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THE TECHNIQUE OF HOMOTOPIC SKELETONIZATION
OF BIT-MAPPED DRAWINGS OF PARTS OF SEA TRANSPORT

Context. Skeletonization is used in image processing of technical drawings, including drawings of sea transport parts, since the object’s
skeleton reflects its topological structure. Comparative analysis of the best methods of parallel topological skeletonization of the area
objects, using spatial masks, showed that they give iterative distortions to the topology of primitives and their compositions. Therefore,
the task of developing a technique for homotopic skeletonization of bit-mapped drawings of sea transport parts is relevant.

Objective. To develope technique of improvement of topological equivalence of the skeletons to the contour of sea transport parts,

by means of gradual correction of typical skeleton’s distortions.

Method. Correction of skeleton’s iterative distortions by modified spatial masks of the basic method of skeletonization and the
reconstruction of the resulting skeleton by masks to restore its homotopy to the original, on the basis of developed reconstruction rules.
Execution of the proposed technique was carried out on example of the basic method R.Y. Wu & W.H. Tsai.

Results. The proposed technique is implemented as a program application that allows to perform quality skeletonization of images

of drawings of sea transport parts.

Conclusions. The shown examples of results of skeletonization of drawings of parts confirm efficiency of the proposed technique.
The technique can be adapted to the methods of topological skeletonization of area objects, based upon application of spatial masks.
Keywords: connectivity, distortion, drawing, homotopic, mask, skeleton, technique.

NOMENCLATURE

ACCURACY - measure of quality assessment, the
proportion of points for which the right decision was
obtained;

b, — the k-th point in the 4 (8) — connected

neighborhood of the contour point;
F-MEASURE - a measure of quality assessment, is the
harmonic mean between precision and completeness;

g(*) — checkpoint flag on the top of the concave corner;

H — height of the original image;

k — the index of the point in 4 (8) is the neighborhood of
the point being analyzed;

MSE — measure of the quality of the result, mean square
error;

PRECISION - the fraction of points actually belonging
to the skeleton of the image, among the points of the
resulting skeleton of the image;

PSNR — the quality measurement result, peak signal-to-
noise ratio;

RECALL — measure of the quality of the result, reflects
the proportion of points referred to the skeleton or
background,

SSIM — measure of the quality of the result, the index of
structural conformity;

UIQI — measure of the quality of the result, a universal
quality index;

W — width of original image;

{Z }k — set of masks of the base method R.Y. Wu, W.H.

a
Tsai;

{Z}; — set of developed masks used to correct the

angles;

g™

— restoring masks;
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pg — distance from the central point to the neighborhood

point in the «chess’s» metric;

péw — distance from the central point to the
neighborhood point in the «manhetten’s» metric.
INTRODUCTION

Skeletonization is widely used in solving many tasks of
image processing when creating electronic archives of
drawings of sea transport parts. The advantage of the
skeletons of objects is that they store information about the
topological structure and simplify algorithms for processing
drawings. Thus, skeletonization improves the efficiency of
the processing of electronic archives of drawings, making
the task discussed in the article relevant.

The main drawbacks of the existing methods of
skeletonization are the distortions of the geometric primitives
of the contour and their conjugations, as well as the
connectivity of the contour. Therefore, the study goal is to
develop a method for topological skeletonization of
drawings that ensures the homotopy of the resulting
skeleton to the original contour by correcting typical
distortions.

A substantial increase of skeleton’s structural
correspondence to the part’s mask is reached by gradual
application of the developed set of methods:

— at the first stage at iterative thinning of a part a
correction of iterative distortions of skeleton with modified
masks of the basic method of skeletonization is performed,

— at the second stage, after the entire skeleton has been
obtained, reconstruction of the skeleton is performed with
restoration homotopic masks, on the basis of the developed
instructions for reconstruction of distorted zones of
intersections of geometrical primitives.

Correction of the skeleton is supposed to be performed
with the aid of the designed masks, in accordance with the
following principle:

— the aperture of a “simple” dot, removed by a basic
method is compared to the nuclei of the developed set of
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correcting and restoring masks with a possibility of their
turning by angles, divisible by 90°;

— in case of coincidence of the dot’s aperture with the
nucleus of any mask the skeleton is corrected, in accordance
with the developed instructions for adoptions of solutions,
specific for each type of skeleton’s distortions.

1 PROBLEM STATEMENT

The original binary image is understood as some
rectangular binary matrix of dimension Wx H. The element
of this matrix takes the value 0 if the corresponding point of
the image is painted white. Otherwise, the matrix element
takes the value 1. The original image can contain contours
of arbitrary thickness. It is necessary to define the rule for
converting a part of the elements of the original matrix with
a value of 1 to 0 so that the thickness of all contours becomes
1. In this case, it is necessary to save the topology of the
original object and prevent distortion of the object form on
the resulting image.

2 REVIEW OF THE LITERATURE

According to the principles, laid in the basis of object’s
skeletonization of bit-mapped area images the following
groups of methods can be singled out: approximation of the
boundary of an area figure by a polygon [1-3], path-tracing
method [9], stripes graphs [5], tracking of pixels [1, 2, 6],
distance maps method [10], wave method [7], method of
topological thinning [9-16].

The analysis of merits and flaws of each group of
methods showed that methods of parallel iterative
topological thinning Rutovitz, Pavlidis, Wu&Tsai et al.),
ensuring skeletons of better quality seemed to be most
promising in the zone under investigation.

These methods are based on placing spatial masks on
the local neighborhood of the points of bit-mapped image
with the objective of extracting “simple” dots, extraction of
which does not infringe structural similarity and integrity of
the skeleton of part’s mask [10]. The methods belonging to
this group differ in their sets of masks, the criteria of images
points affiliation with the skeleton and ways of dots testing
on correspondence with such criteria.

Still, from the point of view of the analyzed objects zone,
the existing methods possess, in spite of their merits [1, 9,

10, 17], a common substantial drawback, emerging as
violation of homotopic character of the resulting skeleton,
as compared to the original part’s mask on the drawing,
particularly:

— distortion of topology of right angles of the skeleton
at iterative parallel thinning of part’s mask;

— in violation of skeleton’s connectivity at the process
of thinning of part’s mask;

— in violation of skeleton’s topology in the points of
intersection of geometrical primitives of the mask;

— in sensibility of skeleton’s topology to local properties
of the mask (thickness, for instance).

3 MATERIALS AND METHODS

Among the methods of topological skeletonization of
objects, when spatial masks are used, Wu R. Y. & Tsai W. H.
[18] method, ensuring the best result is of special interest.

The masks, applied in Wu R. Y. & Tsai W. H. method are
represented in Table 1.

It is characteristic that these masks contain unused
positions with the unidentified beforehand values, hence,
allowing variability. The elements of masks nuclei with
alternative colors are marked with “?” sign, whilst unused
nuclei elements are marked with “0” sign.

Application of these positions for reconstruction of
distorted skeletons allows ensuring their structural
correspondence to part’s mask, required in the object’s zone.

Now, let us consider the proposed methods of restoring
homotopic character of the skeleton, generated by the
principle method on the example of the method of Wu&Tsai.

Consider the method of correcting distortions of the
topology of skeleton’s right angles method. The first type
of skeleton’s distortions is described by iterative violation
of the topology of skeleton’s right angles (Fig. 1).

To explain the essence of the problem of appearance of
such a distortion we shall introduce the required definitions:

—we’ll call the point “a” the vertex of the convex angle in

4-connected neighborhood, where adjacent points b, and

bri (k € [0, 3]) belong to the mask (Fig. 2a);

— we’ll call the vertex of the concave angle the black “a”
in 8-connected neighborhood, where only one of point of
all diagonal points {b, b,, b, b,} belongs to the background
(Fig. 2b).

Table 1 — Masks {Z}]; for R.Y. Wu, W.H. Tsai [18] method

n ‘
]

|

Index Mask Index Mask Index Mask Index Mask
=
B BOE N |
a .E d ... g D i
| —
HER
b . h k

|
I
|

140



p-ISSN 1607-3274. PanioenekrpoHika, iHpopmaruka, ynpasiinas. 2018. Ne 1
e-ISSN 2313-688X. Radio Electronics, Computer Science, Control. 2018. Ne 1

In the principle method of thinning the convex angles,
masks, using 4-connection «manhattan’s» metric are applied,
in which distances from the vertex of the convex angle of

the mask to the background pg/l = pé” =1. In accordance

with the principle idea of the method, the vertex of the convex
angle is considered to be a “simple” point and is removed

by {Z }]; masks with one pass.

However, vertexes of concave angles in “manhattan’s”
metric are not boundary points. So, the vertexes of concave
angles can’t be removed with one pass only with application
of {5,
(see Fig. 1), owing to possible application of different set of
masks during two consecutive iterations, it, finally causing
violation ion homotopic character of the mask’s skeleton.

In the proposed method the problem of vertexes’
treatment is solved by application of 8-connectoin «chess’s»
metric both for convex and concave angles.

As the distance from vertexes of both convex

masks, it leading to distortion of angles topology

(pg = pg =1) and concave (p7C =1) angles to the
background is equal , these vertexes can be removed in one

Figure 2 — Vertexes of the concave and convex angles

Table 2 — Masks {Z}l

pass. To preserve the mask’s topology, it is necessary, there
to recognize the vertexes of the concave angles and develop
the conditions for preservation of skeleton’s connectivity
at their removal. For recognition of the vertexes of the

concave angles masks {Z }; (Table 2) were developed.

Elements of the nuclei of basic masks, unused for the
basic method with alternative colors and ignored ones are
used there. Here, a candidate to the vortex of the concave
angle is marked with “*” symbol. As the vortex of the
concave angle has just two neighboring adjacent points,
the mask point may be considered to be the vortex of the
concave angle if it is twice marked to be it For realization of

this rule for each point of the mask flag g(*) =( is used.

A
is recognized as a vortex of the concave angle it is marked

If on any of the correcting masks a mask point from {Z }1

as a corner point and the value of g(*) for this point is
increased by 1.

Then, if upon completion of checking with {Z }; masks

the value of point g(*) =2, then this point is not removed

in order to prevent violation of homotopic character of the
mask’s skeleton.

Consider the correction method for irregularities in
skeleton’s connectivity. The second type of skeleton’s
distortion lies in the process of thinning of the mask in case
there are some concave angles within the boundaries of
4x 4 neighborhood of the point under analysis (Fig. 3).

The points, marked in Fig. 3a, will be removed with the

masks {Z}ﬁ (indices of masks removing these points are

A
Basic mask Developed masks Basic mask Developed masks
A Bl
B
C
D

141



[IPOTPECUBHI IHOGOPMAILIMHI TEXHOJIOTT

shown in Fig. 3), this is to lead to violation of connectivity
of the skeleton (see Fig. 3b). To solve this problem a

correcting mask {Z }L (Fig. 4) was developed, capable of

rotation by angles, divisible by right angle, by application
of which the problem of thinning the concave angle at its
different orientation is solved. At that, if the analyzed point
of the mask is recognized to be the vortex of the concave

angle, it is checked by {Z }(L40°*4270°)
of “C” point coincides with the mask in one of its four
orientations, then the vortex of the concave angle can be
removed without violating the skeleton’s connectivity, the

mask, if the aperture

latter being ensured by the mask’s points {Z}L with the
coordinated (1, 2) and (2, 1).

Figure 3 — Violation of connectivity in the process of thinning of
the mask at presence of several concave angles within the
boundaries of 4 X 4 neighborhood of the point under analysis

¢ 1 Z 3

Consider the methods of correcting violations of the
skeleton’s topology in the points of intersection of
geometrical primitives. The third type of violations lies in
violation of homotopic character of the skeleton in points
of primitive’s intersection, as the character of the analyzed
object’s zone requires affiliation of these points (e.g. vortexes
of the skeleton’s right angles) with the mask (Fig. 5).

The methods of topological skeletonization are sensitive
to local properties of the mask, changing after each iteration of
its thinning. Thus, for a thickness of the primitive in several

points even during the first iteration with {Z}A mask a

“forepart” artifact turns up, increasing its dimensions from
iteration after iteration, greatly distorting the skeleton (Fig. 6).

Elimination of these drawbacks requires regeneration of
the resulting skeleton by correction of the artifacts,

. . . . ~\£0°-2£270°
distorting its topology. Restoring masks {Z}EOHIS) )

5 x 5 in size (Table 3), were developed for this, with possibility
of turning by angles 90°, 180°, 270°, and a possibility of
their balancing with
{~}Ezo°74270°

0)}-9)
each iteration and after completion of the mask’s thinning

~£0°-£270°
masks {Z }510)7(18)
In the Table 3 the following designations are assumed:
[ ] - the background;
Il — the contour;
[[] — makes no difference whether contour or background;

2 — the background, it becomes a contour in case of
coincidence with the mask;

3 — the contour, but it becomes a background in case
of coincidence with the mask;

4 — makes no difference whether contour or
background, however it becomes background in case of
coincidence with the mask;

5 — makes no difference whether contour or
background, however it becomes background in case of
coincidence with the mask;

regard to ordinate axis.

masks are applied for skeletons at the end of

are applied just once.

B
-=
| 1]
I + |

correction

distortion

Figure 5 —The method of correcting of skeleton’s distortions in in points of primitive’s intersection
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Table 3 — Restoring masks
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The following main principles were observed for

development of {Z }Eg)(i?;§270°)

masks:

— The masks embrace all possible variants of distortions
of the skeleton by the basic method and are classified,
according to the groups of distortions as:

— {Z}(O)*(l) masks, correcting points omissions, the

masks of this group are corrected filling the isolated points
of the background with contour’s points;

- {Z }(2}(3) masks, for corrections of the lines bends,

the masks of this group straighten distortions of angular
type, appearing due to the peculiarities of the primitives of
the contour with half-tones, in accordance with Brazenham’s
algorithms.

- {Z}(4%(5) masks for correction of distortions of

primitive’s intersections, isolated background points of
intersections of vertical, horizontal and diagonal primitives
are filled with contour’s points;

- {Z }(6}(9) masks for correction of angles distortions,

masks belonging to this group eliminate thickenings of
concave angles and regenerate cuttings off of vortexes of
convex angles of the contour’s skeleton;

- {Z }(1 0)-(18) masks for correction of stepwise distortions,

emerging, due to application of asymmetric thinning masks
of the basic skeletonization method;

— masks’ configuration must not infringe the local
regularities of topology of the contour and the skeleton, for
examples, masks 14 and 15, describing similar stepwise
skeleton’s distortions produce various structural corrected
fragments of the skeleton (Fig. 7), corresponding to
topological orientation of the primitives in the images’
aperture;

— the zone of points (with codes 2...5) of the aperture
5x 5, changed by the mask must be surrounded with
neighboring background points, or with unchanged
contour’s points, it allowing to avoid violations of skeleton’s
connectivity at its modification with masks.

143




[IPOTPECHBHI IHOOPMALIMHI TEXHOJIOI'TE

skeleton’s distortion

mask 14

corrected skeleton

O

DH

[

||
N .
_ e
|/
]

[]

—
“an
AN

skeleton’s distortion

mask 15

corrected skeleton

| [

—>

o
L]
-

m |
L] |

EEEEN
EEEEN

Figure 7 — An example of dependence of skeleton’s topology upon mask’s configuration

4 EXPERIMENTS

The proposed algorithm is implemented in the C ++
Builder Seattle environment. The developed software
product allows to perform skeletonization of the image by
the developed technique and visualize the result. In order
to obtain an objective quantitative and qualitative
assessment of the effectiveness of the proposed
skeletonization technique, the developed software product
implements the standard well-known methods of topological
skeletonization.

To quantify the result, it is possible to compare the result
of skeletonization with an ideal skeleton and calculate the
main evaluation criteria. The program is equipped with a
flexible system of settings for each method.

The raster images of sea transport drawings used for
testing are represented by a random sample of 40 color
grayscale images, with a color depth of 24 bits, of different
sizes. Each set of methods was tested with the help of the
projected software on the test set of images of parts
drawings; Each image served as the basis for 5 experiments
in different modes, the results of which were averaged.

Each set of methods was tested with the help of the
projected software on the test set of images of parts
drawings; Each image served as the basis for 5 experiments
in different modes, the results of which were averaged. To
quantify the results shown by the analyzed methods, the
commonly used metrics: MSE, PSNR, UIQI, SSIM,
PRECISION, RECALL, F-MEASURE, ACCURACY.
Comparative analysis of processing time of raster images of
drawings of parts was not carried out. This is explained by:
the prevalent value of quality processing in front of the
miserly time spent on it.

5 RESULTS

An example of mask’s skeletonization of a part of a “Nut”
type (Fig. 9a) is shown in Fig. 8 and 9 with performed
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according to the basic method, with heavy distortion of the
skeleton (Fig 9b) and with application of improved method,
where these distortions have been removed (Fig. 9c).

The averaged results of a comparative study of the
developed set of methods for improving the skeletons of
contours of parts in raster binary images of marine transport
drawings are given in Table 4.

6 DISCUSSION

Existing methods of iterative topological skeletonization
[5, 13—16, 23], as a rule, generate skeletons with raster
distortions of topology (Fig. 10-12):

— erosion of the contour primitive with its even thickness
(Fig. 10); due to the symmetry of the masks used;

— loss of contour points, neighbors of which in the

“manhattan’s” metric belong to the contour, and in the chess

— to the background (Fig. 11); arises because of the 4-
connectivity of the masks used;

— violation of the topology of the right angles of the
contour (Fig. 12); arise from the conceptual incompleteness
of iteratively-applied masks, which should have a
theoretically sufficient minimum size of 5x 5 [8].

Improvement of structural distortions of skeletons is
reached by applying of the developed method, the complex
of method, consisting of:

— the method of correction of distortions of the topology
of skeleton’s right angles, based upon application of the
“chess” metric, instead of «manhattan’s» metric and masks
of recognition of mask’s angles;

— the method of correction of violations of the skeleton’s
connectivity, based upon application of the developed
correcting mask;

— the method of correction of violations of topology in
the points of intersection of geometrical primitives, based
upon application the developed regenerating masks.
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Figure 9 — The result of correction of skeleton’s topology
Table 4 — Average results of testing methods of skeletonization
Alternative method
= = o— g 4
Relative improvement of the values of the basic metrics = 2 3 & 2
in comparison with the alternative method = Vé’h 5 g b
=
54 = = > E
Z 3 z <
AM o
AMSE“™ % 92,00 0,00 0,00 30,67
APSNRM o, 94,43 62,63 4927 68,78
AUTQI M o, 56,85 5,48 2,89 21,74
ASSIM M o, 56,85 5,20 2,89 21,65
ARecall™ % 55,64 4,52 3,46 21,21
APrecision™ % 54,32 524 2,36 20,64
AF —measure,% 55,04 5,02 2,78 20,95
AAccuracyAM % 1,37 0,21 0,13 0,57
Average in terms of indicators (AM(;‘VM )% 5831 11,04 7,97 25,77
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contour primitive

masks

skeleton

Figure 10 — Contour erosion in the Chin, Wan, Stover and Iverson method

contour

skeleton

reconstructed contour

Figure 11 — Distortions of contour topology in the Pavlidis method
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Figure 12 — Distortions of the right angles of the contour in the Wu & Tsai method

A typical remedy for distortions of resulting skeletons is
iteratively reducing the use of fixed sets of masks. But
without taking into features the details of the parts drawings,
bound to them the variability of skeletonization masks and
sets of restoring masks it is impossible to remove distortions
of the skeleton topology (Fig. 11). In this study the required
variability is provided by the developed technique for
restoring the homotopy of skeletons, which allows to modify
the applied masks and to adapt their set to typical distortions
of the skeleton of specific part. The technique assumes the
use of decision rules for removing, adding and replacing
skeleton’s points to the contour and background with masks
with size 5 x 5 so as to satisfy the requirement for the skeleton
to preserve the topology of the contour of the part (see the
section “Materials and methods”).

A substantial reduction in skeleton’s distortions is
reached by two-staged correction of the skeleton of the
part’s mask:

— at the first mask during iterative thinning of the part’s
mask iterative distortions of the skeleton are corrected;

— at the second stage, after the entire skeleton has been
formed, reconstruction of distorted zones of intersections
of geometrical primitives of the skeleton is done.

146

Exclusion from the applicable set of a reduction mask
eliminates false triggering of the technique (Fig. 13).

Unfortunately, false triggering of masks is unavoidable
due to non-ideal raster rendering of binarized primitives of
the contour due to errors of the Brezenham’s algorithms,
used in rasterizing second-order curves [10].

CONCLUSIONS

Proceeding from the features of the subject area, it is
established that the purpose of the task of thinning out the
area contour of the workpiece is the homotopic
transformation of the binary contour of the part into a
skeleton. A general criterion for the quality of skeletonization
is the Hamming distance between the resulting and reference
skeletons of the part contour, and measures of this distance
are generally accepted unified quality indicators: MSE,
PSNR, UIQI, SSIM, Recall, Precision, F-measure, Accuracy.
The main limitation of the problem is the absence of
distortions of the skeleton, which violate its topological
similarity to the contour of the part in terms of the number of
geometric primitives, their mask and connectivity.

The scientific novelty of the proposed technique is that
for the first time a set of methods for eliminating structural
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bitmap fragment of the contour

result of false triggering of mask Ne§

Figure 13 — Example of false triggering of the technique for restoring the contour skeleton

distortions of skeletons of contours of parts has been
proposed. The basis of the methods is a two-stage correction
and reconstruction of the skeleton homotopy of the contour
of the part during its iterative thinning and after the
skeletonization. Methods use developed sets of corrective
masks and formulated decision rules.

The analysis of testing of the developed methods of
two-staged improvement of the skeleton of masks of sea
transport parts confirmed a substantial improvement of the
quality of the produced skeletons with preservation of their
topological similarity to the original masks in the number of
geometrical primitives, their masks and connectivity.

The proposed methods of iterative topological
skeletonization of drawings of sea transport parts can be
used for skeletonization of diagrams of road junctions,
engineering drawings, functions graphs and the like.

REFERENCES

1. Dori D. Algorithms for 2D Engineering Drawings Recognition:
Implementation and Evaluation / D. Dori, W. Liu. — LAP
LAMBERT Academic Publishing, 2014. — 88 p.

2. Chiang J. Y. A New Algorithm for Line Image Vectorization /
J. Y. Chiang, S. C. Tue, and Y. C. Leu // Pattern Recognition. —
1998. — Ne 3. — P. 1541-1549. DOI: 10.1016/50031-
3203(97)00157.

3. Zhang T. Y. A fast parallel algorithm for thinning digital patterns
/ T. Y. Zhang, C. Y. Suen // Communications of the ACM. —
1984. — Ne27, T. 3. — P. 236-239. DOI: 10.1145/357994. 358023.

4.  Kymmnaup O. A. CpaBHeHune GpopMbl OMHAPHBIX PACTPOBBIX H300-
paxeHnuii Ha ocHOBe cke-nertu3anun / O. A. Kymaup // Mammanoe
oOyuyeHnne u aHamm3 JaHHbIX. — 2012, — Ne 3. — C. 252-263.

5. Roseborough J. B. Partial Eigenvalue Decomposition for Large
Image Sets Using Run-Length Encoding / J. B. Roseborough,
H. A. Murase // Pattern Recognition. — 1995. — Ne 3. — P. 421—
430. doi:10.1016/0031-3203(94)00113-z.

6. bapanos P. [1. Anroputmsl ckenernzannu 00bEKTOB Ha M300pa-
xxennu / P. I1. bapanos, M. H. ®aBopckas // AkTyanbHBIE TIpoOITe-
MBI aBHanuu ¥ kocMoHaBTHKH, — 2011. — Ne 7, Tom 1. — C. 349.

7. Kiy6xoB U. M. [IpuMeHeHe BOJIHOBOTO alropuTMa ISl HAXOK-
JIeHHs cKelleTa pacTpoBoro uzobpaxenus / M. M. Kiyoxos // Be-
crauk JAITY. — 2001. — Nel (7). — C. 9-16.

8. Abnameiiko C. B. O6paboTka n300paxeHuil: TEXHOIO-TUS, METO-
ne1, ipuMmenenue / C. B. Abnameiiko, 1. M. JlaryHoBcKuid. — MUHCK
: Amandes, 2000. — 304 c.

9. Hori O. O. Document Analysis and Recognition / O. O. Hori,
S. T. Tanigawa // Raster-to-Vector Conversion by Line Fitting

Based on Contours and Skeletons. — Kawasaki, Japan. — 1993. —
P. 272-281. DOI: 10.1109 / icdar. 1993.395716.

10. T'oncanec P. C. Lludposas o6paborka nzobpakeHUi B cpene
Matlab / P. C. T'oncanec, P. . Bync, C. A. Onaunc. — M. : TexHoc-
tepa, 2006. — 616 c.

11. Tponuenko A. }0. Meroxsl Bropu4yHOi 00pabOTKH H300paxe-
HUH 1 pacro3HaBaHUs 00BEKTOB: yueOHoe mocodue / A. 0. Tpon-
yenko. — CII6. : CIIoI'Y UTMO, 2012. — 52 c.

12.Arcelli C. Parallel thinning of binary pictures / C. Arcelli,
L. P. Cordella, S. Levialdi / Electronic Letters. —1975. — Ne 11
(7). — P. 148-149. DOL: 10. 1049/el:19750113

13. Improved low complexity fully parallel thinning algorithm: In
Proceedings 10th International Conference on Image Analysis
and Processing (ICIAP’99), (Venice, 27-29.09.1999). — Venice,
1999. — P. 215-220. DOI: 10.1109/iciap.1999.797597.

14.Chin R. T. A one pass thinning algorithm and its parallel
implementation / R. T. Chin, H. K. Wan, D. L. Stover// Computer
Vision, Graphics, and Image Processing. — 1987. — Ne 40(1). —
P. 30-40. DOI: 10.1016/s0734-189x (87)80139-1.

15.Eckhardt U. Invariant thinning and distance transform /
U. Eckhardt, G. Maderlechner // Theoretical Foundations of
Computer Vision. — 1993. — Vol. 11. — P. 1115-1144.
DOI: 10.1007/978-3-7091-6586-7 2.

16. Guo Z. Fast parallel thinning algorithms/ Z. Guo, R. W. Hall //
CVGIP: Image Understanding. — 1992. — Volume 55, Issue 3. —
P. 317-328. DOI: 10.1016/1049-9660(92)90029-3.

17. Jagna A. An efficient image independent thinning algorithm /
A. Jagna // International journal of advanced research in computer
and communication engineering. — 2014. — Vol. 3, Issue 10. —
P. 8309-8311. DOI: 10.17148 / ijarcce.2014.31052.

18.Wu R. Y. Anew one pass parallel thinning algorithm for binary images
/ R. Y. Wu, W. H. Tsai // Pattern recognition letters. — 1992. —
Ne 10. — P. 715-723. DOI: 10.1016/0167-8655(92)90101-5.

19.Holt C. M. An improved parallel thinning algorithm /
C. M. Holt, A. Stewart, M. Clint // Communications of the
ACM. - 1987. — Volume 30, Issue 2. — P. 156-160. DOI: 10.1016
/ j.cag. 2012.06.001.

20. Zou R. W. Line Interpolation Method and Error Estimation
Based on Run Length Coding / R. W. Zou, Z. R. Cai, and
F. A. Zhang // J. Software. — 1997. — Ne 8. — P. 404—410. DOIL:
10.3724 / sp.j.1087.2008.02270.

21. Holt C. M. An improved parallel thinning algorithm / C. M. Holt,
A. Stewart, M. Clint / Communications of the ACM. — 1987. —
Volume 30, Issue 2. — P. 156-160.

22.Jang B. K. Reconstructable parallel thinning / B. K. Jang,
R. T. Chin // International Journal of Pattern Recognition and
Artificial Intelligence. — 1993. — Volume 07, Issue 05. — P. 1145-
1181. DOI: 10.1142/9789812797858 0010.

Article was submitted 20.06.2017.
After revision 21.08.2017.

147



[IPOTPECUBHI IHOGOPMAILIMHI TEXHOJIOTT

Moganosa B. C.

Crapmmuii Buknanad, IBH3 «IIpua3zoBchkuil nepxaBHUN TeXHIUHUH yHiBepcHTeT», Mapiynons, Ykpaina

METO/JUKA TOMOTOITHOI CKEJETH3AIIi PACTPOBUX KPECJEHB JETAJEA MOPCBKOTI'O TPAHCIIOPTY

AxTyanabHicTh. CKeleTH3aliss BUKOPUCTOBYEThCA MpH 00poOIi 300paXkeHb TEXHIYHUX KpecieHb, BKJIIOYAIOUH JeTali MOPCHKOIO TpaHC-
nopry, 60 ckener 00’ekTy BifjoOpaxye HOro TOMONOri4HYy CTPYKTYpy. [IOpiBHSIBHUN aHaNi3 KpalX METOMIB MapaielbHOl TOMOJOTidHOI
CKeJeTH3alii MIOmaaHuX 00’ €KTiB, [0 BHKOPHUCTOBYIOTH IPOCTOPOBI MacKH, II0Ka3aB, I[0 BOHH JAlOTh iTEPATHBHI BHKPUBIIEHHS TOMOJIOTII
IpUMITHBIB Ta ix kommosumii. ToMmy, 3amada po3poOKH METOIUKH FOMOTOIHOI CKeleTh3alil pacTpOBUX 00’€KTiB KpeclIeHb JeTaledl MOPCHKOTO
TPAaHCIIOPTY aKTyaJbHa.

Meta po6otn. Po3pobka METOIUKU MONIMIICHHS TONOJOTIYHOI €KBiBaJIEHTHOCTI CKENIETIB KOHTYpaM JeTallel MOPCHKOIO TPaHCIOPTY 3a
PaxyHOK HOETAaImHOI KOPEeKI[il THIIOBHX CIIOTBOPEHb CKEJICTiB.

Metoa. KopuryBaHHs iTepaTHBHHX CIIOTBOPEHb CKeleTa MOAM(IKOBAaHMMH MackaMu 0a30BOro METOHy CKeleTh3amii i peKOHCTPYKIiIO
PE3YNBTYIOYOr0 CKeJieTa MaCKaMHU BiHOBIICHHS HOT0 TOMOTOIHOCTI OpPHTiHAJly Ha OCHOBI PO3pOOJICHUX MpPaBHJI PeKOHCTPYKLii. Peanizamito
3anporoHOBaHOI METOMMKU BUKOHAHO Ha mpukiaai 6azosoro merony Wu R. Y. & Tsai W. H.

Pe3yabraTu. 3amponoHOBaHy METONHKY peali30BaHO y BHUIISAAI IPOrpaMHOrO IOAATKY, IO JO3BOJISIE BUKOHATH SKICHY CKeIeTH3aIilo
300pa)KeHb KPECNIeHb JeTajell MOPCHKOrO TPaHCIOPTY.

BucnoBku. ITokazaHi mpuKIagu pe3yibTaTiB CKeIeTH3alii KpecleHb JeTallell MiATBepIKYIOTh e(pEeKTHBHICTb 3alPOIIOHOBAHOI METOJUKH.
Meronuka Moke OyTH ajanToBaHa JO iHIIMX METOJIB TOMOJOTIYHOI CKeNeTH3alii IUIom@agHiuX 00’ €KTiB, 3aCHOBAaHUX Ha BHKOPHCTaHHI MPOCTO-
POBHX MacoK.

Karo4doBi c1oBa: 3B’S3HICTb, CIOTBOPEHHS, KPECICHHS, TOMOTOIHICTh, Macka, CKEleT, MEeTONHKa.

MomuanoBa B. C.

Crapummii npenonasarens, I'BY3 «IlpuazoBckuit rocynapcTBeHHbIH TeXHUUYECKUN yHHBEpPCUTET», Mapuynonb, YKpauHa

METOJIUKA TOMOTOINMHON CKEJETH3AIIMA PACTPOBBIX YEPTEKEN JETAJEA MOPCKOTO TPAHCITOPTA

AxTyanbHOCTb. CKeneTnszanus UCIONb3yeTcs IpU 00paboTke H300pakeHUI TEXHUUECKUX YepTexel, BKIIoUas JeTald MOPCKOTO TpaHC-
IIOpTa, MOCKOJIBKY CKEleT 00BeKTa 0TOOpa)kaeT ero TOHMOJIOTHYECKYI0 CTPYyKTypy. CpaBHHUTENbHBIH aHAIN3 IyYIIHX METONOB HapaylelIbHOH
TOIIOJIOTUYECKON CKEeJICTH3alHMH ILIOMATHBIX 00BbEKTOB, HCIOIb3YIONHNX IPOCTPAaHCTBEHHEIE MACKHU, [I0Ka3al, YTO OHH JAalOT HTEPAaTHBHBIE
HCKa)XCHHS TOIOJOTHH IPHMHTHBOB M HX KomMmo3unuii. ITosTomy, 3amada pa3paOoTKU METOJHMKH TOMOTOIHOH CKEeIeTH3aIllMH PacTPOBBIX
00BEKTOB UepTexel JeTaneil MOPCKOro TpaHCIOPTa aKTyallbHA.

Hexas pa6oTsl. Pa3zpaboTka METONUKH YIydYIIEHHS TOHNOJIOIMYECKOH SKBUBAJICHTHOCTH CKEIETOB KOHTYpaM AeTallel MOPCKOrO TPaHCIIOp-
Ta 3a CYET [OITANHOH KOPPEKIIMH THIHYHBIX MCKAXKEHHH CKEIeTOB.

Metoa. KoppekTHpoBKa HTEPAaTHBHBIX HCKa)KEHHU CKeleTa MOTH(UIIMPOBAHHBIMH MacKaMé 0a30BOro METOJA CKEJIETH3al[MH H PEKOHCT-
PYKIHS Pe3ylbTUPYIOINETO CKeJleTa MackaMH BOCCTaHOBJIEHHS €ro FOMOTOITHOCTH OPHTHHAIly Ha OCHOBE pa3pa0OTaHHBIX IPaBHI PEKOHCTPYK-
nuu. Peanusanus npeayokXeHHOW METONUKH BBHIOJNHEHA Ha mpumepe 6a3zoBoro meroga Wu R. Y. & Tsai W. H.

PesyabTarbl. [IpennoxeHHas METOANKA peallM30BaHA B BHJE IPOTPAMMHOTO IIPHIIOKEHUS, IIO3BOJISIONIETO BBHIIOIHUTh Ka4eCTBEHHYIO
CKeIeTH3alHI0 H300paXkeHHH depTexel JeTanedl MOPCKOro TPaHCIIOPTA.

BriBoasbl. IToka3anHbIe IpUMepHl Pe3yIbTaTOB CKEIETH3AlUH depTexel meraneil MOATBepkIa0T 3(P(EeKTUBHOCT IIPEINIOKEHHOH METOAU-
ku. MeTonrka MOXKeT OBITh aJalTHPOBAHA K HMHBIM METOIaM TOIIOJOTMYECKOM CKeNeTH3allHH ILIOIIAJHEIX 00bEKTOB, OCHOBAHHBIM Ha HCIIONB30-
BAaHUU IPOCTPAHCTBEHHBIX MAaCOK.

KarudeBble ci10Ba: CBS3HOCTb, HCKAXKEHHE, YEPTEK, TOMOTOIIHOCTb, MacKa, CKelleT, METOIUKaA.
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