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The main types of errors introduced by methods of masking (disguise), measures assessing the quality of
masking. Showing approaches to comparative evaluation of methods of masking. Considered presents practical
methods for quantifying the quality of the detection and localization of the contours in images. It was concluded
that to justify the selection of one of the existing methods to mask the comparative quantitative measure of
quality masking images using GT-images
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Y cmammi eusnaveno ocrHogHi 6UOU NOMUNIOK, WO BHOCAMBCA MEMOOAMU MACKYBAHHA, A MAKONHC 3AX00U OYIHKU
axkocmi mackysauns. Illokasani nioxoou 00 NOpiGHANLHOI OYIHKU Memo0dié mackyeauus. Ilpedcmaeneni
NPAKMUu4Hi Memoou KINbKiCHOI OYIiHKU AKOCMI 8USAGIEHHs I JOKaNi3ayii KOHmypie 6 300pasicentsx. Ak eucnosok
MOJICHA  cKkazamu, wo OAs  OOIPYHMY6amusi 6ubOpYy 00HO20 3  ICHYIOYUX MemoOdi6 MACKYEaHMs.,
BUKOPUCMOBYEMBCA NOPIGHANbHUL KINbKICHUL NOKASHUK AKOCMI 300DAJCEHHA MACKYB8AHHA 3 8UKOPUCMAHHAM
GT-306pasicens

KnrouoBi cnoBa: o6pa3 mackyBaHHs, GT-300pakeHHs1, METOA OUIHKW, Mipa OUIHKMW, SIKICTb BUSIBMEHHSA, SKICTb

nokanisauji.
Introduction

Image processing is being used in almost all
areas of human activity. Increase the levels of
information to be processed at the same time the
requirement to reduce the time spent on
processing. The technology of digital image
processing requires to the development of new
methods of filtering, pattern recognition, data
compression and image interpretation. Data on
the geometric characteristics of objects in the
image borders — contours are the most
informative for the largest part image
processing systems.

The most of methods to search for contours use
and continuously improved for specific tasks of
image processing. The fact of continuous
improvement, new methods of finding the contours
of dissatisfaction researchers showed the quality and
reliability of existing ones. Consequently, task the
guality estimation methods to detect contours of
objects in realistic images is the actual problem to
justify the use of a particular method.

The idea of this article is analyze of practical
estimation the quality of methods of image
disguising techniques (quality of detection and
localization of edge) for the detection contours in
images.

By disguise the images we mean methods and
algorithms detection (search and localization)
contours (contours borders) in images by using a
sliding mask (filter). Usually, the mask is a kind of a
square matrix equivalent to a specified group of
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pixels in the original image, the elements of which
are called coefficients.

Quality estimation methods of masking can be
divided into theoretical and empirical [1-6]. It
depends on whether they use a theoretical analysis
or review of the experimental results of a method
and algorithm.

As is well known the use of theoretical methods
to assess disguising [1-6], the input of the method
(algorithm) are described mathematically, and its
performance is determined analytically or by
simulation. The main disadvantage of these methods
is a simplified mathematical model describing the
input signal and noise, as well as the difficulty of
applying the method to the borders of modern
detectors because of the complexity of algorithms of
the latter.

Methods of empirical estimates typically
measured either allocated shape borders or
probability of a correct definition of the boundary
pixel by studying the brightness of pixels in its
neighborhood. Empirical methods are divided: a
method used estimate ground truth (GT-images —
images that contain a common understanding of the
researcher's border) and the so-called empirical
estimate of purity (empirical goodness methods),
that this estimate does not apply. This group of
methods and include those in which the performance
of different methods evaluate people.

A major shortcoming of the known empirical
methods in their practical application is the fact that
they can not measure the displacement of the
boundary pixels allocated about their true position
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and do not solve the problem of choosing the
optimal method of disguising (detection edge) for
the specific task of image processing.

Most methods of estimate use the results of the
study of algorithms for test images with GT-images.
Measures differences (discrepancy measures) are
played the main role for count estimates the results.
Currently, more often used images, simulating
complex to highlight the boundaries between [1; 4;
11] associated with the presence of the boundary
changing contrast (for example, well-known test
images — band disappears, a snail, a decaying part).

1. The main types of errors,
imported by methods of masking (disguise)

The main criterion of efficiency methods of
masking are the maximization percent of correctly
selected boundary pixels (detection high level) and a
high level of localization (determination of
proximity of the selected circuits to appropriate to
them on the GT-image).

By this time it was not possible to create a
measure equally effectively estimating these two
characteristics. It is connected with uncertainty
principle between high level of detection and a high
level of localization. Accordingly, for an estimation
of the given characteristics different measures of
distinctions are proposed.

To the main types of errors (see figure), imported
by masking methods in required contours of objects
of the image, it is possible to carry: contours
smearing, local and global offsets, ruptures of

contours.
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The main types of errors,
imported by methods of masking

Efficiency methods of search and localization of
contours in practice can be estimated proceeding
from following results of processing [1-12]:

— precision of determination of points of a
contours;

— uniqueness of each boundary (for each
boundary of object there should have only one edge
detection contours);

— stability of the method to noise;

— simplicity of hardware implementation;

— speed of the finding contours and

necessary computational rate for processing;

— the thickness of the boundary allocated (to
strive for one point (line));

— Off set of bias circuit (edge).

2. Measures distinctions for methods

of masking (disguise)

Analyze measures of distinctions of methods of
masking can be divided into 2 groups of measures
conditionally: estimations of quality of detection and
estimations of localization.

2.1. Main measures estimation

the quality methods of masking

Following main measures of an estimation of
quality of detection [1-6] are known.

The error of first kinds determined as attitude of
the wrong distinguished border pixels toward the
incurrence of pixels being not a border:

a(aB)="BA oy
n(X\A)

where n(.\.) is a number of pixels in a corresponding
image (great number).

The error of second kinds is determined as
attitude of the undistinguished border pixels toward
the incurrence of border pixels:

_N(A\B) 2
B(A B) TS 2

Sensitiveness is attitude of the correctly
distinguish border pixels toward the incurrence of
border pixels of character GT-image:

_n(BmA): B
Se——n(A) 1-B. 3

Specificity is attitude of the distinguished not
border pixels toward the incurrence of not border
pixels of character GT:

S :n(X/ BuA):l_a
n(XxX/A)
2.2. Specified measures estimation quality
for methods of masking grayscale images

It is possible to carry to measures of an
estimation of quality of detection and Euclidean
mean squared measure (metrics) which is applied at
comparing of two halftone images [2-8]:

1/2
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where f(x), g(x) — value of image brightness f(g) in
a point x.

The considered measures of an estimation of
quality of masking have the big practical
application, their lacks [2-8; 11-13] thus were
repeatedly marked. T
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he most diadvantage is distinctions between
images f and g are defined on total number of
discrepancies in between regardless to an image
which represents these images.

So, small shift in the estimated image concerning
the GT-image, affecting a great number of pixels,
but not changing the form of an image, leads to the
low values of an estimation of quality of masking
that not is admissible at an estimation of quality of
localization of circuits. The small distortions
affecting insignificant number of pixels, but
essentially changing the form of represented object,
give high values of the given measures. The
specified disadvantages necessary are taken into
consideration at practical estimation methods of
masking (detectors of boundaries) by means of these
measures.

2.3. Measures estimation localization
for methods of masking

Criterion of an averaged square error can serve of
measure estimation localization of contours in
masking methods (which defines precision of
determination of contours objects in images) — in
aggregate with criterion of a minimum of distance
between an ideal (pattern) image and the contours
received as a result of their detection (localization)
[2-4].

In this connection, as a result of detection
(localization) of circuits frequently there are errors
of two types:

— on the image the point is marked as contour,
and on an ideal image it does not concern a contour;

— on the processed image the point is not
marked as contour, but it is that on an ideal image.

It is possible to carry an average error of distance
to practical measures of an estimation of localization
[2; 3; 6-8]:

1
e(A,B) n(B) EBd (X, A), (6)
where d (X, A) = infr (x, @) in a considered discrete
situation also represents the metrics of the shortest
way [2; 6; 13].

To practical measures of an estimation of
localization it is possible to refer an average error of
distance [2; 5; 6]:

(AB)=—— T d(X,A%  (7)
n (B) xeB
Recently, at an estimation of quality of methods
of selection of circuits as a measure of an estimation
of localization use the criterion showing a level of
likeness processed and ideal images (FOM) [6; 11; 13].
Criterion FOM (Figure of Merit) corresponds to
empirical distance between the ideal images

presented in the form of circuits f and circuits,
received as a result of handling g :
FOM (f,g)=
_ 1 wi@ 1 (8)
 max{card(f),card(g)} = 1+d2(i)’

where card () — an amount of pixels in the
image f ; card(g) — an amount of pixels in the

image Q; d(i) — distance between i-th pixel
f and the nearest to it in pixel of century g .

In practice also use the metrics of Prieto [9; 11].

Lack of the enumerated measures of an
estimation of localization is that they are frequently
insensitive to beta errors. A lack of criterion FOM
and Pratt's metrics [6; 9; 11; 13] — high values on
the images containing sections of ruptures of
boundaries (holes) and sections where the turned out
boundary circuit oscillates round the true position.

At an estimation of quality of methods of
selection of circuits as a measure of an estimation of
quality of detection it is offered to use the criterion
showing a level of their difference (RMS).

Criterion  RMS (root mean squared error)
represents an averaged square error defined by
expression [2; 3; 13]:

} )

where f(x), g(x) — intensity of pixels x in f; and g;;
X — set of pixels on the processed image.

At comparing of methods it is necessary to result
average estimations of criteria FOM and RMS,
received for the given amount of images.

For an estimation of quality of localization in
halftone images also use a measure of structural
similarity SSIM or its modifications (3SSIM, MS
SSIM) [12].

Value of a measure of a structural similarity is
defined by expression:

=
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where SSIM — value of a measure of a likeness
(quality) of images; X, Y — images treated and ideal
(GT-image); M, N — image sizes

The measure of structural similarity SSIM — a
complex estimation of likeness (quality) of images
also has following components for comparing of
input and output images: correlation coefficient
between images, an estimation of likeness of
average values of brightness of images, an
estimation of likeness of contrasts of two compared
images. The above value of a measure of likeness of
images, the image handling is better fulfilled.

The criterion of quality of localization at masking
which considers both number of ruptures, and
number of the passed elements in separate ruptures,
and also their small displacement is defined in an
aspect:

1 I 1 N 1
> D >N >0;
(I, +N)N iazl+ad (i) j21+pn°())
Rloc= 1 la 1
_z 2/ N :O,
I, izl+ad”(i)
(15)
where I, — amount of elements in a real contour;
N — amount of ruptures of a real contour in

comparison with an ideal contour; o — the factor
governing the demanded relation (penalty) for the
greased and displaced contour; d(i) — magnitude of
displacement of i-th element of the discovered
contour on a normal to a line of an ideal contour;
B — scale factor (depends on parametres of ruptures
in a contour); n(j) — amount of the passed elements

N

in j-th rupture; > n(j)=1, — amount of the passed
j=1

elements.

It is possible to draw an output that in practice
the task of a combination of various metrics is not
less actual, than the task of perfection of
determination of existing distinctions.

Conclusions

1. These methods of count estimate are not
universal. They have advantages and disadvantages
and, as a consequence, restrictions on use.

2. The methods and measures estimation the
quality of masking images let a sufficiently detailed
guantitative description of the method of masking.

3. The researcher (user) select the method of
solving the problem of masking their specific
applications, including the most perspective way of

comparative testing of existing methods of masking
using GT-images.

4. In a joint application of several measures
estimation the quality of masking (the quality of
detection and localization) needs to consider the
consistency of results and the preferences of the
interpretation of the evaluation.

REFERENCES

1. Gonsales R. S. Digital image processing /
R. S. Gonsales, R. E. Vuds. — M. : the Technosphere,
2006. — 1072 with.

2. IIparr U. K. Tsifrovaja obrabotka izobrazheny /
U. K. TTpart. — M. : the World, 1982. — 792 with.

3. Ablamejko S. V. Image processing: technology,
methods, application / S. V. Ablamejko, D. M. La
gunovsky. — Minsk : Amalfeja, 2000. — 303 with.

4. Herskovits A., Binford T. On Boundary
Detection, MIT Project MAC, Artificial Intelligence
Memo 183, July 1970.

5. Fram J. R., Deutch E. S. On the Evalution of
Edge Detection Schemes and Their Comparison with
Human Performance, IEEE Trans. Computers, C-24,
Vol. 6, p. 616— 628 (June 1975).

6. Bowyer K., Kranenburg A., Dougherty S. Edge
detector evaluation using empirical ROC curves,
Computer vision and Image Understanding. 2001. Vol.
84. Ne 1, p. 77-103.

7. Gribkov 1. V. [et al.]. Edge Detection under
Affine Transformations: Comparative Study by
PICASSO 2 System, WSEAS Transactions on Signal
Processing. 2006. Is. 9. Vol. 2, p. 1215-1221.

8. Prieto M. S., Allen A. R. A similarity metric for
edge images, IEEE Trans. Pattern Anal. Mach. Intell.
2003. Vol. 25. Ne 10, p. 1265-1273.

9. Osipov A. A fuzzy approach to performance
evaluation of edge detectors, in Lecture Notes in Signal
Science, Internet and Education, WSEAS Press / A.
Osipov. — 2007, p. 94-99.

10. Some's fungi questions of the quantitative
estimation of productivity of detectors of boundaries /
I. V. Gribkov, A. V. Zaharov, P. P. Koltsov, etc. //
Software solutions and systems. — Ne 4, 2011, with.
13-19.

11. Wang Z. Image quality assessment: From error
visibility to structural similarity. IEEE transaction on
Image Processing / Z. Wang, A. Bovik, H. Sheikh. —
2004. — Vol. 13, 4., p. 309-312.

12. A. J. Baddeley. Errors in binary images and Lp
version of the Hausdorff Metric, Nieuw Archief voor
Wiskunde / A. J. Baddeley. 1992. Vol. 10, pp.
157-183.

Article received 17.04.13.



