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Puc. 1 — cTBOpeHHs ecKi3y, MOJICTIOBAHHS Ta TEKCTYPyBaHHS
Ha croromni icHye Benwka KUIBKICTH irOp 3 TPhOX-BUMIpHOIO Tpadikoro, Ta

cepell HUX € 1 Taki, M0 MOXYTh CYNEpHHYATH 3 BIJOMIIIUMH TBOpaMH KIHO Ta
miteparypu. Hacnpasai 3D irop, siki 3aduImIMid CIifl y >KUATTI OaraThox JIOJEH 3i
BCHOI'O CBITY JAJ€KO HE Mayia KUIbKICTh, CEPEA HUX MOKHA MIJAKPECIUTH TaKi SK:
BioShock Infinite, Portal 2, Fallout 3, Final Fantasy VII, Diablo Il, Half-Life 2,
Grand Theft Auto, Legend of Zelda, Warcraft 111, ta 6araro inmmx. Came nepcoHaxi
ITOp HAJaI0Th TPABISIM BEJIMUYE3HY KUIBKICTH eMOIlid, ToMy chepa po3podku 3D-
MOJENIe TEepPCOHAXIB Il Irop SBISETHCS OJNHIEID 3 HAMWIIKABIMMX Ta
HAaUNpUOYTKOBIIINX HAa CHOTOAHIIIHIN JI€Hb IO BCbOMY CBITY.

Cnucoxk BUKOPUCTAaHUX JKepeJt
1. Sk poOnsaTeest moaem st AAA-irop. [loBuuii raiin no AAA-Ilalinnaiin

Il School-xyz: [BeO-caiit]. 2020. URL: https://www.school-
xyz.com/kak delayutsya modeli dlya aaa igr polnyj gajd po aaa pajplajnu (mara
3BepHeHHs: 06.02.2020).

DETECTION AND TRACKING OF PENDULUM MOVEMENTS OF
OBJECTS IN VIDEOS

K.Volkov, K.Hryhorian, I.Mazurok, docent
Odesa I. I. Mechnikov National University

In the video stream of CCTV cameras quite often there are objects that make
pendulum-like movements. Outside, it can be branches of trees and shrubs, indoors -
opening and closing doors. Typically, such movements are special cases. For
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example, motion detection systems should not be triggered by swinging branches.
And, on the contrary, the alarm system in the house should not respond to the
movement of pets, but must respond to the door opening. This work is devoted to
detection and tracking the movements of objects with a fixed axis, taking into
account the parallax of the camera.

We assume that the detected object can be represented on the image as an n-
gon, and that we have at our disposal a certain set of labeled images indicating the
coordinates of the vertices of this polygon. If the object during movement partially
extends beyond the image, then instead of some vertices it is more advisable to know
the points of intersection with the borders of the image.

Building a model of the movement of an object. Since the object rotates
around a fixed axis, its position in space, and therefore in the image, is uniquely
determined by the location of any of its points not lying on the axis. To increase the
accuracy, we will choose the farthest from the rotation axis point P. During the
movement point P circumscribes a circle in space, therefore, when projecting onto a
two-dimensional plane, this circle transforms into an ellipse. Let us know that the
point P passes through the points P; = (x;,v;),i = 1,m. To search for the parameters
of the ellipse, we will use the weighted least squares method. In the general case, an
ellipse is a two-dimensional quadric, the eigenvalues of the quadratic form matrix of
which are strictly positive [1]. Such a problem can be solved using optimization
methods with restrictions. For simplicity, we will assume that the axes of the ellipse
are parallel to the coordinate axes. In this case, the family of ellipses is a four

A 2 _ 2
parametric family of implicit curves: E= 4 &Y _ 1 Then the minimized
a b
)2 2 2
function will have the form: L = 37, w; ((x (;0) + ¥ bJZ’O) - 1) . The necessity of

entering the weights is caused by the possibility that the observed points (x;, y;) can
be located nonuniformly. As w;, we chose the average distance between two adjacent
points to the i-th one.

Now the location of the point P is uniquely determined by the corresponding
angle of rotation on the ellipse ¢. If we know the approximate location of the point P,
then the nearest point belonging to the ellipse is taken as the true location. To detect
the location of the entire object, it is we have to build the dependences x(¢) and
y(¢) for each point from which we determine the location of the polygon. If such a
point is the vertex of the polygon, then it is natural to search these dependencies in
the form x = acos(¢ + ¢,) + xo, ¥ = bsin(¢ + cy) + y,. If the dependence of the
intersection point with the image boundary is searched, then it can be searched in the
form of a polynomial. All dependencies are constructed using the least squares
method.

Thus, the task of detecting an object is reduced to the problem of determining
the angle of rotation of the object.
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Detection the angle of rotation of the object in the image. It is proposed to
determine the angle of rotation of an object using a convolutional neural network [2].

We tried to diversify the training data set by including photographs under
different lighting conditions, background, and different values of the object rotation.
At the same time, color does not play a significant role, which allowed working with
Images in shades of gray. We also used the following augmentations: Noise, Blur,
CutOut, JPEGCompression. To train the neural network, 600 labeled images of
670x520 pixels in size were prepared, which were divided at a ratio of 70:30 between
the training and validating data sets. A different set of augmentations was applied to
each image from the training set, which allowed to increase its size to 4.5 thousand
Images. To prevent overfitting on insignificant details of the image, they were
compressed 10 times on each side.

The problem which is solved with the help of a neural network can be
considered from two sides: the regression problem and the detection problem. Hence,
when assessing the quality of detection, it becomes necessary to use two metrics. It is
proposed to use the mean square error (MSE) as a metric for the regression problem,
and it is proposed to use the Jacquard index as a metric for the segmentation problem.
As a result, the following results were obtained on the test data set - MSE 0.00036,
and the Jacquard index: 0.98. During the experiments, the following convolutional
neural network architecture showed the best results:

Table 1 — CNN's Architecture

Input Layer
Convolutional Layers | Filter size | Activation | Additional Layers
Convolutional Layer1 |3 x 3 x 16 | Softplus Batch Normalization.
Convolutional Layer 2 | 3 x 3 x 32 | Softplus Max Pooling 2 x 2
Convolutional Layer 3 |3 x 3 x 64 | Softplus
Fully connected layers | Neurons | Activation | Additional Layers
Fully connected layer 1 | 64 Softplus BatchNormalization. Droput: 0.15
Fully connected layer 2 | 64 Softplus BatchNormalization. Droput: 0.1
Fully connected layer 3 | 64 Softplus
Output Layer Neurons | Activation

1 Linear

Conclusion. During the research a method for detecting an object that

performs pendulum movements was proposed. An analytical model of the object’s
movement on the basis of discrete information about its location was built. An
algorithm for predicting the using a neural network the value of the parameter, which,
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in accordance with the analytical model of motion, completely determines the
location of the object in the image was developed. The architecture of the neural
network required for solving the problem, was proposed. The constructed method
was tested on real data and showed high accuracy.
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METOAU PO3INI3BHABAHHSA 306PA’KEHD

I'appuiabuyk LI., cryaeHT
IBano-®paHKiBCHbKUIT HANIOHAJILHUI TEXHIYHUIH YHiBepcuTeT HAdTH i razy

Beryn. 3 BizyansHOIO 1HGOPMAIIEIO MU CTUKaeMOcCs moAHs. JIroguHa 0auuTh
yce, 10 BiAOYBa€ThCS HABKOJIO HEI OYMMA, OTPUMYE Haszaj IMEBHY 1H(opmalliio Ta
pearye Ha 1€ BIJIMOBIIHO 1O IMOTOYHOI curyaii. /laBaliTe BHU3HAUYUMO TMOHSTTS
po3Mi3HaBaHHs 300paKeHb.

Po3niznaBanHs 300pakeHb BUKOPUCTOBYE TEXHOJIOTIHO IITYYHOTO 1HTEIEKTY
JUIS. aBTOMATUYHOTO BU3HAYEHHS O0'€KTIB, JIIOJEH, MICIh Ta I y 300pa’KeHHSX.
PosniznaBanHs 300pakeHb BHUKOPUCTOBYETHCS Il BUKOHAHHS TaKUX 3aBlaHb, SIK
MapKyBaHHsS 300pa)k€Hb OMHCOBUMHU TETaMH, MOIIYK BMICTY Yy 300pakK€HHSAX Ta
HaBEJCHHS pPOOOTIB, aBTOHOMHHMX TPAHCIIOPTHUX 3aC00IB Ta CHUCTEM JOMOMOTH
BofisiM. Po3mizHaBanHs 300pakeHb € MPUPOJHUM IS JIIOJIel 1 TBapWH, alie Ie €
HAJ3BUYAHO CKJIAJIHUM 3aBJIaHHAM I KOMITIOTEpiB. [IpoTsarom octaHHIX ABOX
JECATUIITh 3'SBUJIOCA Taka OOJacTh SAK KOMITIOTEpHU 3ip, Oymu po3pobiieHi
THCTPYMEHTHU Ta TEXHOJIOT11, IKi MOKYTh CTaTH BUKIIUKOM JJIsI JIFOJICTBA.

HaiiedexTrBHimmii 1HCTPYMEHT JiJIsi pO3Mi3HaBaHHS 300pa)XeHb - 11€ TIUOO0Ka
HEHpPOHHA Mepexka, 30KpeMa KoHBoJtoliiiHa HeilpoHHa Mepexka (CNN). CNN - me
apXITEeKTypa, MpuU3HayeHa sl e(peKTUBHOI 0OpOOKHU, CIIBBITHECEHHS Ta PO3YMIHHS
BEJIUKOT KUJIBKOCTI JaHUX Y 300paKEHHSIX BUCOKOI PO3/1JIBLHOI 3IaTHOCTI.

IlocranoBka 3apaui. [IpoaHamizyBaTh MOCHIKEHHS, IO CTOCYHOTHCS
npoOJieMaTUKKU PO3MI3HABAHHS 300pa)K€Hb Ta OMKMCATH TEXHOJIOTi pO3Mi3HABAHHS
300paxeHb.

Buknan ocHoBHOro marepiany. Jltojncbke oko 0a4uTh 300paKEeHHS SIK HAOIp
CUTHAJIIB, IHTEPIIPETOBAHUX 30POBOI0 KOPOIO MO3KY. Pesynbrar - 11e nepexuBaHHs
CIIEHHU, TMOB'sI3aHE 3 TpeIMETaMH Ta TOHATTIMH, $KI 30epiraloTbCsi B Mam'siTi.
PosnizHaBanHs 300pakeHHs iMiITye 1eit nporec. Kommn'torepu "6adats" 300pakeHHs
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