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1. MogenioBaHHS i po3Mi3HaBaHHS €eMOLITHUX CKIaJ0BUX Ha 006JIUYYi JIIOTUHU

2. Modelling and recognition of emotional components on human face

Pedepar:

1. Incepranis npucss4yeHa po3po6bwi inpopmaniitHoi TexHoorii aHamni3y ncuxodisionorivHoro crtany i Horo nposiBy

Ha 06JIMYYi JIIOMHMY, @ TAKOX MOJIEJIIOBaHHS 32 IONTOMOT0I0 IIPOCTOPOBUX MOJeJiel TOJI0BY JIIOAUHU. Briepiie

OTPpHUMaHA MaTEMATUIHA MOJEJIb ned)opmauiﬁ M'930B0i CTPYKTYypHU O6JII/I‘{‘{$[, SgKa 3B'$[3y€ PYXH1 OKpEMHUX 0COOJIMBUX

TOYOK M'S3iB i pyxu IOBEPxXHi 06J1MYUsl Yepe3 CKayIpHe noJie gedopmalliil IOBEpxHi Ta BiANOBiAHI rpafiieHTH
nedopmariii M's13iB, O TO3BOJIMIIO BCTAHOBUTH HA0ip XapaKTePUCTUIHUX O3HAK [JIs1 33/1a4i MOJEJIIOBAaHHS Ta
po3Ii3HaBaHHA MiMiky. Briepie po3po6sieHo iHpopmMalliliiHy TEXHOJIOTIO BiICTEXXEHHS 3MiH MIMIYHUX NPOSIBIB i3

3dCTOCYBAHHSAM JJOOATKOBUX MapKepiB Ta MeTO,ILiB KOMH’IOTepHOFO 30py, 10 4O03BOJINJIO OTPUMATU



€KCIIEPMMEHTAJIbHY [IPOTPaMHy peasli3alilo 4J1s 3afadi aHali3y MiMiYHUX MPOSBIB. Y pOOOTi yIOCKOHAJIIEHO METO],
KapyneHa - Jloesa, 1110 Biipi3HSETHCS CIIOCOO0OM PO3PaxyHKY KOBapiallifiHOi MaTpulli Ta po3kiaay ii Ha BjacHi
4uCIIa, IO 03BOJIAJIO PO3POOUTU alrOpUTM Kiaacuikalii MIMIYHUX NPOSBIB, 1J0 MalOTh 3MiHHY TPUBAJICTh. 3
METOIO €KCIIEPUMEHTANILHOI IEPEBIPKY, 3aIIPOIIOHOBAHMI METO]], TIOPiBHIOBABCS 3 HAasSIBHUMU METOAAMMU, IO 1aJI0
MOYKJIMBICTb BUGPATH HAMOGLNbLI IPUIATHUN [J1 IOCTABJIEHOTO 3aBAaHHs. OTpUMAaiy NOJaJbIni PO3BUTOK METOAN
IIPOCTOPOBOTO MOJIEJIIOBAHHS )KECTOBOI MOBH, 1[0 [I03BOJIMJIO CTBOPUTY IIPOCTOPOBY MOJIEJIb FOJIOBY JIIOJVH.
OTpumaHi pe3ysbTaTH [03BOJISIIOTh IPOBOJWTH aHai3 Icuxo@isiosnorivHoro crany 3a ororpagiero ta
BiITBOPIOBATH NPOSIBY i3 3aCTOCYBAHHSM TEXHOJIOTiI IPOCTOPOBOI aHiMallii, a TAKOXK MOXYTb OYTH BUKOPUCTAaHI AJ1s

PO3POOKU MepCHEeKTUBHUX TEXHOJIOTI JIs1 CHIJIKyBaHHS KOPUCTYBaya 3 KOMII'TOTEPOM.

2. The dissertation is devoted to the development of the technology of the analysis of the psychophysiological state
of a person by the emotions on the face and synthesis of facial expressions using 3d-dimensional models of the
human head. The psychophysiological state and its expression on the human face is an integral element of
communication in new computer interfaces that involve the nonverbal component of communication and
gestures. In addition to being used in computer systems, facial expressions open up a wide range of possibilities in
the fields of medicine, psychology, and linguistics, including sign languages. Despite the fact that in the world
currently scientific institutions and leading companies in the field of information technology conduct a large
amount of research in this area, but there are some unresolved problems related to the modeling of psycho-
emotional states, in particular, their number, connections, principles occurrence and their expressions on the
human face, including muscle contractions and skin deformities. That is why, in order to create technologies for
modeling and recognition of facial expressions, there is a need to recognize their elements using mathematical
methods and algorithms for analyzing the psycho-emotional state of the face. To this end, it is necessary to
develop new or improve existing methods of formalizing emotions, their expression on the face, identifying the
instantaneous state of the face by its individual features. In the dissertation, for the first time a parametric model
of facial and muscular structure of the face was created, which describes the movements of points on the surface
of the face through the scalar field of deformations and its features (gradients, isolines and normals). This model
made possible to determine the process of fixing the image of facial expressions from the appearance of a nerve
impulse, muscle contraction, deformation of the facial surface, to obtain an image of the face with existing
deformations and, as a result, to obtain technology for analysis and synthesis of facial expressions. Based on the
analysis of the face of a real person and atlases of anatomy, a set of model parameters was proposed; they are
responsible for changes in the vicinity of the largest deformations of the facial surface. This set of model
parameters was used in the information technology of analysis of facial expressions, in particular: to localize the
characteristic features of facial expressions in the task of capturing changes in face expressions over time with the
use of additional markers. For the first time, the technology of capturing facial movements with the use of
additional markers and computer vision methods was proposed, which allowed depicting the parameters of facial
point movements. Based on this technology, a software implementation was created involving the Lucas - Canade
method to capture anthropometric facial features and methods of classification of facial expressions by proposed
set of features. The obtained software implementation allowed conducting experimental tests of algorithms for
localization of anthropometric features with the use of additional markers and classification algorithms based on
known methods of data classification and choose the ones that fit the most to the proposed technology. The
Karhunen - Loeve method has been improved, in particular the method of calculating the covariance matrix and
its decomposition on the basis of characteristic functions, which is based on the properties of the proposed
parametric model and analysis of the trajectories of anthropometric features in time. This method was used to
recognize changes in the state of the face over time based on the trajectories of anthropometric features on the
face, which allowed representing changes in the state of the face over time by a set of characteristic functions. A
comparison of the existing method of data dimensionality reduction and its modification was conducted, using
different methods of calculating the eigenvalues based on reference vectors. Methods of modeling the elements of
sign language got a further development, in particular methods of 3-dimensional modeling and capture of human
movements, methods of modeling nonverbal elements of sign language, which allowed to model common features



based on them: to develop 3-dimensionl computer animation model of the human head, using skeletal computer
animation. The results of modeling and experimental research obtained in this work can be used to develop
advanced technologies for user communication with the computer and in alternative communication systems in
sign language. These results were used in the information technology of nonverbal communication in sign
language by including tools for modeling the psycho-emotional state and nonverbal elements of sign language and
was introduced in R&D company “NVP “Infoservice”, what is proven by a specific papers that acknowledge this

introduction.
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