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Abstract

The task of edge restoration is important aspect of automatic
information processing systems. We have developed algorithm for
automatic computation of equidistant curve on the image with
blurred contours. The algorithm is based on the use of linear
operators on matrices. First we introduce the basic notation and
mathematical model of blurred image. Then we describe developed
mathematical tool to accomplish this task. We present block
diagram of the algorithm and proposed restrictions on its
application. We have tested our approach on the set of test images
and it has shown promising results on the task of equidistant curve
computation for the image with blurred contours.

Introduction

Currently, in the automated monitoring and analysis systems used
computer vision systems. These systems allow creating partial or
full automation of the analysis process, minimize the influence of
the human factor and improve work efficiency. Independent
problem of computer vision is the search and selection of
boundaries of objects on images. In consequence of various
factors, such as: filtering; defocusing; use is non plenoptic cameras
or the result of the movement in the frame creates the effect of
blurring the boundaries of objects.

The works D. Mumford and other [1-3] addressed issues
restoration borders when piecewise constant and piecewise smooth
optimal approximations for using the Mumford and Shah model.
These numerical approaches are based on a discrete functional for
image segmentation. The algorithms used a searching of contour
on blurred region, but not always allow highlight the inner
boundary of the object.

In the works M. Kass, A. Witkin, D. Terzopoulos [4] proposed
method "snake" to find the boundaries of blurred images. This
algorithm is an energy-minimizing spline guided by external
constraint forces and influenced by image forces that pull it toward
features such as lines and edges. "Snake" based on the active
contour model. Scale-space continuation can be used to enlarge the
capture region surrounding a feature. The algorithm is effective to
find the boundaries, even blurring the boundary between the
regions, and not the inner curve.

In the works V. Katkovnik, K. Egiazarian, J. Astola [5] is
presented an approach to restoration and deblurring. In the absence
of information about the kernel blur, the recovery process is much
more complicated.

The purpose of this paper is to develop algorithm for automatic
computation of equidistant curve for the image with blurred
contours.

The rest of the paper is organized as follows. Section 1 describes
the notation and restrictions for using algorithm. Section 2
describes the proposed algorithm. This is followed by a description
of the basic idea of the proposed approach. Experimental results
are given in Section 3 followed by the Conclusion section.

l. Notation and restrictions
We introduce the concepts and notation required to describe: let

Z*=ZxZ is cartesian square of the set of all integers Z ; for
the any aggregate AcZ> A=Z*\A.Let t=1 or t=2.1f

@j), (kheZ', en x()y (v xH»
(i—k)2 +(j—l)2 =t (properly, <¢,>t). On each non-empty
aggregate AcC Z 2 we define a binary relation [A, t] as

when

follows: for any x,y € A x[A, z‘]y if and only if, when there is a
X, elements of aggregate A such that
e [11x (2] [e0x, [y . Tt s [A, 7]

equivalence relation. Consequently, aggregate A It splits
equivalence classes in this respect, which will take the name ¢ —

finite sequence Xj,X;,...,

understood  that

a aggregate of components A. Let's call A f— connected set, if
aggregate is empty or has a single ¢ components (which

coincides with A). We note two facts: 1) simple connectedness
the aggregate pull, double connectedness, and the converse is not
true; 2) singleton set simple connectedness, as well as a double
connectedness..

Let @cAcZ?,
connectedness. Then @ is contained in one of the ¢ components
of A [6], denote C,(A,®). In case of simple connectedness the

aggregate @, ie at ®={x} instead Ct(A,{x}) the denote

and the aggregate ® nonempty and f-

C,(A,x) . If aggregate Ac Z 2 with sufficiently large natural n
aggregate Q, = {(i, je Z? :max(|i|,|j|) > n}, register the simple
connectedness, is contained in A. Consequently, defined «outer

boundary» single component C| (A,Q ,) aggregate A , which will
be denoted E(A). Since E(A) - is single infinite set in simple
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connectedness the aggregate A , it is independent of the choice
which Q,cA. Let wus

of all

of  values n, for
J(A)=A\E(A)

boundary» single component A obviously, the set course J(A)

assume — the union «outer

. Finite aggregate ® c Z 2 it is closed Jordan curve discrete
(CJCD), if in event double connectedness, it contains at least four
elements, with each time x € ® aggregate {y €0\ {x}: x[2] y}
double-element. Then, for any set Ac Z % the denote F (A) the

set of all points x € K, for which there is an element y € A such

that x(1)y . If A,® — finite subset Z?,in the case A c J(®) we
say that a multiplicity of ® covers many A aggregate.
Let used finite aggregate A = Z>, for which J(A)# 0. Designed

in [6] algorithm allows to find out whether in A there exists at
least one CJCD covering set J(A), and secondly, in the case of

the existence of such CICD allocate A CICD O covering
corresponds to the assumption J(A)and intuitive notions of
"equidistant curve" set (Figure 1).

Figure 1. Example «equidistant curvey

For any finite aggregate AcCZ 2 take to
A{(A)=A\(FJA))\F(ED)),
n=23,...

n=0,,..., exists number 7>0 such that 4, ,(A)=A4.(A). In

n+l

Ap(8)=A,
A= A (4,4 (8),
Since the finite set A, and A’ (A)CA:,(A),

n+l

this case, take to the designation 4’ (A)= A,i (A) (the set A'(A)
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does not depend on the number of 7 satisfies the equation
A,i, ad)= A,i (A)). Similarly, for the given operator A (A),
n=0,l... and 4A°(A) (To do this, replace i on e, J(A) on
E(A) and E(A) on J(A)).

Let ® - CICD, x €® . Property CICD establishes the existence
of two and only two elements y,z € ® , other than the point of the
X and being with her in respect of [6]. This pair of elements that
uniquely defines the point #,v€® such that u[2]y#u=#x,

V[2]z#2v#x.Let Ug(x)= {u,y, x,z,v} ; when traversing CJCD
© elements extend Ug(x) in said plurality or inverse order

(depending on the direction of rotation). It can be shown that for
every Xx€0 number of elements of the set Ug(x) equal

min(n;5), when 7 — number of set ®. In describing the
allocation algorithm average lines (AAAL) more convenient to use

not Ug(x), the set Vg (x) =@ \U o(x) . For any CICD O and
each set of @ ® (cases @ #0 and @ =0 are not excluded )
take  to Hg(p,x)= {x}, if
He(p,x)=F({x}) nJ(©) it  xeq we  take
Ho(p)= Y:aH(a((p,x) . Always Hg(p,x)#0.

xeB®\gp,

designation

Description AAAL. Let A, — any finite aggregate in Z 2,

J(A,) #0. At the first stage we define the set ©( = A°(A4'(A)).
Check whether ®, CICD [6], ®, — CICD <> the set J(O)
simple connectedness, and F(J(Qy))NF(E(©,))=0,. In
case of a negative check result, in A, there is no CJICD,
embracing J(A,) [6], ie no solution. Suppose, that &, — CICD;
and @, is cover J(A,) . We start counting steps of the algorithm
after determining ®,. For any # =1 his (2n—1) step is to find
the set A, =A,  \(F(J(A,,))\O,_;), and (2n) step — the
initial determination of the set
Epl = {x €0, :F({x}) NJ(O,))cA, } , then sets ¢,,_; all

points xe such that for any yely (x) set

n-1

Hg (§,-,X)UHg (&, ») no double connectedness, and

the set ©, =4 (Hg  (¢,-1)). It can be proved, the set @, is
CJCD, embracing J(A,), and J(®,)cJ(@®,_ ), n=12,..
Since the set J(A,) of course, there exists a number 720 such
that J(®,)=J(®,) for all k>n, and in the case of n>1
JO,)#J(©,). This element
properties, and in the set @, (instead J(®,)). We take the "

n will have the same

equidistant curve " ® the set A the curve ®,; in other words,

once found in a series of curves ©,,0,,0,,.. meet two

consecutive identical, calculation is stopped and taken ® as the
last of these CICD.
In practice, only be considered discrete sets that make up some of

the limited subset Z2. Let us assume for such the set
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Q=7%n ([1;N]>< [I;M]), when M and N - given natural
numbers. Take to designation: Q, = {(i,j) eQ:i=lori=M,
or j=1,o0r j=N } (€, — «border» discrete rectangular area
Q) O, =Q\Q,. In the given grounds shall apply only to the
AAAL sets Ay Q. Let us prove an auxiliary result:

Lemma. Let A,® < €, when ® — CICD. Then each of the sets
J(@). FUQ). FEWD). 4,8). 4/(8)(n=0l..).
A'(D), A°(D), He(p,x), He(9), Vo(x)(xe®,p0)
contained in Q) the set 51 —in E(A), and the set F(A) —in
Q.

Lemma proving. Because of 61 cA and the apparent simple
connectedness 51 , contained in E(A).
J(A)YNE(A)=0, then J(A)=Q,. We
F(J(A))c A. Suppose it is not so, ie there is an element
x € F(J(A))\ A . Then there exists an element of y € J(A) such
that x(1)y. xgJ(A)UA, then xeE(A). Effect
affiliation yeA, we obtain affiliation ye E(A), which
equality J(A)NE(A)=0. Consequently,
F(J(A))c Ac Q. Replacing of reasoning E(A) on J(A)
and J(A) on E(A), prove and inclusion F(E(A)cAcQ,.
On the definition of the sets A,i (A), 4;(A) , A (A), A°(A) Tt

Because of

show that

Since

contradicts  the

follows that each of them is contained in A, and hence a Q.
Similarly, Vg(x)c® c Q. The sets Hg(¢,x) has the form
{x} or F({x})ﬁJ(A) , when x€O . In the first case it is
contained in ® , and therefore in, a €, . Similarly, in the second
Hg(p,x)cJ(A)c Q.
Hg(p)= x;J@HQ (¢,x) = Q. Prove inclusion F(A)c Q. Let

case: Hence,

x € F(A), there is a point y € A such that x(1)y . Because of

yeQ,, then xeQ.
Analysis AAAL this lemmas shows that when the "initial
conditions" Ay < €2, almost all the sets arising in the process of

applying AAAL, are contained in, 2, and the set ®,, A,, &, ,
wn ’ H®(§177x) s [—]G),7 (¢n) s VG)n (X) (l’l = 0>]527"") and some

other — even in (). The exceptions are the sets E(A), are in the
process of calculation will be replaced by sets QM E(A). The

correctness of such a replacement is provided by the fact that
during the entire procedure, computing the operator E applies
only to A subsets of €, with subsequent application to a sets

E(A) of operators F'. Then, by the lemma 51 c E(A), and is
easy to see that the proposed algorithm ¢ for constructing the set

F(g) when &€ =Q N E(A) lower when it gives a sets F(E(A))
. It is also important to note that nowhere in the calculation when a
use of the sets F'(A), when A < Q,, operator I not used. Thus,

in the construction of the "equidistant curve" of the set Ay € Q;

we have to deal only with subsets €2 . Therefore, it becomes
possible to create an implementation AAAL, that do not operate

with the sets A C (2, and used "matrix images" that make this
much easier. Accept data sets A mean matrix g(A) of the

elements of M XN which (a;) are defined by the equation

a; =1if (i,j)€ A and a; =0 when the equation (i,/) & A .

Il. Proposed algorithm
Let the steps subalgorithms characters &, ,...,&; — when
components AAAL. All matrices have a size M X N ; elements of

the matrix are denoted by the same as the matrix itself, but a small
letter with two indices. The result of applying the algorithm ¢; in
the input ... we denote ¢(...) .

1. The algorithm is the intersection of sets A and €.

Let A=u(A), B=u(e), C=u(Ane)=0a,(4,B). Then
¢ = aijbij .

2. The algorithm is the union of sets A and & .

The elements of the matrix C = (AU ¢g)=a,(4, B) calculated
by the formula c;; = sign(a; +b;) (sign(x)=1,0,-1 at x>0,
x=0, x<0 respectively).

3. The algorithm is deducting from the set A set & .
C=u(A\e)=05(4, B):

The elements of the matrix

Cy :al-j(l—bij) .

4. The selection algorithm single component C;(A,x) the set A,
includes the element X .

Let x=(k,l) (because of x €A, at the intersection k of [ row
and column of the matrix z(A) is a unit). The algorithm uses a

variable matrix A .

Step 1. Assignment A:= p(A),and a;; =2.

Step 2. If in the matrix A no of twos turn to step 3. Otherwise,
choose any item @; =2 and assign it a value 3. If the matrix A4
contains at least one element a,, =1 for which the m=i,
n=j+1 or m=itl, n=j,every such component is assigned
a value 2. Perform step up to the disappearance of the matrices A4

of all of twos.
Step 3. Computation the eclements of the

B=u(Ci(A,x)=a,(u(A), (k1)) the  use
b; = max(a; —2:0) .

matrix
formula

5. . The selection algorithm two component C,(A,x) the set A,
includes the element X .

The algorithm repeats the algorithm 4, but with the extension
conditions m=17, n=j+1 wm m=itl, n=j, which takes
the form m=i, n=j+1 wm m=ixl, n=j,or m=itl,
n=j+tl.
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For using algorithms «,, a5 when ANQ, #0 may occur in
the calculation of variables a;;, for which i=0ori=M+1,or

j=0,o0or j=N+1. These variables should be considered as

zero.
6. The algorithm for finding the set F(g), when ¢ cQ; or
Q.

Let A=u(e), B=u(F(s))=as(4). The clements of the
matrix B

calculated by the formula

by =(1—ay)sign(a; j_ +a; j +a; ; +a;, ;).

7. The algorithm for finding the set QN E(A) at Ac Q.

Let A=pu(A), e=Q\A, B=pu(s) (then b; =1-ay;). Since
b, =1, defined set of Ci(&,(L)=QNE(A).
HQAEA)) = a;(4) = ay(B.(1D).

8. The algorithm for finding the set J(A) at A c Q.
Let J(A)= m By Lemma, J(A)cQ;, then
J(A)=Q\(AU(QNE(A))). Let A= u(r),
B=0;(A)=u(QNE(A)) and, the set A n QN E(A)
HAU(QNE(A)=A+B. Having
designation C = u(J(A))=0az(A), we obtain the relation

Then,

disjoins, we obtain

cj = 1- a; —bij .

9. The algorithm for finding the set Ali (A) at Ac Q.
Let  A=p(A),  B=p(4(A)=ay(4).
B = a3 (4, u(F(J(A)\F(E(D)) =

= a3(4, az(ag(ag(4)), ag(a7(4))

10. The algorithm for finding the set A'(A) at A < Q.
Let C:=pu(4'(A)) = a1 (1(D)).

step 1. Assign A= u(A).

step 2. Let Bi=ay(A4). If B#A, assign
Otherwise, go to step 4.

step 3. If A # B return to step 2, and if 4= B go to step 4.
Ilar 4. Assign C:= 4.

11. The algorithm for finding the set 4 (A) at A= Q.

It is obtained by replacing in the algorithm ¢ superscript I to
subscript e in 8,7,11 on 7,8,9 respectively, sets J(A) and E(A)
— each other.

12. The algorithm for finding the set 4°(A) at A = Q).

Then,

A=0ay(B).

It is obtained by replacing in the algorithm ¢, superscript 1,9,
10on e,l1,12.
13. The algorithm for allocation CJICD ® c ), the set in

Vo (x),x€0®.
Let A= u(®), x=(k,I) (then a;,; =1). Assign a;; :=0.From
paragraph I CJCD, of eight elements a;;, where, i=k, j=1+1

or ay=1, ay=1,0r i=kxl, j=I1+1, two equal to unity.
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Assign them @, and d g is reset and the elements. Now, there

exists only one item @, =1 for which, r=m, s=n=*l or

r=mzxl, s=n,or r=m=zl, s=n=xl, and the only element
a,,=1 such that u=p, v=qg=xl or u=p+tl, v=gq, or
u=p=xl, v=g=x1l. For them also perform reassignment
a,, =0, a,, =0. Received after this transformation matrix is
the result of p(Vg (x)) = ay3(4,(k,1)).

14. The algorithm for finding the set
Eo(A)={xe®: F({x} nJ(®)) c A)}, where ©,AcQ,, O

- CJCD.

Let  A=u(©). B=pA), C=u(J(©)=ay(4).
D= pu(ég(A)=a4(4,B). For each point
(i,))eO(= a; =1) let
dy =1=sign(c; ; ((1=b; ;) +¢; j (1=b; ;) + The rest of

+ei, (1=by )+ j(1=byy ;)

the matrix D determines the implication a; =0=d; =0.

15. The algorithm for finding the set Hg(g,x), rae ® — CICD,
pcB®cQ,, x€0O. Let A=wp®), B=up),
C=u(J(®)=04(A), x=(k,0) (then ay =1),
D= pu(Hg(p,x))=0,5(4,B,(k,0)). If b,; =0, d}; It is the
only element of the matrix D equal to 1. In case by; =1 assign
d; =1 if and only if i=k, j=lxlori=k%l, j=[,and
¢ =1

16. The algorithm for finding the set Hg () , where ® — CICD,
pcOcCQ.

Let A= u®),

B=p(p), C=u®\p), et

aii=1:>Ci/-=1—bi/-; aij=0:>Cl-j-=0. The matrix
D=C+ Za15(A,B,(i,j)). The matrix
bil=1

G = u(Hg(9p)) = a15(A4, B) has elements g;; = sign(dy;) .

17. The algorithm for finding the set @g (&) for all points x € &
such that for y € Vg (x) every set Hg(&,x)U Hg(&,y) is not
two-component. For this ® —CICD, £ c® < Q.

Let 4= u(®), B=u(&). Fixing an arbitrary unit cell b;; the
matrix B, find the C=a,;(4,(k,1D),
D=qa5(A,B,(k,l)) and select any element of d,, =1 the

matrix

matrix D . If for every point (7, j) such that Cy = 1, the matrix
G=a,(D,a;5(4,B,(i,j)) and a5(G,(m,n)) do not match,
we let /; =1, and otherwise /A, :=0. This will identify all
items £, the matrix H = u(pg(&)) = a7(4, B) , corresponding
to the condition by; =1.1If b;; =0 accepted /,; ==0.
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Algorithm. The above partial algorithms allow to briefly describe
the procedure AAAL, consisting of the following three steps. Let

Ay <y, A= pu(A) .

Step 1. B=ap(ay(4), C=a(B),
D = (ag(a;(B)),as(as(B))), G=as(C,(k,0)); for this
(k,I) we can take any point for which ¢, =1. If D=5,

Decision matrix

G =C, go to step 2. Otherwise, the calculation ends with and the
conclusion  that it is impossible to allocate A, "equidistant
curve". The block diagram is shown in Figure 2.

Load image A

Y
Download
coordinate k|

calculationB,, = at,,(A)

v

calculation = ar,, (B, )

v v v

calculationC = ¢ (B)|| calculation B7 = a7(B calculationB8 =0y (B)

S +

caloulation G = ,(C, (k. ) calculation By, = ¢, (B, )||calculation By, = o (By)

o

caleulation D =a,(Bg;, Byg)

A

g |

Unloading
DB,G,C
Ve

End

Unable to find a
middle line

Figure 2. The block diagram first step algorithm

Step 2: Let A:=as(4,a5(aq(az(A)),B)), L=0o1,(B,A4),
P=a;(B,L), R=a,(a4(B,P)). If R=B as matrix
image «equidistant curve» © the set A, We take a matrix B
that completes the calculation.

Step 3. Let R # B. Then we accept B:=R and return to step 2.
The block diagram is shown in Figure 3.

Q4

v v

Load image A

vy
calculation A8 = 0!8(14)

Load mask B

vy

calculation4g = o (4g, B)

v

calculation Ay = 3 (Agg)

v

calculationd = @, (4, Ays)

v v

calculationL = a,,(B, 4)

v oV

calculation P = ¢, (B, L

R A

calculation R; = o (B, P)

v oy

calculation R = a;,(R)

Figure 3. The block diagram of the second and third step
algorithm

lll The test results of the algorithm

The effectiveness of the proposed method ArfAAL shown on the
test images in Figure 4. The figure shows a binary image of the
objects of simple forms with a punctured area and complex form or
more punctured areas. Image size is 100 by 100 pixels.
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Figure 4. The test images

Figure 5 shows the result of separation «equidistant curve» on the
image.

Figure 5. The result of separation «equidistant curvey on the
image

On the figure 7 show the results of processing on the test images.
The proposed algorithm able to determine of separation
«equidistant curve» on the image.

Analysis of efficiency of the algorithm was performed on a set of
medical images. For the analysis of medical image data we use
data research microscope of blood cells. The images presented of
the color data of RGB format obtained using a digital microscope.
When receiving the test data we observed the blurring objects. At
the same time the boundaries of some objects have strong blurred.

IS&T Infernational Symposium on Electronic Imaging 2017

Figure 6 shows an example of blood cells data analysis.
Determination of blurred areas was carried out with the use of the
threshold processing. The threshold value was adjusted manually
for each image. Another way for determine the contours, may be
used approach proposed on the work [6]. As a result of the use of
the algorithm, we identified the external border of the objects.
Figure 7 shpvxs an example of the objects boundaries definition.

&

X

- Y o
/ 4 -
P [ ) >y -
B Y
” ©AE
y > 3
o ol . |
* = g
(": g f : 1. 1
s ’ - {-o‘ i/ ‘, }T’ :"a{ by \I

Figure 6. The test medical images

Conclusion

We proposed method for automatic computation of equidistant
curve on the image with blurred contours. The algorithm is based
on the use of linear operators on matrices. We received promising
results on the task of equidistant curve computation for the image
with blurred contours.
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Figure 7. The result of separation «equidistant curve» on the
image
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