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Mporpama HasuyanbHoi gucuunninm / Curriculum of the academic discipline

1. Onuc HaBYaNbHOI gUCUUNAIHMK, iT MeTa, NpeaMeT BUBYAHHA Ta pe3y/bTaTM HaBYaHHA /
Description of the academic discipline, its aim, subject of study, and learning outcomes

AKTYanbHICTb KpeauUTHOro MoAyAnsa CNUPAETbCA Ha 3pOCTalody Bary NPUCTPOIB AOMOBHEHOI Ta
BipTya/ibHOi PeanbHOCTi Ha CBITOBOMY PUHKY. KpeauTHMA Moay/b MOTUBYE CTYAEHTIB A0 NPaKTUYHOro
BMKOPUCTAHHA YMiHb, HAOYyTUX BNPOAOBK NonepeAHboOro HaB4aHHA. 3MiCT moaynsa NnobyaoBaHUI TaKMM
YMHOM, LWOO MOro BUBYEHHA MAI0 MPAKTUYHE 3HAYEHHSA, CNPAMOBaHEe Ha 3ano4YaTKyBaHHSA cTapTany.

Mertolo KpegutHoro moayna € GOpMyBaHHA Yy CTYAEHTIB BCEOIYHOro PO3YMIHHA TEXHO/OTIiMN
BipTya/IbHOi peanbHOCTI 33 pPaxyHOK OMaHyBaHHA TEOPETUYHOI Ta a/IOPUTMIYHOT Ba3n MeToAiB CUHTE3y
OONOBHEHOI pPeanbHOCTi, AOMOBHEHOI BiPTya/sbHOI pPeanbHOCTI Ta BiIPTyasbHOI PeanbHOCTI. 3MicT
KpeguTHOro Moaynto pobutb BHECOK 40 PO3BUTKY OCOBUCTOCTI CTYAEHTA AK NPAKTUKYHYOro A0CNIAHMKA,
3/1aTHOrO BTIIMTU 334YMW Y MPOrPAaMHO - anapaTHOMY KOMMAEKCI.

IHTerpasbHOK KOMMNETEHTHICTIO € 34aTHICTb PO3B’A3yBaT 3a4a4i AOCNIAHULbKOrO Ta/abo
iHHOBALIMHOro XxapakKTepy y cdepi KoM’ IOTEPHUX HayK.
3aranbHi KOMNETEeHTHOCTI KpegutHoro moaynio (3K)

— 3[aTHICTb A0 aBCTPaAKTHOrO MUC/IEHHSA, aHaNi3y Ta cnHTesy (3K 01);

— 3/[aTHICTb 3aCTOCOBYBATU 3HAHHA Yy NPAKTUYHUX cuTyauinax (3K 02);

— 3/[aTHIiCTb BUNTUCA 1 OBONOAIBATU Cy4acHMMM 3HaHHAMM (3K 05).
daxoBi KOMNeTeHTHOCTI KpeguTHoro moaynio (PK)

— YCBiAOM/IEHHA TEOPETUYHUX 3acag, Komn'toTepHux Hayk (PK 01).

— 3[aTHICTb po3pobaATM nNporpamHe 3abesneyeHHA BiANOBIAHO A0 cPoOpPMynbOBaHUX BUMOT 3
ypaxyBaHHAM HasABHUX pecypcis Ta obmeskeHb (PK 07).

— 34aTHIiCTb po3pobnaTK i peanizoByBaTM NPOEKTU 3i CTBOPEHHSA NPOrpamHoro 3abesneyeHHs, y
TOMY 4MuCni B HenepeabavyyBaHMX YyMOBaX, 3@ HEYITKMX BMMOr Ta HeobXigHOCTi 3acTocoByBaTU HOBI
CTpaTeriyHi niaxoam, BAKOPUCTOBYBATU NPOrpamHi iHCTPYMEHTM ANA opraHisaLii KomaHaHoi poboTn Hap,
npoektom (®K 08).

— 3[aTHICTb BUKOPWUCTOBYBATU OAEPKaHi 3HAHHA A1A NPOrpamHoi peanisauii peanictTUyHoOro
npeacTaBNeHHA TPUBMMIPHUX MpoueciB Ta OO’EKTIB 3 MOM/MBICTIO X iHTEPAKTUBHOINO KOHTPOJIO,
TEXHONOrN [AOMNOBHEHOI Ta BiPTYaNbHOI pPeanbHOCTI i3 3aCTOCYBAaHHAM CMeLuialbHOr0 TEXHIYHOro
obnagHaHHA (PK 19).

MporpamHi pe3ynbTaT HaBYaHHA KpeauTHoro moayaio (MPH)

— MaTWU cnewianizoBaHi KOHUENTyanbHi 3HaHHA, WO BKAOYAOTb Cy4acHi HAyKoBi 3400yTKM Yy
chepi Komn'tOTEPHMUX HaYK i € OCHOBOK A/1A OPMUFiHA/NIBHOrO MUCNEHHA Ta NPOBEAEHHA AO0CNIAMKEHD,
KPUTUYHE OCMUCNEHHS Npobaem y chepi KOMN'IOTEPHUX HAYK Ta Ha MeXi ranysei 3HaHb (MPH 01);

— MaTu cneuianizoBaHi yMiHHA/HaBMYKK PO3B’A3aHHA NPO6AEM KOMN IOTEPHUX HayK, HEOBXiaHI
ANA NpoBeAeHHA AoCAiaXeHb Ta/abo NpoBaaKeHHN iIHHOBALIMHOI AiANbHOCTI 3 METOK PO3BUTKY HOBUX
3HaHb Ta npoueayp (MPH 02);

— pPO3p0obAATU KOHLENTyaNbHY Moaenb iHpopmMaLiiHoi abo komn'toTepHoi cuctemu (MPH 06);

— PO3pobAATM MaTeEMATUYHI MoAeni Ta MeToau aHanisy gaHux (BKAOYHO 3 Bennkumu) (MPH 08);

— CTBOpPIOBATU HOBI aNITOPUTMUM PO3B'A3yBaHHA 3a4a4d y cdepi KoMN' IOTEPHUX HayK, OLLIHIOBATU iX
ebeKTUBHICTb Ta 06MeXKeHHS Ha ix 3actocyBaHHsA (MPH 11);

— oujHIoBaTM Ta 3abe3neyyBaTM AKiCTb iHPopMaULIMHMX Ta KOMM'IOTEPHUX CUCTEM Pi3HOro
npusHayeHHs (MPH 13);

— TecTyBaTu nporpamHe 3abesneyeHHa (MPH 14);

— BOJIOAITM TEOMETPUYHUMU METOAAMM CUHTE3Yy [AOMOBHEHOI i BiPTyanbHOI peanbHOCTI,

CTBOPEHHA MoOJesie OCBITAeHHA Ta $oTopeanicTMYHMX 30bparkeHb AN po3B’A3aHHA rpadiyHMx 3a4au
(MPH 22).



The relevance of the credit module is based on the growing significance of augmented and
virtual reality devices in the world market. This module encourages students to apply the skills acquired
in previous studies to practical tasks. The content is structured to ensure practical applicability, with a
focus on fostering startup development.

The aim of the credit module is to provide students with a comprehensive understanding of
virtual reality technologies through mastering the theoretical and algorithmic foundations of augmented
reality, augmented virtual reality, and virtual reality synthesis. The module’s content contributes to the
development of students as practicing researchers capable of implementing their ideas in software-
hardware systems.

The integral competency developed through this module is the ability to solve research and/or
innovation-driven problems in the field of computer science.

General Competencies of the Credit Module (3K)

— ability for abstract thinking, analysis, and synthesis (3K 01);

— ability to apply knowledge in practical situations (3K 02);

— ability to learn and acquire modern knowledge (3K 05).

Professional Competencies of the Credit Module (MPH)

— comprehension of the theoretical foundations of computer science (MPH 01);

— ability to develop software in accordance with specified requirements, considering available
resources and constraints (MPH 07);

— ability to design and implement software development projects, including in unpredictable
conditions, under ambiguous requirements, and with the need to apply new strategic approaches;
proficiency in utilizing software tools for organizing team-based project work (MPH 08);

— ability to apply acquired knowledge for the software implementation of realistic
representations of three-dimensional processes and objects, enabling interactive control, as well as
augmented and virtual reality technologies using specialized technical equipment (MPH 19).

Program Learning Outcomes of the Credit Module (MPH)

— possess specialized conceptual knowledge, including contemporary scientific advancements in
the field of computer science, serving as a foundation for original thinking, conducting research, and
critically analyzing problems in computer science and at the intersection of disciplines (MPH 01);

— possess specialized skills in solving computer science problems necessary for conducting
research and/or engaging in innovative activities aimed at developing new knowledge and procedures
(MPH 02).

— develop a conceptual model of an information or computer system (MPH 06);

— develop mathematical models and data analysis methods (including big data) (MPH 08);

— create new algorithms for solving problems in computer science, evaluate their efficiency, and
determine their application constraints (MPH 11);

— assess and ensure the quality of information and computer systems for various purposes (MPH
13);

— test software (MPH 14);

— apply geometric methods for synthesizing augmented and virtual reality, designing lighting
models, and generating photorealistic images for solving graphical problems (MPH 22).

2. MNpepeKBi3nTK Ta NOCTPEKBI3UTU AUCLUNIHU (MicLe B CTPYKTYPHO-/OTiYHIA CXeMi HaBYaHHA
3a BigNoBigHOI0 OCBiTHLOIO Nporpamoto) / Prerequisites and post-requisites of the course
(place in the structural-logical scheme of study for the corresponding educational program)

MpepekBisutn aucuunniin. MNepeaymoBOO BMBYEHHA KpeaAuTHOro moayna «MeTogu cuHTesy
BipTyaslbHOI pPeaNbHOCTI» € YCMillHE BUKOHAHHA HACTYMHUX KPegUTHUX MOAYAIB 3a creuja/ibHicTio 122
«Komn’toTepHi HayKn»:

— «leomeTpuyHe moaentoBaHHA Ta Komn'toTepHa rpadika» (VILVII cemectp, 3rigHo
HaBYa/NIbHOro NAaHy NiAroToBKM 6aKkanaspis);



— «Bisyanisauin rpadiyHoi Ta reomeTpuyHoi iHbopmaLii» (I cemecTp, 3riAHO HABYAIbHOrO MIAHY
NiZroTOBKM MaricTpis).

NoctpekBisutn gucumnninn. JaHnin KpeauTHUN MOAYNb € NepeayMOBOI0 BUBYEHHA HACTYMHUX
KpeguTHUX MOAY/IB 3a cneuianbHicTio 122 «Komn'toTepHi HayKn»:

— «Uundpposa obpobKa 306parkeHby (Il cemecTp, 3riAHO HaBYabLHOrO NAAHY NiArOTOBKM APYroro
POKY HaBYaHHA MaricTpis).

Prerequisites for the discipline. The prerequisite for studying the credit module "Methods of
Synthesis of Virtual Reality " is the successful completion of the following credit modules in the specialty
122 "Computer Science":

"Geometric Modeling and Computer Graphics" (VII, VIII semester, according to the bachelor's
degree curriculum);

— "Visualization of Graphical and Geometric Information" (I semester, according to the master's
degree curriculum).

Postrequisites for the discipline. This credit module is a prerequisite for studying the following
credit modules in the specialty 122 "Computer Science":

"Digital Image Processing" (lll semester, according to the second-year master's degree
curriculum).

3. 3micT HaBYaNIbHOI AUCLUUNNIHN

Po3gin 1. CuHTe3 Bi3ya/IbHOi KOMMNOHEHTU BiPTYaNbHOI peasbHOCTI

Tema 1.1. TakcoHOMIisA gmucnaeiB 3millaHOI peanbHOCTI

Tema 1.2. O3HaKU rMUBUHU TPUBUMIPHOI cLeHW. MoHATTA Napasiakcy Ta aHarnipy

Tema 1.3. NapanenbHa oce-acMMeTpUYHa NepcnekTMBHa NPOoeKLia

Tema 1.4. IHXKeHepis nporpamMHOro 3aCToCyHKy Ans reHepaduii aHarnioy

Tema 1.5. IHaMBigYyanbHi npunaan gna CNPUAHATTA CTEPEOCKONIYHOro 306 paXKeHHs
Po3gin 2. OpieHTauia y npocropi

Tema 2.1. OpieHTauia y npocTopi 3a 4ONOMOroto 3-x 0CbOBOro akcenepomeTpa

Tema 2.2. OpieHTauia y NpocTopi 3a 4O0NOMOrot 3-x 0CbOBOro MarHiTtomeTpa

Tema 2.3. OpieHTauia y npocTopi 3a 4,ONOMOroto 3-Xx 0OCbOBOrO ripockony

Tema 2.4. Opi€eHTaLif y NpoCcTOpi Ha OCHOBI 3AUTTA AaHUX CEHCOPiIB CMapPTHOHY
Po3gin 3. /lloaMHO-MalLMHHA B3aemogin

Tema 3.1. Bsaemogia ntogmMHun 3 Komn’'roTepom

Tema 3.2. OcobamBOCTI 30py NtOAUHM

Tema 3.3. MawuHHe 6ayeHHA. PoboTa 3 BigeonoTokom

Tema 3.4. IHXKeHepia iIHTePaKTMBHOIO 40AATKY LWOIOMY BipTya/ibHOI peasibHOCTi
Po3gin 4. CHTE3 ayAio KOMNOHEHTU BipTyasibHOI peanbHOCTi

Tema 4.1. O3HaKM CNPUMHATTA TNMUOUHKU 3BYYaHHA TPMBUMIPHOI CLEHM

Tema 4.2. MNpuKknapg peanisauii 3ByKOBOro nemsaxy

Section 1. Synthesis of the visual component of virtual reality
Topic 1.1. Taxonomy of mixed reality displays
Topic 1.2. Depth cues in a three-dimensional scene. Concepts of parallax and anaglyph
Topic 1.3. Parallel axis-asymmetric perspective projection
Topic 1.4. Software engineering for anaglyph generation
Topic 1.5. Classification of fusion levels between real and virtual worlds
Topic 1.6. Individual devices for stereoscopic image perception

Section 2. Spatial Orientation
Topic 2.1. Spatial orientation using a 3-axis accelerometer
Topic 2.2. Spatial orientation using a 3-axis magnetometer



Topic 2.3. Spatial orientation using a 3-axis gyroscope

Topic 2.4. Sensor fusion-based spatial orientation in smartphones
Section 3. Human-Machine Interaction

Topic 3.1. Human-computer interaction

Topic 3.2. Characteristics of human vision

Topic 3.3. Machine vision and video stream processing

Topic 3.4. Engineering an interactive virtual reality headset application
Section 4. Synthesis of the audio component of virtual reality

Topic 4.1. Depth perception cues in three-dimensional soundscapes

Topic 4.2. Example of an audio landscape implementation

4. HasuanbHi maTtepianu ta pecypcu / Educational materials and resources

OcHoeHa nimepamypa / Primary literature

1. LaValle M.S. Virtual Reality. Wordware University of Oulu: Cambridge University Press, 2020.
—-426 p.

2. Campbell C. Oculus Quest 2 and Rift S User Guide: The Complete User Manual for Beginners
to Master the Functionalities and Features of Oculus Quest 2 & Rift S. Independently published, 2022. —
99p.

3. Rose D. SuperSight: What Augmented Reality Means for Our Lives, Our Work, and the Way
We Imagine the Future. BenBella Books, 2021. — 256p.

4, Howse J. Learning OpenCV 4 Computer Vision with Python 3: Get to grips with tools,
techniques, and algorithms for computer vision and machine learning, 3rd Edition. Packt Publishing,
2020. - 372p.

5. Buttfield-Addison P., Manning J., Nugent T. Unity Game Development Cookbook: Essentials
for Every Game. O'Reilly Media, 2019. — 408p.

6. Real VR — Immersive Digital Reality: How to Import the Real World into Head-Mounted
Immersive Displays (Lecture Notes in Computer Science Book 11900). Springer, 2020. — 370p.

7. Norman K.L. Cyberpsychology: An Introduction to Human-Computer Interaction.
Cambridge University Press, 2017. — 476p.

JAodamkoea nimepamypa / Supplementary literature
1. Leventhal L., Glasgal R. Understanding and Installing an Ambiophonic System.
http://www.ambiophonics.org/Tutorials/UnderstandingAmbiophonics.html

HasuyanbHui KoHTeHT / Educational content

5. MeToauKa onaHyBaHHA HaBYaNbHOI AUCLUNAIHU (OCBITHBOrO KOMMNOHEHTa) /
Methodology for Mastering the Educational Discipline (Educational Component)

Kinb.
Neo aya. roa.
3.M. Tema neku,ii Ta Topic of the lecture and /
/ nepenik OCHOBHMX NUTaHb list of key subjects Number
No. of classr.
hours
Po3ain 1. CuHTe3 Bi3yasibHOI KOMNOHEHTU BipTyanbHOI peanbHocTi /
Section 1. Synthesis of the Visual Component of Virtual Reality
1 | JIEKUIA 1. Tema: TakcoHomia Oucnneis | LECTURE 1. Topic: Taxonomy of Mixed 2
3MiwaHoi peansHocMi Reality Displays
XapaKTepuCTnKa enemeHTiB KOHTMHYYMY | Characterization of the elements of the




BipTYanbHOCTi: peanbHicTb, A0MNOBHEHa
peanbHicTb, AONOBHEHa  BipTya/sibHa
peancHicTb, BipTyanbHa  pPeasnbHiCTb.

MoHAaTTA 3MmilWaHoil peanbHOCTI.
Knacuodikauis auncnneis 3miwaHoi
peanbHOCTI.

Knacuodikauis piBHIB 311TTA peanbHOro
Ta BipTyasNbHOro CBIiTiB: ONWC CBIiTY 3
TOYKM 3opy CTyneHs Ni3HaHHSA;
AOCTOBIPHICTb BigobparkeHHsA CBIiTY; onuc
CBIiTY 3 TOYKM 30pY CTYNEHA NPUCYTHOCTI.

virtuality continuum: reality,
augmented reality, augmented
virtuality, virtual reality. The concept of
mixed reality. Classification of mixed
reality displays.

Classification of levels of merging the
real and virtual worlds: description of
the world from the perspective of the
degree of cognition; authenticity of
world representation; description of
the world from the perspective of the
degree of presence.

JIEKUIA 2. Tema: O3HaKu enubuHu
mpusumipHoi cyeHu. loHamms
napasaaxkcy ma aHaeanigpy.

®i3nyHi Ta MEHTaNbHI O3HAKU TNUOUHMK
TPUBUMIPHOT CLLEHN.

HanKpauyi NPaKTUKK CTBOPEHHA
CTepeocKoniYHoro 306 paxKeHHs.
FOpM30HTaNbHMI NapanaKkc (HeraTMBHUM,
NO3UTUBHUN, HY/IbOBUIA). BepTUKanbHUM
napanakc (toe-in metoa).

LECTURE 2. Topic: Depth cues of a
three-dimensional scene. The concept
of parallax and anaglyph.

Physical and mental depth cues of a
three-dimensional scene.

Best practices for creating stereoscopic
images.

Horizontal parallax (negative, positive,
zero). Vertical parallax (toe-in method).

JIEKUIA 3. Tema: [lapanensHa oce-
acumempuyHa rnepcrieKmueHa rpoeKyis.
Po3paxyHoK napanenbHoi oce-
ACMMETPUYHOI NepPCrnekTUBHOI NPOEKLii.

LECTURE 3. Topic: Parallel axis-
asymmetric perspective projection
Calculation of parallel axis-asymmetric
perspective projection.

JIEKUIA 4. Tema: IH3#eHepia

Mpo2pamHo20 30CMOCYHKY 044 2eHepayil

aHaenigy.

Etanu PO3p06KHK NpPorpamHoro
3aCTOCYHKY ANA reHepauii aHarnipHoro
306paKeHHsn: HaNawWwTyBaHHA

CTepeoCcKonivYHOi Kamepu, HaNaALWTyBaHHA
o¢inbTpauii  KonbopiB, HanawTyBaHHA
NPOXOAiB PEHAEPUHTY CLLEHW.

LECTURE 4. Topic: Engineering of a
software application for anaglyph
generation

Stages of software development for
generating an anaglyph image: setting
up the stereoscopic camera,
configuring color filtering, configuring
scene rendering passes.

JIEKUIA 5. Tema: IHOugidyansHi npunadu
0a14 cnpulHAMMA CcMepPeocKoni4Ho20
306paxceHHA

AnapaTHi 3acobu CTBOPEHHA OKPeMoro
306paXKeHHA oA KOXHOIO OKa /II0ANHMU:
nacuMBHi aHarnidHi OKynApu, NacUBHI
nonapwmsauinHi (H/V, CW/CCW) okynsapu,
AKTMBHI OKyANApM i3 3aTBOPOM Ha OCHOBI
PigKUX KpUCTanis, LWONOM BipPTyanbHOI
peanbHocTi (Oculus Rift, Google Cardbox,
Microsoft Hololens).

LECTURE 5. Topic: Individual devices for
Stereoscopic image perception
Hardware solutions for generating
distinct images for each human eye:
passive anaglyph glasses, passive
polarization glasses (H/V, CW/CCW),
active shutter glasses based on liquid
crystal technology, virtual reality
headsets (Oculus Rift, Google
Cardboard, Microsoft HoloLens).

Po3ain Il. OpieHTauina y npoctopi / Section Il. Spatial orientation

JIEKLIA 6. Tema: OpieHmauia y npocmopi
3a donomozoto 3-x 0cb08020
aKcenepomempa

MpuHUMN po6oTK umdposoro

Lecture 6. Topic: Spatial orientation
using a 3-axis accelerometer

Principle of operation of a digital
accelerometer. Advantages and




aKkcenepomeTpa. [lepeBarn Ta He[oNiIKM
OpieHTAUil y nNpocTopi Ha OCHOBI

limitations of spatial orientation based
on an accelerometer. Engineering of a

aKkcenepomeTpa. IHXKeHepis | software  application for spatial
NMPOrpamMHOro 3acTOCYHKY opieHTauii y | orientation utilizing an accelerometer.
npocrtopi i3 3aCTOCYBaHHAM

akcenepomeTpa.

7 | JIEKUIA 7. Tema: Opienmauia y npocmopi | Lecture 7. Topic: Spatial orientation
3a 00r1oMo20ot0 3-X 0Cb0B8020 using a 3-axis magnetometer
maeHimomempa Principle of operation of a digital
MNpuHumn poboTn undposoro | magnetometer. Advantages and
marHiTomeTpa. [lepeBarn Ta Hegonikm | limitations of spatial orientation based
opieHTauii y npocTtopi Ha OCHOBi | on a magnetometer. Engineering of a
MarHiTomeTpa. IHXeHepia nporpamHoro | software  application  for  spatial
3aCTOCYHKY OpieHTaljii y npocTtopi i3 | orientation utilizing a magnetometer.
3aCTOCYBaHHAM MarHitomerpa.

8 JIEKLIA 8. Tema: Opienmauyis y npocmopi | Lecture 8. Topic: Spatial orientation
3a 00r1oM020ot0 3-X 0Cb0B0O20 2ipoCcKony using a 3-axis gyroscope
MpuHuMn pobotn umdposoro ripockony. | Principle of operation of a digital
MepeBaru Ta HeAONIKM OpPiEHTAL,iTY gyroscope. Advantages and limitations
NpPocTopi Ha ocHOBI ripockony. IHkeHepia | of spatial orientation based on a
NPOrpamHOro 3aCTOCYHKY OpieHTALi Y gyroscope. Engineering of a software
NPOCTOPI i3 3aCTOCYBAHHAM ripocKony. application for spatial orientation

utilizing a gyroscope.

9 JIEKLIA 9. Tema: OpieHmauis y npocmopi | Lecture 9. Topic: Spatial orientation

Ha OCHO8I 3AuMmms OaHUX CeHcopis
cMapmeoHy

MeTog, 3/nTTAa faHNX CEHCOoPIB
cmapTdoHy. MepesBarun opieHTaLii y
NPOCTOpPi HAa OCHOBI MeToAY 3/NTTA
OaHUX. IHXKeHepia nporpamHoro
3aCTOCYHKY OpieHTALiTy NpOCTOpi Ha
OCHOBiI MeTOAY 3/IUTTA JaHUX.

based on sensor fusion in smartphones
Methodology of smartphone sensor
data fusion. Advantages of spatial
orientation using data fusion
techniques. Engineering of a software
application for spatial orientation
based on sensor fusion.

Po3ain lll. lioaguHo-mawmnHHa B3aemogaina / Section Ill. Human-computer Interaction

10

JIEKLIIA 10. Tema: B3aemodia no00uHuU 3
Kommn’tomepom

TaKCOHOMIA MeToAiB B3aemogii NtoaAnHU
3 KOMM'IOTEPOM Ha OCHOBI KecTiB.
AnapaTHi 3acobu B3aemogii nwoauHKU 3
Komn'totepom:  rpadiyHUii  nnaHwer,
SpaceBall.

LECTURE 10. Topic: Human-computer
interaction

Taxonomy of human-computer
interaction methods based on gestures.
Hardware tools for human-computer
interaction: graphics tablet, SpaceBall.

11

JIEKUIA 11. Tema: Ocobausocmi 30py
A0OUHU

OcobnuBocTi  posnoginbyoi  34aTHOCTI
OKa  NOAMHWN. Mogenb  Konbopy
306parkeHHsA YUV, BUAN
cybanckpeTunsauii 306 paxkeHHs.

LECTURE 11. Topic: Characteristics of
human vision

Characteristics of the human eye's
resolving power. YUV color image
model, types of image subsampling.

12

JIEKUIA 12. Tema: MawuHHe 6a4eHHs.
Poboma 3 s8ideoriomokom

Pobota 3 anapaTHo Kamepow 3
BUKOPUCTAHHAM  6ibnioTekn OpenCV.
CTBOpEHHA TeKCcTypu 3 300parKeHHA

LECTURE 12. Topic: Machine vision.
working with video stream

Working with a hardware camera using
the OpenCV library. Creating a texture




Kamepu, nepegaya TeKcTyp no wwuHi | from the camera image, transmitting
AaHWX. textures via the data bus.

13 | JIEKUIA 13. Tema: IHyceHepis | LECTURE 13. Topic: Engineering of 2
iHmepakmueHo2o  000amky  wonomy | interactive application for virtual reality
sipmyanbHoOi peanbHocmi helmet
anHU'M“M, pobotu mo;immy BipTyanbHoI Principles of operation of a virtual
peanbHOCTi. Cxema apXiTeKTypu 40AaTKY ) )
wonomy BipTYaNbHOT peanbHoCTI. reality helmet. Architecture of the
KomneHcauina 6oukonogibHoi aucropcii. virtual reality helmet application. Barrel
Cucrtema H6ayeHHA noauHu. | distortion compensation. Human vision
MpucKkopeHHA peHAepuHry 3a paxyHoK | system. Rendering acceleration based
ocobamsocTen 30py NOAMHN. | on human vision characteristics. Cyber-
KibepsanamopoueHHs. Mobyaosa cuekn sickness. Building a SkyBox scene.

SkyBox.
Po3ain IV. CuHTe3 ayaio KOMNOHEHTU BipTyanbHOI peanbHocTi /
Section IV. Synthesis of the audio component of virtual reality

14 | JIEKUIA 14. Tema. O3Haku crnpuliHammsa | LECTURE 14. Topic: Cues for perception 2
2AUBUHU 38y4aHHA MPUBUMIPHOI CYeHU | of sound depth in a three-dimensional
O3HaKM CNPUAHATTA IIMOUHN 3BYYAHHA Y | scone
TpMB,MMi,pHm cueni: ILD, ITD, Pinna Cues for perceiving sound depth in a
localization cues. MpuHuMNK i )

CTePeOdOHIYHOrO 3ByYaHH. three-dimensional scene: ILD

Am6iodoHiuHe Ta naHopambioporiune | (Interaural  Level Difference), ITD

3ByYaHHA. 3MmeHweHHA nepexpecHux | (Interaural Time Difference), Pinna

nepeLwKoa ayaiocurHany. localization cues. Principles of
stereophonic sound. Ambiphonic and
panorambiphonic sound. Reduction of
cross-talk in the audio signal.

15 | JIEKUIA 15. Tema. [puknad peanizauii | LECTURE 15. Topic: Example of 2
38YK08020 reli3amcy implementing a soundscape
MpuKnag peanisauii 3BykoBoro nemnsaxy | An  example of implementing a
Ha ocHoBi HTML5 WebAudio API: mogeni | soundscape based on the HTML5
3BYKY, MapameTpu 3BYyKoBOro gxepena, | WebAudio APIl: sound models, sound
aTpubyTM cnyxaya. source parameters, and listener

attributes.
Na6opaTopHi pobotu / Laboratory works
Kino.
Ne aya. rog,
3aHATTS
/ Hazea nabopamopHoi pobomu Title of the laboratory work /
No. of Number
class of classr.
hours
O3HaomneHHs cTyaeHTiB 3 Buaamu | Familiarizing students with the
KOHTPO/IIO  KpeaguTHoro moaynato Ta | types of assessment for the credit
! PENTUHIOBOID cCUCTEMOLO ouiHoBaHHA | module and the grading system for !
pe3y/ibTaTiB HaBYaHHA evaluating learning outcomes.




Po3pgin |. CuHTe3 BipTyanbHoi peanbHocTi / Section I. Synthesis of virtual reality

/1P 1 CTBOpEHHA CTepeoCcKoniYHOro
306parKeHHs NOBEPXHi pa3om 3

Lab 1 Creation of a stereoscopic
image of a surface accompanied

1 0b6pob6Ko 306parkeHHs Bigeo-Kamepu with processing of a computer
Komn’'toTepa (CTBOPEHHA ckenety video-camera image (development
NPOrpamMHOro 3acTOCYHKy) of the application skeleton)

) Lab 1 Creation of a stereoscopic
JIP 1 CTBOpEHHA CTEpPEOCKOMIYHOro . .
i image of a surface accompanied
300parkeHHs NoBepxHi pasom 3 ) .
] with processing of a computer
0b6pobKo 306parKeHHs Biaeo-Kamepu ) i
2 , , video- camera image (development
Komn'toTepa (po3pobKa 06’ekTy ] i
. of an object for rendering
PEHAEPUHTY CTEPEOCKOMIYHOTO ] )
o i stereoscopic anaglyph image for
aHarnipiyHoro 306pa*keHHA NoBepPXHi)
the surface)
J1P 1 CTBOpEHHA CTEPEOCKOMIYHOro Lab 1 Creation of a stereoscopic
300parKeHHA NOBepXHi y NOEAHAHHI 3 image of a surface accompanied
35 0bpob6KoIo 306parkKeHHs Biaeo-Kamepu with processing of a computer
Komn'toTepa (po3pobKa 06’ekTy video- camera image (development
PeHZIEePUHTY Bineo 306parKeHHs y of an object for rendering video in
NAOLWMHI HY/IbOBOTrO NapasaKkcy) the zero-parallax plane)
Po3ain Il. OpieHTauina y npoctopi / Section Il. Spatial orientation
] ] ] ] Lab 2 Orientation in space based on
/1P 2 OpieHTauis y npocTopi Ha OCHOBI . .
i ) . a physical user interface
MaTepianbHOro iHTepdency Kopuctysaya
6-7 ] . ] (development of a data
(po3pobka iHTepdelicy nepenadi AaHUX L
] ) ) . transmission interface from the
Big, MaTepianbHOro iHTepdemncy) o
physical interface)
J1IP 2 OpieHTauia y npocTopi Ha OCHOBI Lab 2: Orientation in space based
8-10 MaTepianbHoro iHTepdelicy Kopuctyesada | on a physical user interface
(pobota 3 IMU maTtepianbHoro (working with the IMU of the
iHTepdemncy) physical interface)
) ) . ) Lab 2: Orientation in space based
J1P 2 OpieHTayia y npocTopi Ha OCHOBI . .
. . . on a physical user interface
MaTepianibHOro iHTepdency Kopucrtysaya . .
11-13 ) ] (coordinate transformation based
(TpaHcdopmauis KoopanHaT Ha OCHOBI ) . )
] . ] . on the orientation of the physical
opieHTauii maTepianbHoro iHTepdelicy) .
interface)
Pozain lll. lioaguHo-mawmHHa B3aemogin / Section Ill. Human-computer Interaction
14 MoaynbHa KOHTpPO/ibHa poboTa Module control work
Po3ain IV. CuHTe3 ayAio KOMNOHEHTU BipTyanbHOI peanbHocTi /
Section IV. Synthesis of the audio component of virtual reality
15 BMKOHaHHA rpadivyHoi pobotn Implementation of graphic work

MopgynbHa KoHTponbHa pobota / Modular control work




B mexax u4acy, BMAINEHOro Ans CaMOCTIMHOI poboTH, CTyAeHT rOTYeETbCA A0 MOAY/IbHOI
KOHTPO/IbHOI pO60TY, L0 NOAAra€ y Po3pobLi 3aCTOCYHKY TPEKIHIY KOPMCTYBALbKOrO MapKepy Ha OCHOBI
6ibniotekn AR.js Ha ocHoBi iHpopmauii Posaginy 3. HanucaHHA MoOAyNbHOI KOHTPOJIbHOI po6oTK
BifOYBAETLCA 33 PaxXyHOK 2 roAMH 1abOpPaTOPHOro 3aHATTA.

Within the time allocated for independent work, the student prepares for the module control
task, which involves developing an application for user marker tracking based on the AR.js library,
according to the information in Section 3. The writing of the module control task is carried out during 2
hours of laboratory time.

FpadiuHa pobora / Graphic work

B mexax uacy, BUAINIEHOro ANs CaMOCTIMHOI poboTM CTyAeHTa, BiH roTyeTbca A0 rpadiyHoi
poboTH, WO NONArae y po3pobLli 3aCTOCYHKY CTBOPEHHSA 3BYKOBOro nersaxy Ha ocHoBi HTML5S
WebAudio APl. BuKoHaHHA rpadiyHoi poboTu BigbyBaeTbca 3a paxyHOK 2 roguMH nabopaTopHoOro
3aHATTA.

Within the time allocated for the student's independent work, the student prepares for a graphic
work, which involves developing an application for creating a soundscape based on the HTML5
WebAudio API. The execution of the graphical assignment takes place during 2 hours of laboratory time.

6. CamocriiiHa poborta ctygenTa / Individual work of the student

CamocTiiHa poboTa cTyaeHTa (60 rogmH) nepeabayae niAroToBKY A0 ayAMTOPHUX 3aHATb Ta
KOHTPO/IbHMX 3aX0AiB, NPOBeAEHHA PO3PaxXyHKiB Ta NigroToBKa BXiAHUX AaHUX A0 PobOTH.
Ha KoxkHy nabopaTopHy poboTy BMAINAETbCA 9 roAnH camocTinHoi pobotu ctyaenTa (CPC).
[na nigrotoBKu 4o moaynbHOI KOHTPONAbHOT BuAinAetTbca 10 rogmuH CPC.
OnAa BUKOHaHHA rpadiyHoi poboTu Buainaersca 10 rogmu CPC.
[na nigrotoBKu Ao 3aniky smuainsaerbca 22 roamHm CPC.

The student's individual work (60 hours) includes preparation for classroom and control
activities, performing calculations, and preparing input data for the assignments.
For each laboratory work, 9 hours of student individual work (SIW) are allocated.
10 hours of SIW are allocated for preparing to complete the modular control work.
10 hours of SIW are allocated for preparing to complete the graphic work.
22 hours of SIW are allocated for graded credit preparation.

MonitTnka Ta KoHTponb / Policy and oversight

7. MNoniTMKa HaBYaNbHOI AUCUMNAIHK (OCBITHLOro KOMMNOHeHTa) /
Policy of the academic discipline (educational component)

— BigBiAyBaHHA NeKUil, a TaKoX BIACYTHICTb Ha HMX, He OUjiHI0ETbCA. BiagigyBaHHA
NnabopatopHMx 3aHATL € 060B’A3KOBOIO CKNAA0BOIO BUBYEHHA MaTepiany;

— npw 3axucti nabopatopHux pobiT cTyAeHT Ma€ NPOAEMOHCTPYBATM PO3P06IEHNIA NPOrpamHMiA
KOA Ta pe3ynbTaTM MOro BMKOHAHHA HA TecTax, AK 3a3ganerigb niarotoBaHWX, TaK i 3anNpPONOHOBAHUX
BMKNagayem. Y BUNAgKy AUCTaHUIAHOI ¢$OpMM HaBYaHHA 3axUCT BiaOYBAETbCA Ha BiAMNOBIAHIN
KOHdEePEHLIT WAAXOM AeMOHCTpaLii eKpaHa.

— MOJMITWUKa Ta MPUHUMNM akagemivyHoi AobpoyecHOCTi BM3HaYeHi y po3sgini 3 Kogekcy vecTi
HauioHanbHOro TexHiYHOro yHiBepcuteTy YKpaiHM «KUIBCbKUI NOMITEXHIYHUI IHCTUTYT iMeHi Irops
Cikopcbkoro». [letanbHiwe: https://kpi.ua/code.



https://kpi.ua/code

— HOPMW eTUYHOI NOoBeiHKM CTYAEHTIB | NpauiBHMKIB BM3Ha4veHi y po3aini 2 Kopekcy yecTi
HauioHanbHOro TexHidHoro yHiBepcuteTy YKpaiHM «KUIBCbKUI MOMITEXHIYHUI iHCTUTYT iMmeHi Irops
Cikopcbkoro». [letanbHiwe: https://kpi.ua/code.

— attendance at lectures, as well as absence from them, is not assessed. Attendance at
laboratory hours is an obligatory part of the material study;

— during the defense of laboratory work, the student must demonstrate the developed program
code and the results of its execution on tests, both prepared beforehand and those proposed by the
instructor. In the case of remote learning, the defense takes place at the appropriate conference via
screen sharing;

— the policy and principles of academic integrity are defined in Section 3 of the Code of Honor of
the National Technical University of Ukraine "Igor Sikorsky Kyiv Polytechnic Institute." More details:
https://kpi.ua/code;

— the norms of ethical behavior for students and staff are defined in Section 2 of the Code of
Honor of the National Technical University of Ukraine "Igor Sikorsky Kyiv Polytechnic Institute." More
details: https://kpi.ua/code.

8. Buau KOHTPOAIO Ta PEeMTUHIroBa CUCTEMA OLiHIOBaHHA pe3yabTaTie HaByaHHA (PCO) /
Types of assessment and the grading system for evaluating learning outcomes (GSE)

Cucmema pelimuHzo8ux (8azoeux) 6anie ma Kpumepii oyiHroeaHHa / The system of grading
(weighted) points and assessment criteria

8.1 PelTUHI CTyZleHTa 3 OCBITHbOTO KOMMOHEHTa pPo3paxoByeTbcA 3i 100 6anis, AKi cTyaeHT
OTPUMYE 3@ BUMKOHAHHA nabopaTopHux pobiT (aBox pobit), PP Ta MKP npotarom cemectpy, abo 3a
pe3ynbTaTaMu 3aniky;

8.2 Kputepii HapaxyBaHHA 6aniB 3a BUKOHaHHSA nabopaTopHux pobit, PIP Ta MKP.

8.2.1 lHaMBiayanbHMN BaroBMin 6an 3a BUMKOHAHHA 3aBAaHb NabopatopHux pobit cknapgae 10
6aniB. MakcMmanbHa KinbkicTb 6anis 3a 1abopaTopHi 3aBAaHHA AOPIBHIOE:

10 6aniB x 2 = 20 6anis.

8.2.2 BMKOHaHHA KOXHOro 3aBAaHHA /abopaTopHOi PobOOTU OLIHIOETLCA 33 HACTYNHUMMMU
Kputepiamu:

— NPaBUAbHICTb OTPMMAHUX pe3ynbTaTiB — Big 1 Ao 6 6anis;

— YHKLIOHAaNbHO CNPOEKTOBAHUM iHTepdeic KopucTyBaya — 1 6an;

— iHTepaKTMBHe BBeAEHHS NnapameTpis meTtoay — 1 6an;

— AWMHaMIiYHi 3MiHW Ha eKkpaHi — 1 6an;

— MoAyNbHUI cnocib opraHisauii BuxigHoro koay — 1 6an.

8.2.3 MiHimanbHa KinbkicTb 6anis AnA 3apaxyBaHHA nabopaTopHoi poboTn cknagae 6 (60%).

8.2.4 MaKcMmanbHa KinbKicTb 6aniB 3a KoHTponbHy poboty Ta P popisHioe 15 6anis. Ha
MOAYNbHY KOHTPObHY PO6OTY BUHOCUTLCA OA4HE NPAKTUYHE 3aBAAHHA.

8.2.4.1 KoHTponbHa Ta rpadiyHa poboTH OuiHIOITLCA HACTYMHUM YUHOM:

— MPaBUNbHICTb OTPMMaHMX pe3ynbTaTie — Big 1 Ao 8 6anis;

— (YHKUiOHaNbHO CNPOEKTOBAHMM iHTepdelic KopucTyBada — 1 6an;

— iHTEepaKTMBHE BBEAEHHA NapameTpis meToay — 2 6anu;

— AWHaMIYHi 3MiHW Ha eKpaHi — 2 6anu;

— MoAyNbHMI cnocib opraHisauii BuxigHoro Kogy — 2 6anu.

8.2.4.2 MiHimanbHa KinbKictb 6anis ana 3apaxysaHHAa MKP Ta P cknagae 9 (60%).

8.3. YMoBM Aonycky A0 3aniky: 3apaxyBaHHA BCix fabopaTopHux pobit, P Ta MKP. MiHimanbHa
KiNbKiCcTb HabpaHux 6anis — 30 (60%). 3406yBaui, AKi BUKOHaAN BCi yMOBM AONYCKY 4,0 3a0iKy OTPUMYHOTb
BiANOBIAHY PEUTMHIOBY OLIHKY LWAAXOM MNOABOEHHA HabpaHux 6anie 3a cemectp 6e3 noTpebu


https://kpi.ua/code
https://kpi.ua/code
https://kpi.ua/code

NPOXOAKEHHA 3aX04y CEMECTPOBOro KOHTPOt0. 3006yBadi, AKi 6axKatoTb NiABULLUTK CBOKO PENTUHIOBY
OLLiHKY, NPOXOAATb CEMECTPOBUIA KOHTPOb Y BUTAAI 3aNiKY.

8.3.1 Ha 3aniky CTyAEHTM BMKOHYHOTb KOHTPOJIbHY pPob6OTYy i3 3acTocyBaHHAM Komn'toTepy.
3anikoBuit bineT cknapaeTbCA 3 ABOX MPAKTUYHMX 3aBAaHb. BaroBuili 6an KOXKHOrO MNpPakTUYHOro
3aBaaHHA — 50.

8.3.2 MaKcumainbHa KinbKicTb 6aniB 3a CKNagaHHA 3a/iky AOPIBHIOE:

50 6anis x 2 = 100 6anis.

8.3.3 KoXHe 3 NpaKTUYHMNX 3aBAAHb OLHIOETLCA HACTYMHUM YNHOM:

— MPaBUbHICTb OTpMMaHUX pesynbTatis — ao 30 6anis;

— (YHKLUiIOHaNbHO CMPOEKTOBAHUI iHTepdenc Kopuctysada — ao 5 6anis;

— iHTepaKTMBHE BBEAEHHA NapameTpis meToay — Ao 5 6anis;

— AWHaMIYHi 3MiHW Ha eKpaHi — 4o 5 6anis;

— MoAy/ibHMI cnocib opraHisauii BuxigHoro kogy — ao 5 6anis.

8.4 AKwo 3006yBay, AKMN CKNaaas 3aik 41A NiABULLEHHA CBOEI PEMTUHIOBOI OLLIHKM, OTPMMaB 3a
MOro pesynbTaTaMM MeHLY KifbKicTb 6aniB, HiXX HabpaHO 3a pe3ynbTaTamMu 3ax0AiB MNOTOYHOrO
KOHTPO/It0, PEMTUHIOBA OLiHKA BUCTAaBASAETLCA 3a pe3y/ibTaTaMm 3aiKy.

8.5 Cyma 6anis 3a 3asikoBy pobOTy NepeBoAMTbCA Y OLiHKY OCBITHbOrO KOMMOHEHTY 3rigHO 3
Tabnuueto 1.

8.1 The student's rating for the educational component is calculated from 100 points that the
student receives for completing laboratory works (two works), CGW and MCW during the semester, or
based on the results of the graded credit work;

8.2 Criteria for assigning points for completing laboratory works, CGW, and MCW.

8.2.1 The individual weight for completing the tasks of the laboratory works is 10 points. The
maximum number of points for laboratory tasks is:

10 points x 2 = 20 points.

8.2.2 The performance of each laboratory task is assessed according to the following criteria:

— correctness of the obtained results — from 1 to 6 points;

— functionally oriented design of user interface — 1 point;

— interactive input of method parameters — 1 point;

- dynamic changes on the screen — 1 point;

— modular organization of the source code — 1 point.

8.2.3 The minimum number of points required to pass a laboratory work is 6 (60%).

8.2.4. The maximum number of points for the control work and CGW is 20 points. The modular
control work consists of one practical task.

8.2.4.1 The control work and CGW is assessed as follows:

— correctness of the obtained results — from 1 to 8 points;

— functionally oriented design of user interface — 1 point;

- interactive input of method parameters — 2 points max;

- dynamic changes on the screen — 2 points max;

— modular organization of the source code — 2 points max.

8.2.4.2 The minimum number of points required to pass the MCW and CGW is 9 (60%).

8.3 Conditions for admission to the credit: acceptance of all laboratory works, CGR and MCW.
The minimum number of points gained is 30 (60%). Students who have fulfilled all the conditions for
admission to the graded credit receive the appropriate rating score by doubling the points gained during
semester without the need to pass the semester control event. Applicants who wish to increase their
rating score pass the semester control in the form of a graded credit.

8.3.1 During the exam, students complete a control task using a computer. The exam paper
consists of two practical tasks. The weight of each practical task is 50 points.

8.3.2 The maximum number of points for passing the exam is:

50 points x 2 = 100 points.

8.3.3 The practical task is assessed as follows:



— correctness of the obtained results — 30 points max;

— functionally oriented design of user interface — 5 points max;
- interactive input of method parameters — 5 points max;

- dynamic changes on the screen — 5 points max;

— modular organization of the source code — 5 points max.

8.4 If a student taking a graded credit option scores lower on the graded credit than during the

current control measures, the rating score is issued based on the graded credit results.
8.5 The sum of the starting points and points for the exam control work is converted to the

educational component according to the following table.

Tabnuua 1 — MNepepaxyHok 6anis / Table 1 — Points conversion

Banu: ctaptosi 6anu + eksameHaljiiiHa KOHTpo/ibHa poborTa /

. . . . OujiHKa Mark
Points: starting points + final exam control work
100...95 BiamiHHO Excellent
94...85 Oyxe pobpe Very good
84...75 Hobpe Good
74...65 33408BiNbHO Satisfactory
64...60 JocTaTHbO Enough

MeHwwe / less than 60

He3aao0BinbHO

Unsatisfactory

€ He3apaxoBaHi poboTtu (nabopatopHi, MKP, I'P) /
There are unaccepted works (laboratory, modular control
work, graphic work)

He ponyweHo

Not permitted

Po6ouy nporpamy HaB4YanbHOI gucumnnidm (cnnabyc):

CknageHo aoueHTom Kadpeapu UTE, K.T.H., demunwimHom AHaToniem AHaToninoBUYEM

YxBaneHo kapeapoto UMPppPoBUX TEXHONOTIN B eHepreTuli (npotokon Ne22 Bia 17.06.2026)

Moroa)keHo HaykoBo-meToamuHoto Komicieto KMl im. Irops Cikopcbkoro (npotokon Ne9 Big, 26.06.2026)

The course syllabus was:

prepared by Associate Professor, cand. tech. sciences, Anatoliy Demchyshyn.

Approved by the Department of Digital Technologies in Energy (Protocol No. 22 dated 17.06.2026)

Agreed by the Scientific and Methodical Committee of Igor Sikorsky KPI (Protocol No. 9 dated 26.06.2026)




