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Research topic and motivation

The object of research in the current dissertation is developing of algorithms for precise 2D
video stabilization working in real-time, as well as investigation the accuracy of the Extended
Gaussian Image representation of 3D objects for the aims of biometric recognition, based on a
database of 3D human ear models. These two areas of research interest have been joined in a
detailed summary diagram (see Fig. 2). Due to the existence of the most modern methods in
the field of 3D reconstruction [1, 2, 3] as well as in 2D and 3D object segmentation, the
dissertation’s highlights are focused solely on the previously mentioned two areas: video
stabilization and 3D objects recognition, as the idea of the ears has been inspired by the
growing recently interest in the biometric community.

The actuality of the problem for developing of software methods for video stabilization is
due to the fact that using of complicated and expensive apparatus for video producing in the
cinema industry is impractical to achieve video stabilization in an amateur casual captured
video. In principle, the task for software 2D stabilization and even for 3D stabilization is
considered to be solved in the case of off-line processing, as the most popular software
implementations on the problem have been implemented by Google YouTube Stabilizer [4]
and Warp Stabilizer of Adobe After Effects [5]. But these, as well as many other approaches
for 2D, 2.5D and 3D stabilization in recent years, still cannot reach enough performance on a
middle class PC, unless using a parallel implementation on a GPU. But since computing
capabilities in the portable devices are much weaker than those of desktop machines, for
achieving of acceptable video stabilization, it is relying on jointly usage of the built-in inertial
sensors (gyroscopes and/or accelerometers) in their hardware, together with precise and fast
software approaches.

Despite the fact that ears usage in the biometric systems for automatic recognition is in its
infancy, in the recent years a particular attention is paying to the uniqueness of the ears as a
distinctive feature for people identification [6], evidence for which are many dissertation
results [7, 8], books [6, 9], and review articles in the field [10, 11, 12]. Although more than
99% of the biometric systems available on the market are based on fingerprints, facial or iris
recognition [13], the usage of ears has some advantages over them [12], and namely: (i)
unlike face, the ears have relatively permanent structure which does not change much with
age and is not affected by facial expressions; (ii) the ears can be easily shot from a distance,
which does not necessarily require user assistance and is considered by the most people as
unobtrusive, in difference to the iris; (iii) also, contactless ears capturing does not lead to
hygiene problems like these ones at taking fingerprints.

In connection with the ear recognition, a multi-model database (3DEarDB), containing
various representations of the ears of ~ 100 individuals, has been developed in this thesis. The
objective of the 3DEarDB is to provide in a consistent way many different output formats for
ear representation of a given human, which includes: (i) raw 3D ear mesh models, (ii)
processed 3D ear meshes, (iii) Kinect 3D ear depth (range) images, (iv) 2D ear video clips, (v)
generated structures of 2D ear intensity projections, and (vi) generated structures of 2D ear
depth images. This consistent variety of ear capturing formats could be very useful for ear
biometrics community to test and compare their algorithms accuracy on possibly different
scenarios — from the ideal case of precise (and static) 3D mesh to more realistic (and
dynamic) case of 2D video data and/or still images. Our survey on publicly available
databases of 2D images and 3D models of human ears shows that so far there is no such
completeness in the ear representations, which is a clear advantage of the currently developed
multi-model ear database.
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Aims and tasks of the dissertation

In this Ph.D. thesis the following two main objectives have been defined:

1. Development of methods for an effective video stabilization on the smoothed camera’s
trajectory, as well as stabilization in a “point” (static camera).

2. Development of a database of 3D models of human ears (for biometric purposes) and its
approbation with modern 2D/3D recognition approaches.

To realize the first goal, the following tasks have been performed:

1.1 Development of a method for software 2D video stabilization, suitable for incorporation
into mobile phones, providing satisfactory performance (real-time operation) and
producing a sufficiently accurate result.

1.2 Adaptation of the video stabilization method for video clips, captured by an industrial
high-speed camera, in order to achieve “a perfect stabilization in a point” of the tracked
object, or background.

For implementation of the second objective, the following tasks have been accomplished:

2.1 Development of a database of 3D models of human ears, as well as their derivative
representations, in order to test and adjustment of contemporary methods for 3D ear
recognition.

2.2 Experimental confirmation of the applicability of the known EGI descriptor for
representation of convex-concave 3D objects, such as ears, for their unambiguous
recognition.
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Chapter 1. Overview of the main results in the field

Chapter 1 contains an overview of the main results on the topics of video stabilization and
biometric recognition of individuals by the shape of their ears.

1.1 Video stabilization

In the period between 2009 and 2014, an increasing interest to the methods for video
stabilization was observed by the scientific community in the field, which is characterized by
the world-significant results in the 2D and 3D stabilization. In this regard, a historical
overview of the “state-of-the-art” methods for software video stabilization is presented,
classified as 2D [4], 3D [14], and recently quite promising 2.5D methods [5, 15, 16, 17, 18],
which combine the qualities of the 3D methods with the performance and robustness of the
2D methods. Also, a fast and efficient method for 2D video stabilization [19, 20], designed to
work in real-time on portable devices is considered, and which serves as a basis for developed
in the thesis improved methods for video stabilization.

1.2 Biometrics

In this section of the dissertation, necessity of the biometrics appearance as a science, aimed
at addressing the problems of traditional security methods is grounded. Then, a historical
overview of the biometric systems progress is made. A comparative analysis of the main
biometric modalities used in the practice, as well as those in a laboratory stage of research
[21] is presented, as their advantages, disadvantages, and specific applications [22, 23] are
highlighted. The motivation and topicality behind ear recognition is justified, as its
advantages over the popular methods of fingerprint, face, and iris recognition is also
underlined. The most popular 2D and 3D methods for ear recognition are discussed. A survey
on the publicly available ear databases [10, 11, 12, 24] of 2D images and 3D ear models is
made, as the methods with the highest scores in ear detection and recognition are pointed out.

Chapter 2. Methods for fast and quality 2D video stabilization

This chapter concerns software methods for 2D video stabilization both on a smooth
trajectory, and in a “point”, which have been developed in the current dissertation. These
methods are suitable for incorporation into mobile phones, because they provide a sufficient
performance (real-time operation), according to the available capacities and producing a
satisfactory accurate result. Furthermore, a fast, precise and relatively simple algorithm
(suitable to work in real-time) for locating of video advertisements and/or arbitrary their parts
in a recorded TV video stream has also been proposed.

2.1 Video stabilization on a smooth trajectory

In this section, the problem for 2D video stabilization on a smooth trajectory is considered,
which is aimed at smoothing of high-frequency camera shaking, while the original intended
by the operator trajectory of movement is followed.

To solve the problem, a basic (CCD) vector model with breaking up video images into
“3x3“ regions has been developed. According to this model, each estimated motion vector El-j
between two frames is decomposed into a sum of two vectors to determine the wanted
transformation between a pair of frames: a vector of translation Tl-j and a rotation vector 7;;,

i.e. El] = T)l] + Fl] (See Flg 19)

Abstracts of Dissertations 2 (2016) 3-18



9 Atanas Nikolov

Fig. 19. The basic vector model, accounting for translation and rotation
between two successive video frames.

Also, a multiplication by analogy of the basic vector model is also proposed, where each frame is
breaking up into “NxN” areas (N>3, odd), as a result of which a remarkable improvement in the
quality of the stabilized video has been achieved.

Another important development in this section is the proposed extension of the basic (CCD)
vector model, which copes successfully in the correction of the horizontal tilt and vertical scaling,
caused by the so-called “rolling shutter ” effect, inherent to the cameras with a CMQOS sensor. In

this model, each preliminary estimated motion vector ; ; between two consecutive video frames
is decomposed into a sum of four vectors: a vector of translation ﬂj, a rotation vector 7;;, a
vector of horizontal tilt iy;;, and a vector of vertical scaling s,;;, i.e. fi]- = Ti]- + Py + Uy +
Syi;. These four unknown vectors are determined by solving of an overdetermined linear
system of equations by the matrix LSM method.

Experimental results

The experiments have been conducted on 5 video clips (from different shots), with size of
640x480 pixels, and with varying degree of shaking, assessed on the scale from 1 (weak) to 5
(strong). To quantify the quality of the proposed video stabilization algorithms, the measure
Interframe Transformation Fidelity (ITF), proposed in [25] and applied also in [26], has been
used.

S | ) 3 ™ |
Fig. 30. Tested video clips, ordered increasingly by their degree of shaking.
Conclusion and some ideas for future work

A fast and robust method for 2D software video stabilization on a smooth trajectory has been
proposed. The method, similarly to [19, 20], is designed to work in real-time on portable
devices, and it is adapted to the BSC chip of TI for searching the “motion vectors” between a

Abstracts of Dissertations 2 (2016) 3-18
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pair of video frames by SAD correlations of 1D integral projections in horizontal and vertical
directions. The method is based on a precise vector model, allowing increasing by complexity
interpretations of the movement — from a rigid (CCD) transformation between the frames to
the “rolling shutter” (CMOS) model, typical for most portable devices such as smart phones,
tablets and others. The method is intended as a software initialization tool for improving the
accuracy of the inertial sensors system (gyroscopes, accelerometers) embedded in the used
portable device. Conducted experiments on the tested videos are promising for the method’s
future development in the direction of its possible combination with known methods for video
stabilization.

2.2 Video stabilization for industrial high-speed cameras

In this section of the dissertation, the problem for video stabilization in “a point” is
considered, where the goal is to obtain a stabilization of all video frames according to one
reference frame for producing a new video, shot by a static camera. The importance of the
task consists in providing of a static background in the video sequence, which is necessary for
conducting of correct measurement in the frames, recorded by high-speed cameras. In the
current study, development and testing of software algorithms for video stabilization of video
clips from the high-speed camera NAC Memrecam HX-6, bought by the AComIn project of
[ICT-BAS has been considered.

For solving the assigned task, an original combined approach for video stabilization in “a
point”, called “3x30F9x9”, has been proposed. It combines the speed of the basic “3x3”
method with the accuracy of the “9x9” multiplicative method, applied on the 9x9 centres of
the corresponding regions from the vector field between the frames, estimated via the famous
optical flow method.

Experimental results

Two types of experiments for video stabilization in a static camera have been performed:

1. A video, containing a record of controlled explosion (Fig. 33), where there is a large
dynamic object (clouds of smoke from the explosion), which leads to the “sliding scene”
effect (Fig. 33b).

Fig. 33. Stabilization of a video clip, containing a record of controlled explosion: a) first frame; b) last
frame after stabilization in “a point”; c) last frame after stabilization on a smooth trajectory.

2. Video clips, containing a record of water transfused into a cup, shot by hand with intended
(simulated) shaking, and with different speed — 50, 100 and 500 fps (Fig. 36).

In Table 15, the maximal errors in the background stabilization in horizontal and vertical
directions are given for the two passes of the stabilization with the corresponding speeds of
the video clips, containing water transfusing. The result from the first pass of stabilization in
“a point”, leads to the typical “sliding scene” effect. On the second pass, certain motion
vectors have been excluded via segmentation of the moving objects in the scene, as the
accuracy of the static background stabilization has been improved.

Abstracts of Dissertations 2 (2016) 3-18
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Table 15. Errors from the static background stabilization after 1% and 2™ pass of stabilization.

Resolution Video 1 (50 fps) Video 2 (100 fps) Video 3 (500 fps)
640x480 1 pass 2" pass 1% pass 2" pass 1% pass 2" pass
max Ox error 3.44 % 0.16 % 1.09 % 0.47 % 1.09 % 0.16 %
max Oy error 5.00 % 1.04 % 3.75% 0.63 % 417 % 0.42 %

A comparisson with the result from Adobe After Effects CS6

On Fig. 36, a visual comparison (our stabilization result vs. AAE CS6) for stabilization in “a
point” for the water transfusion video clip with 500 fps speed is shown. In this experiment the
effect of the slowly sliding scene is evident at the AAE’s result, although in their software an
option for stabilization in a static background is present.

Fig. 36. Our result for stabilization in a static background vs. the result of Adobe After Affects CS6: a)
original video frames; b) our stabilized result via “3x30F9x9” method; c) AAE stabilization.

Conclusion and some ideas for future work

A combined approach “3x30F9x9” for video stabilization, uniting the basic “NxN” vector
model together with the famous optical flow method, with detection and elimination of
moving objects in the scene to neutralize the effect of “sliding scene” has been proposed. The
method is distinguished by both speed, and precision of the stabilization. It is intended for
video experiments with high-speed cameras, where the static background is usually required.
The obtained experimental results can be evaluated as quite good, according to the
requirement for a static background of the scene, which allows correct measurements in the
video frames. The specific “sliding scene” effect has been reduced less than 1% from the
frame size of 640x480 pixels, as the pure execution time of the algorithm remains about 30
fps. The future efforts will be directed to more efficient segmentation of big moving objects in
the proposed method’s context.

2.3  Temporal advertisements detection in a recorded TV video stream

In this part of the thesis, the task for temporal localization of video advertising templates in a
recorded TV stream is considered in a compliance with the restriction for a sufficient
algorithm’s performance (at least in real-time), according to the available computing powers.
The input data consist of a set of 30 min records in MPEG4 format (25 fps, 448336
resolution) of a TV channel; and a set of advertising video templates (around 30 sec each) in
the same file format. The considered task is topical, because the detection of advertisement
blocks in a TV stream is often accomplished by operators, watching different TV channels.

Abstracts of Dissertations 2 (2016) 3-18
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The essence of the proposed algorithm consists in dividing the video clips of a sequence
of scenes with the aim of presenting the video records as series of integer numbers, which
characterize the duration (in number of frames) of the separate scenes in them. Thus, a
comparison between integer series is only performed, in contrast to comparing sequences of
JPEG images (frames) from the TV stream and potential candidates of advertisement video
clips. This way, the conventional and slower 2D comparison frame-by-frame is replaced by
the fast 1D comparison length-by-length of scenes and only at “suspicious” scenes,
comparisons between frames from the type “one-to-many” are carried out.

On Fig. 43 a result for scenes detection in 15 min TV clip of talk-show is presented. The
increasing of scenes’ frequency in the advertisement block is especially noticeable.

90 advert. block

1Tl

e

Fig. 43. Scenes detection of 15 min TV stream, containing only one advertisement block.

Conclusion and some ideas for future work

A fast, precise and relatively simple (suitable for real-time operation) algorithm for locating of
previously known advertisement video clips and/or their arbitrary parts in a recorded TV
video stream has been developed. This algorithm requires a much smaller number of 2D
comparisons between the frames, unlike the case of a direct comparison of the pixels from the
respective frames of two videos, which is a significant advantage in the real cases of a big
number of advertisements for searching in a TV stream.

A simple approach for scenes detection, based on the difference between two successive
frames within a pre-defined threshold for similarity between corresponding frames’ pixels has
been experimented. The goal is to find such a threshold where only a big difference in the
majority of pixels between two frames to be interpreted as a new scene (i.e. the threshold to be
tolerant to small moving objects within a thematic scene) in case not to have too many false
scenes. l.e. the question of finding an algorithm for the automatic determine the optimal threshold
value (fixed or variable) for scenes detection remains relevant for method’s future work.

Chapter 3. Methods for human recognition by their ears shape

This chapter describes a multi-model database (3DEarDB), containing various right ears
representations of ~ 100 individuals, which has been developed in the present dissertation.
The famous EGI method for 3D objects representation is considered. A combination of test
cases for simulating different 3D scanner resolutionc and varying complexity of the EGI
representation has been experimented for ears recognition by the nearest-neighbor method.
The EFCIOR method of IICT is considered in the context of ears recognition by a set of their
2D projections. The latest developments in the field of 3D object and scenes reconstruction,
working in real-time, are discussed. The guidelines for the dissertation’s future work in a
connection with the issue of 3D ears reconstruction by the stereovision or photometric stereo’s
methods are also outlined.

Abstracts of Dissertations 2 (2016) 3-18
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Overview of the created in 1ICT-BAS database of 3D ear models (3DEarDB)

The extended variant of 3D Ear Database, called 3DEarDB, was collected mainly during the
middle of 2015 at the Institute of Information and Communication Technologies at Bulgarian
Academy of Sciences (IICT-BAS) in the frames of the AComIn project. We have gathered
more than 100 precise 3D mesh models of right human ears, who differ in gender as well as in
age (25-65). The preciseness of scanning is due to the usage of VIUscan 3D laser scanner of
IICT, which has been adjusted to 1 mm scanning resolution (distance between the neighbour
3D points) with accuracy of 0.05 mm for each 3D point.

The objective of 3DEarDB is to provide, in a consistent way, many different output
formats for a given subject’s ear representation, which could be very useful for ear biometrics
community to test and compare their ear recognition algorithms. These formats includes: (i)
raw 3D ear mesh models; (ii) processed 3D ear meshes; (iii) Kinect 3D ear depth images; (iv)
2D ear video clips; (v) generated structures of 2D ear intensity projections; and (vi) generated
structures of 2D ear depth images.

Experimental results for EGI histograms recognition by the nearest neighbor method

The aim of the current experiments, conducted on a database of 100 3D models of human ears
is to demonstrate the possibility of the ears distinctiveness (being convex-concave objects)
using the conventional EGI descriptor, which is unambiguous only for entirely convex (or
entirely concave) surfaces.

Our evidentiary experiment consists in the following:

1) For each ear in the database, its respective EGI representation has been built. We use
the Extended Gaussian Image as a quick, convenient and sufficient discriminatory approach
for 3D objects representation in the discrete case (i.e. captured by a 3D scanner) as a
histogram of normal vectors orientations of the input object on a unit sphere. In practice, we
work with 1D EGI histograms, obtained by a certain scanning of the 3D histograms’ bins.

2) For simulating more real conditions of the experiment, the ears have been additively
noised before being used to test the recognisability at the process of comparison between
noised and ideal 3D ears from the 3DEarDB. This noise has been introduced to simulate a
different (lower) accuracy than the declared one (0.05 mm) of the 3D scanner. To this aim, a
uniform noise has been generated in the range (+0.05 mm), ..., (£0.4 mm), and then added
to each (x, y, z) coordinate of the vertices of the scanned object.

3) To calculate the similarity between EGI histograms (of the input ear noisy models
compared to ideal ear models from database) we have used the following two geometric
scores to determine the more sustainable one for the appropriate level of noise:

e FEuclidean distance:

E, = YIE.(M; — S); (252)
e Bray-Curtis distance [27]:

Xl IM— Sl

— 25b
zﬁ1<Mi+si)’OSEBCS1’ (25b)

Epc
where M; and S; are the corresponding bins from the histograms under comparison (of the
model and the input object), i = 1,2 ...m; m = 20, 80, 320, 1280, see Table 16.

4) After calculating the distance between EGI histograms of the all input noisy ears with
all ideal models from the database (see Fig. 61), the classification is performed by the simple
and fast “the nearest neighbour” classifier. This method of classification is sufficiently
reliable in our case, because distribution of the classes is known, as each ear model is
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considered as a centre of a class, i.e. we have 100 classes. For each centre of class a sufficient
number of wrong (noisy) versions have been artificially generated, which saves considerable
human and computer resources, necessary for the corresponding actual experiments.

» 1D EGI|

\
1D EGI /@)
:i.\\

Fig. 61. Comparison of the type “each-to-each* between the input noisy ear models and the ideal
models from 3DEarDB for different scan resolutions (0.5 mm, 1.0 mm and 1.4 mm), and the
corresponding discretization of the EGI representation (20, 80, 320 and 1280).

Table 16. EGI recognition results: True Recognition Rate (TRR).

TRR [%] 0.5 mm res?lution 1.0 mrT.1 (original). 3D 1.4 mm resolution
(recalculated higher res.) scanning resolution (recalculated lower res.)
noise [mm]* | 0.05 | 0.10 | 015 | 010 | 020 | 0.30 | 020 | 030 | 0.40
~ % on width | 0.16 031 | 047 | 031 0.62 | 0.93 | 0.62 0.93 1.24
~ % on height | 0.10 0.20 | 0.30 | 0.20 0.40 | 0.60 | 0.40 0.60 | 0.80
~ % on depth | 0.38 0.76 1.14 | 0.76 152 | 227 | 152 2.27 3.03
o = (= 100 98 70 100 98 70 99 90 63
A Esc 100 100 92 100 100 89 100 99 80
o = (= 100 93 17 100 92 16 100 88 40
* 8 Esc 100 100 67 100 100 70 100 100 80
=~ % = 100 84 25 100 83 27 100 80 44
® & Egc 100 100 80 100 100 66 100 100 80
S =2 = 100 63 13 100 52 16 100 56 30
o &8 Esc 100 100 62 100 95 48 100 96 78

! For a compatibility with other (future) experiments, the noise intervals are expressed in percentage from the
average ears size, according to the eigenvalues of the major axes of the enclosing ellipsoid: width (32.3 mm on
0x), height (50.3 mm on Oy), and depth ( 13.2 mm on Oz).
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The purpose of the proposed approach (of type “each-to-each”) for testing our 3DEarDB is to
be evaluated the maximal permissible value of the input noise A, thus indirectly to assess the
appropriateness of the used 3D scanner for collecting 3D object models of a particular type, in
our case — human ears. In practice, to evaluate “the behavior” of the optimal (maximal
permissible) value of A (see also Table 16), we vary the basic parameters of the experiment —
for both distances (25a) and (25b), for 4 consecutive levels of EGI discretization (20, 80, 320
and 1280 facets), and for 3 different resolutions of the 3D ear models: 1.0 mm is the original
resolution, 0.5 mm (4 times more facets), and 1.4 mm (2 times less facets) are software
recalculated resolutions from the original.

To assess the ears recognisability, we have used single and sufficient in our case
characteristic TRR (True Recognition Rate), which can be expressed in terms of the popular

recently one “accuracy” 2

number of correctly recognized outputs TP+TN
TRR = Y £ P = = accuracy. (26)

total experiments P+N

Conclusion and some ideas for future work

In the current Chapter 3 of the dissertation, our multi-model ear database called 3DEarDB,
gathered at IICT BAS, is described. It differs from known similar databases for its
completeness of different output formats of the captured ears: 3D mesh models, 2D depth
images, 2D video clips, 2D intensity projections. For this reason, 3DEarDB could be very
useful for the biometrics community for comparative analysis of a wide variety of 2D/3D
recognition approaches as well as new ones based on 3D models’ mesh information.

The results from the conducted experiments on the own database (3DEarDB), containing
100 3D ear models, confirmed the possibility of using the conventional EGI descriptor for
unambiguous ears identification, even though their surface is composed of a combination of
convex and concave regions. This possibility has been confirmed by the results for the tested
noise limits, which exceed the declared precision of 0.05 mm of the VIUscan 3D scanner,
where TRR = 100% for each of the three experimented resolutions.

Conclusion

Summary of the dissertation developments and ideas for future work

A new, efficient and robust software method for 2D video stabilization on a smooth trajectory,
suitable for real-time operation on portable devices has been proposed (see Chapter 2, §2.1).
The method is based on a precise vector model, allowing modeling of random linear
transformations — from a rigid (CCD) movement between the frames to the more complex
“rolling shutter” (CMOS) effect, typical for the most portable devices such as smart phones,
tablets and other devices. The performed experimental studies on a set of video clips with
varying degrees of shaking, demonstrate the effectiveness of proposed algorithms, depending
on the wanted performance (including times of external operations for the methods), ranging
from 18 to 24 fps. The method is intended to be used jointly with the inertial sensors’ system
(gyroscopes, accelerometers), embedded in the corresponding portable device for improving
the overall accuracy to the aim of an effective hardware video stabilization.

A combined approach “3x30F9x9”, designed for video stabilization in “a point” of video
clips produced by high-speed industrial cameras, has been developed (see Chapter 2, §2.2).
The aim of the method is providing a static background, necessary for a correct measurement

2 https://en.wikipedia.org/wiki/Confusion matrix
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of certain dynamic objects’ characteristics in the video. The proposed algorithm with
detection and removal the influence of moving objects in the scene, which differs with a
sufficiently stabilization’s performance and precision has been successfully experimented on
public and private video clips. The characteristic effect of “sliding scene”, which is present
even in commercial software solutions, has been reduced less than 1% of the frames’ size
(640x480 pixels), while the pure execution time of the algorithm is within 30 fps. Further
improvements of the method will be focused on the development of more effective
segmentation of large moving objects to remove their influence in the captured scene.

A relatively simple and fast (considering real-time operation) algorithm for temporal
localization of given advertisement videos or arbitrary parts of them in a TV video stream has
been proposed. The essence of the algorithm consists in dividing the video clips of a sequence
of scenes, then converting them in series of integer numbers, representing the length (in
number of frames) of each scene. Thus, we use comparison between integer series instead of
comparing sequences of JPEG images from the TV stream and the potential candidates of
advertisement videos. l.e. the conventional 2D comparison frame-by-frame is replaced by
comparing length-by-length of scenes, and only for “suspicious” scenes, “one-to-many”
comparisons are performed. This algorithm requires a much smaller number of 2D
comparisons between the frames, which is a significant advantage in the presence of a large
number of advertisements being searched in the TV stream.

A multi-model database (3DEarDB), containing various corresponding ear
representations of ~100 individuals, has been developed (see Chapter 3, §3.1). 3DEarDB is
designed for the ear recognition scientific community to test and compare their algorithms
accuracy on different possible scenarios — from precise (and static) 3D model to a more
realistic (and dynamic) case of a 2D video clip and separate 2D images. The precision of the
available 3D ear models is due to the usage of the 3D laser scanner of IICT, with 1 mm
scanning resolution between neighbour 3D points and an accuracy of 0.05 mm for each 3D
point. The advantage of 3DEarDB compared to public known databases with 2D/3D images
of human ears consists in the offered precise 3D mesh ear models (not just 2.5D depth
images), as well as the existence of a consistent correspondence between the set of 2D and 3D
output formats. The conducted experiments (on 3DEarDB with 100 3D ear models) confirm
the possibility of unambiguous ears recognition (being not entirely convex objects) using the
conventional EGI descriptor for their representation in the form of a histogram. The future
work here is focused on the development and experimentation of one photometric idea for 3D
ear recognition (by the EGI method), but only by single input 2D image, trying to restore the
real normal vectors to the 3D object’s surface.

Contributions

v" Scientific contributions

1. An original vector model “NxN” (N>3, odd) for representation of random linear
transformation between the consecutive video frames with selection and adjustment of
the interpretation’s complexity has been developed (Chapter 2, §2.1.2 and §2.1.6).

2. A method for converting video streams of 2D intensity images to series of integer

numbers, representing the scenes durations in number of frames, which significantly
simplifies the searched correlation, has been proposed (Chapter 2, §2.3.3-4).
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v Scientific-applied contributions

1. An effective (fast and precise) method, based on the original vector model, for 2D video
stabilization on a smooth trajectory, appropriate for embedding in mobile devices, has
been developed (Chapter 2, §2.1.2-3).

2. An extension of the basic vector model for correction of the horizontal tilt and the vertical
scaling, caused by the “rolling shutter” effect, inherent for cameras with CMOS sensor,
has been proposed (Chapter 2, §2.1.4).

3. A combined approach “3x30F9x9”, uniting the basic “NxN” vector model together with
the famous optical flow method for precise stabilization in “a point” with an application
for video stabilization of clips from high-speed cameras has been developed (Chapter 2,
§2.2.3).

4. A precise and relatively simple and fast algorithm for temporal localization of given
advertisement video clips and/or their arbitrary parts in a recorded TV stream, has been
proposed (Chapter 2, §2.3.3).

5. A multi-model database, called 3DEarDB, containing 3D ear models, as well as their
derivative representations of the humans right ears for the aims of biometric
authentication, has been developed (Chapter 3, §3.1).

v Applied contributions

1. Aset of experiments for video stabilization on a smooth trajectory, on chosen video clips
with increasing degree of camera jittering, has been accomplished (Chapter 2, §2.1.5).

2. A set of experiments for video stabilization in “a point” on public available and private
video clips, has been performed (Chapter 2, §2.2.4).

3. A simple approach for scenes detection, based on the differential video -clips
representation, has been experimented (Chapter 2, §2.3.3).

4. The opportunity for using the conventional EGI representation of 3D objects for
unambiguous recognition of convex-concave objects as human ears, has been
experimentally confirmed (Chapter 3, §3.2).

5. The functionality and noise resistance of the 3DEarDB for ears recognition by the nearest
neighbor classifier on a test set of ~100 noised 3D ear models, has been confirmed
(Chapter 3, §3.3).
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OO0ma xapakTepuCcTUKA HA TUCEPTALMATA

AKTYaJIHOCT HA TeMaTa

Hacrosmust nqucepraiiuoHex Tpyq ,,Budeocmabunuzayus u 3D pasno3unaeane 6 peanino épe-
Mme* ce Oa3upa Ha CHBMECTHOTO pelllaBaHe Ha JiBa mpobOiema — To3u 3a 2D Bumeocrabunm3za-
LWsl B PeaHO BpeMe H 3a 3D pasrosHaBaHe HA JMYHOCTTA' 110 (popMara Ha yumte. Tesu aBe,
JOHSIKBJIC Pa3IndHK 001acTH HA U3CIIEIOBATEIICKM HHTEPEC, Ca ChBMECTCHH B €Ha 00001a-
Balla JeTain3upana cxema (Brx Owr. 2).

CBbp3BalIoTo 3B€HO MEXAy Buaeoctabmmmsanusata U 3D pasmosznaBanero upe3 3D mo-
nenu 3a b/ ¢ mpenenenty € B 3D peKOHCTPYKIMATA HA OOEKTH OT OOXOKIAIl BUACOKIHI. A
Bpb3KaTa Ha BUJIeOCTabumu3anusaTa ¢ 3D peKOHCTPYKIUATA € B OTPEACIISTHETO Ha MapaMeTpu-
T€ Ha JIBIJKEHUETO MEXIY OIpe/lelieHH 00IacTh OT UHTepec (MM XapaKTepHU TOYKH) B MPH-
nokpuBamuTe ce kaapu. ChIno Taka, CTaOUIN3alUATa Ha 3aCHEMAHHsI OOCKT € MPSKO CBhP3a-
Ha ¥ C HEroBoTo epekTuBHO cermMeHTupane ot ¢onHa (Bmwx dur. 2, 2D Cermentanus). [loc-
JICITHOTO MOXE JIa C€ M3IIOJI3Ba U 32 OCUTYPsIBaHE HA BXOJ OT CTpyKTypupaHu 2D BXojaHu naH-
HU (MHTEH3UTETHU MPOEKIMH) 3a IPYT'H METOU 3a pa3no3HaBane, pa3padorenu B UUKT.

CehineBpeMeHHO, criopes; 0030pHHUS aHaM3 HAJIMYMETO Ha Hal-ChbBPEeMEHHU MeTonu (C
BB3MOXKHOCT 3a paboTa B peanHo BpeMe) B obnactta Ha 3D pexoHcTpyKuusTa (Buwx [asa 3,
§3.5) moBene 0 MpeHAcOYBAaHE HA AKIEHTUTE B JUCEPTAIMATa KbM BEYE CIIOMEHATUTE JBE
obnactu - Buaeocradbunuzanus u 3D pasnosznaBane, ocHoBaHo Ha B/l ot 3D monenu-o6pasuu,
KaTo ujaesdrTa 3a ywume 0e MHCIMPUPAHA OT HapacTBallus HHTEPEC Ha OMOMeTpuYHaTa OOIII-
HOCT KbM TsIX Hamocleabk. [lociaennoro 6e€ ycTaHOBEHO M Ha MEXKIYHApPOAHHS CEMHHApP IO
onomerpuka BIOMET'2014, nposenen Ha 23-24 1ouu, 2014 1., BAH, Codusi, B pamkure Ha
npoekta AComIn na MUKT.

Metoaute 3a BuaeocTabMiIM3aIus UEeNIT MoA00psBaHe KauecTBaTa Ha HECTAOMIIHO 3ac-
HETO BUIEO (JIFOOUTEICKO W/WiH MPpOo(eCHOHATHO) B TOUKA WJIH IO TN Ka TPAeKTOpUs (BIK
I'maBa 2, §2.1 u §2.2). [lox crabuim3anusi B TOYKa ce pa3dupa CTaOMIM3anUsATa Ha BCHUKU
BUJICO KAJIpH CHOPAMO €AWH pedepeHTeH Kaabp, B Pe3yiTaT Ha KOETO Ce Mpech3/aBa BHJIEO,
3aCHETO OT cTarndHa kamepa. CTabMiu3anusara mo TPaeKTOPUs MPOU3BEKIA BUICO, TIPH KO-
TO KaMepara clieiBa U3MIaJCHOTO OPUTHMHAIHO JBIKEHUE Ha omeparopa. V3BecTHO e, ue B
KHHOWHIYCTPUATA 32 CTAOMITHOTO 3aCHEMaHE C€ W3I0JI3Ba TOJISIMO Pa3HOOOpa3He OT CIOXKHO
o0opyABaHe: CTaTHBH; KaMepH, JBIDKEIIN C€ BbPXY PEJICH; OMEPATOPCKH KOIWYKHU; TMPEHOCHU-
MU CTAaOMIM3UpAIId MEXaHU3MH, 3aKpEeTeHH KbM TsU10TO U Jp. [lomoOHa amaparypa B MHOTO
CIIyYad € CKbITa 3a JIFOOUTEIICKH TeJIH, TTOPAIH KOSTO IHUPOKO CE M3IOI3BAT COPTYSpHU METO-
I 3a TIOCTUTAaHE Ha TUIABHOCT Ha JIBHXKEHHETO B €HO JIIOOUTEJICKO, HEMPUHYACHO 3aCHETO
Bujeo. [IpuniunHo 3axadara 3a codpryepnara 2D crabunuzanus u nopu 3D crabunusanusra
ce cMsATa 3a peleHa B ciyyaute Ha off-line o6paboTka. Haii-uzBectnute codryepuu peanu-
3alliM 10 pobsIeMa ca umruieMeHTupanu B Google YouTube Stabilizer u \Warp Stabilizer na
Adobe After Effects, na 6azara Ha metonute, onucanu cboTBeTHO B [1] u [2]. Ho kakTo Te,
Taka ¥ MHOTOTO Jpyru moaxomu 3a 2D, 2.5D u 3D crabwimzaiusi OT MOCIEAHUTE TOTUHU
(Bmx 0630pa mo Temara B [maBa 1, §1.1.2), Bce omie He Morar J1a JOCTUTHAT JOCTaThYHO OBP-
3oxaeiictBue Ha PC OT cpenieH Kitac, OCBEH ako HE Ce M3II0NI3Ba MapajeiHa UMIJIEMEHTAUs Ha
GPU. Ho Tbii KaTo KOMIIOTHPHUTE MOIIHOCTH B MPEHOCHMHTE YCTPOMCTBa ca J0CTa MO-
CJTabu OT Te3W Ha JCCKTOIT MallIMHHUTE, 33 MTOCTUTaHETO Ha IPHEMITUBA BUICOCTAOMIIA3AIIHS CE
pa3unTa Ha CHbBMECTHOTO M3MOJ3BaHE Ha BIPAJCHUTE B Xapiayepa UM HHEPIUATHHU CEH30pU
(’KUPOCKOMH U/UITU aKCEeJIEPOMETPH) 3a€HO € MPELUU3HH U Obp3U COPTYEpHU TOAXOIMU.

1
Tyk B3aIMHO3aMEHAEMO H3IT0NI3BaMe (PHUI0CO(PCKOTO MOHATHE ,,IUIHOCT C ,,MHAWBUA MPH PA3IMO3HABAHETO.
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B tasu Bpb3ka HHE pa3zpaboTuxme eauH Obp3 U edekTHBeH copTyepeH meron 3a 2D Buaeo
cTabunu3anus, KOUTO € IMpelHa3Ha4YeH 3a paboTa B peajiHO BpPeME BbpPXY MOPTATUBHU YCT-
poiictBa u e agantupad kbM BSC uuna na Texas Instruments 3a TbpceHe Ha Kopenanuu 1o
SAD Mertona Mexy cboTBeTHUTE 1D akyMynupaiiy npoeKIu 1Mo XOpU30HTAIU U 110 BEPTH-
kamu (Buxk ImaBa 2, §2.1.1). B Gun3ka nepcrnexkTuBa NpeiBHKIaMe HEroBa ajanTaius Karo
copTyepHO MHHUIIMATU3UPALLO CPEICTBO 3a MOAOOpsSBaHE HAa TOYHOCTTA HA CHUCTEMAara oOT
MHEPIUAIHU CEH30pH, BIPAJCHH B M3IOI3BAHOTO IMOPTATUBHO YCTPONUCTBO, HA KOUTO HAIOC-
JIEIBK Ce pa3unTa 3a eHa e(heKTUBHA BUICOCTAOUIU3aIIUA.

Bbrnpeku ue HaydHUTE U3CIEABAHUS 110 U3IOJI3BAHETO HA YIIUTE B OMOMETpUKaTa ce Ha-
MUpaT B Ha4YaJleH CTaJlui, B MOCJIEIHUTE TOAUHU c€ 0OpbhIIa 0COOEHO BHUMAaHUE HA YHUKAJI-
HOCTTA Ha YIIUTE KaTO OTIMYUTEIIHA XapaKTePUCTHKA 32 OMOMETPUYHO pa3lio3HaBaHE Ha XOpa
[3], cBHmeTEenCTBO 3a KOETO Ca M MHOYKECTBOTO AUCEPTAL[MOHHU pe3ynrtarh [4, 5], kauru [3, 6]
1 0030pHH cratuu B obnactta [7, 8, 9]. OT ronemust Opoil U3CIIeI0BATEIICKH CTATHH 110 TEMaTa
OT MOCJIETHUTE IECETUJICTHSI MOXKE J1a C€ 3aKJII0YH, Y€ TOYHOCTTA, IOCTUTHATA Ype3 CUCTEMU-
TE 3a paslo3HaBaHe 0 YIIHU, € ChU3MEpPHMa C Ta3u Ha pa3no3HaBaHeTo 1o ymna [8]. B monk-
perna Ha MoCJIeAHOTO € eHo u3cneasane npes3 2005 r. B YHusepcutera Ha Southampton, UK,
OTHOCHO MHJIEKCA Ha OTIUIMMOCT ‘‘decidability index”, KOWTO M3MepBa MOAOOUETO / pas3Iin-
YHUMOCTTa Ha YIIWTE KaTo MOKa3aTell 3a CTENEHTa Ha YHUKAIHOCT Ha YOBEIIKUTE YIIH. YcTa-
HOBEHO €, Y€ TO3HM MHJEKC € C €MH MOPSABK MO-TOJISIM 32 YIIH, OTKOJIKOTO 32 (PH3MOHOMUH,
HO I0-MaJIbK, OTKOJIKOTO Ipu upucoBara ouomerpuka [10]. Lei et al. moka3ear, ue yrmre mMo-
rar Ja ce M3IMoJB3Bar u 3a kinacudukamus mo moi [11]. M3BecTHO e, 4e ¢popmara Ha yXOTO €BO-
JIOWpa Mo BpeMe Ha eMOpHOHANIHUS PacTeX OT IIECT pa3BUBAIIM ce 0a30BH Bb3ena. ToBa
o0yclaBsi yHUKaJTHOCTTA HA HETOBaTa CTPYKTYPa, ChIICBPEMEHHO 0€3 TS J1a € HAII'BJIHO PO 3-
BoJIHA. 3acera, netaitiHata 3D MoOBbpXHHHA Ha YOBEUIKOTO YXO C€ pa3Iiek/ia KaTo YHHBEp-
caJlHa U YHUKAJIHA XapaKTEePUCTHKA, BHIIPEKH Y€ BCE OIIe HE € OKOHYATEHO YCTAaHOBEHO, Ue
YIIUTE Ha BCHUYKH XOpa ca yHUKanHU. OCBEH TOBa, CTPYKTypara Ha yIIUTE HE ce MPOMEHS
3HAYUTEITHO ¢ BB3pactTa [12]. Yimmre ca necHu 3a (OTHajIeueHO) 3aCHEMaHE 10 €IWH HeHAaT-
panuuB Ha4MH. [OopHUTE 0COOEHOCTH BOJAT 10 M3BOJA, Y€ YIIMTE YIOBIETBOPSBAT U3UCKBA-
HUsATa (YHUBEPCATHOCT, YHUKAIHOCT, MHBAPUAHTHOCT BHB BPEMETO U JIEKOTA TPU PETHCTPH-
pane), dopmynupanu ot Jain [13], u Morar na ce u3moi3Bar B OnoMerpuvHaTa UaeHTH(UKA-
s 1 BepuuKauus Ha UHIUBUAN. Bbrnpeku ue noseue ot 99% oT GMOMETPUUHUTE CUCTEMH,
JOCTBITHU Ha Ma3apa, ca 6a3upaHy Ha MPBHCTOBH OTIEYATHLIH, JIUIIEBO MIIM UPUCOBO pa3lo3Ha-
BaHe [14], M3MoI3BaHETO HA YIIUTE MMa U CBOUTE MPEIUMCTBA cripsiMo Tax [9], a umeHHO: (i)
3a pa3jMKa OT JIMIETO, YIIUTE UMAT OTHOCUTEIHO MOCTOSHHA CTPYKTYpa, KOSITO HE ce poMe-
HS MHOTO C BB3pPacTTa U HE C€ BIUAE OT JUIEBUTE U3paxeHus; (i1) yXOTO JIECHO MOXeE Ja ce
3aCHEMe OT Pa3CTOsSHUE, KOETO He M3MCKBAa HENPEMEHHO ChICHCTBHE OT CTpaHa Ha MOTpedu-
TEJsl U C€ CYMTA OT MOBEYETO XOpa 3a HEHATPaluMBO, 3a pa3jivKa OT 3aCHEMaHETO Ha MpHCA;
(ii1) cbIIO Taka, OE3KOHTAKTHOTO 3aCHEMaHe He BOAM J0 MpoOIeMH ¢ XUTHeHaTa 3a pas3jiiKa OT
B3€MaHETO Ha IPBCTOBU OTIECYATHIIH.

B®B Bpb3Ka ¢ pa3no3HaBaHETO MO YIIU B AUCEpTALUATA € pa3paboTeHa MHOTOMOJIeTHaTa
B/l (3DEarDB), cbabpxkaiua pa3nuyHu npeAcTaBsHus Ha ymute Ha ~100 uHauBuan (BUXK
I'maga 3, §3.1). llenta va 3DEarDB e ga ocurypu CbBMECTUMOCT MEXKAY Pa3IUIHUTE U3XO-
HU (OpMaTH 3a MPENCTABIHETO HA YXOTO Ha €IMH U ChIIl YoBeK. Te3u ¢popmaru Britrousar: (i)
cypoBu (HeoOpaboTenn) 3D mozaenu Ha yuy; (ii) oOpadorenu 3D moxpeny; (iii) Kinect apn60-
YUHHU U300paxkeHus: “depth maps”; (iv) 2D Buaeo kinunose; (V) TeHEPUPAHU CTPYKTYPH OT
2D MHTEH3UTETHU NMPOEKIMHU Ha yIu; (Vi) TeHepUpaHu CTPYKTypu oT 2D nbenGounHHN 1300-
paxeHus. ToBa KOHCHUCTEHTHO pa3HOOOpa3ue OT U3XOAHU ¢opmaru OM OMIIO0 MHOTO IMOJIE3HO
3a HayyHara OOIIHOCT I10 pa3lo3HaBaHEe MO YIIMTE, 32 TECTBAaHE U CPABHEHUE HA TOYHOCTTA
Ha aJTOPUTMHUTE BHPXY Pa3IHMYHU BB3MOXXHH CIICHAPUU — OT WICATHHS CIIydail Ha MpEIH3eH
(u crarnuen) 3D mozen, npe3 no-peanucTUUHuA (M IMHAMUYEH) ciaydail Ha 2D Bugeoknun u
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1o ortaenuu 2D nzobpaxkenus. Ot Hamus 0030p BbpXy nyonanuno HaaunuHute bJ{ ot 2D 13006-
paxenus u 3D Monenu Ha voBemku ymu (Bwk InmaBa 1, §1.2.12) e sicHO, 4e 10 MOMEHTa He
CHILECTBYBA TAKOBA KOHCHUCTEHTHO CHOTBETCTBHE MEXIYy MHOXecTBO OT 2D u 3D usxonHu
¢dbopmarH, KOeTo € IBHO MPeIUMCTBO Ha pa3paboreHara MHoromozensa bJI. nesra 3a paspa-
6otBanero Ha 3DEarDB ce odopmu B auckycust Ha BIOMET'2014, xaro pa3BUTHETO U pea-
JU3alMATa Ha Ta3u UJesl cTaHa Bb3MOXKHO OnarofapeHue Ha mozaepHus 3D nazepeH ckeHep,
3akyrmeH o npoekra AComin na MMKT-BAH (http://www.iict.bas.bg/acomin/).

IIeJIl/I " 3a/1a4YM Ha JucepraumsaTa

[Topaau ecTecTBOTO HA U3CIENBAHUATA IO BpEME Ha JJOKTOPAHTCKOTO 00yUEHUE, B HACTOSIIIUS
JecepTalMoHeH TPpyA JeUHUpaXMe CISIHUTE JIBE OCHOBHU IIEIH:

1. Pa3zpaGorBane Ha MeToaM 3a e(eKTUBHA CTAOUIU3aIUs Ha BUJCOKIIUIIOBE, KAKTO 1O MU3T-
JaJieHa TPAeKTOpUsl Ha KaMepara, Taka U B ,,TOUKa‘*“ (CTaTUYHA KaMepa).

2. PazpabotBane Ha Bl or 3D mozmenu Ha YOBEIIKH YyIIM (32 IeNUTE HA OMOMETpUKaTa) U
anpobupaHeTo i cbe chBpeMenHu 2D/3D mMeTonu 3a pa3no3HaBaHe 1O MPEIEACHTH.

3a peai3anuAaTa Ha nvpeama yes Ca NMpCABUIACHU CICIHUTC 3a1a4n:

1.1 Pa3zpaborBane Ha MeToj 3a coryepHa 2D BumeocTaOMIN3AIHNS, TOIXOAI] 32 BIPAXKIaHE
B MOOUITHU TenedOHH, OCUTYpsBAIll 330BOJIUTEIHO Obp30aeiicTBUe (paboTa B peanHo
BpEMe) M CHIEBPEMEHHO MPOU3BEXIAII JOCTATHUHO MPELIU3EH PE3yiTar.

1.2 ApantupaHe Ha METOJa 3a BUJCOCTAOMIN3AIMS 32 BUACO KIUIOBE OT MHIYCTPUAIHA BH-
COKOCKOPOCTHA KaMepa, ¢ L ,,ieppeKTHaTa CTabMIn3anus B ToUKa" Ha MPOCIeIIBaHHS
00eKT, niv Ha (oHa.

3a OCBHICCTBABAHCTO HA emopama ye ca OIIPCACIICHU CIICAHUTEC 3a1a4n:

2.1 PaszpabotBane Ha BJ] ot 3D Moenu Ha YOBEIIKY YU, KAKTO M TEXHHU MPON3BOIHU MIPE/I-
CTaBsIHUS, B HACOKAaTa — TECT U HACTPOMKa Ha CbBPEMEHHU MeToau 3a 3D pa3no3HaBaHe.

2.2 ExcnepuMeHTaIHO TIOTBBPKIaBaHE Ha MPUIOKUMOCTTa Ha u3BectHHs EGI meckpumrop
3a MMpeJCTaBsHE Ha U3IbKHANO-BINIBOHATH 3D 00€KTH, KaTo yIIMTe, 32 HEIBYCMHUCIEHOTO
VM pa3lO3HaBaHe.

MeToa0J10rusi Ha U3CJIeABAHETO

[IpenopbuBaHara MeTOAONOTUATA (B XPOHOJOIMATAa Ha W3CIEIBAHUATA) CE OCHOBaBa Ha
METOAM U MOJXO/U OT CIEAHUTE 001acTh (HO 6€3 OrpaHUYEeHHs CaMO BbPXY TAX):

- Jlunetina ancebpa u Ananumuuna 2ceomempus: MaTPUYHU YPAaBHEHUS, METOIBT Ha Haii-
MaJIKUTE KBaJIpaTH; HOPMAIHU BEKTOPH, CKaJapHO W BEKTOPHO MPOU3BEICHUE, COOCT-
BEHU BEKTOPU U COOCTBEHM CTOMHOCTH, aHaTUTHUHU TpeacTaBsHust B 2D u 3D, u ap.;

- @yukyuonanen ananus: TAHSHHA alPOKCHMAINS Ha (DYHKIHSA B MaJIka OKOJTHOCT, FOU-
rier ananus u fap.;

- Cmamucmuxa: XACTOTpaMH, paBHOMEpHO U ['aycoBo pa3mnpesesieHne, MOMEHTH | JIp.;

- Obpabomka na uzobpadcenus. 2D n 3D nzoOpaxenus, pasmmpeHo ['aycoBo u3obpa-
xenue (EGI), muHeitHn TpaHcopMaIuy, METO/I Ha IJIAaBHUTE KOMITOHEHTH | [Ip.;

- Pasnosnasane na obpaszu: nonodue MeXIy OOEKTH, PA3CTOSHUS U METPUKHU, KIAacH-
YeCKH METO/HM 3a Kiaacu(uKaius — Hall-0On3bK cbee, K-Te Hai-01u3Kku cheea, u ap.;

- Komntomwvpho 3penue: 3D peKOHCTPYKIHS Ha OOEKTH, CTEPEO3pEHHE, (POTOMETpHS.
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AnpobGanus Ha pe3yJITaTUTe

Pa3paborenuTe aaropuTMu 1o crabuiM3alys Ha BUIACOKIUIIOBE U IO OTKPUBAHE HA PEKJIaM-
HY CIICHApUH B TEJIICBU3MOHEH BHJICONOTOK (omucanu B [aBa 2), kakTo u pa3padorenara bJ]
ot 3D monenu Ha woBemku ymu (I1aBa 3, §3.1) ca pesynrar ot paborara 1o CIeIHUTE MPO-
ekt Ha UMKT-BAH:

1.

Esponeiickusar npoekr AComlIn (Advanced Computing for Innovation) na HUKT (o
norosop 316087, ¢unancupan or FP7 Capacity Programme ,,Research Potential of
Convergence Regions”), B paMKuUTe Ha KOWTO € M3MOJ3BAHO BHUCOKOKAYECTBEHOTO 000-
pyaBaHe or ,,YMHara saboparopus” (SmartLab), a umenHo: 3D azepHUST CKeHep
VIUscan u BucokockopoctHara kamepa NAC Memrecam; KakTo U MHOTOCTpaHHA MOJK-
pena npu pa3paboTBAaHETO Ha Ta3H JUCEPTALUS; KAKTO U CIICIBALIUAT:

[Tonmpoexr ,,Ctabunu3zanus Ha BUJIEO OT BUCOKOCKOPOCTHA kamepa® mo jporosop JO1-
192 na MOH ,,Cpdpunancupane Ha npoekt AKOMUH 316087 no 7PII na EC”; a cbiro:

,,MaTeMaTHuecKu alrOPUTMH 32 BHJICO CTAOMIM3aMs U GHITPUPAHE HA IIIyM OT CEH30PH
3a nBmwxkeHue . JloroBop 3a u3cnensanus u pazpadorka (Ne 210214) mexny dupma ,,MM
Conymrsac” AJl u UUKT ot 07.05.2012 1. 1o 02.10.2012 r;

[Ipoext Ne BG161P0O003-1.1.06-0038-C0001/07.12.2012r. ,,ExcriepuMeHTaIHO pa3BUTHE
Ha copTyepHH OMOIMOTEKH 3a TTOIOOpsABaHE HAa KaU€CTBOTO HA M300PAKEHUETO U CTa0U-
JU3alus ¢ U3MOJI3BaHEe HAa MHEPLUUOHHU ceH3opu”’, benedunuent: ,,MM Comymrsac A/l,
Codus, yn. Tuntsasa 15, ITaptasop: UMKT-BAH;

MuHu TpoeKT 3a TeXHHWYEeCKa HM3MBIHMMOCT MO mpolieM, 3amaaeH ot ¢upma Cross
Agency Ltd., na rema: ,,EdhekTuBHO pa3mo3zHaBaHe Ha BHJICO NIA0JIOHH B IOTOYHO BHJIEO,
B pamkute Ha opranuzupanara or UMKT-BAH, ®MU-CY u UMU-BAH, cbc cpaelict-
BHUEeTO Ha EBporeiickus KOHCOpLUYM 3a MaTeMaTuka B MHAYCTpHsITa, ,,104-Ta EBponeiic-
Ka u3cienoBaresicka rpyna ¢ uaayctpusta” (ESGI-113), 23-27 cenrt. 2014 1., Codusi.

Yuacmue 6 Opyau npoexmu, noOnomocHanu pazpabomseanemo Ha OUCepmayuama.

JIByctpanen moroBop 1o nporpamara Lifelong Learning Programme: HIGHER EDUCA-
TION (ERASMUS) 3a akagemuunara roguaa 2012/2013, mexxny BAH (BG Sofia 30) u
VYuusepcurera Ha [laBus, Utanus (I Pavia 01);

,2J3rpaxaaHe v pasBUTHE Ha MJIaJ BUCOKOKBATU(HUIIMPAHU U3CIIEIOBATENHN 3a €(PEeKTHB-
HO IpUjlaraHe Ha OMOMETUIIMHCKUTE W3CIIeABaHUS 3a MOJ00psBaHE KauyeCTBOTO Ha XKU-
BoT” mo OII ,,PazButue Ha voBemkute pecypcu” (EBpomneiicku Coumanen @onn 2007-
2013) na MOH, moroop BG051P0O001-3.3.06-0048/04.10.2012 ¢ xoopnuHarop MucTH-
TYT 110 eKCIIepUMEHTaIHa MOP(OIOTHs, MATOIOTUs U aHTponojiorus ¢ myseit — bAH,;

I 1oJIKpena Ha TBOPUYECKOTO pa3BUTHE HA JOKTOPAHTH, OCT-JOKTOPAHTH U MIIaJId YUYE€HU
B oOsacTTa Ha KoMmioThpHUTEe Haykn” 1o OII ,,PazBute Ha yoBemkute pecypceu” (EB-
pomneiicku Cormaner @oun 2007-2013) va MOH, gorosop BGO51P0O001-3.3.04/13 ¢ xo-
OpAMHATOp BeNMKOTBPHOBCKUAT YHUBEpCUTET ,,CB.cB. Kupuin u Metonnii®.

Cnuchbk HA MyOJIMKAIMUATE M0 JUCEPTANUATA

CnuchbK Ha OTHIEYATAHUTE HAYYHM NMYOJIUKAMH:

1.

Nikolov, A., D. Dimov: 2D Video Stabilization for Industrial High-Speed Cameras, In:
Cybernetics and Information Technologies, Special Issue on Information Fusion,
Bulgarian Academy of Sciences, Vol. 15, No. 7, pp. 23-34, 2015, Sofia, DOI:
10.1515/cait-2015-0086, Print ISSN: 1311-9702, Online ISSN: 1314-4081.
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2. Dimov, D., A. Nikolov: Real Time Video Stabilization for Handheld Devices, In: Racheyv,
B., A. Smrikarov (Eds.) Proceedings of CompSysTech’14, June 27, 2014, Ruse, Bulgaria,
ACM ICPS, Vol. 883, pp. 124-133, ISBN: 978-1-4503-2753-4.

3. Cantoni, V., D. T. Dimov, and A. Nikolov: 3D Ear Analysis by an EGI Representation, In:
Cantoni, V., D. T. Dimov, and M. Tistarelli (Eds.) Proceedings of First International
Workshop on Biometrics, BIOMET'2014, June 23-24, 2014, Sofia, Bulgaria, Biometric
Authentication, LNCS, Vol. 8897, pp. 136-150, Springer, ISBN: 978-3-319-13385-0.

4. Nikolov, A., D. Dimov, V. Kolev, M. Ivanov, K. Ivanova, O. Kounchev, M. Bojkova, P.
Mateev: Effective recognition of the video pattern in a recorded video stream, In: 104-th
European Study Group with Industry (ESGI’104) - problems & final reports, Sept. 23-27,
2014, Sofia, Bulgaria, pp. 35-47, ISBN: 978-954-9526-87-5.

5. Nikolova, I., A. Nikolov, G. Zapryanov: Depth estimation using shifted digital still
camera, In: Proc. of the 12th Int. Conference on Computer Systems and Technologies
(CompSysTech’11), June 16-17, 2011, Vienna, Austria, ACM ICPS \ol. 578, pp. 234-
240, ISBN: 978-1-4503-0917-2.

CnuchbkK Ha MPUHETUTE 3a eYaT HAYIHH nyﬁ.ﬂmcamm:

6. Nikolov, A., V. Cantoni, D. Dimov, A. Abate, S. Ricciardi: Multimodel Ear Database for
Biometric Applications, In: Proc. of International Conference Advanced Computing for
Innovation, Nov. 10-11, 2015, Sofia, Bulgaria, ... (to be published as a special volume of
Springer Studies in Computational Intelligence).

Hutupanus Ha myOJIUKAIUM 110 JUCEPTAMUATA:

1. Tlyomukanus Nel: “Real Time Video Stabilization for Handheld Devices ” e uuTupana B:
Aguilar, W. G., C. Angulo: Real-Time Model-Based Video Stabilization for Microaerial
Vehicles, In Journal of Neural Processing Letters, pp. 1-19, 2015, Springer US, DOI:
10.1007/s11063-015-9439-0, Print ISSN: 1370-4621, Online ISSN: 1573-773X.

2. Ilyomukarmst Ne 2: “3D Ear Analysis by an EGI Representation” e uutupaHa B:
Pflug, A.: Ear Recognition - Biometric Identification using 2- and 3-Dimensional Images
of Human Ears. PhD Thesis. Faculty of Computer Science and Media Technology,
Gjevik University College, Norway, 2015.

3. Tlyomukamums Ne 4: “Depth estimation using shifted digital still camera” e uuTupana B:
Duan, Y., H. Deng, F. Wang: Depth Camera in Human-Computer Interaction: An
Overview, In: Proc. of Fifth International Conference on Intelligent Networks and
Intelligent Systems (ICINIS), 1-3 Nov. 2012, Tianjin, pp. 25-28, DOL:
10.1109/ICINIS.2012.44, Print ISBN: 978-1-4673-3083-1.

Cbabpi:kaHue HA JMCEPTALMATA

Hacrosimara gucepramus ce ¢hCTOM OT CUCHK Ha (PUTypHUTE, CIUCHK HA TAOIUIIUTE, PEUHUK
Ha TEPMUHUTE, YBOJ, 3 TJIaBH, 3aKJIIOUEHHE, CIUCHK HAa UTUPAHATa IUTeparypa u 4 Mmpuio-
xkeHust, oono 156 crpanui. OCHOBHOTO ChIabpkKaHue € moMecTeHo Ha 111 crpanwuim, a us3-
noxeHuero e npuapyxeHo ot 70 ¢urypu u 17 tabmuuu. CouchKbT Ha IUTHpAHATa JIUTEPaATy-
pa BKJIIOuBa 237 3ariiaBusl.
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I'maBa 1. O030p Ha OCHOBHHTE pe3yJITATH B 00J1aCTTA

ImaBa 1 cbabpka 0030p Ha OCHOBHUTE PE3YATATH 110 HAINIPABIICHUATA BUACOCTAOMIN3ALMS U
OMOMETPUYHO pa3lo3HaBaHE HA JTMYHOCTTA (MHIUBUAA) IO (popmara Ha yIIHTE.

1.1 Bupgeocraduamsanus

[IIupokoTo M3MoNA3BaHE HA COPTYCPHHUTE CPEICTBA 32 BUACOCTAOWIIM3ALIMS 32 IMOCTHraHEe Ha
IUIABHOCT Ha JBWKCHHETO B HENPHHYICHO 3aCHETO BHAECO HabMpa Bce IMO-TOJsIMA
MOMYJISIPHOCT TIpe3 MOCIIeHNTE roauHu. ToBa ce 00yciaBsi OT eJHa CTpaHa Ha HEMPAKTUIHOTO
M3MOJI3BAaHE HA CKBIIO U CIIOKHO CTAOMIM3UPAIo 000pyIBaHE 32 TIOOUTEIICKH 1IeTH (CTaTUBH,
KaMepH, JBHXKCIIM CE BBbPXY PEJICH, ONEPaTOPCKU KOJIWYKH, NMPEHOCHUMH CTaOWIM3HpAIIN
MEXaHU3MH, 3aKpENeHU KbM TSUIOTO M JIp.), KAKTO M Ha BB3MOXKHOCTTA 32 3HAYUTEIIHO
Npelu3upane Ha XapAyepHHUTE aJrOPUTMHU 32 pabdoTa B PealHO BpeME, BB3IOJI3BAWKH CE€ OT
BrpaJICHUTE HMHEPLUUATHH CEH30pH (KUPOCKOIM W/WIU aKCEIECPOMETPU) B TMPCHOCHMHUTE
YCTPOMCTBA.

1.1.1 CodryepHu MeTOaH 32 BUACOCTAOHIU3ALMS

B nwureparypara ca M3BECTHH MHOXECTBO CO(PTYepHHM METOAU 3a BUACOCTAOMIM3ALMS TIO
IJ1aJIKa TPAeKTOPHs, KOUTO MOXKe Jia ce kinacudummpar karo 2D, 3D, kakTo U 10ocTa mepcrek-
TUBHUTE Hanociaeask 2.5D.

A. 2D memoou 3a cmaobunuzauus

JIByMepHUTE TEXHHKHU 3a BUAEOCTAOMIM3anus u3ducissar 2D mozaen Ha JBHKEHUETO (KaTo
TBBPIIOTETHA CIICHa, aUHEH, TIEPCIIEKTUBEH, BIXK Ilpunoscenue 1 oT nucepranmsTa) MEKIY
CBhCEIHUTE KaJpH, CIIE] KOSTO apaMEeTPUTE Ha TO3HM MOJIEN CE€ M3IVIAXKIaT BbB BPEMETO U HaK-
pasi ce mpuiara reoMeTpuyHa TpaHchopMaIis KbM KaJpUTE OT OPUTUHATHOTO JIBWKCHHE 32
noJTydaBaHe Ha KaJpu OT U3IIaICHUs MOIeN Ha aBmxenuero [1, 15, 16].

B crnydyante Ha pHONMH3UTETHO PABHUHHM CIICHH (Mallka JIEBHANAS B IBJIOOYMHATA HA
O00EKTUTE) WJIM KOTaTo JBMKEHHETO Ha Kamepara € YUCTO POTAIMOHHO 0e3 3HaYeHHe OT AbJI-
OoumHara B cueHara, 2D cTtabunm3upamunTe METOAM ca TOCTaThbuHO MPENN3HU, paOOTST BBPXY
Leus KaJbp, U3UCKBAT ClEJIeHe Ha MaJTbK Opoi XapakTepHU TOYKU (TPACKTOPHH BHB BpeMe-
TO) ¥ KOHCyMHpAaT MUHUMAJTHA U3YUCIIUTEITHA MOIITHOCT.

b. 3D memoou 3a cmabunuzauus

TpuMepHHAT TOAXOM 3a BUACOCTAOMIIM3AINSA € OMKCaH 3a bpBU MBT OT Buehler et al. [17].
Tam e mpuioXkeHa TeXHUKATa ,,CTPYKTypa-oT-aBrkeHue” (SfM), kpaero ce mpocieisiBa MHO-
’KECTBO OT XapaKTepHH TOYHHU BHB BPEMETO, CJIC/I KOETO CE M3II0JI3Ba TAXHOTO ChOTBETCTBHE,
3a Jla ce Bh3CTAHOBU TPHMEPHATA TO3MIIMS U OPUEHTAIIMS Ha Kamepara, KaKTO ¥ TPUMEPHOTO
MECTOIOJIOKEHUE Ha BCsIKA ClIeJieHa XapakTepHa Touka [18].

Cnen xaro nipe3 2009 . Liu et al. [19] peanmusupar 3a mepBu bt 3D BuaeocTabUIH3anus
BbpPXY ITUHAMHUYHU CIICHH, BBIIPEKH BHCOKOTO Ka4eCTBO HA IUIABHOCTTA HAa JBMXKCHHETO CE
BWK]Ia, Y€ HEHHOTO MPAaKTHYECKO MPUIIOKEHUE € OTPAaHUYEHO OT HEOOXOAMMOCTTA 32 M3BBP-
mBaHe Ha 3D pEeKOHCTPYKIMS Ha CIIEHATa, 3alll0TO M3MOI3BAHUAT 3a 1enta SfM meron uMa
CEpHO3HU MPOOJIIEMH C YCTOWYMBOCTTA M OOIIaTa MPUWIOKUMOCT B ciaequute cutyarun: (i)
nunca na napanaxc; (i) npomsana na gpoxycnomo pascmosnue; (iil) cobcmeena suoeocmabu-
nuzayusi Ha kamepama; (IV) “rolling shutter” egpexmwvm. llpousBoaurennoctTa Ha SfTM chIO
e mpoOJieM, MOHEX,e M3HMCKBA II00ajHa HEIMHEHHA ONTUMU3AIMS, KAKTO U W3UCKBAHETO 32
MPOM3BOJICH JIOCTBHII JIO ISUIOTO BUJIEO.
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B. 2.5D memoou 3a cmabunuzayus

[Topanu ciomenarute npodiemu npu 3D BuaeocTaOMIM3anuaTa, HAOCIEABbK ce HAOII0naBa
TeHJCHIMS KbM MpeanoduTane Ha 2.5D moaxoauTe, KOUTO ChbBMECTSBAT KadecTBara Ha 3D
METOJUTE C IPOM3BOAMTEIIHOCTTA U YCTOHUMBOCTTA Ha 2D Metoaute [2, 20, 21, 22, 23].

1.1.2 UcTtopuyecku Tiperyiel HAa BbPXOBHTE MNOCTH:XKeHMsT TNpPH codTryepHaTa
BU/1€0CTAOHTU3AINS

B T03u paznen pasmiexaaMe pa3BUTHETO BbB BpeMeTo2 Ha BBPXOBUTE MOCTIXKEHHUS HA pas-
JUYHUTE METOJU 3a Buaeoctadbunuzanus (2D, 3D u 2.5D), Bceku eauH OT TAX, MPEeTeHIupa 3a
nocturane Ha ‘‘state-of-the-art” pesynrar B cpaBHEHHE ¢ TIPEAXOIHUTE METO/IH.

1.1.3 Xapnyeplm METOIM 3a BI/I[[eOCTaﬁl/IJ'II/I3aIII/Iﬂ, HU3M0JA3BaAlI UHEPITHAJIHHA CCH30PHU

Kiacuuecku npumepu 3a 3D crabunuzanus ype3 MHepUUaIHU CeH30pH ca [24, 25, 26]. B [30]
m3non3Bar 3D skupockon u 3D akcenepoMeTbp, KaKTO 3a CTaOWIM3aIMs Ha TMO3UIUATA Ha
KaMepara, Taka U 3a HeyTpaju3upaHe Ha no3Hatus ‘rolling shutter” edpexr npu CMOS kame-
pute. Te3n moaxonu, KakKTo U APYTH MOJOOHH, CTPAAAT OT HE3aJOBOJIMTENIHATA MIPEIIU3HOCT Ha
CCH30PHTE, M3TOJI3BAaHA B ChBPEMEHHUTE MOOMIIHU YCTPONCTBA.

1.1.4 Unrtepechn Meroau 3a 2D crabmiam3anusi M TSAXHATa BPb3Ka ¢ pa3padoTeHHTe
MEeTO/IH N0 BH/I€0CTAONIN3AIUS B INCEPTALMOHHUSA TPY/

Tyk pasmiexname enun Obp3 U eekTuBeH MeTon 3a 2D BupeocTabum3anus, mpegHasHaYeH
3a paboTa B peajlHO BpeMe BbPXY IOPTaTUBHU YCTPOMCTBA, HA YMATO OCHOBA CTHIIBAT paspa-
0OTEeHUTE B IUCEpPTAlUATA TOAOOPEHN METOIM 3a BHIeocTadmmu3anus. To3u ompocTeH mos-
xo1 3a 2D Bumeocrabuim3anus (HO caMo 1o TpaHcianus) padboTu cbe ckopocT Haz 100 fps 3a
Bugeo 1280x960 u e ommucan B White Paper na Texas Instruments (TI1) [27, 28]. MeroasT ¢
WHTEpEeCeH 3a Hac, 3amoto m3nomBa BSC guma [27], ot cheraBa Ha DaVinci mporecopa
(TMS320DM365) Ha TI [28], u koeto Oe M3pUYHO M3UCKBaHE Ha (hUpMaTa 3asBUTEN HA IbP-
BaTa Haia pazpabotka o temara. BSC no3BosnsiBa e(peKTHBHO M3YUCIIEHNE HA BEPTUKAIHUTE
U XOPU3OHTAJHUTE XHMCTOIpaMH (aKyMyJIUpalld NMPOEKIMH) Ha AageHo uzolOpaxkenue. Ilo-
touHo, BSC Moke paBHOMEpHO J1a pa3due BXOJHOTO M300paKeHNE Ha HAKOJIKO YaCTH — MPH-
MepHO Ha 9 noxuzo0paxkeHus (3 Mo BepTUKAD U 3 1O XOPU30HTAN), 10 KOUTO J1a U3YHUCIH Chb-
orBetHuTe 18 SAD XmcTorpamm — mo 2 3a Bciko noam3oOpaxkenue. Hue 3amMcTBame TO3M
BSC/SAD nonxon, KoiHTO mo3BojisiBa €(PEKTUBHO OLEHSIBAHE HA ONTHUMAJIHUS BEKTOp HA OT-
MeCTBaHeTo, 0e3 J1a U3UCKBa CIIeMAIHA yckopuTenu, Hanpumep FFT, karo npu HammTe exc-
nepuMentH emynupame BSC u monuduimpame SAD (Bux nasa 2, §2.1.1).

1.2 bBuomerpuxa

buomerprikara ¢ Haykara 3a asmenmuxayus (OMOMETpUYHATA aBTCHTHKAIIUS € CHHOHUM Ha
OMOMETPHYHO pa3lo3HaBaHe, 03HAYABAIIO UACHTU(UKAIMS WK Bepudukanus [29]) Ha uHIH-
BHJIa Bb3 OCHOBA Ha HETOBUTE (PM3NYECKU XapaKTEPUCTUKH (JIUIIE”, UPUC, TPBCTOB OTIEYATHK,
reoMeTpHs Ha pbKara, YIIH, IJIac U JIp.) WIK MOBEJCHUSCKU XapaKTEPUCTUKH (TTOXO/IKA, PHKO-
MUCEH CTHJI, MTOJTUC, IMHAMHKA Ha TMCAHETO upe3 KiaBuarypa u ap.) [30].

B Ta3u yact ot qucepranusaTa npeacTaBsMe moJApoOHa CIpaBKa U CPAaBHEHHE Ha MPEIUM-
CTBAaTa U HEAOCTATHhIIUTE HA U3BCCTHUTC 6I/IOMeTpI/I‘—IHI/I MOJAJTHOCTH, CIIOPE JIUTCPATYPHHUTEC
n3rounuiii. OOOCHOBaHA € aKTyaJIHOCTTa Ha pa3ll03HABAHETO Ha Xopa 1o (opmara Ha YIIUTE,

2
B nepuoma 2009-2013 1. ce HaOnrogaBa 3aciiicH UHTEPEC KbM METOIUTE 32 BUACOCTAOWIM3AlUsA OT CTpaHa Ha
Hay4yHaTa OOIIHOCT B 00JaCTTa, XapaKTepeH ChC CBETOBHO 3HaunMuTe pe3yaratu B 2D u 3D crabunmzanusra.
3
Mox ,siune” me pazdupame ,,(pu3nOHOMHUS ™, @ HE JINYHOCT, KOUTO LIe M3II0JI3BaMe KaTo B3aMMHO3aMEHSIEMH.
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KaTo ca MOCOYEHU ChOTBETHUTE MPEIUMCTBA CHPSIMO MOMYISIPHUTE METOIU — MO HNPbCTOBU
orneyarbiy, GpuznoHomMus (nuie), upuc. Pasmenanu ca Hait-u3zBectaute 2D u 3D meTonu 3a
pasno3naBaHe 1o ymwure. Hamnpasen e u npernien Bopxy Hanuuaute b/1 ot 2D uzobpakenus u
3D mojenu Ha YOBEMIKU YIIH, KaTo ca nocodyeHu 2D u 3D MeroauTe ¢ Hal-BUCOKUTE PE3YJI-
TaTH 110 I€TEKLNATA U Pa3[03HABAHETO HA YILIUTE.

1.2.1 TpaaMuMOHHH METOIH 32 ABTEHTHKALMS

TpaaunHOHHO, aBTCHTHKALMATA HA WHAMBHJA (JITYHOCTTA) CE OpraHU3Mpa 4Ype3 HacIopTH,
JTUYHHA KapTu, 0apKoBe, KIIOYOBE, €IEKTPOHHU MApOJid, MEPCOHATHU HICHTU(PUKAIMOHHU
Homepa (ITMH) u ap. Tesm meromu ca OaswpaHu Ha ceKpeTHa WHGOpMAIHs, ChXpaHEHa B
JTUYHH TPUHAJIC)KHOCTH, SJIEKTPOHHU CPENICTBA MJIM MEHTAJIHO 3aroMHeHa. Ho mputexaBa-
HUTE TIPEIMETH MOTaT Ja ObJaar M3ryOeHHM WM OTKpaJHATH, a 3HAHWETO (maposiu) jaa Objae
3abpaBeHo win orratHaro [31].

[TosiBata Ha OMOMETpPHKATa LI Ja aJpecupa ChI'bTCTBAIINUTE MPOOIEMH HA TPAIUIIHOH-
HUTE METOJIU 3a CUTYpPHOCT. HeliHara momyisipHOCT c€ IBJDKM Ha TO-TOJsIMaTa CUTYPHOCT
[32], kosiTo mpeaara, B cpaBHEHHE C MApOIHO-0A3UPAHUTE CUCTEMH 38 CHTYPHOCT, KaKTO M Ha
He0oOXOMMOCTTA OT MPO3padyHa W HEHATparnBaia ce OMOMeTpuYIHa UACHTH(DHUKAINS B PEATHO
BpeMe KaTo 100aBKa KbM ChIIECTBYBAIIUTE CUCTEMH 3a BHacoHaOmoneHue [33].

1.2.2 Knacudukanus Ha 6MoMeTPUYHUTE TEXHOJIOTHH

Enna Bp3MOXKHA KiTacu(uKanus Ha OMOMETPUYHUTE TEXHOJOTHH MOXKE J1a ObJic HAalpaBeHa B
3aBHCUMOCT OT pasmeprocmma na éxoonus cueran: 1D, 2D umn 3D [34]. TloBeueTo oT Tex-
HUKHUTE 32 OMOMETPUYHO pa3ro3HaBaHe ca Oasupanu Ha 1D curnamu — miac [35] u on-line
noamnuc [36], wiu 2D uzobpaxkenus — off-line moanuc [37], nmpbcroBu orneuarsiu [37, 38],
muna [39, 40], upuc [41, 42], otneuarbk Ha juianTa [43], reomeTpus Ha pbkara [44], yum [7,
8, 9]. [lopaau ToBa, ye 2D mpeacraBsHe Ha OMOMETPUYHUTE MOJATHOCTH JIECHO MOXKE Ja Ob-
ne dammudunmpano, ce HabIIOIaBa 3aCUIIEH HHTEPEC KbM H3CIIEABAHETO HA HOBH METOAM 32
pasno3HaBane 1Mo 3D OHMOMETPHYHU XapaKTepUCTHKH, kKaTo: 3D muma [45, 46]; 3D npbscToBn
ornevarsiy [47]; 3D otmevarsk Ha anmanta [48]; 3D ymwu [4, 5, 6, 49, 50, 51]. Te3u 3D nanuu
MoTaT Ja ce chueTasT ¢ 2D OMoMeTpHYHUTE TOAXOAM C IS IMOBUIIAaBaHE HA TOYHOCTTA Ha
pa3no3HaBaIIUTE CUCTEMH.

1.2.3 UcTopuyecku nperjieq Ha pa3BUTHETO HA OUOMETPUYHUTE CHCTEMHU

Tyk ce pasmiexnar B XPOHOJIOTMYEH pel Bb3HUKBAHETO Ha 0a30BUTE OHOMETPUYHU
MOJIAJTHOCTU M TEXHOJIOTHH 3a pa3lo3HaBaHe HAa MHJMBUAM, HA KOUTO TEKYIIO ce Oa3upar Haii-
CBBPEMEHHUTE OMOMETPHYHHM CHCTEMH Ha TMaszapa. lToBa ca npwcmogume omnedamuvyu
(magamoro Ha 20-tu Bek); upuca (1936 r.); ¢usuonomuu (60-te romurm Ha 20-TH BEK);
noonucem (1965 r.); ececomempusma na pvkama (1974 1.); uemey na npvcmosu omnewamvyu
(1975 1.); cuctema 3a pasnosnasane Ha ouxmopu (1976 1.); asmomamuunomo pasnosnasane
na auya 6 peanno épeme (1991 r.); mppBaTa aBTOMAaTH3WpaHa CHCTEMa 3a pa3lO3HABAHE Ha
omneuamvyu om oiawma u npvcmume (1994 1.); mBpBara KoMepcuadHa cUCTEMa 3a
pasnosuasane no upuca (1995 r.); ®BP cb3naBa 6aza gannu ¢ JHK uadopmanus (1998 r.);

II'bpBaTa KOMCpPCHAJIHA CHUCTCMaA 34 pA3no3HAedHe no KPbBOHOCHama cucmema Ha 4Yoe6eKd
(2000 1.).
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1.2.4 N3uckBaHusA KbM OMOMETPUYHMTE MOAAJTHOCTH M CHCTEMHU

Cnopen Jain et al. [13], 3a ga ObaT U3MOI3BaHU B OMOMETPHATA, YOBEIIKUTE (PU3HOIOTUIHU
WM TIOBEJICHYCCKH XapaKTCPUCTUKH TPOBa 1a ObIAT YHUBEPCANHU, YHUKATHU, NOCMOSHHU T
Jlechu 3a pecucmpayus (usmepsane). Enna npakmuuecka buomempuyna cucmema TpsiOsa na
OCUTYpH HeoOXoIMMaTa TOYHOCT Ha pa3lo3HaBaHe, Obp30oeicTBHE, 1a Obae Oe3BpeaHa, 00-
IIONIPUEMIIMBA U MHTYUTHBHA MIPH U3IIOJI3BAHE OT XOpara, J1a 0b/ie ChBMECTUMA ChC ChOTBET-
HUTE OMOMETPUYHHU TEXHOJOTHH (CEH30pH / aJrOpPUTMH / MPOM3BOAMTENH), 1a ObJE IOCTa-
THYHO YCTONYMBA HA PA3IMYHM aTaKW, J]a OCUTYpsBa 3alWTa HA JUYHHUTE JAHHU, Ja ¢ 0e3-
KOH(JIMKTHA KbM €TUYHHU W 3/IpaBHU ChOOPaKCHHS, W KYITYPHH pa3iuuus. Bb3 ocHOBa Ha
TE3H CHOOPAKEHUS OHvOoewume buomempuyHu cucmemu TpssOBa na ObaAT JTECHU 3a U3IOJI3BA-
HE W BrpaxKJaHe, J]a UMaT HUCKA IIeHa, Jla ca HAaJISKIHH U JOCTaThYHO MPEIHU3HU B TSIXHATA
CTEIICH Ha pa3O3HaBaHE.

1.2.5 buoMeTpUYHH CHCTEeMH HA ObENIeTO

buomerpruyHOTO pa3no3HaBaHe Ha OBAEHIETO 1€ M3MON3Ba HE caMO (PU3UYECKU WU TOBE-
JICHYECKH XapaKTEPUCTUKH HA JIMYHOCTTA, HO U KOHTEKCTyalTHaTa HH(pOPMAIIHs OT IPeaocTa-
BSHUTE YCIYTU B HHTEPHET MPOCTPAHCTBOTO YPE3 MPEKOBATa CBHP3AHOCT MEXKIY MHOXKECTBO
€JIEKTPOHHU ycTpoicTBa. ChIl0, OT AHOHUMHU JaHHU 32 MECTOIOJIOKEHUETO Ype3 Ipocies-
BaHE Ha KOOPJIWHATUTE Ha MOOUITHUS TenedoH, BCeKH Moxe J1a pasodepe ,.koi cu tu*. labmo-
HBT Ha JIBUKCHUETO, HAHECEH BhPXY KapTa, Ch3/1aBa YHUKAJICH OTIEUAThK 32 BCEKU YOBEK.

1.2.6 MoHO- U MYJITHOHOMETPUYHHU CHCTEMH

[ToBeueTo ChBPEMEHHH OMOMETPHYHHU CHCTEMH THIIMYHO H3IIOJ3BAT €ANHCTBEHA OHOMETPHY-
Ha MOJAJIHOCT 3a YCTAHOBABAHC HAa MACHTUYHOCTTA HAa MHAWBHIA, KOCTO BOAHW OO0 HECUTYP-
HOCT B CUCTEMara U HaMmaJieHa CTeleH Ha pa3no3HaBaeMocT [52]. 3a eh)eKTUBHOTO MPeoaoIIsi-
BaHE Ha HEJOCTATHIUTE HA CHOMOJATHUTE CHCTEMH 0COOCH MHTEPEC MPEICTABIISIBAT MYJITH-
MOJIQJTHUTE OMOMETPUYHH CHUCTEMH. 3a yBEIMYaBaHE HAa TOYHOCTTAa HA Pa3llO3HABaHE, €IHA
alTepHATHBA Ha MYyJITHOMOMETpUKAara € BrpaXKIaHETO HA Taka HapedeHuTe ,,coPpT-
OnoMeTpuYHN XapaKTepUCTUKH (TI0JI, ETHOC, BUCOYHMHA, [[BSIT HA OYUTE H JpP.) B OCHOBHATA
MOHOOHOMeTpUYHa cucTemMa [53].

1.2.7 CpaBHuUTe/IeH aHAJIU3 HA OMOMETPHYHHUTE MOJAAJHOCTH

IToBeue oT 99% oT GMOMETPUYHUTE CUCTEMH, HAJMYHU Ha Ma3apa, ca 6a3upaH Ha NPHCTOBU
OTIICUYaTHIH, JTUIIEBO WK HPUCOBO pa3no3HaBaHe [14], moaxoasiy 3a paboTa KakTo B PEXKUM
Ha Bepudukanus (1:1 cpaBHeHUs), Taka U B pexxuM Ha uaeHTHukanus (1:N cpaBHeHus),
Bk ®ur. 11.

@ur. 11. Hait-nonynspaute 6HOMETPHYHE MOAATHOCTH 33 aBTEHTUKALMS HA HMHIAUBUIH.
.
a) MPBCTOBM OTIICUaThIy; 0) GU3MOHOMUM; B) UPHC. Jaumcmearo om Jain”.

4 http://biometrics.cse.msu.edu/Presentations/AnilJain_Biometrics TechnologyforHumanRecognitionNCVPRIPG13.pdf
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[IpbcTOBUTE OTHEYATHIM U PA3MO3HABAHETO I10 JIMIA €/1Ba JIM HAKOTa I1ie OBbAaT 3aMECTEHHU OT
Apyrd OMOMETPUYHU MOJAIHOCTH IOpajJd HaJIMYUMETO HAa OTPOMHM IPAaBUTEICTBEHU Oazu
JJaHHU B OT/ETHUTE JbpKaBH.

Jlpyru BUCOKO Ha/leXkKIHU OMOMETPUYHHM MOJAATHOCTH, TOAXOSAIIM 32 padoTa B peXHUM Ha
uaentudukanus (1:N cpaBHeHHs), ca oTreyarbkbT Ha ananta U JJIHK uadopmanmsra.

bromerpuyHM MOAATHOCTH, U3MOI3BaHU B KOMEPCUAIHUTE CHUCTEMH, HO paboTemu oc-
HOBHO B pexHUM Ha Bepuukanus (1:1 cpaBHeHH), ca: BEHU Ha JJIAHTa, PbKaTa U MPHCTUTE;
reoMeTpHs Ha pbKara; MOAIHUC; TOBOP.

A OMOMETpHYHU MOJAITHOCTH Karo pa3lo3HaBaHE IO Moxojkara [54], nMHaMuKa Ha TH-
caHe Ha KiiaBuarypa [55], KpbBOHOCHH ChJIOBE HA OYHHM JbHA, Kapauorpama [56], okoaoodHu-
AT KOHTYp [57], ymume, Gene3n u TaryupoBKH, CTaBH Ha npbcTute [58], OnoenekrpuyHaTa
aKTMBHOCT Ha MO3bKa, ca BCE OIlle Ha HUBO JabopaTopHu ekcriepuMeHTH (Pur. 15).

®ur. 15. BHOMETPHYHN MOJAIHOCTH B TaAbOPATOPEH CTAANHU Ha paspaboTka. 3aumcmeano om Jain’.

3a mBJIHOTA 1€ COMEHEM U JAPYrd OMOMETPUYHU MOJAIIHOCTH KaTo peTHHA, TEPMOTpaMu Ha
JUIETO U pbKara, 360H, 3D oTmeyarsk Ha JIaHTA, OTIEYAThK OT YXOTO, OTIIEYATHIU OT XOIH-
nara [59], oTneuarbk OT MOAMETKAaTa, MUPU3Ma, ABUKCHHE HA YCTHUTE, CTHIKH, (hopMa Ha
Hoca [60], Hoktn Ha mphcTuTe [61], Mpennu cunycu [62], reHepUpaH 3ByK OT BBTPEIIHOTO

yxo [63].

B Hpuﬂoafceuue 2 or aucepranusaTa € NpeaACTaBCH CPABHUTCIICH aHAJIW3 Ha OCHOBHHTC
6I/IOMeTpI/I‘lHI/ITe MOJAJIHOCTH, U3IIOJI3BAHU B IIPAKTUKATA, KAKTO U Ha TaKWBa B J1a60paTopeH
CTaJII/II\/JI Ha n3caeapane. [locoueHu ca TexHU npeaAnMCTBa U HEAOCTATHI U, KAKTO U KOHKPETHH
HpI/IJ'IO)KCHI/ISIG.

1.2.8 CpBpeMeHHH NMPHUJIOKEHUS] HA OUOMETPUYHUTE CUCTEMH

bbp30TO pazBute Ha buomerpukara Karo Hayka M MPAKTHKA C€ JBJDKA KAKTO HA HEUHUTE
MpenIuMCcTBa (TIOBUIIIEHA CUTYPHOCT M YIOOCTBO 3a MOTPEOUTENs) COpSIMO TPaTUIIMOHHHUTE
METONIM 33 WIAEHTU(DUKAIMS, TaKa U HA TOJIEMHS OpOil MPUITIOKEHHUS, KOUTO TS HaMUpPa B ChbB-
peMeHHOTO WHGOPMAIIMOHHO 00IecTBO. Te3u MpHIIoKeHUs Morar na ce o000usAT B TpU
DIaBHU Tpynu [64]: komepcuannu; ObpicasHO-aOMUHUCIMPAMUBHU; NPUTLONCEHUSL 8 KDUMUHA-
Jqucmukama u cboednama ekcnepmu3a, KOUTO MOTaT Jla ce pa3jiokaT Ha Mo-AeTaiIHa TaKco-
HOMUS OT 12 Kareropum 3a 0OXBaIllaHEe HA MIBJIHMS CIIEKTHhP HA OMOMETPHYHUTE TPHIIOKECHHS

[65].

® http://biometrics.cse.msu.edu/Presentations/AnilJain_Biometrics_TechnologyforHumanRecognitionNCVPRIPG13.pdf
® Oxono 90% ot m3nmom3BaHuTe JaHHM ca 0T ExunmkmonenusTa mo buomerpuka, (Encyclopedia of Biometrics,
2nd Edition, (Eds.) S. Z. Li and A. K. Jain. Springer, 2015).
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1.2.9 Pa3no3HaBaHe Ha MHAMBHU/IM N0 (popMaTa HA yLIUTE

3a ppBU BT UACHTH(HUKAINS HA WHIUBUAA TI0 MOP(OIOTHATa HA YXOTO CE€ CIIOMEHaBa Ipe3
1890 r. BbB ®pannus ot Bertillon [66]. Beipeku, 4e HaydHUTE U3CACIBAHKS 3a H3II0JI3BAHETO
Ha YOBEIIKOTO YXO 3a LEJWUTE Ha pa3lo3HaBaHETO B OMOMETpPHKAaTa ceé HaMHparT B HayajeH
cTaauil Ha pa3paboTKa, YIIUTe ca 0OOCKT Ha 0COOEH MHTEPEC, 3aII0TO CE CMSTAT 33 HAJCKIHA
OTJIMYMUTEITHA XapaKTEPUCTHKA 32 OMOMETPHUYHOTO Pa3lo3HaBaHe Ha JIMYHOCTTA [3].

W3BectHO €, ue popmara Ha yXOTO €BOJIOMpA IO BpeMe Ha eMOPHOHAIHUS PACTEX OT
IIeCT pa3BUBAIIM ce 0a30BH Bh3ena. ToBa 00yciiaBs U HEroBaTa CTPYKTYpa, KOSITO HE € HaIlbJI-
HO IPOM3BOJTHA. 3aTOBA, JIeTaliIHATa CTPYKTypa Ha YOBEIIKOTO YXO CE pa3Imiex/a Karo yHH-
BepcaJHa M YHHMKAJHA, BBIIPEKH Y€ BCE OILIE HE € OKOHYATEIHO YCTAaHOBEHO, Y€ YIIUTE Ha
BCUYKH X0Opa ca yHuKaiHu. OCBEH TOBa, CTPYKTypaTa Ha YIIUTE HE C€ IPOMEHS 3HAYUTEITHO C
BB3pacTTa [12]. Ymmre ca necHu 3a (OTJANEYCHO) 3acCHEMATe 10 HeHATpamYuB Ha4yuH. [ opHU-
T€ 0COOCHOCTH BOJAT JIO U3BOJIA, Y€ YIIMTE YIOBICTBOPSIBAT U3UCKBAaHUATA, (DOPMYIIUPAHU OT
Jain [13], 3a ma ObAaT W3MOJ3BAaHM B OMOMETpUYHATA MICHTU(HKAIMSI U BepudUKalus Ha
nuyHoCTTa (BUK §1.2.4).

1.2.10 IIpenumcTBa U HEAOCTATHIM HA OMOMETPUKATA M0 YIIH

Bbrpeku pasmiek1aHeTo Ha YXOTO KaTo HOBOCT B ChBPEMEHHATa OMOMETPHKA, TO UMa CBOHTE
npedumcmea TpeJ Hali-4ecTo M3MON3BAHUTE OMOMETPHYHN MOJAITHOCTH Karo MPHCTOBH OT-
neyarbiu, upuc u e [9]:

* 3a paznuka OT JUIIETO, YIIUTE UMAT OTHOCUTEIHO OCTOSIHHA CTPYKTYpa, KOSITO HE Ce€ TPOo-
MEHSI MHOTO C Bb3pacTTa, T€ ca IMOYTH HETIOJBM)KHHU CIPSAMO IJIaBaTa Ha YOBEKa, KaTo HE ce
BIIUSISIT OT JIMLIEBU M3paXKeHUs (TOBOP, EMOIIMK) WUJIH JIMIIEBH aTpuOyTH (TpumM, ouymia, Opa-
J1a, MyCTallN);

* 3a pasnuka OT NPBHCTOBUTE OTIIEUATHIM M HpHCa, ChOUpPAHETO HA JaHHM 3a YIIUTE € IO-
yI00HO. YXOTO JIECHO MOXKE JIa C€ 3aCHEME OT pa3CTOSHUE, KOETO He M3UCKBA HETIPEMEHHO
ChJCICTBHE OT CTpaHa Ha MOTPEOUTENS M Ce CUMTA OT MOBEYETO XOpa 3a HEHATPAITYMBO 32
pa3nmka oT 3acHeMaHeTo Ha upuca; ChIIo Taka, OE3KOHTAaKTHOTO 3aCHEMaHe HE BOAM JI0
po0JIeMHy ¢ XUTueHara 3a pa3jivka OT B3eMaHeTO Ha MPBCTOBH OTIIEYAThIIN;

* Cpuio Taka, ymure uMar no-uHpopMaTiBHAa FreOMETPUYHA CTPYKTypa (CBbp3aHa ¢ TAXHAaTa
aHATOMMUs), OTKOJIKOTO TEKCTYpa, KOETO HamocieqbK MNpeAU3BUKBA HHTEpeca Ha U3-
crenoBarenute B obnacrra Ha 3D pasno3HaBaHeTo Ha ymud. 3D mpeacTaBIHETO Ha YIIUTE,
OCBEH Y€ € MHBAPUAHTHO 10 OPUEHTALIUs M OCBETJIEHUE, TO 00OrarsiBa BXOJHUTE JAHHU C
nHpOpMaIus 3a IBIO0OYNHA, KOETO BOIHU /10 YBEJMYaBaHE HA TOYHOCTTA HA CUCTEMUTE 32
pa3no3HaBaHe 10 YILU.

Ocnoénuam nedocmamvK Ha U3NOJI3BAHETO HA YIOIUTEC 3a pa3lIO3HABAHE CC€ IBJIKH Ha:

* VBenuyeHara YyBCTBUTEITHOCT KbM MPUIIOKPUBAHHUS (OT KOca, IANKU U Jp.) TOPaar OTHO-
CUTETHO TIO-MaJIKHSl pa3Mep Ha YXOTO, ChUETAHO C HHUCKA pa3JeluTeNIHa CIIOCOOHOCT Ha
M300paXeHHsITa HA YIIHM, KAKTO M BapHalUsITa B OPUEHTAIUATA U OCBETICHUETO BOISAT IO
HaMaJIsiIBaHE Ha MPOU3BOAUTETHOCTTA HA 2D MeTonuTe 3a pa3no3HaBaHe.

1.2.11 Metoau 3a pa3sno3HaBaHe 10 yIIN

Wnentudukanusata Ha IMYHOCTTA M0 YIINTE CE€ ChCTOM B JIBa TJIaBHM eramna: (1) demexkyus u
(il) pasnosnasane. JleTexknusra ce 3aHMMaBa ¢ OTKPHBAHETO HA YIIH B W300paKCHHSTA U B
MO-TECEH CMHCHI ChC CETMEHTHUPAHETO Ha yIIUTe OT mpoduia/m300pakeHneTo Ha JHUIETO.
Pa3no3naBaHeTo HA yIIIM pa3yrTa Ha CETMEHTHPAHUTE H300PAKSHHS Ha YIIIM 33 U3BIIMYAHE HA
MIPU3HALM OT TSAX U CJIC] TOBA MPUJIaraHe Ha OMpe/IeICHa CTPATEr sl 32 CPABHEHUETO HM.
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JBymepHu (2D) noaxoam 3a pa3no3HaBaHe HA yIIH

Ot Hay4HaTa nTUTEeparypa B o0JIaCTTa € U3BECTHO, Y€ Hali-BUCOKA Pa3II03HABAEMOCT CE IMOCTH-
ra Ipu u3noi3BaneTo Ha 3D n300pakeHus (CaMOCTOATEIHO WK B KoMOMHanus ¢ 2D TakuBa),
KOETO MO3BOJIsSIBA Pa3l03HABAHE NIPH BapHaIUsl B OCBETVICHUETO W OpHeHTanusATa. Ho B MHOTO
MPUIIOKEHUS 3a OTAajedeHo (0e3 ChIEHCTBHE OT CTpaHa Ha MOTPEOUTEINs) pa3no3HaBaHE €
HeoOxonuMma paboTa ¢ Kaapu OT 0030pHU BUIEO KIUIOBE, KOETO O3HAuyaBa, ue YIIUTE Haii-
4yecTo TpsAOBa Ja ObaaT pasno3HaBaHu OT U3TOYHHIK Ha 2D uHbopmanus [9].

Tpumepnn (3D) noaxoau 3a pasno3HaBaHe HA yIIN

buomerpryHUTE OIXOMM 32 pa3llo3HABAHE HA YIIW pa3dyuTar Ha MOP(OJIOTUIHUTE CBOMCTBA
Ha yXOTO, 3aI[0TO IIBETOBOTO pa3Npe/elIeHNE Ha YXOTO € TIOYTH MOHOTOHHO M 000COOsBAaHETO
My Karo 00eKT B TPUMEPHHUSI CBIT CE IBJKH IMIABHO HA CEHYECTUTE MY HIOAHCH, KaTo M0 TO3U
HauMH Mop(doiorusTa € Ta3u, KOATO XapaKTepU3upa BHHIIHUS BUJ U OTIMYUTCITHHTE YCPTH
Ha yxoto. [Topagu Ta3u npudrHa, BApUAIIMUTE B O3UIMATA HA KaMepaTa, KakTo U B OCBETIIC-
HUETO ca KpUTHYHH 1pu 2D pa3no3HaBaHeTo Ha yid. 3D mpencTaBsHETO Ha YIIUTE, OCBCH Ye
€ WHBAPHAHTHO IO OPHCHTAIIUS M OCBETIICHHE, TO 00OTaTsIBa BXOIHUTE JAHHU C HHPOPMAIIHS
3a ABJI00YMHA, KOSTO BOJIM J0 TIOBUIIIABAHE HA TOYHOCTTA HA Pa3M03HABAHETO I10 YIIUTE.

W3mexny Hali-3HaUMMHUTE Pa3pabOTKU B 00JaCTTa HA TPUMEPHOTO Pa3lIO3HABAHE HA YIIIH
ca te3u Ha Chen 1 Bhanu [50, 67] u Yan u Bowyer [51, 68].

1.2.12 ITy6samunn B/ ot 2D u3odpaxenus: u 3D moaenu Ha ymu

B Ta3u yacr ca pasmienanu myoanyHo u3BecTHUTE 10 MoMeHTa b/l ot 2D uzo6paxkenus u 3D
Mojienu Ha 4oBemku yimu. B Ipunoscenue 3 (0T nucepranusra) ca MpeiICcTaBeHU TEXHHUTE
XapaKTepHU 0COOEHOCTH MO OTHOIIECHUE Ha Opo¥ ydacTHHUIM, 0011 Opoit nu3zobpaxenus B b/l,
MOCTUTHATH MaKCUMAJIHU PE3YATaTH 3a pa3lO3HaBaHE W/WJIM CETMEHTAIUs, KPaTKO OMMCAaHUE
Ha ChIBPKAHUETO W MpeaHa3HadeHueto uM [7, 8, 9, 69]. B Ilpunoscenue 4 (ot nucepranus-
Ta) ca MOKa3aHH MPUMEPHH H300pakeHus Ha pasrienanute bJ ot [punoxkenue 3.

I'maBa 2. MeTtoau 3a 0bp3a u kKauyecTBeHa 2D BuaeocTadminsanus

B I'maBa 2 ce pa3miexnaar pa3paboTeHUTE 10 qucepTanusaTa copTyepHu meroau 3a 2D Bune-
ocTaOMIM3aIusl KakTo Mo riaaka tpackropus (§2.1), Taka u B ,,touka™ (§2.2), moaxonsiu 3a
BrpaxkJlaHe B MOOMJIHM Tene(oHH, T.€. OCUTYpsBaIIM 1OCTaTbuyHO Obp30/eiicTBue (paboTa B
peaHO BpeMe) CIOope]] HAIMYHUTE MOIIHOCTH, KaKTO M IMPOU3BEKIAIIN 3a0BOJIUTEIHO IIpe-
1u3eH pesyarar. ChIlo Taka, IpeuioXkeH € Obp3, IPEeU3eH U OTHOCUTETHO MPOCT (TTOIXOIII
3a paboTa B peajHO BPEME) aIrOPUTHM 3a JIOKAIN3UPAHE Ha MPEIBAPUTEIIHO U3BECTHU PEK-
JIAMHHU BUJICOKJIMITOBE W/MJIM IPOM3BOJIHU YacTH OT TsX B 6a30B TV Buaeonotok (§2.3).

2.1 BwuaeocTraduam3amus Mo riagKa TPaeKTopus

B nacTosmoro n3ciensane Hue npejyiaraMe HoB, 0bp3 U epexTuBeH, codTyepeH meton 3a 2D
BUJIeOCTaOMIM3aIMA 10 IJIaJIKa TPAEKTOPHs, MPH KOETO C€ LeJU M3MIaXKJAaHe Ha BUCOKOYEC-
TOTHAaTa HECTAOMITHOCT Ha KaMepaTa ChC 3ala3BaHe Ha OPUTHHAIIHO 3aMHCJIeHATa OT OIepaTo-
pa TpaekTopus Ha JABWXKeHHe. MeToabT, mogobHo [27, 28], e mpeaHa3HaveH 3a paboTa B peal-
HO BpeMe€ BBbpXY IOPTAaTUBHU YCTPOICTBA U € amanTupad (0e3 orpaHHMYeHre Ha OONTHOCTTA)
kbM BSC uuna Ha TI 3a ThpceHe Ha ,,BEKTOpPUTE Ha JABMKEHHE' MEX1y JBOWKA KaJpu OT BU-
NeoTo ype3 kopenanuu no SAD Merona mexnay cboTBeTHUTE 1D akymynupaiy npoeKknuu mo
XOPU30HTAJIH U BEPTHKAIIH.
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2.1.1 OnpenensiHe Ha BeKTOPUTE HA ABUKEHUE

OneHkara Ha PeaJHOTO JABWKEHHE Ha KaMepara, T.€. MOCIIEA0BATeIHOCTTA OT TpaHchopMalun
Ha TEKYIIHs KaJIbp KbM TEKyIlara pe)epeHTHA IMO3UIHS, CE€ OCHOBaBa Ha OIICHKA HA Taka Ha-
pEUeHUTE ,,BEKTOPH HA JIBUKCHHETO , KOUTO OOMKHOBEHO c€ AC(PUHUPAT MHTETPATHO — 3a
HSIKAaKBH CHOTBETCTBAIM OOJIACTH B KaJPUTE W/WIM JIOKAJTHO — 32 HAKAKBU ChOTBETCTBAIIH
XapaKTepHH TOYKH B TAX.

TyK pasmieKiame HHTETPAIHOTO ONPELCISHE Ha BEKTOPHTE HA ABIKCHHE' , OX0OHO Ha
[27, 70, 71]. Ilenra e (kemanara, ThpceHara) cbBMecTuMOCT ¢ BSC uunna Ha TI, otkbaeTo
Clie/iBa W TpeIIovyeTeHara Kiacuyecka cxema 3a paslelisiHe Ha Kaabpa Ha “3x3” olmacTw.
[Tpu T031 MeTOA, BCEKH Kaabp ce pasaeins Ha “3x3” obnactu [27, 28], koeTo ompenens 6post 9
Ha THPCEHHTE BEKTOPH HA JBIKCHHETO i j (i,j = 1,2,3) Mexnay cbOTBETHHTE 9 LIEHTHPaA Ha
MOAN300pAKEHUSITA B TEKYIIHS U MPEAXOIHUS Kaabp (B Dwur. 18a).

Ity I - ftv vt
: t ty |
u, + : + + ot Gyt ‘1'
(B (1,2) (1,3) : . ) —~
: [ . f
s s RS N [PV;;
¥ + £+ @ y
(2,1) (2,2) >% (2,3) ) 2. (b
»i 4 !
xWSlZ g 4
Z IPH/
+ + + i
(3.1) (3,2) (3,3) | VA
1/ MJ i ‘h—\ e flrll
W g
I Wy
! | [ !
Xsize a) ". u IPHlfi ®)

@ur. 18. bazoBa cxema 3a onpeeNsiHe Ha BEKTOPUTE Ha JBIDKeHHE: a) 3X3 pa30rBaHe Ha BCEKH Kaabp
OT BUCOKJIHIMA; 0) XOPU30HTAIHN M BEPTUKAIHN aKyMYJIHPAIIX MTPOEKIINH.

Hue cpiio n3non3Bame ujesita 3a oleHKa Ha 9-Te BeKTopa Ha JBMXKEeHHETO upe3 SAD moaxo-
na [27], onucan Hakpartko B [maBa 1, §1.1.4, a umMeHHo:

e  Uzuyucnsasar ce xopuzommanuu (MO KOJIOHU) U gepmuxainu (IO PEIOBE) aKyMyaupallu
MPOEKINU (CyMUPAHHUS) IPH{} u IPVifj 3a BesKa OT 9-Te 00macTy ¢ ueHThp C;; 3a TeKyIus

kaxep (f) u npenxogaus kaasp (f — 1), Bk Owur. 186.

0+

e  CHOTBETHHTE BEKTOPH Ha JIBMKEHUETO t;; = (L ity j) ce nosry4asar karo min mo SAD:

Xwsiz/2
td) = ar{%rglin{SADH{;(r)}; SADH/,(1) = Z IPH/,(x + ) — IPH, " ()], —ty < < tyy, 39
E X=—Xsiz/2

u ananoruuso 3a tJ) Yype3 BEPTUKATHUTE aKyMYJIUPALIH TPOEKIIUU IPVl.fj .

yij
Hawemo nodoopenue na SAD 1moxona ce ChCTOM B TOBA, Y€ BMECTO KIIACHYECKUTE MPOCK-

jagsss IPHlfj 51 IPVifj, HUE IIPOBEXKTaMe TOPHOTO U3YUCIICHUE BbPXY HOPMAIM3UPAHUTE T10 CPEelI-
\J

Ha CTOMHOCT NMPOEKIINH IP"Hlfj u IPV

ij» IPY TOBA — CpeJIHaTa CTOMHOCT € ,,J1IaBama‘

7 o

B’BHpCKI/I 4€ BBB BI/I,Z[CO(baI/IJ'IOBeTG C mpeg KOMIIpECUA CC ChbABbPIKA KapTa Ha BEKTOPHUTE Ha ABUIKCHUC, KOUTO
MOXE Ja €€ U3I0JI3BAT AUPEKTHO, (I)OpMyJ'II/IpOBKaTa Ha 3aja4dara oT (1)I/IpMaTa 3a4BUTC]I U3UCKBAILIC U34YUCIISABA-
HETO Ha TE3U BCKTOPU UPE3 EMYJIMPAHE Ha BSC yumna na Tl ¢ e CTa6I/IJ'II/ISaIII/I${ B MOMCHTA Ha 3aCHEMaHC.
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Xwsiz/2
_ _ 1
1P/ (x, ) = IPH/,(x) — IPH/,(2), TPH/;(1) = — Z IPH (7 + p). (42)
WSI1Z
P=—Xwsiz/2

2.1.2 ba3oB BeKTOpeH MojeJ ¢ pa3duBaHe Ha “3x3” obi1acTn

N

B npeajaranus 0a3oB BCKTOPCH MOJECII, BCCKH OILICHCH I10 SAD BCKTOP Ha OBHXKCHHUEC tij MCXK-

Ay ABa Kaabpa C€ pasjilara Ha CymMa OT ABa BECKTOpaA: BEKTOP Ha TpaHCIaIHA Tl] " BCKTOP Ha
- — N

T.C. tij = Tl] + rij (BI/I)K dur. 19)

-

poTanus 7j,

t (1,1) (1,2) (1,3)

®@ur. 19. ba3oB BEKTOpEeH MOAEI, OTYUTALL TPAHCIALNS U POTALUS
MEX/1y JIBa IIOCTIEI0OBATEIHN KaJbpa BbB BUEOTO.

[To To3m HaumH dopmupame 9 BEKTOpPHM ypaBHEHHs, IO €IHO 3a BCSAKa JBOWKA I[EHTPOBE
(Ci’;, C; j_l), (i=123), (j =1,23), B naxenu aBa (He 00€3aTSIIHO MOCICIOBATCITHN) Ka b~
pa (f —1) u (f), f=1,23,.. or xiuna. HeusBecTHuTE Cca: BEKTOPHT Ha TPAHCIIAIMS
T = (Tx, Ty), KOWTO € €IUH U ChII (ﬂ = f) 3a BCsKa JBOMKA IIEHTPOBE, U pe(epEeHTHUSAT
BEKTOp Ha poTarus 7 = (rx,ry), U30paH Karo 7 = tyg = (rX23, ry23), Yype3 KOWTO ce U3pa3siBar
OCTaHAJIMTEe BEKTOPH 7;; HA POTALMs (HA €IMH M CHIIH BI'bJ ). VM Ka3aHO 1O JPyTr HAUMH —
CBCTaBSIME CHCTEMA OT 18 MOKOMNOHEHTHH ypaBHEHUs (BMk Tadm. 3), B KosATO MMame 4 Hens-

BECTHU ITApaMEThPA (TX, Ty, Tx» ry).

Ta6auua 3. Cuctema 0T 18 OKOMIIOHEHTHU ypaBHEeHUs 3a LieHTposere (1, j)

(i.J) 0x oy

(LD Ty =+ hry =tyqq | Ty —kry =1, = tyny
(1,2)| T, + kry = b2 | Ty — kix = ty1z
(,3)| Ty + 1 + kry = tyq3 | Ty — kry + 15, = tyq3
(21)| T, — r = tx21 Ty — 1y =tyn
(22)| Ty =ty | Ty = lyz2
(2,3)| T, + 1 = tyos | Ty + 1, = tyos3
BL)| Ty =1 —kry = tygy | Ty + kry — 1, = ty3q
(3,2)| Ty —kry = tygo | Ty + kry = tysp
(B3) | Tx + 1y —kry = tys3 | Ty + kry + 1, = ty33
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l'opnara npeomnpeneneHa JMHEHHA cUCTEMa MOXKEM J1a PEIIMM 10 KiIacHu4YecKus AudepeHuua-
JIEH NIOJXO[ 3 ONTUMU3ALUS 110 KBaJpaTuyeH KpUTepuil (MUHUMYM Ha CPEJHO KBaJpaTHyiHa-
Ta rpemika). [Ipu nuHelHN cucTeMu, KaKBUTO ca pa3mIeKIaHUTE TyK CIydau, TO3U MOAXO €
€KBUBAJICHTEH C TO3M IO METoja Ha Hail-mayikute kBajaparu (LSM), uzBecTeH ot JuHeiHaTa
anredpa, KakTo U OT CTaTUCTHYECKaTa ONTHUMH3AIMS MPU JOIIYCKAHETO 32 HOPMAJIHO pa3mpe-
JIeTICHHE Ha TPEeIIKUTEe. 32 HAIIEAHOCT M Obp3MHA MPU M3BEXkKAAaHE HA MPSAKOTO pPEIICHHE Ha
MoJlyyaBaHaTa CUCTEMa OT JIMHEWHU YpaBHEHHUs, TYK U3IOJI3BAME UZEATa OT JMHEHHaTa all-
reOpa 3a MpeACTaBIHETO i KaTo MaTpuyHO ypaBHeHue AX = B, yMero peuieHue X 1Mo Meroaa
Ha Hali-MaJKWATE KBaApPaTH € CIEIHOTO:

(ATA)X =ATB=> X =(4TA)A"B (5)

Taxa, 3a pUHAIHOTO pelIeHre, oTyYaBame:

= — r, = ———— r, = ——— (5F)

KBJACTO:

1
3 3 3 3 (5B)
€=k ) (tyag = tyr)) + ) (s = b)i d =k ) (baj = bs) + ) (tyis = tyi).

j=t =1 j=1 i=1

k = Ywsiz/ Xwsiz » @ BIBIBT Ha POTALMSA (& CE ONPEEINS Ype3 KOMIOHEHTHTE Ha peepEHTHHUS
BEKTOp 7, Kato a = 2arctg(ry /7).

3a moBHWIIaBaHE Ha JOCTOBEPHOCTTAa HAa HAMEPEHOTO PEIICHHWE MOXKEM Ja TPHUIOKUM
LSM Bropu T, HO BbPXY TO-MabK Opoi ypaBHeHUs 3a Thpcenute Heussecthu (Ty, Ty, 7,
7y), CIE €IMMHMHUPAHE Ha ,,FOJIEMUTE OTKIOHEHHA cropen ['aycoBoTo pasmpesneneHue Ha
IpeUIKuTe, MoTydYeHu npu nepsus LSM nac.

[To To3M Ha4YMH U3BEXKAAME MPSIKOTO PEIICHHE 32 THPCEHUTE MapaMeTpH Ha JBHKEHUETO
(rmobanna Tpancnanus (Ty , Ty) ¥ BIbJ HA POTALKMS @), KOETO € OCOOEHO MOAXO/ISIIO 38 UMII-
JIEMEHTAIlMM B PEATHO BpeMe BHPXY MOPTAaTUBHU YCTPOWCTBA C OIPAaHUYEHU HU3UUCIUTEITHH
MomrHocTH. ToBa pemieHre 3aBUCH H3IUIO OT MPEHU3HOCTTa Ha HAaMEPEHUTE BEKTOpU Ha
nsmxkeHnero nmo SAD noaxona. 3aToBa, B clieBalIMs pa3jies NpeajaraMme eIHo pasliupeHue
Ha MeToza “3x3” kbM pa3OuBaHe Ha Kaabpa Ha “9x9” obnacTH, KaTro ¢ yBeInyaBaHe Ha Opos
Ha THPCEHUTE BEKTOPUTE Ha JIBUIKEHUE TIOCTUTAME OIIe TTO-TIPEIM3HO PEIICHHUE.

2.1.3 MyaTunjukanus Ha 0a30BUsI BEKTOpeH Moze 3a 3x3 — 9x9 obuacTu

Tyk e npeyoxeHa MyATHIIMKALIKS [0 aHAIOTUs Ha 0a30BUs BeKTOpeH Mozaen (Bux dur. 21),
gpe3 pazbouBaHe Ha Bceku Kaubp Ha “NxN“ obmactm, N>3, HeueTHO, B pe3yiTar Ha KOETO ce
nocTura 3a0enexuMo noJo0peHre B KaueCTBOTO Ha CTaOMIIM3UpaHUS BUJCOKIIUIL. 3a IPOCTO-
Ta Ha U3JI0)KEHUETO TYK C€ OMUCBA caydadr “9x9*.

[To ananorus Ha BeKTOpHHS Monen ¢ “3x3” pa3duBaHe ChCTaBsiMe cHcTeMa OT 162 mo-
KOMITOHEHTHH ypaBHeHHs (110 0x 1 O_>y), B K0s1TO Heu3BecTHUTe napamerpu (Ty, Ty, 1, 1y) ce
Ham#par OTHOBO 1o MarpuyHust LSM meton.
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3a (pMHANIHOTO pelIeHHEe oTy4YaBame:

a b 4c 4d

Lo=grr =81 %= 1357135k2 © ™~ 135+ 135k

(13x)
KBICTO K = Vwsiz/ Xwsiz,» @ BIBIBT Ha POTAIMSl & CE ONpenens 4Ype3 KOMIOHCHTHTE Ha
pedepenTHns Bextop 7, Kato a = 2arctg(r/ry). 3a omnpemensHeTo Ha KoedHIHMEHTHTE
a, b, ¢, d BUX CHOTBETHHS PA3/IeIl OT AUCEPTAIHITA.

Tyk oTHOBO (KakTo mpu MeTona “3x3”) moxke na ce npmwioku LSM MeTonbT BTOpH BT C
111 ToA00psiBaHe HAa TOYHOCTTA Ha PEIICHUETO.

@ur. 21. Mynruroirkanyst Ha 6a30BUsT BEKTOPEH MOJIEN 32 pa30uBaHe Ha KajapuTe Ha “9x9” obnactu,
OTYMTAIL TPAHCJIALUS U POTALUs MEKIY JBa ITOCIEIOBAaTEIHU KaIbpa BbB BUIEOTO.

2.1.4 “Rolling shutter” pazmmpenue Ha 0230BMSI BEKTOPEH MOl
g p p p

B Ta3u yacT e mpeuiokeHo pasmupeHie Ha 0a30BUS BEKTOPEH MOJEN, KOWTO ce CIpaBs yc-
MEIIHO B KOPEKIMATA HA XOPU30HTAIHOTO HAKJIaHSHE M BEPTUKAIHOTO MalabupaHe, mopoje-
HU oT Taka Hapeuenus ~rolling shutter ” edexr, npucsir 3a kamepure cbe CMOS censzop.

N3BecTHO e, ye kamepure, 6azupann Ha CMOS TexHojorus, cTpajar or T.Hap. “rolling
shutter”” edext nopaau HauyMHA Ha GOpMUpPAHE U300paKEHUATA BbB BPEMETO, & UMEHHO PeJl
o pen, a He uenust 2D macuB eqHOBpeMeHHO, kakTo € npu CCD TexHonorusara. T.e. mpu xo-
PHU30HTAIHO TPAaHCIHpaHe Ha Kamepara e(eKThT ce MPOsBSIBa Karo HAKJIaHsSHE Ha M300paxe-
HUSTA, @ TP BEPTHKAIHO TpaHCIUpaHe epeKThT € BepTUKaIHO Mamadupane. 1o Ta3u npu-
YHHA, OCBEH KbM OOWYAHUTE TpaHCIAIWs W POTAIUs, B PE3Y/ITaT OT MOTPEIBAaHETO HA Kame-
para ce HacjiarBar Ol JIBe ChCTaBKM (HaKJIaHsSHE W MallabupaHe), KOUTO TpsAOBa Ja ce KOM-
MIEHCHUPAT 3a OCUTYpsIBaHE Ha OPUTHHAIHATA TBHPAOTEITHOCT HA CI[CHATA.

Bsemaiiku npensua ropuute ocodenoct Ha CMOS kamepure, TyK IpeiaraMe aHajio-
ruvHo Ha 6a3oBus CCD BekTopen moxaen (Bmwxk §2.1.2), 6azoB CMOS BekTopen mozen. B He-

ro, BCEKH OLIEHEH 10 SAD BEKTOp Ha JIBHKEHHE t;; MEXTy JIBA Kaabpa Ce pasjara Ha Cyma OT
e -
YETUPH BEKTOPA: BEKTOP Ha TpaHcanus T;;, BEKTOP HA poTaiys 1, BEKTOP HA XOPU30HTAJIEH
— - 4 = — — -
HAKIIOH Uy;; ¥ BEKTOP Ha BEPTHKAIHO MamaOUpaHe Sy;j, T.€. Ly = T + Tij + Uyj + Sy
(Bmx u Owur. 29).
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@ur. 29. Pa3mupeH BEKTOpEeH MOJE, OTUMTAIl TPAHCIALUs, pOTa]_[I/I}I XOPH3OHTAIIHO HAKIAHAHE 1

BEPTHKAIHO MAI[abUpaHe MEXKIY Ba Kaabpa 4pe3 3aBUCUMOCTTA 1, = = T + 7 i+ Uy i+ Syt -

B Tabnuua 12 e npencraBeHa 6a3oBara cucTeMa OT YPaBHEHUS 3a pa3lIMPEHUsl BEKTOPEH MO-
7en 3a cirydasi ¢ “3x3” pa30uBaHe Ha KagpuTe, T.€. 32 9 BEKTOPHU WK |8 KOMIIOHEHTHHU ypaB-
HEHMSL.

Ta6auna 12. CucreMa oT 18 NOKOMIIOHEHTHHU YpaBHEHUS 3a “3x3 pa3IupeHusi BEKTOPEH MOJET.

(i1 0x Oy

(1,1)| Ty—r+kry+uy =ty Ty — kry — 1y, + 5y = ty1q
1,2)| T, + kry + uy =ty Ty, — kry + 5y = ty12
(1,3)| T+ +kry +uy =ty Ty — kry + 1, + 5y = ty13
(21)] T,—r + Uy = tyoq Ty — Ty + Sy =ty
(2,2) Tx = lx22 Ty = ly22
(23)| T+ — Uy = tyo3 T + 1, — Sy = tyo3
(B)| Ty—r1—kry —uy = ty3 Ty + kry — 1, — 5y = ty3q
(38,2)| T, — kry —uy = tyay Ty + kry — Sy = tys;
(8.3)| Tx+1n—kry —uy =ty Ty + kry + 1, — 5y = ty33

MeToabT € ychenHo eKCepuMeHTHpaH U 3a ciydas ¢ “9x9” pazbuBaHe Ha KajapuTe, 6€3 u3-
BEX/AHE Ha IPSIKOTO PEIICHHE 3a THhPCEHWUTE NapaMmeTpu. EKCIepUMEHTHTE ca NpOBEIEHU
ype3 ¢pyHkuusTa B Marnal 3a pemnraBaHe Ha JuHeHH cuctemMu o LSM merona, kbaeTo ca
HEOOXOIMMH €IMHCTBEHO KOC(I)I/ILII/ICHTI/ITC IpeJ] CbOTBETHUTE 0Aa30BM HEM3BECTHU MapaMeTpu

3a TpaHCHAIUs U POTAIUSI Tl 7;j , KAKTO M KOe(DMIMEHTHTE 32 JONBIHATEIHUTE apaMeTpu
Ha HAKJIaHsHE ¥ Maljabupase iy; ;, sw -
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2.1.5 ExcnepuMeHTAJTHH pe3yJITaTH

3a KOMMYECTBEHA OICHKA HA KaYeCTBOTO HA MPEIOKEHUTE AITOPUTMHE 33 BUICOCTAOMIH3AIINS
0 IIajKa TpaeKkTopHs Hue u3mnonsBame Mspkara Interframe Transformation Fidelity (ITF),
npeiokena B [72] u npunoxena oo B [70], kosTo Moguduimpame 3a TpaHUYHATE CITy4Yau:

N-1
1
ITF = N1 kzl PSNR((k), (k — 1)), (16)

kbJeTo PSNR e oTHOmeHHneTo curHan-mym ‘“peak signal-t0-noise ratio” Mexmy aBa mocie-
nosarenau kaabpa (k — 1) u (k), a N e OposT Ha kajpuTe BbB Bujacokiuna. Ho Hue He u3-
nomBaMe kinacudeckara PSNR orenka, a HeitHa MonuduKaiys, KoSTo pasriexaa Mmogo0ueTo
MEXITy ChOTBETHUTE IMUKCEIN OT ChCEAHUTE KapH B PAMKHUTE HA MPEABAPUTEIHO AePUHUPAH
TIpar, YUsATO 1eJ1 € KOMIICHCUpPAHE Ha MAJIKU OTMECTBAHMS MEXAY CTaOMIM3UPAHUTE KaJpu B
paMKUTE Ha €UH TEMaTU4YHO CBbP3aH BUJCOKIIUII (I1LIOT).

ExcriepuMeHTHTE ca MPOBEACHH BHPXY 5 BHIACOKIHIA (OT Pa3aMyHH HIOTOBE), C pa3Mep
640x480 u ¢ pasnu4Ha CTENICH HAa TPENTEHE, OIICHEeHA 110 cKajara oT 1 (Jieko) 10 5 (CHITHO).

®@ur. 30. TecToBU BUACOKINIOBE, NOAPEICHU BbB Bb3XOIAL PEJl IO CTENIEHTA UM Ha TPEITEHE.

CrotrBernute ITF cTOMHOCTH 3a KayeCTBOTO Ha €KCIIEPUMEHTUTE BBPXY TECTOBUTE BHIACOK-
nunoBe ca naneHu B Taom. 14. Tlo-ronsma ITF croitHocT 03HauaBa 1mo-mo0pa cTaOMiIM3aIus.
Kparko onucanue Ha U3CJI€IBAHUTE METO/IM € MPEACTABEHO B MHACKCUTE KbM Ta0JIUIIaTA.

Ta6auna 14. ITF orneHku 3a 5 BUICOKIUIIA: OPUTHHATHUTE ¥ TEXHUTE CTAOMITU3AINH O 6-T€ TIOAX0/a.

METO 8 9 10 11 12 13 14

BUJIE0 original 3x3/nocAVG/I | 3x3/AVG/I 3x3/NoAVG/Il | 3x3/AVG/II IX9/AVG/II FAST

1 11.85 16.57 17.45 17.68 17.99 17.99 18.09

2 11.09 14.36 16.06 16.01 16.43 16.29 16.37

3 10.01 14.02 14.79 14.84 15.30 15.51 15.70

4 9.61 13.05 13.66 13.85 14.03 14.31 14.32

5 9.40 12.58 13.07 13.17 13.29 13.32 13.40

BVM* [ms] - 2 2 2 2 15 (130)
O6110** [Ms] 33 42 42 42 42 55 170
[fps] 30 23.8 23.8 23.8 23.8 18.2 5.88

3abenexku (*) u (**) ca majeHu Ha cieBaaTa CTpaHUIA.

(original): — B Ta3M KosoHa ca janenu | TF croiiHocTHTe HA OpUTHHATHNTE (HECTAOMIM3UPaHH) KINIIOBE;
(3XamoAve/l):  —> H3MOm3Ba 3x3 cxema Ha paszensne, 6e3 IP nopmanusanuu n npunarane Ha LSM camo BenubK,
(BX3IAVGI): — CBIIOTO KAaTO TOPHOTO, HO C HOpMaIHU3alus Ha akymynupanute npoekin (1P);
(3%3moAvG/l: —> H31013Ba 3x3 cxema Ha pasziensne, 6e3 IP Hopmanuzauuu, Ho npunarane Ha LSM nBa neTw;
@Xzavai:  —> CBIIOTO KaTo TOPHOTO, HO C HOpMaJM3alys Ha akyMyiaupanute npoekuuu (IP);
©Xaavemy:  — u3nomsea 9x9 cxema Ha paszensse, ¢ IP Hopmanusanuu 1 Bropu nac Ha LSM (LSM-I1);
— FAST wmeronst [148] (ummrementupan B Computer Vision Toolbox wa Matlab) ce uznonsea

FAST):

e 3a HaMHpaHe Ha ChOTBETCTBAIIN XapPaKTEPHHU TOUKHW B JIBa IPHUIIOKPHBAIIN C€ KaJbpa C LIeJ U3-
YHCIIABaHE Ha MapaMeTpuTe Ha jKelaHara (TBbpaoTenHa) TpaHchopmaius (Bwx Ipunoscenue
1). 3a nmogoOpsBaHEe Ha TOYHOCTTA HA HAMEPEHHWTE CHOTBETHH TOYKH HHME M3IOJI3BAME BBHHIIECH
kox 3a Matna6, umruiementupan; RANSAC anroputema [149].
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*3a0.: BVM e cokpamienne or “Basic Vector Model” nim 6a30B BEKTOpEH MOJEN, KAKTO € HAPEYEH HAIIUSAT
BEKTOPCH MOJICI 32 ChOTBETHOTO pa3duBaHe Ha kampute (“3x3” mwin “9x9”).

**3ap.: B Mamnab peanmmsanusaTa Ha H3CIEIBaHUTE alTOPUTMH, B TaONWIlaTa HEe ca BKIIOUYCHH BpEeMEHaTa 3a
BBHIIIHUTE 32 aJrOPUTMUTE Orepaiuu, Karo: (1) epeme 3a uwemene ~10 ms/frame; (ii) oopamna mpancopmayus
~20" ms/frame; (iii) sanuc na cmabunusupanume kadpu ~10 ms/frame. OuakBa ce, 4e Te3H BHHIIHH OIEPALIUH
MOTAT J1a C€ U3IIBJIHAT MHOIO I0-€()EKTMBHO BLPXY CIEHMAIM3UPAHHS Xapayep Ha ChOTBETHOTO MOPTATUBHO
($uIMHupaIo ycTpoicTBo.

ExcriepuMeHTHTE ca MPOBEICHH Ha JAECKTON KOMITIOTHD ChC CICAHHUTE XapaKTEPUCTHKU:
npoyecop Intel Core i5-2400 3.10GHz; onepamusna namem 8GB DDR3; suoeoxapma
NVIDIA Quadro 600 1GB; mespo ouck WD Black SATA 7200rpm.

2.1.6 3akiroueHue u uaeu 3a Objenia padora

[Ipennoxen e HOB edekTUBEH U podacTeH meron 3a 2D Buaeocrabunu3anus Mo niajgka Tpa-
EKTOPHS, MOJXOAAI 32 paboTa B peaiHO BpeMe Ha IPEHOCUMH YCTpoicTBa. MeToasT € 6a3u-
paH Ha MpEeLr3eH BEeKTOPEH MOJEN, MO3BOJSBAIl HAPACTBAIIU MO CIOKHOCT MHTEPIIPETALIMH
Ha JBUWKEHHETO — OT TBBpaoTerieH (CCD) momen Ha TpaHcopMmamus MEKIY KaapUTe JI0O
“rolling shutter” (CMOS) monen, xapakTepeH 3a OONIIMHCTBOTO MOPTATUBHU YCTPOMCTBA,
Kato MoOwiIHH (YMHU) TenedoHu, TadieTd u Ap. MeToabT ce MpeaBUKIa Karo coOPTyepHO
WHUIMATU3UPAIIO CPEICTBO 3a MONOOpsSBaHE HAa TOYHOCTTA Ha CHCTEMaTa OT WHEPIHAHU
CeH30pU (KUPOCKOIH, aKCEIEPOMETPH), BIPAJICHH B U3MOJI3BAHOTO MOPTATHBHO YCTPOMCTBO.
[IpoBeneHnTe eKCriepUMEHTH BHPXY TECTOBHM BHJIEO KJIMIIOBE ca OOEIIaBaiy 3a ObICIIOTO
pa3BHTHE Ha METOJla B HACOKA 3a HEroBara €BEHTYyaJIHA KOMOWHAIUS ¢ (M3BECTHUTE) METOIU
3a BHICOCTaOUIM3alIKs, U3TOI3BAIIM UHEPIIMAIHN CEH30PHU, 32 MIOCTUTAHE Ha eHAa 3a0BOJIH-
TEJIHO Mpelr3Ha BUI€0CTaOUIN3 AL

2.2 Buaeocrabdamn3zauus 3a MHAYCTPUATHH BUCOKOCKOPOCTHH KaMepH

B T031u pa3znen ot nucepranusTa ce pasmiexaa IpodiIeMbT 3a BUIEOCTa0MIN3ausITa B ,,TOY-
Ka“, KbJIETO C€ IIeJIM CTa0MIM3ausl Ha BCHUKU BUJIEO KaJIpH CIPSIMO €IWH U30paH pedepeH-
TEH KaJbp 3a IMPOU3BEXk/IaHEe HAa HOBO BUIEO, 3aCHETO OT CTaTUYHO (pukcupaHa kamepa. Bax-
HOCTTa Ha 3ajJlauyaTa ce€ CbCTOM B OCUTYPSIBAHETO Ha CTaTUYEH ()OH BHB BHUJEO MOCIEI0BATEN-
HOCTTa, HEOOXOJMM 3a MPOBEXKJaHe Ha KOPEKTHU M3MEPBAaHUS B KAJPHUTE, 3aCHETH OT BHCO-
KOCKOPOCTHH KaMepH. 3a Ta3u Il € MpeaioxkeH komonaupan meton “3x30F9%x9”; cruera-
Bair 0azoBus “NxN*“ meton, ¢ u3BecTHHsI METO Ha ,,onTuuHus motok™ (OF), koliTo mpwu 3a-
na3BaHe Ha BUCOKATa TOUHOCT HEYTpaIu3upa eekra ,,TbI3eHe Ha CIIeHaTa", XapaKTepeH U 3a
JPYTY U3BECTHU pa3pabOTKH MO cTabuan3anus B ,,TOUKa™.

2.2.1 BbBeneHue — HeO0OXOAMMOCT M MOTHBALIMA

B HacrosmoTo usciaensate ce npejaiara pa3paboTBaHe M TeCTBaHE Ha CO(PTyepHU aITOPUTMHU
3a BHI€OCTAaOMIM3AalMS Ha KIIUIIOBE OT BUCOKOCKopocTHara kamepa NAC Memrecam HX-6°,
3akyneHa no npoekra AComln na MMKT-BAH. HeoGxoauMocTTa 0oT BHIeOCTaOMIM3AIMS
P TO3M BUJ KaMepU Bb3HHUKBA, KOTaTO € HEBB3MOXKHO J1a ce U30erHe AUHAMUKATa Ha cpena-
Ta, T.6. KaMepara He MOXke Ja Obje cTaTMyHO (QuKcHpaHa. B To3u ciyyail TpenTeHeTo BbB
BUJICOTO € MIPUUMHEHO OT HECTaOMIIHOCTH Ha (pyHJAaMeHTa Ha CTaTHBa Ha KaMepara WM MPSKO
OT pbKara, IbpKalma kamepara, Hanpumep: (1) 3acHemMaHe Ha OBbpP3M MPOIECH BBB BHCOKO
BHOpHpaia cpeaa (B 3aBOJICKH yCIIOBHUA); (2) CHUMaHe Ha KOHTPOJIMPAHU B3PUBOBE (MAaCHBHH

15 HpI/I I/ISB’prlIBaHeTO Ha 06paTHOTO Bb3CTAHOBABAHC OT OpI/IFI/IHaHHI/ITe KbM CTa6I/IHI/ISI/IpaHI/IT c KaILpI/I, IocJjeno-
BATCJIIHOCTTA HaA TpaHC(l)OpMaIII/II/I cB 06paTeH pe,u Ha U34YHCJICHUTEC, 3a J1a CC I/136€FH€ aHTI/IKOMYTaTI/IBHOCTTa.
18 hitp://ww.nacinc.com/products/memrecam-high-speed-digital-cameras/hx-6/
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ChTpeceHus B OMM30CT 10 KaMmepara); (3) CHUMaHe Ha pbKa OT MPEBO3HO CPENCTBO; (4) CHU-
MaHe OT pbKa ,,Ha MOMEHTA”, B ,,[TOJICBU YCJIOBUS U JIp.

[Mopanu crienugukara Ha kKamepara — ckopocty Ha cHuMane ot 50 go 370330 fps, Bune-
ocrabmnuzanusaTa ce nposexaa B Off-line pexxum. Tyk, Haii-BaxkHa e ,,iepextHara” crabu-
nu3anus, 0COOCHO B CIydauTe Ha Taka HapedeHara ,,cTa0WiIu3alysa B TOUKa”, T.e. U3UCKBAHE
3a IIbJIHA HEMOJBMKHOCT HA CIIEHaTa B CTAOWIM3MpPaHUs BUACOKIUN. TyK MMEHHO Bb3HHUKBA
MIPEIM3BUKATEIICTBOTO 32 SIMMHUHHUpPAHE WM TIOHE peaylnupaHe Ha edekra ,,IbJI3eHe Ha CIie-
Hata” (Bwk. §2.2.3 u §2.2.4), koeTo e XapakTepeH mpolyieM U MPH OOJIIIMHCTBOTO M3BECTHH
anroput™mu 1o Bbipoca (Hanpumep Warp Stabilizer na Adobe After Effects CS6).

2.2.2 MetoabT Ha ONTHYHUSA MOTOK

B T03u pasnen ce pasmiex/a ChIIHOCTTA HA METOA HA ONTHYHHS TMOTOK [74, 75], uuero pe-
IICHUE € HAITBbJIHO ChBMECTHMO KaTo BXOJ| 3a mpeioxkeHuTe BekTopHu moaenu (CCD wmmm
CMOS) 3a HamupaHe Ha ChOTBETHATa TpaHchopMalus MeXAy 1Ba (IOCIEAOBaTEIHU WU
JOCTaThYHO MPUITIOKPUBAILU C€) Kaabpa, BIK. §2.1.3 u §2.1.4. HeroBoro npeauMcTBO cripsiMo
SAD mertona 3a HaMHUpaHe HAa BEKTOPHUTE Ha JABM)KCHHUETO B KOHKPETHA CXeMa Ha pa3OuBaHe
(“3x3” nm “9x9”) ce cbCTOM B 3HAUUTENHO MO-BUCOKATa My IPELU3HOCT, KAKTO U B IIPOU3-
BEX/IaHE Ha PEe3yJTaT, T.€. BEKTOP Ha JBUKEHUE, 32 BCEKH ITUKCEJ C MOANUKCETHA TOYHOCT.
3amauata Ha METO/Ia C€ ChCTOM B M3UUCISIBAHETO Ha 2D BEKTOPHO MOjie Ha JIBHXKEHUETO
Ha BCEKM IHKCEJI MEXAY JBOMKa KaJpu 4ype3 MPOCTPAaHCTBEHO BPEMEBUTE BapHallMM Ha sip-

koctTa (dur. 31).
0\(:6. y)
@) (x + 1: y+v)

I (x,y,t) [(x+uy+vt+1)

@ur. 31. Unesta Ha MeTo/Ia HA ONITUYHUS TIOTOK € U3YHCIIABaHe HAa 2D BEKTOPHOTO ToJie (OTMECTBA-
HUS) 32 BCUUKH IMUKCEIIA MEXIY JBOMKA MPUITOKPUBAIIH CE H300PaKCHHUS.

2.2.3 Komounupan noaxo “3x30F9x9” 3a BugeocTadMIn3aus B TOUKA

3a pelraBaHeTo Ha MMOCTaBeHara 3ajaJda 3a CTa0miM3alus B ,,ToUKa', HUKOM OT TPUTE MOAXoa
(“3%3”, “9x9” unu ,,ONTUYHUST MOTOK ‘) HE OU MOT'BJI JIa CE CIPaBU CAMOCTOSITETHO ChC 3a/10-
BOJIUTETHA TOYHOCT. 3a MPEOA0IsIBaHEe Ha HEJAOCTAaThIIUTE HA TPUTE METOA MOOTAEITHO, pa3T-
JISKJAUKA TH HE3aBHCUMO, € HpPeodJiodHceH OpUSUHAIeH KOMOUHUPAH RNOO0X00, HApEYCH
“3x30F9%9”, 3a BumeocTabmnmn3aius B ,,Touka”. Tol ce ChCTOM OT [Ba MOCJIENOBATEIHH €Ta-
na Ha crabunu3anus. Ha mepBus eran ce usnoms3sa “3x3” metonsT (Bmwk §2.1.2) 3a Obp3a
rpyba crabunuzarus, ciaen Koeto ce mpuiara “9x9” metoast (Brxk §2.1.3) Bbpxy 9x9 11eHTH-
pa Ha ChOTBETHUTE OOJIACTH OT BEKTOPHOTO TOJIE Ha ,,0NTHYHHUS TTOTOK .

PesynrarsT OT mBpBHS eTan Ha crabwim3anusaTa B Touka cropen “3x30F9x9” merona,
BOJIM JIO THITMYHUS €(EKT ,,[TbI3eHe Ha crieHara®. To3n edekT ce TbJDKU Ha HaTpyIlBaHE BHB
BPEMETO Ha TOJIMHUKCENHA T'PelIka B M3YUCICHUTE TpaHCPOpMAIMU MEXAY IBOWKA KaJapH,
aKyMyJIMpaHH B TI00aiTHa TPACKTOPHsS ¢ Hadano u30paH pedepeHten kaawpp. Bnpouem, To3u
I'BPBU eTamn Ha crabmmm3anus mo metroaa “3x30F9x9” moxke Aa Oblie U3IMOI3BAaH CaMOCTOS-
TenmHOo 3a mpenu3Ha 2D ,,TBepaoTenHA* cTabmim3aius (TpaHcaanus + poTarus) 1Mo TaaKa
TPACKTOPHS Ha [[eHaTa Ha JOMBJIHUTEIHO 3a0aBsHe.

Ha Bropus eram, upe3 OMHapu3WpaHe Ha Kaprara OT TOJIEMHHHUTE Ha BEKTOPUTE Ha OII-
TUYHHSI TIOTOK, C€ M3KJIFOYBAT OMPEEICHU BEKTOPHU Ha JTBUKEHHUETO, YUaCcTBaIlM B CXeMara Ha
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“Ox9” Merofna, ¥ MO TO3U HAYMH C€ MOA0OpSIBa TOYHOCTTA HA CTAOUIU3ALMATA HA CTATUYHUS

@ur. 32. Crparerus 3a eIMMHUHUPAHE HA MMOABMKHUTE 00EKTH B CIIEHATa: a) IbPBU KOHTPOJIEH KaabD;
0) BTOpU KOHTPOJICH KaJbp; B) KapTa Ha TOJIEMUHUTE Ha BEKTOPHUTE OT ONTHYHUS MTOTOK; T') OMHAPHU3H-
pana kapra 1o mMeroza Ha Otcy [76], mpunoxeHa KbM “9x9” BeKTOpUTE Ha IBIKCHHUE.

2.2.4 ExcnepuMeHTAJIHH pe3yJITaTi

I/I3B"pr_ICHI/ITe CKCIICPMMCHTH 3a CTa6I/IJ'II/IBaI_II/I$[ B CTaTHU4YCH (1)OH Ca BbpXY [IBa TUIIa BUACO:

1. Buneoxiuun, cBajleH OT HMHTEpHET CTpaHMLaTa Ha IMpou3BoauTens Ha kamepara NAC
Memrecam HX-6, cpabpakalll 3anuc Ha KOHTPOJIUpaH B3puB (B Pur. 33), KbAeTo € Ha-
JIMIE OTPOMEH TMHAMU4eH 00eKT (o0anu ¢ mymek oT B3puBa). Buaeoto e ¢ pasnenurenHa
cnocoOHocT 1280x720 nukcena u ciayxeOHa CKOPOCT OT 25 KaJbpa B CEKYHA.

- — — 7
e - ’.

= — o N i e R = 7 - 3 -
@ur. 33. Crabunu3anus Ha BUACOKIMII HA KOHTPOJIMPAH B3pUB: a) IBPBU Kambp; 0) MOCIEAEH Kaabp
ciie cTadMIn3anys B TOUKA; B) HOCIENCH Kaabp Cle CTA0MIN3aHATa 10 TPACKTOPHSL.

2. Buneoxnuiiose, 3aCHETH OT phKa C HAPOYHO (CHMYIHMPAHO) TPEITEHEHE, ChABPIKANIN 3a-
MMC Ha BOJA/KAllKK B pPe3ylTaT OT MpEeNIMBAHETO OT Yalla B yaiia. Bupeoknumnosere ca ¢
pasznenutenHa crnocobHoct 640x480 nukcena u ckopoct ot 50, 100 u 500 fps.

B Tab6nuna 15 ca nanenn Mmakcumanaute rpemku mo OX u OY MocokuTe 3a CbOTBETHUTE CKO-
POCTH Ha BUACOKJIMIIOBETE C MPEIMBAHE HAa BOJIA 3a JIBaTa €Tara Ha CTa0uIu3alusITa.

Tabmuia 15. 'penrku ot crabuiu3anusta B ctatudeH QoH ciien 1-Bu U 2-pu eTan Ha CTa0WIn3anusaTa

Pe3osrorust Bupeo 1 (50 fps) Bupeo 2 (100 fps) Bupeo 3 (500 fps)
640x480 1-etan 2-pu eran 1-etan 2-pu eran 1-etan 2-pu eran
max OX rpemka 3.44 % 0.16 % 1.09 % 0.47 % 1.09 % 0.16 %
max Oy rpemrka 5.00 % 1.04 % 3.75% 0.63 % 4.17 % 0.42 %

Cpasnenue c pesynmamume om Adobe After Effects CS6

Ha ®wr. 36 e moka3aHo BU3yalHO CpaBHEeHHUE (Hamara crabunu3aius cpery tasu Ha AAE) 3a
cTabMIM3aIus B ,,TOYKa™ 3a BUIACOKIHI ¢ mpenuBane Ha Boga ¢ 500 fps. Ha to3u ekcrnepu-
MEHT e(peKTHT OT 0aBHOTO ,,IUTyBaHe Ha CIleHaTa e 3abenexuM mpH pesyirara ot AAE,
BBIIPEKH ue B copTyepa SBHO € yKa3aHa OIIMATA 33 CTa0MIM3aIus B cTaTudHa Kamepa (hoH).
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@ur. 36. Hammst pesynrar 3a crabunmn3anys B craTudeH (oH B cpaBHeHue ¢ To3u oT AAE: a) opuru-
HaJTHU BUJEO Kajpw; 0) HammAT pe3ynTar upe3 “3x30F9x9” merona; B) AAE crabunuzanusra.

2.2.5 3ak/ioueHue u uaeu 3a obaema padora

[Ipennoxen e komObunupan meron “3x30F9x9”, cpbueraBamn Hamusa 6a30B “NxN” BekTopeH
MOJIENI C U3BECTHUS METOJ] Ha ,,ONITUYHUS TOTOK, C IETEKIUS 1 OTCTPAHSIBAHE HA MOJBHKHH-
Te OOCKTH B CIIEHATa 3a HEyTpaJM3upaHe Ha edekra ,,IbJI3CHE Ha cleHaTa*. MeToabT ce OT-
JU4aBa ¢ JOCTAaThbuHO OBpP30ACHCTBHE U MPEIM3HOCT Ha cTabunu3anusara. Tol e mpegHa3Ha-
YeH 3a BUJCO CKCIECPUMEHTH (HAIP. ¢ BUCOKOCKOPOCTHH KamepH), KbJIETO OOMKHOBCHO CE
L[eH HeMOIBWKHOCT Ha (oHa. [locTurHaruTe pe3ynTaru ce OIEHSBAaT KaTo MHOTO J100pH,
ChOMFOIaBaliki M3MCKBAHETO 3a CTAaTHYCH (DOH Ha CIICHATa WJIM 33 CTaTW4YeH MPEAOMUHUPAI]
00EKT B CIieHaTa, KOETO MO3BOJISIBA MPOBEKaHE HA KOPEKTHU U3MEPBaHUS BbB BHJICOKAIPUTE,
WTHOPUpPAKH B 3HAYMMa CTCTICH JUHAMHKAaTa Ha Cpeiara, KOsTO MPEIU3BHKBA TPEITEHETO
BBbB BUJICOTO. XapaKTEpHUAT e(eKT Ha ,,[IbJI3CHE Ha ClieHaTa”, KOUTO € HaluIe AOPH U MPHU
KOMEpCHATHUTE COPTYEpHH pelieHus, € peayuupan a0 nofa 1% ot pasmepa (640x480 nmukce-
na) Ha Kaapute. YUMCTOTO BpeMe 3a M3IMBJIHEHHE Ha anropuTbma e okoio 30 fps. braemure
ycwvs 1e ObJaT HacOueHW KbM pa3paboTBaHe Ha MO-eEKTUBHA CETMEHTAIMS HA TOJICMH
MOJIBMYKHU OOCKTH B KOHTEKCTA Ha MPEJIOKEHUS METO/I.

2.3  OTkpuBaHe Ha NpeABAPUTEIHO U3BECTHH pekjIaMHHu Kiaunose B TV norok

KoMnaHnnTe mmamar orpoMHM CyMH 3a M3JIbYBaHE HA TEXHHUTE peKilaMu B ompenesneHu TV
KaHaJu B MOAXOASI BPEMEBU MHTEPBAJ C L€J1 MPUBIMYAaHE Ha BHUMAHHUE KbM ONpEACTICHU
NPONYKTH U yBeJIMYaBaHE Ha Mpojnaxoute uMm. Tekylo, 3ajayara 3a ClIeeHETO Ha U3JIbyuBa-
HETO Ha peKJIaMH CIOpE] YCIOBUATA HA JIOTOBOpA C J]ajieHaTa TeJIIEBU3USl CE OCBIIECTBIBA OT
xopa (omeparopu), KOUTO HaOmoAaBaT pa3ziuyHu TV KaHalIu B CbOTBETHUTE IPEIBAPUTEITHO
(buKCHpaHN BpeMEBU WHTEPBAIIM 3a M3JIbYBaHE HA PEKJIAMH. 3a HaMaJsiBaHE HA Pa3XOTUTE 110
3aIjjalllaHe Ha TaKuBa CIY)KUTEIH, KAKTO U 3a OCUIypsIBaHE Ha MO-CTPUKTEH U JOCTOBEPEH
KOHTPOJI BbPXY Kaue€CTBOTO Ha M3BbpIIBaHATa pab0Ta, KOMIAHUHUTE ONpPEEICeHO O1xa JKenanu
Jla aBTOMAaTU3UPaT Ta3H 3a7ada 4pe3 U3IMO0JI3BAHETO Ha KOMIIOTbPU3UPAHU CUCTEMHU 3a JI€TEK-
1Ms U pa3lo3HaBaHe Ha pekyiaMu. TakuBa cucTeMH OMXa 3amucBaliy MPEeU3HOo Yaca U jJarara
Ha M3JIbUBaHE Ha CJIEJICHATa peKiiaMa, KaKTo U UJICHTH(PUKATOpa Ha ChOTBETHHS KaHAI.

2.3.1 ®opMyJupoBKAa HA 3a]a4aTa

W3BecTHO e, 4ye peKslaMHTe e U3TbYBAT B PEKJIAMHH OJIOKOBE 110 BPEME HIIM B IPOMEXKAYThKa
Mexay pasnuuau TV npenaBanus (Bux. @ur. 37).
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HOBHUHApCKa EMHUCUA

peKIIaMHH OJIOKOBE

@ur. 37. TV Buaeo, ChABPKALIO MHOKECTBO PEKJIaMHH OJIOKOBE, B PAMKHUTE Ha HOBUHAPCKA EMHCHSI.

Bxoo:

1. MmnuoxectBo ot 30 muH. 3anmucu B MPEG4 dopmar (25 fps, ¢ pazmep 448x336 nukcena)
Ha TV nporpama Ha 1aZieH KaHaJll B paMKHUTe Ha 24 yaca.

2. MHOXECTBO OT peKJIaMHH BUACOKIHIOBE (0K0J10 30 CeK. BCEKH) B ChIUs (popmar.

H3x00:
BpemeBoTo nokanu3upane Ha AajieH peKiaMeH Bueo madnon B TV moTok.

Ocpanuuenus.
JlocTarpuHo Obp3oneiicTBre (TIOHE B PEaJIHO BpEME) Ha allfOPUThMa, ChOOpa3eHo ¢ Ha-
JUYHATE KOMITIOTHPHA MOIITHOCTH.

2.3.2 IucKyTMpPaHU CLIEHAPHH 32 pelllaBaHe Ha 33/1a4aTa

1. IIbpBH cueHAPHI - TMPEKTHO CPaBHEHUE KAbP 10 KaIbpP

Haii-necnusar u Haii-6aBeH HaYMH 3a MPOBEPKa JaJH JAJCH KaJabp OT €IHO IIa0JIOHHO BUEO
(peknama) ce ChbABPKA B IPYT BUIACOMOTOK MOXe Ja ObJe U3BBPILEH Upe3 TUPEKTHO CpaBHE-
HHUC HA IMUKCCIIMTC OT CbOTBCTHUTC KaJlpU HaA JiBara KJIMUIIA. TaKa, MaKCUMAaJIHUAT 6p0171 CpaB-

HeHus 11e ob1e N, (Zj.zl N]), kbaeTo Ny e OposT Ha kaapute B TV BUIEONOTOKA; N] e OposT
Ha KaJpuTe B j-Tara peKyiama.

2. Bropu cuenapuii — ycxkopenne upe3 DCT koepunuenture na JPEG kaapure

W3non3Baiiku koeUIMEHTUTE Ha AUCKPETHOTO KocuHyc mpeobOpasosanue (DCT) 3a obnact
8x8 ot JPEG kanpute, MOXKe J]a ce TIOCTUTHE U3BECTHO YCKOPEHHUE TPU CPABHEHUETO Ha Kaj-
pute. ToBa e Bb3MOXkHO nopaau ¢akra, ye MmHoro ot DCT koepunmenture B 8x8 obnacrra ca
~ paBHU Ha HyJIa W II0 TO3U HAYMH 1€ CPABHABAME IO-MAJIKO YMCJIA, OTKOJIKOTO IUKCEIIN B
cbliara obmact. Ho BbIpekn ToBa, MaKCHUMAIHUAT Opoi CpaBHEHMsSI € OT ChILUSA MOPSAIbK,
KakTo npu cueHapuil 1. OcBeH ToBa, u3nons3Banero Ha DCT koedunmentute 6 umano cMu-
ChJI caMo, ako Ty u3BiedeM aupektHo ot JPEG kanpute, a He 1a TM U34KCIIIBaMe OTHOBO.

3. TpeTn cueHapmii — ThpceHe Ha CHOTBETCTBUSI MEXK/IY CIIEeHHTE B PeKJIaMHTe M OCHOBHHUS TeJie-
BU3HOHEH MOTOK CIIOpeR AbJLKMHATA (B 0poil kagpu)

3a ymoBIETBOpSIBAHE HA M3WCKBAHETO 3a JOCTATHYHO OBP30JCHCTBUE Ha aJTOPUTHMA, TYK
mpejiaraMe CpaBHEHHUETO ,,Kaabp-TIO-Kaabp Ja ce 3aMeCcTH ChC CpaBHEHHUE ,,CIICHA-TIO-
ClieHa ype3 AbJDKUHUTE UM B Opoit kaapu. To3u alropuTbM MMa MpEeIuMCTBO B cllydas, KO-
raro OposAT Ha peKJIaMHHUTE Ma0I0HU € roysiM. CBHIHOCTTa Ha AITOPUTHMA C€ ChCTOU B Tpe/-
CTaBSHETO HA GuUOeo3anucume Kamo peouyu om yeiu 4ucia, KOuTo XapakTepusupar mpoabii-
KUTEITHOCTTA (B OpOil KaJipu) Ha OTJENHUTE CIIeHH B TAX. OOMKHOBEHO MOHATHETO ,,CIIEHA™ Ce
pasmiex/a KaTo TEMaTuyHO ISUTOCTEH (parMeHT OT BUAEOTO. 3a HAIIUTE IENIH, CIIeHa € BCAKa
9acT OT BUJICOTO, KbJIETO (PMHAITHO UMaMe ps3Ka MPOMSHA MEXKIY JIBa (FIIH HIKOJIKO) ITOCIIe-
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JIOBATEJIHU KaJbpa, KaTO yKa3aHWE 3a cieAsalla cueHa. [1o To3u HauumH, IbpBOHAYAIHO MO-
’KEM Jla CpaBHsBaMe CLIEHUTE 110 AbJKUHA (IPOABIKUTETHOCT B Opoil KajipH) U camo 3a ,,I10-
JO3PUTETHUTE™ CIIEHH (T.€. ¢ OJIM3KU JBJKUHU) U3BBPIIBAME ITOKAIPOBU CPABHEHUS, OT TUIA
,»€IHO-KbM-MHOT0*“. [IpeIMMCTBOTO Ha Ta3u CTPATETUsl € B MHOTO MO-MaJIKUs Opoil mokaapo-
BU CPABHEHMSI, OTKOJIKOTO NPHU NPEAXOJHUTE CLIEHAPUU.

2.3.3 Onucanue HA NPeIJIOKEHHS AJTOPUTHM 10 TPETUA CLEHAPU A

ITonexe ce ctpeMuM KbM paboTa B peaisHo BpeMe (WM 1mo-0bp30), 3a ACTCKIIUATA Ha CIICHU
HUE MpeasiaraMe eIMH MHOTO TPOCT U ObP3 MOAXO/, OCHOBAH HA Pa3JIMKaTa MEXKIY JBa IMOC-
JIeZIOBAaTeIHU KaJbpa B paMKHUTE Ha MpEABApPHUTEIIHO M30paH mpar. To3u MOaxoJ] OCHrypsiBa
JOCTaThUHO HAMICKTHA IETEKIMS HA eI PEeKJIaMU W/WIH MPOU3BOIHHU YaCTH OT TSX, B JaJICH
TV Buneonorok. Hamust anropuTbM ce€ CbCTOU OT 3 CTHIKH:

1. Konseprupane Ha Buacosanucute (TV u pekiamu) B Taka HApEUECHUTE TYK ,, AUPEPEHIH-
aJIHU MPEJCTaBSHUS .

2. PazpensHe Ha BHIICOTO Ha TOCIEIOBATSIHOCT OT CIEHU U MPEICTaBIHETO MYy Karo HU3 OT
L[EJTH YUCJIa, BCIKO €IHO JaBaIlO0 MPOABIKUTETHOCTTA (B OpOii KaJipH) Ha BCSAKA CIICHA.

3. CpaBHeHHE HA [ETOYHUCICHU PeIUIH (BMecTo TocienoBarenHoct oT JPEG kanpu) mex-
ny TV motoka ¥ MOTEHIIMATHUTE KaHIUIATH OT CIIEHH OT MHOXKECTBOTO Ha PEKIAMHUTE
BHJICOKJIUTIOBE.

Ha ®ur. 41 u 42 ca nokasaHu pe3ynTaTtd OT €KCIIEPUMEHT 3a JIETEKLUs Ha CLEHHU U MpejacTa-
BsIHE Ha peksiaMeH Buaeokuuil (~20 cek.) karo nenoducieHa peauna. [lpu nspeure 20 kaabpa
ce HaOII0aBa TOISIMO CTPYIBaHE Ha CIEHH, KOETO C€ ABJDKU Ha (pakTa, 4ye Ha4ajJoTo Ha peK-
Jamara BKJIIOYBA €IHOBPEMEHHO JBHKEHHE Ha 00EKTU U Ha (poHa, KOETO BOIHU JI0 ps3Ka Mpo-
MsTHAa MEXIy JBa MOCIEIOBATEIIHU Kaabpa. Ta3u MpoMsiHa € yKa3zaHHe 3a CIie/IBalla CIeHa
criopen mpara hy, IpHIOXkKeH KbM AU(epeHIMantHoTo peacTapsane 1/ (1) Ha najgeH pekiaMeH
ki, kbaero [ = 1, ..., (Nj — 1) e mocneoBaTeTHUAT HOMEp Ha KaJbp OT j-TaTa peKIama.

(D)

a0

30

10 hl
o —_————

1 101 201 01 401 frame No

®@ur. 41. Jlerekmus Ha clieHH B pekiiaMmeH Buaeox (~20 cek.).
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scene No

®dur. 42. IlenouucieHa peauna P = (Al] , Al ) e Aléj) OT IBJDKHHHUTE Ha CIICHHUTE

Al 3a TopHUS peKJIaMEH BHICOKIIHIL.
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Ha ®ur. 43 e npencraBeH pe3ynTar 3a J€TeKIUs Ha ciieHd B 15-munyren TV kiun Ha ,,TOJK-
moy* npenasane. OcoOeHO 3a0eneXUMO € yBEJINYaBaHETO Ha YECTOTara Ha CIICHUTE B PEK-
namMHUs OJOK.

100
90 advert. block

80

I

Al

n N

®@ur. 43. Jlerexnns Ha cuieHH 3a ~15-muHyTeH TV TOTOK, CHABPIKAI CaMO EIMH PEKIaMeH OJIOK.

2.3.4 3akiroueHue U WaeH 3a Obaemnia padora

[Ipennoxen e Obp3, MPEU3eH U OTHOCUTEIIHO MPOCT (MOAXOAAI 32 paboTa B peajHo BpeMe)
QITOPUTHM 32 JIOKAJTM3UpaHe Ha MPEIBAPUTEIIHO W3BECTHU (PUKCHpaHH (PEKIAMHH) BUICOK-
JUTIOBE W/WJIK MPOU3BOJIHU YacTH OT TAX B 6a30B TV Buaeonorok. ChIIHOCTTa Ha aJTrOPUTH-
Ma ce€ CbCTOM B pa3/iesIIHE Ha BUJICOKIMIIOBETE HA MOCJIEOBATEIHOCT OT CLIEHU U NPEICTaBs-
HETO UM Karo KpalHU peAuId OT IENU YHCTa, MPEICTaBIsIBAIINA MPOABIKUTEIHOCTTA (T.C.
IBJDKAHATA B OpOid KaJapu) Ha Besika ciieHa. [1o To3u HauuH U3I0JI3BaMe CpaBHEHHUE Ha Kpaii-
HU 1EJIOUMCIICHU PEeIMId BMECTO CpaBHEeHHE Ha mocinenoBarenHocTd oT JPEG uzobpaxkenus
(xazpu) ot TV noroka U NOTEHUMAIHUTE KaHAUJIATU OT MHOXECTBOTO HA pEKJIaMHHUTE BUJIE-
oknumnoBe. T.e. KOHBEHIIMOHATHOTO 2D cpaBHEHUE Ka0wbp-no-kadvp ce 3amens ¢ 1D cpaBHe-
HUETO Ha ObINHCUHA-NO-0BANCUHA HA CLIEHU U CaMO TIpH ,,[I0JO3PUTEITHUTE" CLIEHU U3BbpILIBaA-
Me TMOKaJIpOBU CPaBHEHHUS, OT THMA ,,eAHO-KbM-MHOT0®“. T0o3u aaropuTbM M3UCKBA MHOTO TO-
Mairek Opoii 2D nokaapoBu cpaBHEHHs (CIIPSAMO APYTUTE PAa3IIIeJaHUTE METO/N), KOETO € Ch-
IIECTBEHO MPEMMCTBO B CITy4anuTe Ha 3HAUMTENeH Opoit pexiamu 3a ThpceHe B TV moToka.

ExcnepuMeHTHpaH € mpocT MOAX0J 3a JETeKIUs Ha CLeHH, Oa3upaH Ha qudepeHIInaiHo-
TO TPEACTABSHE HAa BHUJICOKJIMIIOBETE UPE3 pa3jifKara MeXAy JBa MOCIel0BaTeTHN Kaabpa B
pamKuTe Ha JeuHUpaH, NPeABAPUTEIIHO 33aJaJIeH ,,IIpar 3a noxoodue mexay kaapute (PST).
Ilenrta e na ce namepu TakbB PST mpar, koiiTo ga Ob1e ToNepaHTeH KbM HErOJIeMHU MOJIBHKHU
00€KTH B paMKHTE Ha €JHa TeMaTH4YHa CIIeHa, 3a Ja HsIMa TBBbPJIe MHOTO (halInBy clieHu. T.e.
BBIPOCHT 32 HAMHUPAHETO HA aJTOPUTHM 332 aBTOMATUYHOTO OMpEENISIHE Ha ONTUMAalHaTa
CTOMHOCT Ha Ipara (IOCTOSIHEH WM MPOMEHJIUB) 3a JETEKIMs Ha CLIEHUTE OCTaBa aKTyaJeH
3a Obeniara paboTa Mo MeTosa.

I'masa 3. Metoau 3a pa3no3HaBaHe HA MHIAMBHMAHU 110 (pOpMATA HA YIIUTE

B ta3u maBa e onucana paspaborenara muoromosnenta b/l (3DEarDB), ceabpikaria pazinuy-
HHU MOJEJIHU NpeACTaBaHUs Ha aecHUTe ymu Ha ~100 maauBuaun. Pasmienan € u3BECTHUST
EGI meton 3a npencrassue Ha 3D obexktu. ExcnepumenTrpana e KOMOMHALUS OT BB3MOXK-
HOCTH 3a pa3lO3HAaBaHETO Ha YUIMTE MO MEeToJa Ha Hal-OMU3KHS ChCel, CUMYIUpPAIIU pas-
JIU4Ha pe3ononus Ha 3D ckeHepa, KakTo U paznuydHa cioxHocT Ha EGI npencrasanero. Pas-
menad € EFCIOR meronst Ha MMKT B KOHTEKCTa HA pa3MO3HAaBaHETO HA YIIM IO MHOXKECTBO
ot TexHH 2D npoekuuu. [IpencraBenu ca Hail-HOBUTE pa3paboTku B obiactTa Ha 3D pekoHc-
TPYKLMSITa HA OOEKTH U CLIEHHU, paboTemu B peanHo BpeMme. OuepTaHu ca HaCOKUTE 3a Obje-
mara padora 1o JucepTanusara BbB Bpb3Ka ¢ BbIpoca 3a 3D peKoHCTpyKIMATa Ha YIIU Ype3
METOAMTE Ha CTEPEO3peHHEe WIH (POTOMETPUYHOTO CTEPEO.
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3.1 Onucanue Ha cp3aagenara B UUKT B/l or 3D ymu (3DEarDB)

PazmmpenusT BapuanT Ha 6a3zara nanau ot 3D monenu Ha ymm, kosaTo Hapekoxme 3DEarDB,
Oeme cbOpana maBHO mpe3 cpemara Ha 2015 r. B MUMKT-BAH B pamkuTe Ha mpoekTa
AComiIn. Hue ckanupaxme mosede ot 100 nperuzau 3D mozena Ha necHute ymu (0e3 Tekc-
TypHa/1BeTOBa MH(pOpMaLKs) Ha ydacTHUIMTE (66 Mbxke U 34 jKeHH) Ha Bb3pacT MEXIy 25
65 r. IlpeunsHocrra Ha CKaHMpAHETO c€ IBDKM Ha u3non3Banus 3D nazepuust ckenep
VIUscan na MUKT, koiito HacTpoumxme 3a 1 MM pe3omronus Ha CKaHUpaHe (pa3CTOsSHUE
Mexay ceeeqaute 3D Toukn), mpu TounocT ot 0.05 mm 3a Bcska 3D Touka.

Llenta Ha 3DEarDB e na ocurypu CbBMECTUMOCT MEXAY PA3IMYHUTE U3XOAHHU (POopMaTH
3a MPEJICTaBIHETO HA YXOTO Ha €IMH M CHII YOBeK. Te3u hopmaTu BKIrOYBAT: (1) cyposu (He-
obpabomenu) 3D mooenu na ywu; (i) obpabomenu 3D mooenu; (iii) Kinect 0vrbouunnu
uzobpasicenus “depth maps”; (iV) 2D euodeo knunose; (V) cemepupanu cmpyxmypu om 2D
unmenzumemuu npoexyuu Ha ywu, (Vi) eenepupanu cmpykmypu om 2D 0vb160uuHHU U300-
padicenusi Ha ywu. ToBa KOHCUCTEHTHO pa3zHooOpa3ue oT U3XoaHu Gopmatu 61 OMI0 MHOTO
MOJIE3HO 3a HayyHaTa OOIIHOCT 1Mo OMOMETpHKA 3a TECTBAaHE W CpPaBHEHHE HAa TOYHOCTTA Ha
QITOPUTMUTE BbPXY PA3NUYHU Bb3MOXKHH CLIEHAPUU — OT HJACATHMsS CIy4ail Ha mpeuuseH (U
cratudeH) 3D momen 1o mo-peanucTuuHus (M AMHAMUYEH) ciay4yail Ha 2D Bumeoxkmun wim
Hn300pakeHUSI.

3.1.1 YerpoiicTBa 3a ch0UpaHe HA IaHHU

VIUscan 3D sa3epen ckenep'’

To3u nopratuBen ckenep Ha Creaform Gemre 3akymeH upe3 mpoekta AComin 3a ,,YMHuaTa
naboparopus‘ Ha MKT-BAH, B kpas Ha 2013 r. Toli moxxe na Bp3npousBexaa 3D daceTs-
YyeH (TpUaHrysiadyeH) MOJEJI Ha CKaHUpPaHUs OOEKT, KaKTO U HEroBara TEKCTypa, U LIBETOBE.
W3kinrouBaHeTo Ha IIBETHOCTTA MpaBH IpolieaypaTa Mo CKaHupaHe mo-oup3a, A0 10 mMuH. 3a

yXo.

Kinect Xbox One censop™®

Hue nnanupame na nznonssame Kinect 3a moimyyaBaHe Ha peajgHH IbJI00OYMHHU W300paXeHUs
Ha YIIH, a CHIIO U Jla U3MOoJI3BaMe MpHApYyKaBaus ro copryep 3a 3D peKoOHCTPYyKIUS upe3
TBJIOOYMHHY BUACOKIUIIOBE UM N300PasKEHHUSI.

Olympus Photo Camera®®

3a 3acHemanero Ha ooxosaariy Full HD (1920x1080) BuaeOKIHITIOBE HA YIIIMTE HA yYaCTHH-
nute Oemte u3nonsBana Olympus SH-21 ¢orokamepa ¢ 16 MP CMOS 1/2.3" censop, npous-
BEXKJ1aIia BeTHo Buaeo B MP4 gopmar.

3.1.2 CypoBu (Heo6padorenu) 3D monesnn Ha yum

Enun Heobpaboten 3D monen Ha yxo, 3acHeT upe3 VXelements codryepa na VIUscan ckene-
pa [77], e npeacraBen Ha dur. 466. Ha dur. 46a e moka3aHo IIBETHO CKAHUPAHO YXO Camo 3a
WIIOCTpalMs Karo Kak M3IVeXk/a, Thil KaTo He ChXpaHsABaMe IBETHOCTTa 3acera. Pazbupa ce,
IBETOBUTEC JaHHU MOraT YCIICIIHO Ja CC€ H3IIOJI3BAT 3a aBTOMATH4YHA CCTMCHTAIUMS Ha 3D
YIIUTE, KOETO € MpeaMeT Ha Objelna padboTa.

o http://www.creaform3d.com/sites/default/files/assets/brochures/files/handyscan/Handyscan3D_Brochure EN_HQ 22052012.pdf
18 hitps://en.wikipedia.org/wiki/Kinect_for Xbox_One#Specifications
1 hitp://Aww.olympus-global.com/en/news/2011b/nr111110sh21e.jsp
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@ur. 46. a) 1BETHO HEOOPabOTEHO yX0; 0) caMO MOBBPXHUHATA HA HEOOPaOOTEHOTO YXO.

3.1.3 OopadboTka Ha cypoBute 3D monenu

3a ch3maBaHe Ha 3aBBPIICH M MOAXOAANIO M3MIageH 3D Mojen 3a BCSIKO YXO HPOBEKIAME
clieqIHaTa mocT-o0paboTkara B 6 CTHIIKH:

1. I'pyba ceemenmayus om 3aobukansiwus gon (upez VXelements)
2. 3anvasane na cayuatinu npazuunu/oynku (upes VXelements)
3. @una obpabomra Ha 3D ¢pacemkume na ywume (upe3 MeshLab)

4. Jlonvanumenno uzenasxcoane na mooena (upez MeshLab)
Ha To3u ¢unanen eran ot oOpadorkara Ha ymuTte Bceku 3D Mozen ce chCTou OT OKOJIO 6-
8 Xus i (TPUBI'BIIHA) (GAaCETKH, ONIPEISIICHN OT OKOJIO 3-4 Xuisiid BbpxoBe (3D Toukwm).

5. Ozpyb6seane (,,decimation ) u uzgpuneane (,,subdivision ) (upez MeshLab)
Te3u manumynanuu Ha reCTOTaTa HA Mpeka Ha 3D Momenute (Dur. 48) e HeoOXoaMMA TTPU
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@ur. 48. a) genumanus Ha GaceTKuTe; 0) OpUTHHATIHA PE30IIOIUS; B) U3UHBAaHE HA (aceTKUTE.
6. I'eomempuuna nopmanuzayus (6 MATLAB)
ToBa BKJIFOYBa HOpMAaJIM3AIUS 110 TPAHCHALMs, OpHEeHTaIus U Mamab 3a Bceku 3D mozen.

3.1.4 Kinect xbJI00YNHHN H300paKeHHsI

3a cera He pasnonarame ¢ Kinect 3D nannu 3a yiuTe, mopaad KOETo T reHepupame codry-
epHo — 2D nwpn6ounnHn u3obpaxkenus ot 3D monenure B 3DEarDB, Bux u §3.1.7.

3.1.5 Full HD o6xo0:xaammu BUeOK/JIMIIOBE HA YIIIN

3a OONMIMHCTBOTO OT YIINTE Ca HANPaBEHW BHACOKIMIIOBE C PA3JEIUTENTHA CIIOCOOHOCT
1920x1080, paBHOMEpHO 3acHeTH MO a3uMyT OT -80° 1o +80° upe3 3 XOPU3OHTAIHU OOXOXK-
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naHus (C pa3sInyHa JEKIMHALUS — TOpe, IEHTHhP U JI0Ny) CHPSMO IIEHThpa Ha (HPOHTANHUSA
nsnen. Upes npech3gaBaHeTo Ha MOYTH PEaJIHA CUTyallds HAa 3aCHEMAaHe, TE3U BUJCOKJIUIIOBE
ce sABdBar ,,MocT* Mexny Hamara 3DEarDB u npyrure B/l, u no3BonsiBar KOMOMHUpaHU TecC-
TOBE 3a pa3lo3HaBaHe Ha 2D peanHu BXOJHU NaHHU U CHOTBETHUTE UM 3D moznenn.

3.1.6 2D MHTEH3UTETHH MPOEKIHH

2D uHTeH3UTEeTHUTE NpoeKIuu ce reaepupar B MeshLab cnopen n36pana cxema 3a 3D pora-
s — B 100 mocoku, paBHOMEPHO pas3IpeielieHH CIIPSIMO LIEHThPa Ha TEXKeCTTa Ha YXOTo, T.€.
no 10 geximHammu u 10 a3umyra, paBHOMEpHO M30paHu B mHTepBana (—45° +45°). To3u
Bua 3D mpencraBsHe Ha yIIMTe, HapeueH ,, Muocouszeneono 3D modenupane ., 6eme pazpado-
TEHO 3a HallM eKcrepuMeHTH no 3D pas3mo3HaBaHe Ha YIIM 4pe3 MHOXKECTBO OT TexHU 2D
npoeknuu [ 78]. Umoctpanusa Ha 10 nsymepru (2D) npoekiuu Ha JafeHO yXO, MPOU3BEICHH
oT HeroB TpuMepeH (3D) mozen, ca noka3aHu Ha Qur. 52.

0000000006

@ur. 52. 2D n3o0paxkeHUs OT JaJIeH pell Ha poTalroHHara cxema 3a 3D moxenmpane.

3.1.7 2D nb160YMHHE H300pasKeHUsI

[Tpu renepupaneto Ha 2D apn6ounHHU U300paxkeHus or 3D Mojen Ha yX0, BMECTO UHTEH3H-
TETHU CTOMHOCTH B ABYMEpHaTa MaTpuila Ha U300PaKEHUETO, CE 3aIMCBAT Z-KOOPJAMHATUTE HA
TpumepHute Touku oT 3D mozena (Buwxk ®ur. 53). C uen cpbBMecTUMOCT MexAy 2D nHTEH3u-
TETHUTE TIPOCKIUU U IBIOOYNHHUTE U300PAKEHUS U JBETE MHOXKECTBA M300paKeHUs ca re-
HEpHUpaHU Ype3 eHA U ChIlla CXeMa Ha POTallusl.

29900000¢ ¢

®@ur. 53. Jbn00ourHHN N300pakeHus 1Mo opTorpad)cka MpOeKIus 3a najeHa poramus Ha 3D yxo.

3.1.8 Yeo nocton 1o 3DEarDB

Texymara Bepcust Ha TpuMmepHara 6a3a qaHHu ot ymu 3DEarDB npenctou na 6b1e npenoc-
TaBEHa Ha M3cliefoBaTesckaTa oOIIHOCT 10 OMOMeTpUKa 3a CBOOOIHO TOJI3BaHE 3a aKaJleMuy-
HU ¥ HeKoMepcuaiHu uenu. [logpoOHo onucanue Ha HeWHaTa CTPYKTYpa, BrpajieHu QyHKIUK
U JIpYTU Bb3MOXKHOCTH, KaKTO U JIMIIEH3MOHHO CIIOpa3yMeHue 3a MojI3BaHe Iie ObAar JOCThII-
HU Ha yeO-caiita Ha UMKT-BAH B Haii-ckopo Bpeme.

3.2 TlpeacraBsine Ha 3D o6exTu upe3 pasmupeno I'aycoo usodpa:xkenune (EGI)

Pazmmpenoro INaycoBo m3oOpaxkenune (EGI) mppBonadanno e mpemnoxkeno or B.K.P. Horn
[79], mpe3 1984 1., 3a HEABYCMHUCIICHO MpeCTaBsSHE Ha M3MbKHATa 3D MOBBPXHOCT BHB BUI
Ha XHCTOrpaMa Ha OpUEHTAIMUTE BbPXY cdepa.
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OOuKHOBEHO, MOBBPXHUHATA Ha nafeH 3D moxpen ce mpeacraBs ype3 3D auckpeTHa Mpexa,
ChCTaBEHA OT MHOXECTBO TPUBI'BJIHM (paceTku (BK. Dur. 54a):

T ={T,,..,Ty}, T; CR3, (23)

kpaero N e Oposar Ha dacerkure (TpubrbiaHunute) Ha 3D Moxena, a Bcsika dacerka T; ce
MIPECTaBs ChbC CBOUTE TPHU BhpXa:

Ti={PAi;PBi;PCi},i=1,---,N. (233)

@ur. 54. a) 3D mpexecT (TpuaHrynadeH) Mozen; 6) HOpMaJIHU BEKTOPH KbM (aceTKUTE Ha MOJeIa.

Haii-o6mo ka3zano, EGI npexncrasssnero Ha enHa 3D noBbpXHHMHA IIpEJCTaBIsIBA XUCTOIpaMa
OT BCUYKU HEWHHU opueHTanuu Bbpxy enunuyHa (I'aycoBa) chepa. Ha mpakruka, ["aycoBara
cdepa ChIIO ce MpeAcTaBs B TUCKPETEH BHJ, 3alI0YBAWKH OT UKOCACIbp (MIPABHJIEH MHOTOC-
TeH ¢ 20 TPUBI'BJIHU CTPAHU) HA HAl-HUCKOTO HUBO HA AMCKPETU3ALMS U JOCTUTANKHU JI0 TO-
Mpelr3Ha anpoKcuMaIys Ha cepara Ha cIeBallluTe HUBA, KaTO BCSIKA TPUBI'BIIHA CTPAHA OT
MKocaeIbpa ce pa3duBa peKypcMBHO Ha 4 mo-manku TpubrbiHuka (Our. 55). T.e. B 3aBucH-
MOCT OT U30paHOTO HUBO N HA JUCKpPETH3alMsl, OpoAT Ha TPUBIbIHUTE (PaceTKU Ha cdepara e
paBen Ham = 4"20,n = 0,1, ....

N
RN
R\

4
VAVAVAVA\N
VA AVAVAYA

ZF
V%
7
v,

20 ¢aceTn 80 pacern 320 dacern 1280 ¢acern

®ur. 55. 3D pekypcuBHO pa3duBaHe, O0a3upaHo Ha mkocaeAbp (20-TocTeH) 3a anmpOKCHUMHUpPaHe Ha
cdepa upes 20, 80, 320 u 1280 dacerku.

w
=1
d

A NSNS N
NN

Jexnuuanus 6

AzumyT @

@ur. 56. 2D npencrassHe (110 a3UMYT U ACSKIMHALM) Ha J1a/ieHa allpoKCUMalus Ha cepa upe3 ChoT-
BETHOTO pa3ps3BaHe U pa3rbBaHe Ha 0a30BUs UKOCAEIbP.
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Taka, ciopen opueHTaNMsITa HA HOPMAJTHUS BEKTOP KbM BCsika (aceTka Ha BxonHara 3D mo-
BbpxHHHA (Pur. 540), mromra Ha ¢aceTkara ce akyMyaupa KbM ChOTBETHHS ,,0MH" OT JIUCK-
perHara ['aycoBa cepa (Pur. 57). 3a OuHa KaTO MHACKC € JOCTAaThYHO Ja CE HAMEPH MaKCH-
MyMbT OT BCHYKH CKaJapHU TNPOU3BEICHHS Ha HOPMAJIUTE Ha BXOJHHUS OOCKT M OWH-
Hopmanute Ha cdepara. T.e. Termoto Ha Bceku OuH oT EGI cdepara e paBHO Ha cymapHara
wion] Ha Bcuyku QaceTku oT 3D mozena ¢ MOCOKM Ha HOPMAJIHUTE BEKTOPH, MOMAaIlyd B
MPOCTPAHCTBEHUS BI'bJI, ONpeseneH oT choTBeTHaTa EGI-(haceTka.

be3 orpannyenue Ha OOIIHOCTTA Ha Pa3MICKIAHUATA, OUEBUIHO MOXKEM Ja WHTEpIIpe-
tupame EGI npexacrassuero karo cdepuuna (3D) xucrorpama, a ChII0 U KaTro ChOTBETHATa
2D xuctorpama, Bk dur. 56 u 57.

z
A

Hexnukarust € [—90,90]

y agl i i i i i R i i o
15 1 05 0 05 1 - 198 -180-162-144-126.108 .90 .72 54 .35 18 0 18 3 54 72 90 108 126 144 162 180 19

Asumyt € [0,360]

®@ur. 57. 3D u 2D EGI xuctorpamu 3a HikakBa BxofaHa 3D moBspxHrHA — BEB Beeku EGI OuH ce aky-
MYJIMpa IUIOLITa HA ChOTBETHUTE TPUBI'BJIHUTE (aceTKU OT BXOZA.

3.2.1 AHAJINTHYHO ONMCAHHEe HA METO0/1a 32 MOCTPOsIBaHe HA MKOCaeabp U Heroara 2D
pa3BHBKAa

Tyk e onmcaH mpouechT Ha MOCTPOsIBAaHE HAa MKOcaeabpp U HeroBoTo 2D mpexacrassine. M3uuc-
JsBaT ce KoopAuHATUTE (X,Y,Z) 3a BCEKH BPBX Ha MKOCAEABPA, CIIE]] KOETO ce ImpeodpasyBar
B 2D xoopanHaTH criopes bIIIMTE Ha a3UMyTa U ACKIMHAIMATA 10 choTBeTHUTE 3D BBpXOBE.

3.3 ExkcnepuMeHTaJIHU pe3yjTatd 3a pa3no3HaBaHe Ha EGI xucrorpamm mo
MeTOa HA HAH-0JM3KHA ChCell

Paz6upa ce, EGI npencraBsHeTo € €JHO3HAUHO caMO 3a M3IUI0 M3IMBbKHAIM (WM M3LSIIO0
BITbOHATH) TOBbpXHOCTH. Hue mpunoxuxme EGI 3a u3mbkHano-BI1Tb0HaTH 00EKTH, KAKBUTO
ca yIIuTe, BbIIPEKN OYaKBaHUsATA 3a (HAKaKBa) HeeAHO3HAYHOCT. Ollle B HalllUs MbPBOHAYaIeH
excriepuMeHT (¢ manka BJ[, camo 11 3D mozgena Ha ymm, ®@ur. 59) Geme ycraHOBEHO, e
pasnukuTe Mexay Bceku nBa 3D mozmena Ha ymu (T.e. Ha JABamMa MHAMBHIM) CE€ OKa3Bar
JOCTaThbUHO TOJIEMH, TaKa Y€ HEEeAHO3HAYHOCTTA OT M3M'BKHAJIOCTU W BITHOHATOCTH Ja HE
BJIMSIE BBPXY pa3No3HaBaeMOCTTa, pa3Oupa ce A0 ONpeAeseHH IPaHULM Ha 3allyMsBaHETOo,
KoeTo mpuiarame. Hamero oOsicHeHHe 3a TO3M MO3UTHUBEH EKCIIEPHMEHT €, Y€ YXOTO € Io-
CKOpO TWIOCHK 3D 00eKT.

D 2 D (D L) o O D O

GEBEC e @K’ ve

1 2 3 4 5 6 7 8 10 11

®@ur. 59. [IepBonavannara b/ ot 11 3D Monena ma ymm, ch3ganeHa mpes mai 2014 r.
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Tekymara nen € Ja NOTBBPAMM TO3U MO3UTHBEH E€KCIIEPUMEHT BbpXY Iisyiara HamuuHa BJl,
KaTo caMo 3a mpocTora (IeJOYNCIICHOCT Ha pe3yntarute B %, Tabm. 16) pasmiexmaame TOUHO
100 ot 3D monenure B 3DEarDB.

Taka, HUe n3noNI3BaMe pasimupeHoTo ['aycoBo u3zoOpakeHue, kato Obp3, yA00eH U 10CTa-
THUYHO JUCKPUMHUHATHBEH MOJXO0A 3a MpeACcTaBIHeTo Ha 3D 00eKTH B IMCKPETHUS Clydaii (T.e.
3acHeTH 4ype3 3D ckeHep) BbB BUJ Ha XUCTOTpama OT OPUEHTAIIMUTE Ha HOPMAJHUTE BEKTOPU
Ha BXOAHMA 00EKT BbpXY (equHuyHa) cdepa. Ha mpakruka, Hue pabotum cbe choTBeTHaTa 1D
XHCTOTpama, MoJiyueHa upe3 onpesesieHo ooxoxiane Ha OuHosere Ha 3D xucrorpamara.

Hammst noka3arencTBeH eKCIIepUMEHT ¢€ ChbCTOU B CIIEAHOTO:

Ilvpeo: 3a Bcsko yxo B B/l ce moctposia cborBeTHOTO My EGI mipencrassine (Buxk §3.2).
3a UMUTHpaAHE HA MO-pEAIHU YCIOBUS HAa EKCIIEPHUMEHTA yuiume ce 3auyMaéam aoumusHo,
MIpelu Ja ce U3IMOI3BAT 3a TeCTBaHE Ha pa3MO3HaBAEMOCTTa (MIPU CPAaBHEHUETO UM C UCalIHH-
te 3D ymm or 3DEarDB). To3u mym € BbBEJIEH 3a CUMYJIMpPaHe Ha pa3inyHa (II0-HUCKA) OT
nexnapupanara TogHoct (0.05 mm) Ha 3D ckeHepa. 3a Ta3u meNl ce reHepupa paBHOMEPEH
myM B choTBeTHUTE HHTepBanu (+0.05 mm), ..., (£0.4 mm), koiiTo ce 100aBsi KbM BCAKa OT
koopauHatute (X, Y, Z) Ha BbpXOBeTe Ha cKaHUpaHus 00ekT (Pur. 60a). 3abens3Ba ce, ye npu
MO-BHCOKM HUBa Ha myma, EGI xucrorpamara Ha AaieHO yXO 3amoyBa Jia ce ,,pa3MuBa’ u
yeIHaKBABA, T.C. ry6H OT CBOSITa TUCKpUMHUHATUBHOCT (Dwur. 600).

7 /
//7! /{ ;‘

\ D) s g\_\"‘f ¢
\, AN \Ad
\ ; 2 N \ ogten ¢ ;
[0.0, 0.0] [-0.1, 0.1] [-0.2,0.2] [-0.3,0.3] [-0.4,0.4] [-0.5, 0.5]
[0.0, 0.0] [-0.1,0.1] [-0.2,0.2] [-0.3,0.3] [-0.4, 0.4] [-0.5, 0.5]

®ur. 60. a) 3amymMeH MoieT Ha yXO C PaBHOMEpPEH IIyM B JIQJICH WHTEpBal, J00aBEH KbM BCSKa
(x,y,z) xoopaunarta; 0) ceorBetHuTe 3D EGI XucTorpamu Ha 3alyMeHHUTE YIITH.

Bmopo: 3a uzuncnaBane Ha nodobuemo medxncoy EGI xucmoepamume (Ha BXOTHUTE 3a-
rymeHu moaenu ot bJ[ cipsmo Te3u Ha uneannute monenu B bJI) usnonzBame cienHuTe aBe
T€OMETPHYHH OIEHKH C eI — OTpeessiHe, KOsl € MO-YCTOHYNBara 3a ChOTBETHOTO HHBO Ha
IIyM TP Pa3No3HABAHETO:

e EBKINMIOBO pa3CTOSHHUE:

E, = XM, (M; — S)?; (25a)

e Bray-Curtis pascrosinuero [80]:
_ Xty M= s 256
Epc = ﬁ1(Mi+5i)’OSEBCS1’ (220)

KbJeTO M; U S; ChOTBETHUTE OMHOBE OT CPaBHIBAHUTE XUCTOrPaMH (HA MOJIEIa M Ha BXOTHUSI
obexr), i = 1,2 ...m; m = 20, 80, 320, 1280, Bmwx Taoi. 16.
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Tpemo: Cnen wzumcisBaHe Ha pasctosHusaTa Mexay EGI xucrorpammre Ha BcHUYKH
BXOJIHU 3allTyMEHH YIIIM ¢ BCUYKH HaeanHu moaenu oT b/ (Bmwk ®wur. 61), kracuguxayusma
ce M3BBPIIBA Ype3 MPOCTUS U Obp3 KIACHPHUKATOP ,,n0 Hau-Onuzkus cvced”. To3u mMeToxn 3a
kjacuuKalus € JOCTaTbYHO HAJEeXKJEH B HaIMS CIIyYaii, 3aIl0TO 3HA€M pa3lpe/elICHHEeTO
Ha KJIaCOBEe, KBbJIETO BCEKH MOJIEJI Ha yXO CE pasmiexia Karo HEeHThpP Ha Kiac, T.e. umame 100
KJlaca. 32 BCEKM LIGHTBHP Ha KJac Ce TeHepHpaT U3KYCTBEHO JIOCTarbyeH Opoil morpeuHu
(3aIIymMeHM) BEpCHUHU, C KOETO CIECTSIBAME 3HAUUTEIHHS YOBEHIKM M KOMIIOTBPEH Pecypc,
He00XOTUM 32 CbOTBETHUTE PEATHU EKCIIEPUMEHTH.

®@ur. 61. CpaBHEeHHE OT THIIA ,,BCAKO-C-BCSIKO® HA BXOJHUTE 3aITyMEHU MOJEIH HA YU C UICaTHUTE
monenu ot 3DEarDB 3a cwhorBeTHara pesomronus Ha ckanupane (0.5 mm, 1.0 mm u 1.4 mm), u
choTBeTHaTa anpokcuMarst Ha EGI npencrassirero (20, 80, 320 u 1280).

OueBuAHO, MPU HAKAKBO JIOCTaThUHO BUCOKO HUBO Ha BXOAHUS 11yM, B/l mie 3anoune aa rpe-
. IlenTa Ha npeasiokeHus TyK MoaxoA (OT TUMa ,,BCEKU-KbM-BCEKH’’) 3@ TECTBAHE Ha Hallla-
ta 3DEarDB e na ce oniern MakCMMaIHO JOMyCTHMAaTa CTOMHOCT Ha BXOIHUS IIyM A, ¢ KOETO
KOCBEHO JIa C€ OIEHHU U MPHUTOTHOCTTA Ha m3noi3Banus 3D ckenep 3a Habupane Ha 3D mogme-
JIM Ha OOEKTH OT JIaJIeH THII, B HAILIUS CIy4aid — YOBEIKH YIIH.

Ha npakrtuka, 3a 1a O1ieHUM ,,[TOBEJCHUETO” Ha ONMTUMAaTHATa (JOIMyCTUMaTa MaKCUMall-
Ha) cTOMHOCT Ha A, Bk u Tabn. 16, Hue BaprpaMe OCHOBHHUTE MapaMeTpH Ha eKCIIepUMEHTa
— 3a ABara Buja pasctosHue (25a) u (256), 3a 4 nocnenosarennu HuBa Ha EGI nuckperusa-
uus (20, 80, 320 u 1280 ¢acerku) u 3a 3 paznuynu pesontounn Ha 3D monenure: 1.0 mm e
opuruHaiHara pesomtous, a 0.5 mm (4 oty noseve dpacerkn) u 1.4 mm (2 IbTU MO-MATKO
(daceTrkn) ca coPpTyepHO MPEU3UUCIECHU PE3ONIONUU OT opurnHanHara (B CThhka S5 B
§3.1.3). CpmieBpeMeHHO, BapHalMUTe 3a A opraHu3upaMe 1o MPUHIINIA ,,yBeTudaBame A 10
II'BPBO CpelIaHe Ha IPENIHO pa3lo3HaBaHe™, IUTFOC HIKOJIKO, IPUMEPHO 2, ONUTa HAOKOJIO.

Taka, mopaau yBepeHOCTTa, Ye MOBBPXHOCTTA HA YXOTO € JIOCTaThbUHO IMPELH3eH HJICH-
tuduxarop Ha uHaueuaa (I'masa 1, §1.2.9) u nopanu nexiaapupaHara TOYHOCT Ha M3IOJ3Ba-
nus 3D ckenep (I'mama 3, §3.1), nue pasmexaame 3DEarDB karo ,,mamer” Ha Beue oOyueH
(100 xmaca, Bcexkn 3D moxmen e meHTHp Ha Kiac) Kiacu(UKaTop OT THIIA ,,HAW-OJM3KUS Ch-
cen”, MpH JajieHa NeUHHINSA 3a pa3cTosHue, HanpumMep (25a), (256) wim apyro [42]. A us-
MoJI3BaHaTa OT Hac (eAMHCTBEHA U JIOCTaTbyHa B HaIUs ciydail) xapaktepuctuka TRR (True
Recognition Rate) 3a ornjeHka Ha pa3no3HaBaEMOCTTa MOXeE Jla C€ M3pa3u C MOIyJsipHaTa Ha-
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s 20.

Opoii MPaBIIIHO pa3IIO3HATH U3X0AH (TIO3UTHBHH M HETaTHUBHH )

TRR = - = accuracy. (26)
Opoii eKCIIepUMEHTH
Taéauna 16. EGI pesynraru ot pasnosnasanero: True Recognition Rate (TRR).
TRR [%] 0.5 mm pesomronus (mpe- | 1.0 mm 3D pesonronust Ha | 1.4 mm pe3osronus (Tipe-

M3YHCIIeHa MO-BUCOKa pe3.) | ckaHupaHe (opurvHaiHa) | m3dmcieHa mo-HUCKa pes.)

mrym [mm] 2t | 0.05 | 0.10 | 0.15 ] 010 | 020 | 0.30 | 0.20 | 0.30 | 0.40

~% mwmpuna | 016 | 031 | 047 | 031 | 062 | 093 | 0.62 | 0.93 | 1.24

~% Bucounna | 0.10 | 0.20 | 0.30 | 0.20 | 0.40 | 0.60 | 0.40 | 0.60 | 0.80

~ % nwesibounnal 0.38 | 0./6 | 1.14 | 0./6 | 152 | 227 | 152 | 2.27 | 3.03

E; 100 98 70 100 98 70 99 90 63

o &

~ B Esc | 100 | 100 | 92 | 100 | 100 | 89 | 100 | 99 80
o E| E, | 100 | 93 17 | 100 | 92 16 | 100 | 88 40
© & Esc | 200 | 100 | 67 | 200 | 200 | 70 | 100 | 100 | 80
S g E, | 100 | 84 25 | 100 | 83 27 | 100 80 44
“ S| Egc | 100 | 100 | 80 | 1200 | 100 | 66 | 100 | 100 | 80
3 g E, | 100 | 63 13 | 100 | 52 16 | 100 | 56 30
— &

Esc 100 100 62 100 95 48 100 96 78

3.3.1 AHaau3 HA eKCTIEPUMEHTAJIHUTE Pe3yaTaTu

[IpoBenenute excriepumentu BbpXy Tekymara 3DEarDB (ot 100 3D monena Ha yim)
MOTBBPIKIaBaT BH3MOXKHOCTTA 32 u3nonBane Ha EGI mpejcraBsHeTo 3a HEABYCMUCIICHA
uaeHTH(UKAIMS Ha YIIIH, HE3aBUCUMO Y€ TSIXHATa MOBbPXHUHA € ChCTaBeHa OT KOMOMHA-
U MeXKy M3IIBbKHAIM U BIIBOHaTH 001acTu. ToBa ce MOTBBpIKIAaBa OT PE3yITAaTUTE 3a
W3CIie/IBAHUTE TPAHUIIM Ha 3alllyMsiBaHEe, KOUTO HA/IBHILABAT JCKJIapUpaHaTa Mperru3HOCT
or 0.05 mm na 3D ckenepa VIUscan, Bux Haii-nmeBute KojoHH Ha Tabm. 16, kbaero
TRR = 100% 3a Bcsika OT TpUTE EKCIEPUMEHTHPAHN PE3OTIOLIMH.

Kakro ce owakBa, 6a3upailki ce Ha MPEAUIITHU eKcriepuMeHTH Bbpxy b/l ot 11 ymmu,
Bray-Curtis paszcrosauero (Egc) € MO-ycTONYMBO 32 CHOTBETHOTO HHBO Ha IIyM OT EBK-
TUI0BOTO pasctosiHue (E,), B pe3yaTaT Ha KOETOo ce mocTura mo-sucok TRR.

3a ocrananute pesynraru, npu kouto TRR < 100%, ce nabmonasa eauH ,,(eHOMEH —
MIPY HUBO HA IIyMa MO-BUCOKO OT TPaHUYHOTO (BMXK CPEIHUTE U Hal-IeCHUTE KOJIOHU OT
Tabn. 16) ce nabmonasa HeouakBaH cnag Ha TRR mpu nonoOpsisane Ha EGI nmpencrassi-
HeTo (20 — 80 — 320 — 1280) win Ha pe3onronusra Ha ckanupaHe (0.5 « 1.0 « 1.4)
3a ChOTBETHUTE HHUBA Ha 3alTyMsIBaHE.

[Topaan HEOOXOMMMOCTTa 3a pabdoTa Ha aJTOPHUTHMA 3a Pa3MO3HABAHE HA YU B PeajHO
BpeMe, CH CTpyBa Jia ce 00bpHE MO-CEPUO3HO BHUMAaHUE HAa CTIOMEHATus ,,()eHOMEeH ", 3a-
II0TO HaMaJISIBAHETO Ha TeOMETpPHYHATa pe3ororus Ha 3D ckaHupaHEeTo M HaMaJIIBAaHETO
Ha crnokHocTTa Ha EGI mpencraBsHeTo ca HEOOXOAMMH MPEANOCTABKH 3a paboTaTa B pe-
AITHO BpeMe.

2 https://en.wikipedia.org/wiki/Confusion matrix

21
3a

CbBMCCTHUMOCT C ApYyru (6L,HCHII/I) CKCIICPUMCEHTH, UHTEPBAJIUTE Ha 3alllyMsABaHC Ca U3PA3C€HU B IPOLCHTHU

OT CPeAHUTE pa3MepH Ha YIIUTE, CIOpPEe/ COOCTBEHUTE CTOMHOCTH Ha IVIABHUTE OCH Ha OOXBAIIAIINS SJIUTICON:
mmpuHa (32.3 mm mo OXx), Bucounna (50.3 mm no Oy), xpndounna (13.2 mm mo 0z).

Aemopegepamu na oucepmauuu 2 (2016) 19-64


https://en.wikipedia.org/wiki/Confusion_matrix

55 ArtaHac Hukonos

3.4 Pa3no3HaBaHe Ha YIIU 4pe3 moaxona ,,Muorousmieano 3D moneanpane

©6 6
o

TpumepHoTo pasnosznaBane Ha 3D obOekTu upe3 T.Hap.
nonxop ,,Muocouzeneono 3D mooderupane* (BUXK U
§3.1.6) ce 6a3upa Ha opurunHanen CBIR merox 3a ngoc-
oI 10 BJ] ¢ npenenentu [81]. Paspaborkara, aBTOPCKO
neno Ha jgou. n-p Jdumo JluMoB, € TecTBaHa B HEroBara
excriepumenTanna copryepra cpena — EFCIOR (Effec-
tive and Fast Content based Image or Object Retrieval),
CBILIO PE3YJITAaT HA IBJITOTOJUIIHUTE MY U3CIICABAHUS B
obnacrra. CpimectBena ocodenoct Ha EFCIOR e neii-
HOTO OBP30/EHCTBUE, T.€. IOTEHIIMATHA Bb3MOXKHOCT 3a 3
paboTta B ,,peaHO Bpeme™, 3aII0TO BPEMETO 3a CpaBHE-

HHC Ha BXOJAHOTO M300pa)keHNEe C BCHYKH 3auch OT b/l @ur. 62. Panomepun 2D npoexuun,
¢ u300paxeHnus e ot nopsiabka Ha t.log, N, kpaero N € ussieyenn or 3D Mozesa Ha AACHOTO
pa3mepsT Ha B/l (B Opoii nu3obpaxenus), a t € cpeaIHOTO yxo Ha kojera or UMKT.
BpeMe 3a noctei 40 HDD nHa kommrorspa.

Bpnb3kara Ha cucremara EFCIOR ¢ u3cnensanusita mo aucepranusita (Bux Pwur. 2) ce
CHhCTOM B MPAKTUYCCKOTO M3IOJI3BAHE HA €IWH OT Bh3MOXKHUTE M3XOMHU Gopmaru (2D mpo-
eKLMU Ha ylu) B ch3faaeHara MHoromoznenHa 3DEarDB (Buwx § 3.1) 3a pasno3HaBaHe Ha
nuvHOCTTA 1Mo gopmara Ha ymute. [IpoBenenute excriepumentu ¢ Manka bJl (¢ mpoeknuuTe
Ha 3D moznenu Ha ymm Ha 10 pasnuunu auuHOCTH) [ 78], mokmnagsar 3a mocturHat TRR ~ 97-
98%, K0eTo ce cMsTa 32 MHOTO 00eIaBailo 3a OBbACHIOTO Pa3BUTHE HA METO/A, IPEICTABUTE-
JIeH 3a obnacrTa ,,0T 2D xbM 3D Grmomerpuka“.

Nl

prooN

3.5 O6emaBamu Mmetoau 3a 3D peKOHCTPYKIUSI HA 00EKTH B PeaiHO Bpeme 3a
HeJMTe HA Pa3MO3HABAHETO MO YU

Haii-HoBu pa3zpaboTku B obsactta Ha 3D pexkoHCTpyKIMATa Ha OOEKTH M CLIEHH Osixa JToKIal-
BaHU Ha MEXIyHapoJHO JiATHO yumiuiie no KommntorspHo 3penue (ICVSS’15), nposeaeno Ha
12-18.07.2015 r. B rp. Cammnuepu, Curimusi, Mtamus. Tam 0sxa 1eMOHCTpUpPAaHU BB3MOKHOC-
THTE Ha BapUallMOHHUTE MeTonu 3a 3D pekoHcTpykiums: (i) ot crepeo nzodpaxkenus [82]; (ii)
ot MHoro u3riean [83]; (iii) Ha auHamuvHU cuieHu [84]; (iv) Ha TUTBTHH CLICHH B PEalTHO Bpe-
Mme (24 fps 3a pesomronus 480x360 nukcena) [85]; (v) Ha ciienu B ronsm maiad [86]; (vi) Ha
CIICHH B peasHO BpeMe, 3aCHETH OT JBHKell ce aBToMoOm [87]. be cmomenara u cucremara
“CopyMe3D “ 3a 3D Mmonenupane Ha 00EKTH B peasiHO Bpeme, paboremia Ha PC ¢ momoinra Ha
Kinect mpnbounnen cen3op [88], kpeTo ckaHMpaHEeTO Ha 0OekTa oTHema okojo 10 cek. (3a
300 xagbpa), 1oKaro MmbJHATa 00pabOTKAa M M3BEKAAHETO Ha pe3ylrara TUIUYHO OTHEMar
oxorno 1 muH. Ha PC ot cpenen kiac. beme qeMoHCTprpaHo U MOzeIHpaHe Ha TPajioBe B pe-
anmHo Bpeme (30 fps) ot Buneo kiumm, upe3 GPU ummnemenranus Ha PC [89]. [Ipencrasena e
1 pa3paboTka 3a npeBpbiaHeTo Ha MoomTHUTE Tenedonu B 3D ckenepu [90], ¢ mpuioxeHue
KBbM 3aCHEMaHe Ha KYJITypHO HacleJICTBO, uiesta Ha 3D cendwura u ap.

[Topagn HemocTmxumusi OyM B obnacTTa Ha miIbTHarta 3D peKOHCTPYKIUS Ha O0EKTH U
ClieHH, paborema B peaidHo Bpeme Ha PC u nopu Ha MOOMIHU TenedoHH, pa3pabOTBAHUAT
MeTon, 0a3upaH Ha CTepeo3peHHe, 3a ONpENeNsTHe Ha TBJIOOYMHA J0 OMPENEICHU TOYKH OT
obextn [91], MopanmHO ocTaps W He Oelle JOpa3BUT B PaMKHUTE Ha TeKyllaTa TUcepTalus.
CriomMeHaBaMe TO BBB Bph3ka ¢ 3D peKOHCTPYKIUATA HA YIITU OT 0OX0XK /1Al BUCOKIIHI (BUXK.
@ur. 2). B ta3u BpB3Ka, 0COOEH MHTEpeC NpeacTaBisBa MoOmIHara cucrema [92] 3a 3D pe-
KOHCTPYKIIHS Ha JIUIIA OT BUACOKIIHI C KOHKPETHO MpuiIokeHne B Onomerpukara (dur. 68).

2 EFCIOR MeToIbT He € pa3paboTeH B paMKUTE Ha TEKyIIaTa AUCEPTAINs, HO ce pa3Iiiekaa BB Bpb3ka ¢ 3DEarDB.
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@ur. 68. 3D pexoHCTpYKIHA Ha (PU3MOHOMUH, 3aCHETH 4pe3 mpemaHara kamepa (0.3 Meramnukcena) Ha
Google Nexus S cmaptdon: a) MHOromsmieaHa 3D peKOHCTPYKIMS Ha JIHIE; 0) JETEKIMs U CerMEeHTa-
s Ha yum ot 3D npodun Ha nue.

Jlpyr eBeHTyaJleH TIO/IXO]l 3a pa3lio3HaBaHe Ha yiu B KoHTekcTa Ha EGI moaxona ca meronu-
Te, Oazupanu Ha ¢poromeTpudHo crepeo [93, 94, 95], kpuero ce Bb3cTaHOBSBAaT 3D HOpMAaITH-
Te KbM 2D KoOpIMHATUTE HA JaJIeHO u300paxeHue. M3BeCTHO €, ue 3a HEeIByCMUCIICHOTO OIl-
penensHe Ha HOPMAJIHMTE ca HEOOXOAMMH MOHE 3 CTaTUYHHU (CHBIANAIIN) U300paKCHHSI, 3aC-
HETH C OCBETJIICHHE OT Pa3JIMvHa IVIeJHA TOYKa, KOeTO TpsiOBa aa Ob/e SICHO J1e(UHUPAHO KAaTo
MMOCOKA ¥ MHTEH3UTET. B Ta3u Bph3ka (POTOMETPHUHOTO CTEPEO) CHIIECTBYBA M Pa3pabOTCHO
MobuHO mpuinoxenue 3a Apple iPhone u iPad, napeueno Trimensional 2 3a rpy6a 3D pe-
KOHCTPYKIHs Ha 00ekTH (pusnoHomun). MetoasT cb3naBa 3D mMozmenu upe3 ocBeTsiBaHE Ha
¢dbusznoHomusTa (Ha ThMHO), Ha Pa3CTOSTHUE OKOJIO 20 CM, OT PA3JIMYHU MO3HIIUU YpE3 Brpajie-
HU CBETOAHMONM B €KpaHa Ha YCTPOMCTBOTO U CHHXPOHHO 3aCHEMaHe upe3 MpeaHara Kamepa.
Henocrarbk Ha MOAXOMUTE, U3MOJ3BAIIM IPHHIUIUTE HA (POTOMETPUYHOTO CTEPEO, € He-
00XOIMMOCTTa OT Mpenr3Ha WHPOPMAIHs 3a W3TOYHHWKA Ha CBETIMHA, KAKTO M HEBH3MOXK-
HOCTTa 3a paboTa Ha JIHEBHA CBETNIMHA. EUH mo-npakTiyueH noaxon Ou Ol Bh3CTAaHOBSIBAHE
Ha JKEJaHWTE HOPMAIHM OT €IWHCTBEHO M300paXCHHE, KOUTO IIE CE M3IOJI3BAT 3a BXOI KbM
EGI merona 3a pa3no3naBaHe. TakaBa uaes ChII0 € MPEAMET Ha MO-3abJI0O0YEHH ObIeIIN
M3CJIEIBAaHHS — TCOPETUYHHST MOZIET € Pa3padOTeH, HO MPEACTON Aa ObJe EKCIIEPUMEHTHPAH.

3.6 3akirouenue u uaeu 3a Obaema padora

B texymara I'maBa 3 ot aucepranusita e onucana Hamara MHoromozaenHa b/ ot ymu, Hape-
yeHa 3DEarDB, cv6pana B MIMKT-BAH. Ts e cbcTaBeHa OT pa3iMyHM ChOTBETCTBAIU CH
MHOKECTBA OT NpPEJCTaBsIHUSA Ha ymuTe Ha mosede oT 100 muyHOCTH (IVIaBHO KOJIETH OT
BAH), nponyuupanu upe3 pa3IuuHu YCTpoiicTBa 3a 3acHeMaHe: 3D mazepen ckenep, Kinect
ceH3op (3a 6voewa paboma) n uudpona dorokamepa. 3DEarDB ce omiinuaBa oT u3BeCTHUTE
nofo6Hu BJ[ cbe cBosTa MBIHOTA OT PAa3IMYHU M3XOAHU (opMaTH Ha 3acHeTute ymu: 3D
TpUAHTyJAauyHu Mozaenu, 2D npnbounHan n3obpaxenus, 2D Bugeokaunose, 2D UHTEH3UTETHU
npoekiun. [lo tasu npuunna, 3DEarDB 6u Morna na Obs1e nones3Ha 3a o0IHOCTTa O OHo-
METpHKA 32 CPaBHUTEIICH aHAJIM3 Ha TOJSIMOTO paszHooOpasue oT 2D/3D momxoau 3a pas3mos-
HaBaHe, KaKTO ¥ HOBM TakuBa, 0azupanu Ha 3D nHopmarusaTa OT TPHAHTYIauHUTE MOIEIIH.

Pesynrarure ot mpoBefeHHUTe ekcriepuMeHTH Bbpxy cooctBeHara b or 100 3D monena
Ha yui (3DEarDB) notbprkaBar Bb3MOXKHOCTTA 3a U3I0JI3BaHe Ha KOHBeHIMOHanHus EGI
JICCKPHUIITOP 32 HEJBYCMHUCIICHA WICHTH(UKAIMS HA yiiH (HE3aBUCHMO Y€ TAXHATa MOBBPX-
HUHA HE € M3IUI0 M3ITbKHAJIA), KOETO MOXKEM Jia O0sICHUM C (pakTa, ye YIIUTE ca MO-CKOpO
wiocku 3D obekrtu. Pasmienana e Bpp3kara ¢ EFCIOR cucremara B KOHTEKCTa Ha pasro3Ha-
BaHETO Ha 00eKTH (YIIM) [0 MHOXKECTBO OT TeXHHU 2D mpoekuuu (€AuH OT U3XOAHUTE Gopma-
TH Ha MHOTOMOozenHaTa 3DEarDB), kato enquH Obp3 U IIyMOYCTOWYHB METO/.

2 http://www.trimensional.com/
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3akJIoueHue

Pe3iome Ha MOCTUTHATOTO U MAeH 32 Objaema padora

[Ipennoxen e HOB edekTuBeH U pobdacteH codryepeH metox 3a 2D BuaeocTabuiIu3anus mo
IV1aJKa TPAeKTOpHs, MOAXOAL] 3a paboTa B pealHO BpeMe Ha MPEHOCUMH YCTpoicTBa (BHXK
I'maga 2, §2.1). Tyk cpmectBeHo ce emynupa BSC unnbst Ha Texas Instruments 3a ThpceHe Ha
SAD kopenanuu MeXay ChbOTBETHUTE XOPU30HTAIHU M BEPTUKAIHM 1D akymynupaiiu mpo-
eKIIUM MEXIy J1Ba Kaabpa. MeTtoapT e 06a3upaH Ha Iperu3eH BEKTOPEH MOJEN, MMO3BOJISBAIL
HapacTBalll 110 CJIOKHOCT MHTEpIpEeTalMyd Ha JBM)KEHHETO, OT TBBPIOTEJHU MOJEIU Ha
TpaHchopmanus MeX1y KaJpure — 10 Mojaenu Ha ‘‘rolling shutter” edekra, XapakTepeH 3a
OOJIIIMHCTBOTO MOPTAaTUBHU YCTPOMCTBA Kato ,,yMHU " TesnedoHu, Tadbnetu u ap. V3BppiieHu-
T€ eKCIIEPUMEHTAJIHU M3CJIEIBAaHUS BbPXY MHOXKECTBO BUIEOKJIMIIOBE C pa3jMyHa CTEIEH Ha
MOTpEeTBaHe JOKa3BaT €(PEeKTUBHOCTTA HA MPEUIOKEHUTE AITOPUTMHU B 3aBUCUMOCT OT ThpCe-
HOTO Obp30/eicTBHE (BKIIOUBAHKN U BpEMEHATa Ha BHHIIHUTE 32 METOIUTE OIEpaluu), Koe-
T0 Bapupa oT 18 no 24 fps (Bux Inasa 2, §2.1.5). 3a ObaemoTo pa3BuTHE HA METO/A CE MPE-
BIK/Ia U3IIOJ3BAHETO MY (3a MoJ00psBaHE Ha TOYHOCTTA), CUHXPOHU3UPAHO ChC CHCTEMara
OT HMHEPLMAJIHU CEH30pH, BIPAJCHU B CHOTBETHOTO MOPTATUBHO YCTPOICTBO, HA KOUTO C€
pas3uuTa 3a eHa e(eKTUBHA XapaAyepHa BUACOCTAOUIN3aLIUA.

Pazpaboren e komOunupan metox “3x30F9x9”, npenHa3HavyeH 3a BUICOCTAOUIN3AINS B
,,TOUKa“ Ha BUJEOKJIUIIOBE OT BUCOKOCKOPOCTHU MHAYCTpUAIHU Kamepu (Brxk [aBa 2, §2.2).
Ilenta Ha MeToZa € OCUTYPSIBAHETO Ha cTaTU4yeH (POH, HEOOXOAUM 3a MPOBEXKJAHETO HA KO-
PEKTHU U3MEPBAHUS Ha OINpPEAEICHU XapaKTEPUCTUKU HA JUHAMUYHHUTE OOEKTU BbB BUICOK-
muna. [IpennoxeHusT KOMOMHUpPAH IMOIXOJ C JETEKUUs U OTCTpaHsABaHE HA IOABMIKHUTE
OOEKTH B CIIEHAaTa € eKCIIEPUMEHTHPAH YCIICIIHO BbpPXY MyOIUYHH U COOCTBEHH BHJICOKIIUIIO-
BE U CE OTJIMYaBa C JOCTaTbYHO OBP30ACHCTBUE U MPELU3HOCT Ha cTabuiau3anuara. Xapak-
TEpHUAT e(eKT Ha ,,[IBJI3EHE Ha CIEHaTa’’, KOUTO € HaJIMIe TOPH U MPHU KOMEPCHATHHUTE CO (-
TYepHHU pelleHus, € peayuupan 1o nox 1% ot pazmepa (640x480 nukcena) Ha KagpuTe, T0Ka-
TO YHCTOTO BpEME 3a M3MbJIHEHUE Ha anropuTbma € B pamkute Ha 30 fps. bpaemoro ycbBbp-
IIEHCTBaHE Ha METoJa Ie ObJie HACOUEeHO KbM pa3pabOTBaHETO Ha Mo-e()eKTHBHA CerMeHTa-
1[1s 32 OTCTPaHsIBaHE HA BIMSHUETO Ha TOJEMHU MOJBUKHU OOEKTH B 3aCHEMaHaTa CIICHa.

[TpeanoxeH € OTHOCUTEIHO MPOCT U Obp3 (MpeBua paboTa B pealHoO BpeMe) allfOPUTHM
3a JIOKaJM3HMpaHe Ha MPEeIBAPUTENIHO M3BECTHU PEKJIAMHU BUACOKIUIIOBE WM MPOU3BOJIHU
gacTu oT T4X B TV Buaeonorok. CbIIHOCTTA HA aITOPUTHMA CE€ ChCTOU B PA3/IENIIHE HA BUJIE-
OKJIMTIOBETE Ha MOCJIEIOBATEIIHOCT OT CIIEHU (Cropes] Hammara 1e(QpuHUIMS 3a CIIeHa) U TIpeJic-
TaBSHETO MM KaTO KpalHM peIuIM OT LENU YWCIIa, MPEICTaBIsABAIIM MPOIBIDKUTETHOCTTA
(T.e. ApIKMHATA B Opoil kKaapu) Ha Besika ciieHa. [1o To3u HauuH u3NoN3BaMe CpaBHEHUE Ha
KpailHM LIeJIOUMCIIEHN PEIMIIM BMECTO CpaBHeHHE Ha mocinenoBarenHocTd ot JPEG nzobpa-
xeHus (kazpu) oT TV moroka M NOTEHUMATHUTE KaHAWJATH OT MHOXKECTBOTO Ha PEKJIIAMHUTE
BUIeOKIMNOBE. T.e. KOHBEHIIMOHATHOTO 2D cpaBHEHHE Kadbp-no-Kadvp ce 3aMeHs ChC CpaB-
HEHUETO Ha ObIHCUHA-NO-ObIIXCUHA HA CLIEHU U CaMO TIPH ,,[T0JIO3PUTETHUTE" CLIEHU U3BBPII-
BaMe€ IOKaJpOBU CPaBHEHUs, OT TUIA ,,6AHO-KbM-MHOro*“. To3u aJropuTbM H3UCKBA MHOIO
nmo-Majabk Opoii 2D mokaapoBu cpaBHEHUS (CIPSAMO IPYTUTE pa3lIeJaHUTE METOAM), KOETO €
CBILIECTBEHO MPEIMMCTBO B CIIydauTe Ha 3HAYMTENeH Opoit pekiamu 3a TbpceHe B TV noroka.
Pa3paborena e muoromonennara b/l (3DEarDB), cbabpikaiia pa3nuyHu ChbOTBETCTBALIU CU
MOJIETTHH TIPEJCTaBsIHUA OT M3XOAHU (opMmaTH Ha ymurte Ha ~ 100 unauBuan (Bux Inasa 3,
§3.1). 3DEarDB e npenna3nadena 3a HayqHaTa OOITHOCT MO pa3lo3HaBaHe Ha YIIU C eI TeC-
TBAaHE U CPAaBHEHUE HA TOYHOCTTA HA AJITOPUTMUTE BHPXY PA3IMUHU Bb3MOXKHH CLIEHAPUH — OT
uealHus ciy4yail Ha npenunseH (1 cratudeH) 3D mMozaen 10 no-pealucTUYHUS (U TUHAMUYEH)
ciyyait Ha 2D Buneoxsum, u 1o otaennu 2D uzo0paxenus. [Ipenusnocrra Ha HamuuHuTe 3D
MOJIEJIM Ha YU C€ IBJDKU Ha u3noi3BaHeTo Ha 3D mazepuus ckenep Ha MMKT, ¢ 1 mm pe3o-
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JIOLMS Ha CKaHUpaHe Mexay cbeenHute 3D touku u ¢ TouHoct oT 0.05 mm 3a Besika 3D tou-
ka. [IpenumctBoTO Ha 3DEarDB cnpsimo nmyonuuno uszBectaute bl ot 2D/3D nzobpakenus
Ha YOBEILIKU YIIHM CE CbCTOM B HAJMYMETO HA MPEUU3HU MpexecTu (Tpuanryiaadynu) 3D mone-
JIY HAa Y1, a He caMo Ibi100unHHU 2D n3o0pakeHus, KakTO U B KOHCUCTEHTHOTO ChOTBETCT-
BUE MEXIy MHOXKecTBOTO 0T 2D 1 3D m3xonnu dopmaru. IIpoBeneHnuTe ekciepuMeHTH (Bbp-
xy 3DEarDB cbc 100 3D Monena Ha yIm) NOTBbpPXKAaBaT Bb3MOXKHOCTTA 3a HEJBYCMHCIICHO-
TO pasno3HaBaHe Ha ymuTe (OMACHKH He W3IS0 U3IbKHAIM OOCKTH) Ype3 U3IOJI3BAHETO Ha
koHBeHIIMOHANHUS EGI neckpunTop 3a TAXHOTO MpeACTaBsiHE BbB BUJ Ha XUCTOrpamu. bb-
aemara paboTa TyK € HacoueHa KbM pa3pabOTBAaHETO M €KCIIEPUMEHTHPAHETO Ha eaHa (oto-
MeTpuyHa uzes 3a 3D pasno3naBane Ha ymu (upe3 EGI meroma), Ho mo eguHcTBeHO 2D
n300paXkeHHe, 4Ype3 BH3CTAHOBSBAHE HAa PEAIHUTE HOPMAJIHM BEKTOPH KbM 3acHeTus 3D
00EKT.

ABTOpCKa ClipaBKa 3a IIPUHOCUTE B JUCEPTALIUATA

v' Hayunu npuHOCH

1. Pazpaboren e opuruHasieH BektopeH mozaen “NxN” (N>3, neuetHo) 3a mpenacraBsHe Ha
CIIy4aifHU JIMHEHHU TpaHchopMaluyu MEXKIY MOCIeI0BaTeTHUTE KaApu OT BUACOIOTOK, C
n300p ¥ HacTpoOIiKa 3a CII0KHOCTTA Ha UHTepIperauuara, (Iasa 2, §2.1.2 u §2.1.6).

2. IlpennoxkeH e MeTox 3a mpeobpaszyBaHe Ha BHaeonoTouu oT 2D MHTEH3UTETHU M300pa-
KEHUS 10 pelULU OT LeJIM YKcia, MpeICTaBIsIBallld IPOABIKUTEIHOCTTA B Opoi Kaapu
Ha BCsAKa CIIEHA, KOETO 3HAYMMO OIPOCTsIBa ThpceHeTo Ha momobus (Imasa 2, §2.3.3-4),

v' Hay4HO-IPHJIOKHU MPHHOCH

1. TIlpennoxen e edexruBeH (Obp3 U MPEIHU3EH) METOJ, OCHOBAH HA OPUTHHAIHHS BEKTOPEH
Mozen, 3a 2D Buzpeocrabunmzanus Mo Iiajgka TPaeKTOpHs, MOIXOAIN 3a Brpa)K/J1aHe B
MOOUIHH ycTpoiicTBa, ([asa 2, §2.1.2-3).

2. Ilpemnoxeno e pasummpeHue Ha 6a30BHs BEKTOPEH MOJIEN 3a KOPEKIHATa Ha XOPU30HTaJI-
HOTO HaKJaHSHE M BEPTUKAIHOTO MallabupaHe, MOPOACHU OT Taka HapeueHus ‘‘rolling
shutter” edext, npucall 3a kamepure cb¢ CMOS cenzop, (Imasa 2, §2.1.4).

3. Tlpemnmoxen e xomOuHupan meron “3x30F9x9”, cpueramamr 6azoBus “NxN” meron c
M3BECTHUS METOJ Ha ,,0NTHYHUS MOTOK" 3a Mpenu3Ha cTaduiIn3amus B ,,TOYKa” ¢ MpHIIO-
JKEHHE MPHU cTa0MIM3aIusITa Ha KITMIIOBE OT BUCOKOCKOPOCTHU Kamepw, (IaBa 2, §2.2.3).

4. TlpemyiokeH e MpeIu3eH, OTHOCUTEITHO MPOCT U Obp3 (3a padoTa B peajlHO BPEME) ajro-
PUTBHM 3a JIOKAIU3UpaHe Ha MPEIBAPUTETHO U3BECTHU PEKJIAMHU KJIMIIOBE W/WIIU MPOU3-
BOJIHM 4acTH OT TsX B 6a30B TV Buaeonotok, (I'masa 2, §2.3.3).

5. Pa3pabotena e cTpykTypara Ha MHOroMozenHa 6a3za naHHu, HapedyeHa 3DEarDB, cbabp-
xaia 3D mMozpenu, KakTo U IPOU3BOIHU MPEACTABSIHUS HA JICHOTO YXO HAa MHIUBUIM 3a
nenute Ha buomerpuyHara aBTeHTHKanwys, ([masa 3, §3.1).

v TIpHJIOKHYM IPUHOCH

1. /3BbpuieHH ca MHOXKECTBO €KCIIEPUMEHTH 3a CTa0MIM3alMs MO0 IVaJIKa TPAeKTOpuUs Bbp-
Xy BUJICOKJIMIIOBE C HapacTBalla HecTaOMITHOCT Ha Bujeokamepara, (I'masa 2, §2.1.5).

2. VI3BBpIIeHW ca MHOXKECTBO OT EKCIIEPHMMEHTH 3a CTaOWIM3aIus B ,,TOYKA™ BBPXY ITyO-
JUYHU U COOCTBEHH BHIeOKIHMOBe, (I71aBa 2, §2.2.4).

3. ExcrnepumeHTHpaH € IPOCT MOAXON 33 JETEKIHS Ha CIIeHH, Oa3upaH Ha Au(epeHIHaHO-
TO MpeACTaBsHe Ha BUAeokaunosere, (Imasa 2, §2.3.3).
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4. EkcrnepuMEHTAIHO € MOTBBP/ACHA Bb3MOXKHOCTTA 33 M3IOJI3BaHE HAa KOHBEHIMOHATHOTO
EGI mpencraBsne Ha 3D o00ekTH, 3a HEIBYCMHUCJICHOTO pa3lO3HaBaHE Ha HM3IM'BKHAJIO-
BIUTLOHATH OOEKTH, 3a ciydas Ha yoBemiku ymy, (I71asa 3, §3.2).

5. TloTBbpaeHa € pyHKIMOHAIHOCTTA U € OLICHEHA IIYMOYCTOMYMBOCTTA Ha pa3lo3HaBaHE
ype3 3DEarDB no merona Ha Hall-OaM3KMsI ChCel] BbPXY TECTOBO MHOKECTBO OT 3allly-
MeHnu Bepcuu Ha 3D momenute B 3DEarDB, umiito 6poii ~100 ce cMmsTa eKCepTHO 3a
crarucTrudecku 3HauuM, (Imasa 3, §3.3).

baarogapHocTun

W3ka3BaM cBosiTa JBJI0OKA ONArolapHOCT M MPH3HATEIHOCT KbM MOSI HAayueH PBKOBOAUTEI
nou. a-p Aumo JInMOB 3a HEMPEKBCHATOTO U HEYMOPHO MPOBOKUpPAHE HA HAYYHUTE MU WHTeE-
pecu B chepara Ha KoMITIOTHPHOTO 3peHe U MaTeMaTukaTa 1 B yacTHocT Ha OOpaboTkara Ha
curHanu (n300pakeHus1) U pa3lo3HaBaHETO Ha oOpasu. IIpe3 romuHuUTE HA JOKTOPAHTCKOTO
Mmu obyuenue (B OuBmara cekiusi OCPO na MMKT-BAH) gou. /lumoB nposiBu 3aBUAHO ThP-
NeHHEe, YIOPUTOCT M HACTOMYMBOCT MPHU PA3MIMUPSIBAHETO HA MUPOTIIEIa MU OTHOCHO KOMITIO-
ThpHATA U MH)KEHEPHATa HayKa. 3HAUUM € U OMUTHT, KONTO Npua00uX 10 BpeMe Ha y4acTHETO
MU B Haii-pa3HO0Opa3HU HAYYHO-H3CIICAOBATEIICKH MPOCKTH U MEXTyHAPOIHU KOH(EPEHITUH.
Cpiio Taka gon. JJuMoB mompuHece 3a Ch3JaBaHETO HAa MEXKIYHAPOAHUTE MU KOHTAaKTH IPH
CBHTPYIHHUYECTBOTO HH ¢ 1pod. Bupmkuano KaHToHM 1 HETOBHS €KUM OT JIabOpaTopHsiTa 1o
KommrorspHo 3perne (CVML) na yauBepcutera Ha [aBus, Mtanus.

bnaronapst Ha konerure Hukonait CtoumenoB u VBan I'eoprues 3a oka3aHOTO ChICHCT-
BHE MPHU IPOBEXKIAHETO HA EKCIIEPUMEHTHTE 10 CKaHUpaHeTo Ha yun ¢ 3D nazepHus ckenep,
KakTo M Ha koierara CranuciaB ['bolIeB 3a 3aCHEMaHETO Ha KIMIIOBE C BUCOKOCKOPOCTHATA
KaMepa, 3aKyleHH 3a ,,yMHara Jiaboparopus’” no npoekra AComIn na UMKT-BAH. braroga-
ps u Ha Bcnuku koneru (ot UMKT, UMMU, CVY) 3a yuactuero uM B cb3gaBaneto Ha bJ[ or 3D
MOJIEJIH Ha YIIIH.

bnaromapst u Ha ipod. [anst Arrenosa (koopauHarop Ha mpoekra AComlin) 3a nmpemocra-
BEHaTa Bb3MOXKHOCT 3a paboTa Mo moAnpoekra ,,Ctabuiausanys Ha BUIEO0 OT BUCOKOCKOPOCT-
Ha kamepa‘“ no porosop /J01-192 na MOH ,,Cpdunancupane Ha npoekt AKOMUH 316087
no 7PII na EC”. Comio Taka, Onarogapenue Ha npoekta AComIn, 64X koMaHIUpOBaH Ha JiBa
I'BTH B yHUBEpcHuTeTa Ha [laBus, KbAETO YCTAHOBUX U3KIIOUUTEITHO ITOJI30TBOPHU TPUSTETIC-
KU U Hay4YHU KOHTaKkTH ¢ kojektuBa or CVML Lab. Ot 3HaueHue e u y4acTueTo MH B Tpec-
THKHOTO MeXayHapoaHo yuwminuiie no KommorspHo 3perne (ICVSS’15) B Utanus, kpaeto
NpUI0OMX Half-aKTyaJlHU 3HAHHS 32 CbBPEMEHHOTO ChCTOSIHUE Ha 00JIacTTa MO pa3lo3HaBaHe-
TO Ha 00pa3u u 3D peKOHCTPYKIUATA HA OOCKTH U CIICHHU.

bnaromapst u 3a ygactueto MM B jBata npoekra no OneparuBHara nporpama ,,Pa3surue
Ha YOBEHIIKUTE PEeCcypcH’”’ ¢ KOOPIWHATOPH CHOTBETHO: BETMKOTHPHOBCKUSAT YHHBEPCHTET U
WHCTUTYTBT IO eKCIIepUMEHTaIHa MOp(OJIOTHsl, TaTOJIOT sl U aHTporojorus ¢ myseit — BAH.

N306mm0, ronunute, npekapanu B MMKT-BAH, Bbipekn MHOrooOpa3sHeTo OT TPYIHOCTH
U TPENATCTBUS OT Hai-pa3lMyHO €CTECTBO, C€ OTpa3HMxa HM3KIIOUUTETHO Bb3AEHCTBALO U
MOJI30TBOPHO BBPXY MPEJCTABUTE W pa3OMpaHMsITa MH OTHOCHO Hay4dHara padoTa W mepcrek-
TUBUTE, KOUTO T4 JjaBa Ha UCTUHCKH OTJaJICHHs MOCIIeI0BaTell.

binaronaps n Ha moeto cemerictBo: Ha M. MomumiioBa, Ha @. Hukonos u Ha J[. Momuu-
JIOB, 3a MOJAKpEenara B MOMEHTHUTE Ha U3MUTAHMS 10 BpeMe Ha JOKTOPAHTCKOTO MM CIIE/IBaHE.
Cwpo, 6naronaps u Ha M. Iletposa u K. [leTpos 3a oT3uBYMBOCTTa U 100pOTaTA.

Hacrosimuus quceprauMoHeH TPyA MOCBeaBaM Ha aou. A-p Aumuo Mom4nJioB.
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