 RR 1632 
INTEGER STANG 702 
INTEGER 25COC 5TH 1633 
II\TEGER 5C STR 1633 
INTEGER Tr. 53 
II\TEGER ZERO 1633 

-NAME----~-TYPE--------ARGS--

RFFT 
SIN 
seRT 

GENERIC 
GENERIC 

4 
1 
1 

-LABEL-ADDRESS-----PROPERTIES----DE 

341 INACTIVE " .. 
342 401E t 
343 431B t 
3(:0 . INACTIVE DO-TERM 12 
3l: 1 INACTIVE OG-TER'" 12 
3t2 INACTIVE DO-TERr-' II 

37C 52ce OO-TERM f 
3<10 611B DU-TFR~ 

3<14 bIb!:! 
3 <, c: t7Ue o L- T F. k~' U 
3<;6 INACTIVE OU-TEKM 1] 

3<;7 5368 



c • • • • • • • • • • • • • • • • • • • • • • ~ • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 
C ** FEATLRE, EXRACIIGI\ FINISHEO ** 
C • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

ReAL FUNCTION ATA~3(~XX,YYYl 
IF(XXX.NE.O.)GO Te 1 
IFCYYY)2,3,1t 

Z ATA~3=1.5*~.1~1~q 
GO TO 5 

3 ATAI\3=O. 
GO TO 5 

4 ATAN3=O.5*3.1~15q 

GO TO 5 
1 Z=ATANZ(YYY,XXXl 

Z=C(SIGN(1.,Z)+1.1/2.)*I+(Cl.-SIGN(I.,Z»/Z.l*(Z+2.*3.1415 
ATAN3=Z 

5 cornI£\UE 
RETUR/'i 
ENe 

.f: ~'A p-- (LO=A) 

.ADDRESS--8LOCK-----PRUPERTIES-------TYpE-~-------SIZE 

62B 
1 DUMr-'Y-ARG 
L OUMMY-ARG 

638 

JRtS--{LO=A) 
----TYPE--------ARGS------CLASS-----

GENERIC 
GENERIC 

2 
2 

INTRINSIC 
INTRINSIC 

:NT LArlELS--(LO=A) 
~DU~ESS-----P~OPERTIES----DEF 

2.78 
INACTIVE 

21b 
240 
46d 

'OINTS--(LO=A) 
-AUDRESS--ARGS---

oB . 2 

13 
7 
9 

11 
16 

REAL 
REAL 
REAL 
REAL 



SuRkOuT1Nt FNUOIR 74/17bOPT=0,RGU~C= ~I 51 M/-[,-LS FT~ 5.1+~ 
n~=-LUNGI-nT'A~G=-COMMnN/-FIXlO,C~= USER/-FIX~O,DB=-18/-SH/-SLI ER/-IOI 
F TN? , I = PAT R t C tJ , t:l = b I ~-. 

1 
2 
3 
4 
C; 

6 
7 
8 
q 

c •••••••••••••••••••••••••••••••••••••••••••••••••• ' •••••••••• 

10 
11 
12 
13 
14 
15 
16 
17 

SUBROUTINE F~DDIR(ThNOW,ThNEXT,IYON) 
IF(TPNEXT-ThNGW)311,312,313 

311 IF«ThNOW-ThNEXT}.GT~3.14159)GO TO 314 
IYOl\=-l 
GO TO 360 

314 IYCN=l 
GO TO 360 

312 IYQl'c=O 
GO TO 360 

313 IF«ThNEXT-THNOW).GT.3.1415S)GO TO 315 
IYON=1 

315 
3bO 

GO TO 360 
IYCl\=-l 
CO~TINUE 

RETURN 
END 

[ABLE MAP--(LG=A) 
:---AGDKE~S--8LGCK-----PRGPERTIES-------TYPE---------SIlE 

~ 

:XT 
)>'4 

j 

t. 
1 

GUMMY-ARG 
fiUNMY-ARG 
fiUMMY-ARG 

It'CTEGER 
REAL 
REIlL 

rEMcNT lAtlELS--(LO=A) 
:L-ADDRES~-----PP.GPEPTIES----OEF -LABEL-ACDRESS-----PROPERTIES----DEF 

L1 INACTIVE 
L2 250 
L3 3013 

tY POINTS--(LG=A) 
:~--AOORE)S--ARGS---

) I R 

rlSTIcs--

; RAI-i-UN I T Lt Nl1 TH 
STuRAGt: UStD 

'iLi: THIE 

3 

4 
9 

11 

52ci = 42 
617CCB = 2553(: 
0.130 SECGNOS 

314 
315 
3tO 

22e 
37E 
418 

i 
U 
1~ 



1 
2 
3 

'4 
'iAL 

5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
2.2 
23 
24 
25 
26 
27 
28 
2.9 
30 
31 
32 
33 
34 
35 

SURkOUTINt FFT 7~/176 OPT=O,RGU~D= AI 51 rl-c,-OS 
OU=-LUN~/-OT'A~G=-CUMMON/-FI~~D,CS= USER/-FIX~D,D8=-T8/-S 
FTN?~l=PATRECb,B=BIN. 

* 

c • • • • • • • • • • • • • • • • • • • • • • • • • • • ~ • • • • • • • • • • • • • • • • • • 
SUBRC~TINE FFT(X,~,L2N) 
COI'IPLtX X(N),W,I) 
DATA PI/3.1~159265358~7~31 

CONSTANT TOO LCI\G ~ EXCESS DIGITS TRUNCATEE 
NV2=N/2 
NMl=N-l 
L= 1 
00 3 K=1,NMl 
IF(K.GE.L) GO TO 1 
B=X(U 
X(L)=X(K) 
X(K)=B 

1 fI.=NV2 
2 IF(M.GE.L) GO TO 3 

L=L-M 
M=M/2 
GlJ TO 2 

3 L=L+M 
K= 1 
00 5 L=1,L2N 
M=K 
8M=M 
K=2*K 
W=(l.,O.) 
00 5 J=l,M 
BJ=J 
DO 4 I=J,I\,K 
I2=1+M 
8=X(l2)*W 
X(I2)=X(l)-b 

4 X(Il=X(I)+B 
ARG=PI*BJ/8M 

5 W=CMPLX(COS(ARG),-SIN(ARG» 
Ri:TLRN 
END 

\KIABLF. MAP--(LG=A) . 
\ME---AODKESS--aLOCK-----PROpERTIES------~TYPE---------SIZE 

~G 247~ REAL 
22:>B COMPLEX 

J 24~B REAL 
" 237A REAL 

2.4jB INTEGER 
? i46B II'ITEGER 

240'3 INTEG.ER 
2338 II'ITEGER 
232.B IN T E GE R· 



1 
2 
3 
4 

l V lAL 
5 
6 
7 
B 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
2? 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 

S~R~OUTIN~ RFFT 74/176 OPT=O,ROU~D= AI SI M/-C,-DS 
Du=-LGNG/-OT,ARG=-COMMON/-FIXED,CS= USER/-FIXEC,Cb=-TB/-SB 
FTNS,1=PATREC6,B=blh. 

* 

c • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 
SUBROLTINE RFFT~H,N,L2N,IC) 

CO~PLtX H(l),HK,HNK,XK,YK,W 
DATA PI/3.1~1592t5358~7~31 

CONSTANT TOU LONG, EXCtSS DIGITS TRUNCATEC 
t-:V2=N/2 
IF(ID.GE.O) GO Te 2 
RO=REAL(H(N+1»/2. 
GO=REAL(H( 1) )/2. 
P(l)=CMPLX(RO+GO,RO-GO) 
GG TO 4 

2 CALL FFT(H,N,L2N) 
RO=REAL (H 1) ) 

GO=AIMAG (H.( 1» 
r(l)=CMPLX(RO+GO,O.) 
·H(N+1)=C~PLX(RO-GO,C.) 

4 HlNv2+1)=CO~JG(H(NV2~1» 
IF(NV2.Lf..l) GO TO 3 
PN=PI/N 
KU=NV2-1 
00 1 K=l,KU 
HK=h(K+l)/2. 
HNK=CONJG(H(N-K+1»/2. 
XK=HNK+hK 
YK=hNK-HK 
M<G=K*PN 
w=crPLX(SIN(ARG),COS(ARG» 
W=W*YK 
H(K+l)=XK+\o/ 

1 H(N-K+1)=CDNJG(XK-W) 
3 TF(ID.GE.O) RETUR~ 

CALL FFT(H,N,L2N) 
Q.I::TURN 
END 

VARIABLE MAP--(LO=A) 
~ . 

NAME---AUDRES$--BLOCK-----PROPERTIES-------TYPE---------SIZE 

ARG - 2538 REAL 
GO 2468 REAL 
H 1 DUMMY-ARG COMPLEX 1 

hK 2318 COMPLEX 
rlN K 233B COMPLEX 
in Lt OUMMY-AR<; INTEGER 
K. L51B INTEGER 
~u 250B INTEGER 
L2N 3 DUM M.Y-A R<; I~TEGER 



w: 1 KEPVEC: 12. 
W: 2 r<.EPVEC: 1. 
W: 3 REPVEC: 1. 
W: 4 REPVEC: 1. 
W: 5 REPVEC: 1. 
W: 6 REPVEC: 1. 
-10: 7 REPVEC: 1. 
W: 8 REPVE:C: 1. 
W: 9 REPVEC: 1. 
~O: 10 REPVEC: 1. 
~O: 11 REPVEC: 1. 
~U: 12 REPVEC: 1. 
~O: 13 REPVEC: 1. 
~O: 14 REPYEC,: -1.958008370057 
IJO: 15 REPVEC: -9.006838951722 
II LJ : 16 REPvEC: .3648857381072 
IJO: 17 RE:PVEC: 6.145031320304 
'-10: 18 REPVEC: .4694988483658 
lJu: 19 REPVEC: .0157779164 cH82 
'-IU: 20 REPVEC: .03593474484914 
'10: 21 REPvEC: -3.549275431105 
II iJ : 22 REPVEC: -.5336102175551 
lJu: 23 REPVEC: 2.033645201222 
IJQ: 24 REPVEC: .03196323984206 
'1(j: 25 REPV1?C: 1.333667515186 
1.10: 26 REPVEC: .6656439204108 
'/U: 27 REPVEC: -2.218269644992 
-IU: 28 REPVEC: -.3686879179193 
I/O: 29 REPVEC: .2104307581831 
'1u: 30 REPVF.C: -1.3226239353U8 
'Iu: 31 REPVEC: -b.08407C4C6C25 
~W: 32 REPVEC: 5.2C847b379746 
NO: 33 RE P·VEC: 3.215121475653 
NU: 34 REPVEC: -5.631768014339 
NO: 35 RE:PVEC: 1.434063413196 
NO: 36 RI:PVEC: 2.65134476AC;8'1 
NO: 37 REPYEC: -4.60tsnts9t244.i.9 
Nu: 38 REPVEC: 1.254172'1<.l433 
NLl: 39 RI:PVFC: '1.49575179'159(; 
NU: 40 Ri:PVEC: -3.3Qb5~7a6SCd2 
NU: 41 RiPVEC: -1.91tiZY5467634 
NU: 't2 REPVEC: 2.970712H690L 
IIJLl: 43 QI:PVEC: -.77171a4j144b.? 

( 

-1.222 3lt ()u 7 L q.; q NU: lt4 RtPVF(;: 
~!u : 't'5 Qt:PVFl.: 1.8'J)QlC"CS'l'17t.; 



.. "- . -- - - . ~ . - ~ , . ., , ' .... 
47 Ri:PVE(.: -6.5686116B1412 
48 REPVF.C: 5.575017C99<;8 
49 RtPVEC: 3.679375C07G8S 
50 Rf::PVEC: -0.4354901450.29 
51 Rt:PVEC: 1.239223894881 
52 REPVEC: 3.618009679867 
53 REPYEC:. -5.214652L8209 
54 REPVEC: 1.01465656Q450 
55 REPVEC: 5.978267118979 
56 REPYEC: -4.62448207108 
57 REPVEC: -3.35063801812 . 58 REPVEC: 5.236159603281 r. 

i: 59 Ri:PVEC: -.7915823892728 .. 60 REPVEC: -2.889859823472 I. 

I: 61 REPYEC: 3.867200924969 
I: 62 REPYEe: -.1542688099567 
j: 03 REPYEC: -.70963t5612133 
I: 64 REPVEC: .7260974454854 
J: 05 RE:PVEC: -.01286135278(B7 
): 66 REPYEC: -.1290365661497 
): 67 REPVEC: .714655496958 
J: 68 REPYeC: -.6757498067337 
): 69 REPVEC: -.2659795357455 
J: 70 REPVEC: .3927043029658 
J: 71 REPVFC: -.6108733462578 
]'! 72 REPYEC: .5225227772776 
): 73 REPYEC: .5043340777324 
J: 74 REPVEC,: -.596580379C567 
) : 75 RE:PYEC: .4140951171658 
) : 76 RE:PVI?C: -.28<17513373444 
J: 77 REPVEC: -.6659032041094 
J: 78 REPVEC: -1.810346t>40926 
J: 79 REPVEC: -8.327595be3824 
J: 80 REPVEC: 7.709376979242. 
u: 51 RtPVEC: -3.21(:00753(:866 
u: 52 REPVEC: 4.285778446954 
u: 83 REPVEC: 6.587124651S67 
(j : 84 REPVEC: -5.12909CU42867 
0: 85 Ri:PVEC: 4.e69af3324216 
.0 : .t:s 6 REPVfC: -4.9002247758::12 
0: 87 Rf. P VEe: -3.5481982C7029 
I 
0: 88 REPVEC: 2.063579111381 
u: 89 REPVEC: -4.400401976142 
0: 90 REPVEC: 3.478167107903 
:u: 91 RI:PVEC: .8621150045215 
.U: 92 REPYf:C: -.067478553131C2 
0: 93 REPYEC: 2.302464209152 
:0: 94 REPVF.C: -.3363634!:;257b 
~o : 95 REPVEC: -1.5472719'59071 
I 

1.278989718691 IU: 96 Rf:PVEC: 
10: 97 REPVEC: -.9326682078432 
10: 98 REPVFt;: 1.368741097991 
10: 99 REPVEC: .7Q22862603423 
ILJ : 100 REPVtC: -.1713248150C29 
10 : 101 REPVEC: 1.56981C385985 
IU: 102 i<t:PVfC: -1.' 5 U 19 8 ti2 53443 
m: 10) KFPVi:C: .4766502itl:71<:13 
JU: 104 kJ.=PVcC: -l.C4()124fl16554 
10 : 1()5 ·KS:=PVi:C: -1.17AU73S75116 
h) : lOb KEPVt:C: .6S51231!:l<;C;8l1 
~ lJ : 107 KFPVt":C: -1.4i:.273u218721 
~ u: 106 kEPVtC: 1.S5SQ702<;4432 
w: 109 KEPVi:G: .024255875tR~99 

HJ: 110 ~r:PVtC: -2.?352385bCC44 
,1'"1 • 1 1 1 Ii r: p V ,. r. : -IG.74lc''iPC042b 



-_ - ___ ,_ I,JVV' 

W: lIb KEPVI:C: 5.6696600e5709 
W: 117 KEPVt:C: 7.58<]30l:4l:SS1 
~LJ : lIb I<fPVt:C: -2.222tI5347154 
Hj: 119 REPVi:C: 8.0845(j5508G~3 

Ju: 120 REPVt:C: -6.574351406933 
H): 121 REPVt:C: 2, • 67 :, 2 <;-5 iI 6 (; 5 2 
10: 12L KEPVi:C: -4.877oP.0385165 
/u: 123 REP V1: C:: -2.92646'::344427 
10: 124 I<EPVEC: -.34948994/3588 
10 : 125 REPV1:C: -4.22344b615~55 
/G: 120 REPVtC: -1. 367~454l:7:,e7 
Iu: 127 RFPVEC: -6.29070946482 
IU: 12tl KF.PVE:C: 4.1134t9745992 
IU: 129 RFPVEC: -4.787109408L85 
iU: 13v l<EPVcC: 5.931493407935 
'u: 131 kEPVE:C: .3642229a089C4 
0: 132 REPVtC: 2.981t4141653b7 
0: 133" REPV£:C: 1t.448441534931 
u: 134 RE P Vt::: C : -1.448tl3b158434 
0: "135 REPVf:C: 1t.36109503C466 
u: 13b REPVEC: -3.48604775798 
0: 1"37 REPVEC: 1 .27633413 C; q 3 9 
u: 13f:l REPVEC: -2.39ge77929774 
0: 13'1 REPVEC: -1.384269389916 
0: 140 RFPVE:C: -.422477274541 
0: 141 REPVI:C: -1.7927338C74't3 
]: 142 REPVEC: -1.977615l:69g98 
1· J. 143 RfPVEC: -9.097032535951 
J: 144 REPVtC: -2.20136804753'1 
J: 145 REPVi:C: - 5.82"32'1944 <] 242 
j: 146 REPVEC: -.66310325~2232 
): 147 REPVEC: .2772033001932 
;: 148 REPVl:C: 1.04918892/632 
J: 14':1 REPVEC: 3.468267177922 
): 150 REPVc:C: 1.17b35<1077541 
-:- 151 REPVEC: 1.8076'1199339 ;-

j: 152 REPVEC: '- • 11256'1 5 ~ 1 <1703 
1: 153 REPVEC: -1.'110193052008 
I: 154 REPVEC: -1.04895ItG13(;42 
I: 155 REPVi:C: -2.12550678060b 
I: 156 REPVEC: -.52247q9(;52771 
i: 157 REPVi:C= -.1046258'143227 
I, : 15b REPVE:C: -1.610G17C35G39 · ' 159 REPVEC: -7.'t0607b73075<J · : 160 REPVl:C: -7.05697tH::37t87 · 

161 REPVE:C: -2.501<;7'1315835 
: 162 f<EPVEC: -5.63't48g3C;Oo68 
: 163 REPVEC: 4.508587619519 

164 REPVtC: .8021682874916 
165 kEPVEC: 6.729818215638 
166 i{F.PVEC: 5.6C212493(:952 
167 REPVEC: 2.6321955Q205 
16d REPVEC: 4.608948081024 
169 REPVi:C: -i.96079d104723 
170 REPVtC: -.028Q273l:47l7L2 
171 kEPVEC: -'t.6724476'16Gl? 
172 i<.EPVtC: -3.213024Be6L~9 

173 KEPVl::C: -2.041Ce7Z6el?b 
174 kFPV1:C: -5. 791i 31<J'tl:'J19 
17,:> l<r.:pv!:C~ -2t..b?S2u826Gl4 
17tJ i<I=PVl:r.: -?4 .O')ul tlh.u4u9{; 

171 KEpVt:C: j.2l.:lq,z69<;j27 
176 XCPVi::C: ,3.712170,6155L6 
! 7'l 1< r- p_V, .. r. : I 7. l1q-~? i"i I l,,(: 



'I J: lRl KEPVt:C: -.O?28,}7lt15'5'13i5 
'Iu: 183 KEPVc:C: .1()7bq<;895~f325 

'lu: 184 f<EPVt:C: 5.'t1433~9338L 
'I iJ : lfb KEPVEC: -1.094CAb1333Ab 
'lU: 180 I<EPVt:C: -1.3796198.23'160 
'lu: un KEPVEC: - 6 • 80 2 8-3 6 80 27 11 
~I u: 188 REPVI::C: -4.830~860e38Co 

'lu: . 189 REP VEC.: .9668315775347 
\ju: 190 REPVEC: -1.707d74218271 
'lo: 191 i<EPVEC: -7.8562217<;6087 
'lU: 192 REPVEC: -6.07650b4b808 
Nlj: 193 REPVEC: 5.086144520987 
'lu: 194 RFPVEC: 7,.01275C361836 
I 

195 REPVEC: 2.886428230077 ~o: 
N U: 19b REPVEC: -.6620465124(;08 
I 

197 REPVEC: -7.0C3985072188 N iJ: 
I 

19b REPVcC: -5.271549417725 NO: 
I 

199 REPVEC: 3.4626917lt673 ro: 
NO: 200 REPVEC: 4.773237502471 
I 

NO: 201 REPVEC: 2.60124635736 
N lJ: 202 REPVcC: .008866367355318 
N u: 203 REPVt:C: -4.465588113ti73 
"10: 204 KEPVEC: -3.01136c639<148 
NO: 205 i<EPVEC: 1.67135288t5b5, 



uGRA~ SG~ 7~/17t GPT=C,RCL~D= ~I SI M/-[,-DS FTh 5.1+577 
u~lu/-nT'AR~=-CCrMO~/-FIXtO,C~= U~Ek/-FIXED,CE=-lB/-SB/-SLI ER/-IC/-PMC/-Sl, 
I=PATRcCI,fl=BIN • 

C 

. 
PkOGRA~ SGNlINPuT,OUTPUT,VECTG1,VECTC2,TAPEb=OUTPUT,TAPES=VECTGJ 

f.TAPEIC=VECTCZ) 

CIMtNSIG~ VEC(Z,l500) 
Nb2=7 
IUR=3 
ThRcSh=lO. 
READ(9,*)VEC(1,1)· 
~CS=I~T(VEC(l,l» . 
L~NGTH=1+~OS+hOS*INT(2.o*lNBZ-IOR» 
CO 2 J=Z,LEl"GTH 
REAC(9,*)VEC(1,J) 

2 CGN)I~UE. 
READ(lO,*)VEClZ,l) 
NOS=INT(VEC(Z,l» 
LENGTh=1+NOS+~OS*INT(2.o*(Nei-IOR») 
DO 3 J=2,LEhGTH 
REAC(lO,*)VEClZ~J) 

3 CONTINUE 
C 

IF(VEC(1,1).NE.VEC(2,1)GC TO 50 
CIFFER=O. 
GG 10 I=l,I~T(VtC(1,1») 
WkITE(6,*"VECl ',VEC(l,I+l),' VEC2 ',VEC(Z,I+l),' OIFF ',CIFFE 
CIFFER=OIFFER+(VEC(1,I+l)-VEC(Z,I+l»**2. 

10 CONTINUE 
IF(CIFFER.NE.C.)GC Te 5C 
OIFFEi<=O. 
CO 2C I=Z+NCS,LENGTh 
FARK=(VEC(1,I)-VEC(2,I)**2. 
OIFFER=DIFFER+FAR~ 

~kITEl6,*) 'VEel ',VECl1,I),' VECZ ',VEC(2,I) 
20 CONTINUE 

OIFFER=SQRT(DIFFER)/~GS 

IF(OIFFER.GT.THRESH)GG TO 30 
WRITE(6,O)'SAME CLASS,OISTA~CE: ',CIFFER,' THRESHOLD: ',THRES~ 

GU TO 60 
50 hRITEl6,*)'SHAPES 1 A~D 2 A~E FROM DIFFERENT CLASSES' 

GO TO 60 
30 WkITE(6,*)'CFRNT CLAS.,CIS1ANCE: ',DIFFER,' THRESHOLD: ',TPRESr 
60 CUNTII';UE 

STOP 
F:NO 

P..--(LU=A) 
f~S--~LOCK-----fRGPcRTIES-------TYPc-~-------SlZE -NAME---ADCRESS--BLOI 

'57B 
h3B 
h08 
"iv~ 

~'11:! 

RtAL 
QE.~L 

II\TEGI:R 
INTI::GI::R 
If\TI::GI:Q 

LENGTI- 6Z53E 
NBZ. 6247B 
NCS t252E 
TI--RESI-- 6lSie 
V!:C 3571: 
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