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Abstract

The article deals with the automatic method of "sewing together" the superimposed
REM-images hased on the identification of the boundaries of their particularities. The
evaluation ofa similarity ofthe form is fulfilled with the use of Walsh descriptors and is used
as a key information with a discernment of conjugate areas. The frequency representation of
the boundaries allows to determine parametersofoptimum transformation ofparticularities of
one image to another. The procedure of identification of an apart from the factor of a
similarity of the form, takes into account orientations coherence of the identified areas. The
resultsofa model experiment confirm the effectivenessofa method application. w,

1 Introduction.

Frequently sizes researched with the help of REM exemplars do not allow to use the
large magnifications. Therefore the quality of obtained REM-images is lost. That is why the
study ofsuch exemplars with the help of REM requires the use ofseveral separate overlapped
REM-images, from which afterwards can collect the full scene. Such large-areas images
facilitate the interpretation of complicated texture ofa sample, as they give the full picture of
couplings. As the stacking manually to the one whole even some separate images is labour-
consuming operation, we developed an automatic method of "sewing together" ofoverlapped
REM-images, to which the represented work is devoted.

2. Segmentation o fimages.

The preparatory stage of handling the REM-images consists in digital handling
supposing their digitization and representation as discrete functions ofa grey level. After that
one can carry out the segmentation of images on the area corresponding to the structural
features. With in the limits ofsuch areas the function ofa grey level varies poorly, and to their
boundaries there correspond the spasmodic modifications ofthis function or their derivatives.

Itis offered to apply amethod ofselection ofthe singularity boundaries using the Marr’s
operator (Shenk A. 1987). Thus as the boundaries consider zero intersections of a discrete
two-dimensional convolution ofthe function ofa grey level I(x,y) with an operator
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As the result ofan application ofthis method we obtain the closed curves in the image

planes, given by equation
C(x,y)= VI, Y)* {x," )= X Z I(',+])'V 26 (*-<',>"-y")=0,x=l«,y=1,u. (2)
b j=\

The parameter w= 2n/2cT characterizes a degree of smoothing the images and is
selected empirically foreach separate case to supply optimum fora further identification ofan
amount, sizes and mutual arrangement ofthe curves.

As C'(x,y) isthe discreet function ofthe whole values x,y, satisfying the equation, may
not exist. Then on the adjacent pixels the function C(x,_y) will accept values of different
signs. Let's consider pixel \x,y) asinhering to zero intersection, if C’(r,y) <0 and for adjacent
with him pixel {x'.y') the inequality C(x'y')>0 is fulfilled. The chosen outlines limit the

areas of segmentation, which are used for further identification on an overlapped image,
definition ofparameters of mutual orientation and quantitative estimations residual unjointing.

3. Walsh descriptors.
For searching conjugate areas of segmentation on the images it is offered to use as
characteristic indications ofthe form so-called W alsh descriptors ofthe boundaries ofchosen

areas.
For a segment [0, T\ we shall consider a sequence of sectionally continuous Walsh

functions {WAL,0 )|«eN ,0</<r]| b accepting only two value: Land -1, and which form an

orthogonal system (Faickuit B.A., Yrynos H.4., KO.N. Koprowkun, 1993). It is known, that
any function /(/). integrated on a segment [0, ['], can be presented as W alsh series:

fit) :aoWAL'iO+'IéaJVAL‘V), (3)
where the factors o fexpansion {a,, /> 0} name as Walsh descriptors and calculate under the
formula:

ar-jf(t)fVAL,, (t)dt,n> 0. (4)

* 0
In case ofdiscrete function /(/) defined on a segment [0, '], broken on N1'= 2* equal
parts, foran evaluation ofdescriptors itis possible to use the following formula:

a="{Wal (5)

orinanextended aspect
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where a = (a0, )" -vector-column ofexpansion factors of function In Walsh series.

f =(/(0), f(T/N), A2T/bl),—, f((N -1)T/N) )/ - vector-column of values of function
f{t) in points of a partition ofa segment o, »7.and (Wal ), /m - matrix appropriate to a set

ofthe first N =2r Walsh functions.

The Walsh descriptors have the following properties:

1. Asthe Walsh fiinctions are mutually orthogonal, the results ofcomparison of factors
ofan expansion in a Walsh series are mutually independent.

2. The evaluation of factors is easy and includes only operations of addition and
subtraction.

3. Majority of characteristic features which describe the boundary of function are
represented in leading coefficients of Walsh expansion.

Taking into consideration (6),

«0=~AZI0T/IV), (7

e.g. factorao is an average value of function f(t) on a segment [Q I']. Similarly it is possible
to show, that factor ai - generalization ofthe first derivative of function */¢f), and factor a2 -
its second derivative. The consequent factors have notthe simple interpretation, but they also
can be considered as numerical performances of function / (t) on a segment [0, ' ].

4, Comparison ofboundaries ofareas ofsegmentation with the applying o f Walsh
descriptors
The boundaries of areas ofthe first image are transferred in the boundaries conjugate
with the help ofthe linear transformation, which is a superposition of parallel transposition,
turn and process ofscaling. Forthe definition ofthe parameters ofthis transformation we shall
present the matched boundaries ofareas as function ofa distance from a center of masses of
curve LA |

r{l) = yj{x(t)-xvf +{yU)-yof ,/e[0, 7", (8)
where x0,y0 - coordinates of a center of masses ofa curve, T —length ofa curve, / - a
natural parameter, x(t), y(t) - corresponding to it coordinates. As an initial point of each
curve we shall considera point, which abscissa is equal to x0, and ordinate is least. Thus the

position vector of such point with the beginning in a center of masses ofa curve is opposite
directed to an axes of ordinates. Detour of area we shall realize counter-clockwise. The
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function r(t) can periodically be continued with a phase T, assuming r(t+nT) = r(t),

ie [o,r], n- integer.
a,=542
a=-0 37
a-=MN31
a=023
ai=-0 9;;
a,=-G 36
a,- 036
a.= 0.47

nTuxbkmn |

Fig. 1. Sequential representation of the boundary with the applying of Walsh
descriptors.

a) determination of a center of masses and index point of the closed discrete
curve;

b) determination of function of a distance of points of a curve from a center of
masses;

c) calculation of Walsh descriptors of function r(t).

Let's consider a modification of function r(t) with elementary linear transformations. It

isobvious, that with the parallel transposition ofa curve given by a vector (4x,Ay) , function
of the transformed curve 'A{t) to notvary, thatis
*L.,(0="(0, te [o, 7']. (9)
To turn curve on an angle 9 there will correspond(meet) a shiftalong a curve /,.that is
|>r+(r-o). o<.nt.

10
Hi-1,). '»< sr (19)
where B and t)are connected by relation
cosO m Mn
No(0)¢'4 0 (T
With a process ofscaling, obviously, the equality will be fulfilled
?()=ar(t), tefo, 71, (12)

where a - relation ofscales ofthe transformed and initial images.

Thus, to resulting transformation ofa curve with parameters (Age, Ay) , B and a, there
will correspond(meet) function r(t) - a r(t—tv).
Let they r,(/) and r2(t) - functions of a distance(span) from a center of masses of

compared curves obtained on the formula (8) Lets define parameters B and a of
transformation transforming the first curve in to ther second, assuming, that

n(f)=a o(i-1,) (13)
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For this purpose we shall calculate the first AV =2° functions r,(/) and r2(l) of Walsh
descriptors under the formula (6). Taking into account (12) and the periodicity of functions
r,(0 and r2(/),itispossible to determine a underthe formula

«=4 (14
«0
where are - zero Walsh descriptors of functions /+,(/) and r2(t) accordingly. Sorting out
the values of /0 from the interval [0, T), we shall define magnitude
\
c,:=min £(atf,’ -a";(t,))2, (15)

where a;.a;(tj are the Walsh i-descriptors of functions r,(/) and r2(t +t0) accordingly. This

magnitude isa measure of identity between a pairofcompared closed curves. It characterizes

distinction of the form between the optimum transformed curve of the first image and

compared to it ofa curve ofthe second image. The value tu, with which the minimum ofa
M

sum Z (aa'-a?(tu))2 is reached, corresponds to a best value ofa parameter B, which is
i=0

determined underthe formula (11).

Thus, for a pair (/,j) of compared areas we obtain a measure of identity O , and

parameters ofoptimum transformation O and or, 0fareaito areaj.
-lj . ' ) A

J. Goalfunction o fidentification.

If there are some areas of segmentation of the similar form in a common part of
overlapped images, the identification of their boundaries based only on the criterions of a
similarity ofthe form, is unreliable. For the amplification ofconditions ofan identification, it
is offered to use the restrictions to combined share orientation ofpairsofcompared areas. Let's
emanate from the supposition, that the boundaries of conjugate areas are not only similar to
the form, but also the parameters of mutual orientation of conjugate pairs are close among
themselves.

Taking into account these factors, we shall make the goal function of identification,
which would be forthe evaluation ofquality ofan identification ofsegmentation areas oftwo
images and reached a minimum on an optimum condition of identification. Let is present m
Numbered areas of segmentation on the first image and n -on the second. The condition of

identification can be presented as aspect of a matrix V =(v,(" of a size mxn, which

elements are zeros and units. Let's v, =1 assume in only case when, the i-area ofthe first

image is identified toj-area ofthe second. The first addend ofthe goal function will reflecta
similarity ofthe form ofthe boundaries ofthe identified areas:

MV)=iikKC, (i6)
The second addend respond to a coherence oforientational parameters ofall identified
pairs ofareas among themselves:
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(17)

where WtIU) = Ma,, -ak)2+ {8Bn-Bu)r - magnitude describing a coherence parameters of
orientation of identified pairs (/,_/) and (k,1). The goal function of identification now can be
noted as

F(V)=cJ,(V)"rc:f(V) (18)
where ¢,.cs weight factors, which are selected for searching ofoptimum solution of the task.
The minimization of the goal function can be executed with the help of neural network (Yi-
Hsing Tseng, Jin-John Tzen, Kei-Pay Tang, Shin-Hung Lin, 1997), or in case of a small
amount ofareas ofsegmentation by simples exhaustive search ofall possible matrixes V ofa
condition of identification. As a result we obtain optimum identification of areas of
segmentation.

"Sewing together” of images is spent, fulfilling parallel transposition of the second
image concerning the first, given by a vector (xj- x'.VY,,->>"), where «>n'), (x', yi) -
centers of masses of a pair (i,j) of the identified curve of the first and the second images
accordingly, cv magnitude is least for a set ofall identified pairs. Then the turn ofthe second
image of an angle By clockwise of rather concurrent center of masses in a point (X0,y'0) is

fulfilled and at last the process ofscaling ofthe second image with a parameter atlis fulfilled.

The quality of "sewing together" ofimages can be estimated by the magnitudes average
quadratic deviations of angle <tO of a turn and parameter of process of scaling oa to all

identified pairs ofareas ofimages.

6. Results o fexperiment.

We carried "sewing together" of four REM-images of 1600-multiple magnification
obtained with the help of electronic microscope Hitachi S800. Chosen with the help of
operator Mappa (1) boundaries ofthe singularities ofthese images are represented in Figure 2.
In Figure 3 the result ofautomatic "sewing together" ofthese images is represented.

7. Conclusions.

The method ofautomatic "sewing together" partially overlapped REM-images, assumes
identification of the boundaries texture of singularities submitted in the frequency form by
W alsh descriptors. Such representation of the boundaries allows to determine the parameters
of optimum transformation of singularities of one image to another other. The procedure of
identification of an apart from the factor of a similarity of the form, takes into account
orientational coherence of the identified areas, that increases an exactitude of "sewing
together". The algorithm of a method is simples for a realization as the software. The
outcomesofamodel experiment confirm the effectiveness ofapplication ofthis method.
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Fig. 2. The chosen boundaries of singularities of REM-images.
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Fig. 3, An outcome of "'sewing together" of REM-images, obtained with the help of
electronic microscope with magnification 1600\



