JIpoepamysanns AR/VR,

JlabopaTtopna po6oTa Ne3
Tema: Animarisi, My3uuHa KOMIIO3HIIIS Ta TEXHIKa po3mi3HaBaHHsA 00audb B AR

Meta po6oTH: HaOyTH IPAKTHUYHI HABUIKH 3 BUKOPUCTAHHS TEXHOJIOT1] IOTIOBHEHOT
peasbHOCTI MPU CTBOPEHHI irop

TeoperuuHi BizoMocTi: siek.2, jek.3.
https://www.youtube.com/watch?v=0ydZM5MXL.ic
[Tpuknax rotoBoro nmpoekra AR-macok B Unity:
https://github.com/dilmerv/FaceTrackingDemo

JlonaTtkoBo: MiHI Kypc 1o cTBopeHHo AR-macok https://learn.unity.com/course/create-with-ar-
face-filters?uv=2021.3
Memoouuni pekomenoayii O
1. Iopsaaky nomaBanasa AR-Macku Ha 00JMYYs 3 AEKIJILKOMA [TapaMeTPaMHU.
2. Hamamrysanus napamerpis AR (Unity AR Setup).
3. Biacrexxenns obanuus B Unity (Face tracking in Unity).
IlepeliTu 10 3aBJaHHS Ha JIAOOPATOPHY POOOTY.

IMopsinok noxaBanust AR-Macku Ha 00JIMY4A 3 IeKiIbKOMA MapaMeTpaMu.
3M1ACHUTH 3aMiHY MacOK sl 00Iuyys
CtBopith npoekt Unity ta Hamamryiite napaverpu AR
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Puc.5.
Canvas
Canvas (1mo10THO) — I1e KOMIIOHEHT iHTep(eiicy KOprUCTyBaya, SKHi Ji€ K KOHTCHHEp IS
TaKUX €JIEMEHTIB 1HTEepQEiCy, SIK KHOMKH, TEKCT, 300paX€HHs Ta 1HIII €IEMEHTH KepyBaHHS
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iHTepdeiicom kKopucTyBada . Canvas BIATBOPIOE IIi e€JIeMEHTH 1HTepdeicy KOpUCTyBada B
IrpOBOMY CBITI, HakKJagaoun ix Ha creHy. [le oco6mmBo BaxumBo B mporpamax AR, ne Bu
MMOBUHHI HAJIaTH 1HTEPAKTHBHI €JIEMEHTH, SKI KOPUCTYyBadl MOKYTh OaUUTH Ta B3aEMOJISTH 3
HUMU B PO3LUIUPEHOMY CEPETOBHILLL.

Canvas BHUKOPUCTOBYETHCS [IJIi CTBOPEHHS KOPUCTYBAlbKUX 1HTEpQENCIB, SKI MOXYTh
pearyBaTd Ha B3aeMOJIli KOpUCTyBada, BigoOpaxkaTd 1HQopMmaIllito Ta HaJaBaTH EJIEMEHTU
KepyBaHHs B cepenouiii AR.

TyT cTBOPITH MOJIOTHO Ta J0JIaliTe KHOMKY M1 Ha3Bow "swapToggleButton".

delic MEHEeIKED

JlomaiiTe KOMIIOHEHT MEHeIkepa obnuuds B jpkepesio XR i BiiacTekeHHs 00JmM4ds
(muB.onuc Hmwkye) AR — 116 KOMIIOHEHT, IKHH HagaeThbes 0a30BuUM makeToM AR Unity, skwii
MOJIETIIIYE BIJICTEKEHHS 00IMYYs Ta KEpyBaHHs HUM y mnporpamax AR. BigcrexxeHHs o0amyus
nependavae 1,1IeHTU(IKALIIO Ta BIACTEKEHHS PUC 1 BUpa3y o0JUYYs B pEXKUMI PeabHOTO Yacy 3a
JIOTIOMOTOI0 KaMepH MPUCTPOIO.

Cxpunt KOHTpoJepa o0auyus

XR origin, pogaiTe KOMIOHEHT 1 CTBOPITh HOBHMH CIleHapid TiJ Ha3BOIO
«faceController». Cuenapiii kepyBaTHUMe 3aMiHOIO MaTepialiiB 00inyds Ha o0imyust AR 1
BIJIMOBIJIHUM YHHOM OHOBJIIOBATHME TEKCT KHOIIKU 1HTEpeENiCy.

I;

1[] materials;

Awake()

arFaceManager = GetComponent<ARF
5 Toggle.onClick.AddLi

arFaceManager. facePrefab.GetCompon r>( ) .material = materials[@].Material;

swapFaces ()
swapCounter = swapCounter == materials.length - 1 ? @ : swaplounter + 1;
h face in arFaceManager.trackables

face.GetComponent »().material = materials[swapCounter].Material;

swapFaceToggle.GetComponentInChildren<Text>().text = %$"Face Tracking ({materials[swapCounter].Name})";

al

1 Material:

Name ;

Puc.5.
lloacnennsn
e Psaxu 1-3: 1l psAnKu IMOOPTYIOTH HEOOX1IHI MTpOCTOpU iMeH 13 MexaHizmy Unity
JUISL TOCTYMY J0 HEOOXITHUX KiaciB 1 QPyHKIIH it poOOTH 3 eJeMeHTaMu 1HTepdeicy
KOPHUCTYyBaua, IrpOBUMH 00’ €KTaMu Ta OCHOBOIO AR.
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o Psimox 6: e aTpulyT rapaHrye, 11(0) CIieHapii
Bumarae ARFaceManagernpukpirieHHs KOMITOHEHTA hi (o TOTO CaMoro
GameObject. Skmo KOMIIOHEHT BiCyTHIiN, Unity aBTOMaTHYHO J0JACTh HOTO.

oPamox 8:mel psamox BusHayae modatok  kiacy faceController,  sxwmii
ycnaakoBye MonoBehaviouroasoswuii kiac uist cuieHapiiB Unity.

e Psiixu 11-12: e CTBOPIOE cepiaigizoBaHe MIpUBaTHE oJie 3
Ha3Boro swapFaceToggleruny Button. Atpubyt SerializeFieldpoouts 11e mojie BUAMMEUM
B iHciekTopl Unity, 30epiratouu oro npuBaTHUM.

« Psox 13: oromomeno npuatHe mnose arFaceManagertuny . ARFaceManagerlle
36epesxe nmocusanns Ha ARFaceManagerkoMmnoHeHT.

«Psamox  14: mpuBatHe  joriune  moie faceTrackingOnoromormyerscss  Ta
1HIIaTI3y€ThCS 3HAYEHHSM true.

«Psox 15: mpuBatHe mine uumciao SWapCounteroroyonryeTscss Ta iHIMIATI3YETHCS
3HadeHHsIM 0.

« Psikm 17-18: orosonreHo cepianizoBane myOiuHe moJie 3 Ha3Boro materials, sike €
macuoM faceMaterialo6’extiB. Y 1mpoMy moji 30epiraTUMyThCs Ppi3HI  MaTepiaid
00y Ys, SIKI MOYKHA MIHSITH MICIISIMH.

ePagxu 21-26: merom AwakeBUKIMKAETHCS IIiJl Yac iHIiMiamizamii eK3eMILIsIpa
CleHapito. Y 1IbOMy METO/I:

o arFaceManagermnpusnadaerbcs MTOCUJIAHHS
Ha ARFaceManagerxkommnonenT, npukpimieHud n1o Toro >k GameObject, mo #
CIIEHapiil.

o Ilomis swapFaceTogglexnonku onClickmianucyersest Ha SwapFacesmeron,
T0O0TO SWapFacesmeTo 1 Oy/ie BUKIIMKAHUM, KOJIM KHOIIKA HATUCHYTA.
o Martepianom facePrefab BctanoBmoeTscst MaTepian i3 IEpHIOro eIECMEHTA
MacuBy materials.
. Psnku 28—38: Meton SwapFacesBu3Ha4aeThCs SK:
o 30umpmryeTscs SwapCounter, moseptatouuch g0 0, SIKIO JocsATae KiHILA
MacuBy materials.
o Huxn BUKOHY€E 1Teparito o koxxHOMY ARFaceo0’ekty
B arFaceManager.trackableskonekmii (1o mpezacraBiise BiACTEKEHI 00IMYYs), a
Mmartepial komroHeHTa oOnmuus MeshRendererscranoBmoeTscsl Ha MaTepian 3a
noTouyHuM SWapCounteriniekcom.
o Texct xnonku ( SwapFaceToggle) onoBieHo 1 BiOOpakeHHS MTOTOYHOT
Ha3BU MaTepially JIMIIHOBOI MOBEPXHI.
. Panku 40-46: Bxianenuit knac 13 Hasoro faceMaterialsusnauaerscs
B faceControllerknaci:
o Lle# xiac mo3nadeno sik [System.Serializable], mo mo3Bossie BimoOpaxaTu
roro exzemrmuisipu B Unity Inspector.
o Bin mictuth nBa Bigkputux mosst: Material(mis 30epeskeHHs Marepiaiy)
1 Name(auist 30epekeHHs Ha3BU MaTepiaiy).
Hanamrylite kHONKY
BuxopucroBytoun iHCTpyMeHTH TpaHchopmalii y BepxHiM JiBiii YacTHHI CIICHH,
MEePEMICTITh KHOTIKY B HIDKHIO YACTHHY TIOJIOTHA. Y BKJIAJKaX l€papxii y pO3KPUBHOMY CITUCKY
BubOepiTh «Texct (TMP)» 1 3MiHITh TEKCT Ha «3MIHUTH MAcKy OOIHYYsD.
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Kontpoiep o6nuyus
[Tepeiimith mo mxepena XR. Ha Bkimaami iHcmekTopa BH 10OAQUHMTE CBIM KOMIIOHEHT
KepyBaHHS 00JIMIYSIM.
o [Topyu 13 mepeMukaueM 3MIHH OONUYYS MEPETATHITH CBOIO KHOMNKY ab0o BHUOEpITh
CBOIO KHOIIKY.
« Ha Bxmaami «Matepianuy» gomaite Bci MaTepiaau A1 MAcKu JjIsl OOIMYYs , SIK1 BU
X04eTe, 100 BaIll KOpUCTyBad BUOPAB.

HamamryBanns napamerpiB AR (Unity AR Setup)
HanamryBanus AR B Unity
CtBoputu ipoekT B Unity Ta BuUOEpiTh OcCHOBHUH 1m1abmoH AR.
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Augmented Reality
Template

Puc.9.
3a 3aMOBUYBaHHSM JJIs Bac Oy/ie CTBOPEHO 3pa30K CIICHHU.
Hamnpagiene cBiTio
Ile Tum cBiTia, SKUH IMITYy€ COHSIYHE CBITJIO Ta 3a3BMYail BUKOPUCTOBYETHCS IS
MIPE/ICTABJICHHS] OCHOBHOTO JDKepesia CBITJIa Ha BYJUIAX. BiH BKIIIOYA€E TaKl BIACTUBOCTI:

o THIT: I BIACTUBICTh BH3HAUa€ THUN JKepesna cBiTia. JJis crnpsMoBaHOro CBiTIa
BCTAHOBIIOETHCS TUTT « CTIPSIMOBAHHIN.

« Komtip: BIacTuBICTh KOJBOPY J03BOJISIE BUOPATU KOJIIP CIPSIMOBAHOTO CBIiTJa. Bin
BH3HAYa€ BIITIHOK 1 IHTCHCUBHICTh BUIIPOMIHIOBAHOT'O CBITJIA.

o PesxxuM: 111  BIACTUBICTH JO3BOJISIE BUOWMpATH MK «Y pealbHOMY Yaci» Ta
«3amneuenuit». Y pexumi Realtime cBITIIO 00UMCITIOETHCA B pealbHOMY 4aci, TOIl K Y
pexumi Baked ocBiTieHHs onepeiHb0 OOUUCTIOEThCS [IJIsI CTATUYHUX 00’ €KTIB IMij Yac
BUITIKAHHS.

o [HTEHCUBHICTH. BIACTUBICTh  IHTEHCHUBHOCTI ~ KOHTPOJIIOE  CUJy  CBITJa,
BHITPOMIHIOBAHOTO CIIPSIMOBAHHMM JIKEPEJIOM CBITJIA.

« HenpsiMuii MHOKHUK: 1151 BJIACTUBICTh PETYJIIO€ IHTEHCUBHICTh \HenpﬂMoro CBiTJIal ,
10 KUTAE€THCS CIIPSIMOBAHUM CBITJIOM.

o Tum TiHI: BIACTUBICTh THUITY TiHI M03BOJsie BUOpaTu Mixk «be3 TiHei», « KopcTki
TiHD» Ta «M’sKi TiH1». BiH BU3Ha4ae, K CIPSMOBAaHE CBITJIO BIATBOPIOE TiHI.

« HamamoBaTi opeosi: 111  BJIACTUBICTh yMHKae ab0 BHMHKA€ BiIOOpaKEHHS
B110JTMCKY HaBKOJIO CIIPSIMOBAHOTO CBITIJIA.

« BinOmuck: 1151 BIaCTUBICTH HO3BOJISE MPU3HAYATH CHEIiaIbHy TEKCTYPY BiAOIUCKY
00’€KTUBA CIIPSIMOBAHOMY CBITITY.

« PexxuMm Bi3yanizaliii: BIacTUBICTh PEKUMY Bi3yajizallii BH3HAYa€, YU BILIMBAE
CBITJIO Ha BC1 00’ €KTH B CII€HI1, YA BOHO BUJIUME JIUIIIC 3 KAMEPH.
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«Macka BiJCIYCHHS . BJAaCTUBICTh MACKH BiJICIKAHHS BHU3HAYA€, Ha SKi IIApH CICHH
BIUTMBA€E cBITJIO. Ha 00’exTn Ha mapax, sSki HE BKIIOYCHI B MacKy BHOpaKyBaHHsSI, HE
BIUTMBATHME CIIPSIMOBAHE CBITJIO.

Ceanc AR

Ceanc AR —11e komnoneHT Unity, sSIKuii Kepye€ )KUTTEBUM LIMKIOM 1 KOHDITYpalli€ro JOCBIAY
AR. Bin BUKOHYe Taki 3aBlIaHHS, SK 3alyCK ab0 3YNMHMHKAa CEaHCY JOMOBHEHOI PeaIbHOCTI,
KEepyBaHHS BIJCTEKCHHSIM 1 OHOBJICHHSIMU CEaHCy, a TaKOoXX HaJaHHS JOCTYIy 10 JaHHX,
MOB’S3aHUX 13 JIOMOBHEHOK pEaJIbHICTIO, SK-OT KaHajiu KaMmepu Ta 1Hdopmalis
BijcTrexeHHs. Ceanc AR € pyHIaMeHTaTbHUM KOMIIOHEHTOM I CTBOPEHHs JonatkiB AR B
Unity, OCKUIbKHM BiH CIY>KUTh MOCTOM MK pE€ajbHUM CBITOM 1 BIpTyaJIbHUM BMICTOM.

[Touatok ceancy AR

[TouaTtox ceancy AR € omopHOIO TOYKOIO JjIsi BCbOIO BMICTY, MOB’sizaHOoro 3 AR, y
nporpami JonoBHeHOi peanbHOCTI (AR). Bin mpexacraBnsie cuctemy koopauHaT cBiTy AR 1
BI/IMOBIIA€ 32 BIJICTEXKEHHS pyXy NpUCTporo AR 1 y3romkeHHs BipTyaJIbHOTO BMICTY 3 peajJbHUM
CBITOM.

[Ipumitka. B octanniit Bepcii Unity AR Foundation (5.0) mxeperno ceancy AR 3actapisio Ta
3amiHeHo JxepesioM XR. fAknio Bu BUkopuctoByeTe 5.0 a00 HOBILITY BEPCIIO, BUAAIITh JXKEPETIO
ceancy AR 1 gonaiite mxepeno XR. JJogatu > XR > XR noyaToxk.

XR mmoxokeHHs

XR origin Mae moniOHi kommoHeHTH 10 AR origin. Ognak moxomxkeHHs XR MoxkHa
BUKOPHUCTOBYBATH sIK i AR, Tak 1 ;1 VR.

Ocnosa noxooacenns GameObject

Ile GameObject, 1o sikoro npueaHanuii komnoHneHT XR origin. Bin mpeacrasisiec 0CHOBY
nouatky XR y cueni. [Touatok XR Bu3zHauae mxepeno ceancooro npoctopy (0, 0, 0) y cueni
XR. TTonoxennst Ta opieHTanis nboro GameObject BU3HAYa€e TOUKY BIJIIKY JIJISl BCHOTO JIOCBITY
XR.

3miwenns nionocu kamepu

Lle 3MiHI0€ monoxeHHs1 npuctporo XR 3 kamepu Ha npoctip XR Origin. Lle nonomarae
BU3HAYUTH BUCOTY npucTporo XR. [le 0coOIMBO KOPUCHO ISt PEKUMIB BIACTEKEHHS BITHOCHO
M1JIJTOTH, KOJIU TOJI0KEHHS MPUCTPOI0 XR BIICTEKY€ETHCS BITHOCHO MICIISI HA TI031.

Kamepa

L{s BIacTUBICTH MPEACTABIISIE KAMEPY, SIKa BUKOPUCTOBYETHCS JJI BIATBOPEHHS ClieHH XR
3 Touku 30py npucTporo XR. Kamepa mae 6ytu qodipaporo yactuHoro GameObject, 110 MiCTUTH
koMmroHeHT XR origin. V  crenHapisix JONOBHEHOI peambHOCTI KaMmepa 3a3BHuai
BUKOPUCTOBYETHCS ISl HAKJIQJaHHS BIPTYaJIbHOTO BMICTY Ha 300pa)K€HHS PEAIbHOTO CBITY,
3HITE KaMEpOIO MPUCTPOTO.

Peowcum siocmeoicennss noxooaicenns

Ile Bu3HAYae, K AaH1 BIACTEKEHHS MPUCTPOIO XR 1HTEpHpeTyoThCs BIAHOCHO JKepena
XR. Bin Bu3Hauae, ae 3Haxoauthes nos3uiis (0, 0, 0) y cueni XR y peanbHoMy cBiTi. IcHYe 1Ba
OCHOBHHX PEKHMHU:

1. [Ipuctpiit: npuctpiit XR BiACTEKYy€TbCA BIAHOCHO MOT0 MOYATKOBOTO MOJIOKEHHS
I1]T Yac 3amycKy abo MovyaTKy CeaHcy.
2. [Tigmora: XR-npHCTpiil BiICTEKY€EThCS BIIHOCHO MICIlS Ha ITi11031 a00 MOBEPXHI,

SIK€ BU3HAYAETHCS] BUKOPUCTOBYBaHMM XR-mipuctpoem.
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3cys Y kamepu

Ile BucoTa kKamepu, sika BHUKOPHCTOBYEThCSA, Ko XR Origin mepeOyBae B pexuMi
BizcTexxeHHs mkepena «[Ipuctpiity. 1le 3MimmeHHs rapaHTye, 1o MOJI0XKEHHS KaMepH TPaBUILHO
BUPIBHSHO 3 MOJOXKEHHSAM npucTporo XR BinHocHO mouatky XR.

Pa3zom 111 ennemenTH KOMIoHeHTa pkepesia XR BiAIrparoTh BUPIIIANIBHY POJIb B YIIPaBIiHHI
MIOJIOKEHHSIM 1 Opi€eHTaIli€l0 ciieHn XR, 3abe3neuyoun HajaeKHE Y3TOHKEHHS MDK pealbHUM
CBITOM 1 BIPTyaJIbHUM BMIiCTOM.

Cxpunt noxopkeHHss XR

Hwxue HaBeneHo cuenapiii mxepena XR, Hanucanuii moBoro C#, sikuif BAKOPUCTOBYETHCS
3a 3aMOBUYyBaHHAM y Kkepeim XR.

case TrackingOriginModeFlags.Floor:
MoveOffsetHeight (0f);
break;

case TrackingOriginModeFlags.Device:
MoveOffsetHeight(m_CameraYOffset);
break;

default:
return;

/// <summary>
/// Sets the height of the camera to the given <paramref name="y"/> value by updating

the <see cref="CameraFloorOffsetObject"/>.
/// </summary>
/// <param name="y">The Llocal y-position to set.</param>
void MoveOffsetHeight(float y)
{
if (m_CameraFloorOffsetObject != null)
{
var offsetTransform = m_CameraFloorOffsetObject.transform;
var desiredPosition = offsetTransform.localPosition;
desiredPosition.y = y;
offsetTransform.localPosition = desiredPosition;

/// <summary>
/// Repeatedly attempt to initialize the camera.
/// </summary>
void TryInitializeCamera()
{
if (!Application.isPlaying)
return;

m_Cameralnitialized = SetupCamera();
if (!m_CameraInitialized & !m_CameraInitializing)
StartCoroutine(RepeatInitializeCamera());
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/// <summary>

/// Handles re-centering and off-setting the camera in space depending on which
tracking origin mode it is setup 1in.

/// </summary>

bool SetupCamera()

{

var initialized = true;

#if XR_MODULE_AVAILABLE
SubsystemManager.GetInstances(s_InputSubsystems);
if (s_InputSubsystems.Count > 9)
{

foreach (var inputSubsystem in s _InputSubsystems)

{
if (SetupCamera(inputSubsystem))

{
// It 1is possible this could happen more than
// once so unregister the callback first just in case.
inputSubsystem.trackingOriginUpdated -=
OnInputSubsystemTrackingOriginUpdated;
inputSubsystem.trackingOriginUpdated +=
OnInputSubsystemTrackingOriginUpdated;
}

else

{

initialized = false;

return initialized;

#if XR_MODULE_AVAILABLE
bool SetupCamera(XRInputSubsystem inputSubsystem)

{

if (inputSubsystem == null)
return false;

var successful = true;

switch (m_RequestedTrackingOriginMode)
{
case TrackingOriginMode.NotSpecified:
CurrentTrackingOriginMode = inputSubsystem.GetTrackingOriginMode();
break;
case TrackingOriginMode.Device:
case TrackingOriginMode.Floor:

{
var supportedModes = inputSubsystem.GetSupportedTrackingOriginModes();
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// We need to check for Unknown because we may not be in a state where we
can read this data yet.
if (supportedModes == TrackingOriginModeFlags.Unknown)
return false;

// Convert from the request enum to the flags enum that is used by the
subsystem
var equivalentFlagsMode = m_RequestedTrackingOriginMode ==
TrackingOriginMode.Device
? TrackingOriginModeFlags.Device
: TrackingOriginModeFlags.Floor;

// ReSharper disable once BitwiseOperatorOnEnumWithoutFlags -- Treated
Like Flags enum when querying supported modes
if ((supportedModes & equivalentFlagsMode) == 0)
{
m_RequestedTrackingOriginMode = TrackingOriginMode.NotSpecified;
CurrentTrackingOriginMode = inputSubsystem.GetTrackingOriginMode();
Debug.LogWarning($"Attempting to set the tracking origin mode to
{equivalentFlagsMode}, but that is not supported by the SDK." +
$" Supported types: {supportedModes:F}. Using the current mode of
{CurrentTrackingOriginMode} instead.", this);

}

else
{
successful =
inputSubsystem.TrySetTrackingOriginMode (equivalentFlagsMode);
}
}

break;
default:
Assert.IsTrue(false, $"Unhandled
{nameof(TrackingOriginMode) }={m_RequestedTrackingOriginMode}");
return false;

if (successful)
MoveOffsetHeight();

if (CurrentTrackingOriginMode == TrackingOriginModeFlags.Device ||
m_RequestedTrackingOriginMode == TrackingOriginMode.Device)
successful = inputSubsystem.TryRecenter();

return successful;

void OnInputSubsystemTrackingOriginUpdated(XRInputSubsystem inputSubsystem)

{
CurrentTrackingOriginMode = inputSubsystem.GetTrackingOriginMode();

MoveOffsetHeight();
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IEnumerator RepeatInitializeCamera()
{
m_Cameralnitializing = true;
while (!m_CameraInitialized)
{
yield return null;
if (!m_Cameralnitialized)
m_Cameralnitialized = SetupCamera();

}

m_Cameralnitializing = false;

/// <summary>

/// Rotates the XR origin object around the camera object by the provided <paramref
name="angleDegrees"/>.

/// This rotation only occurs around the origin's Up vector

/// </summary>

/// <param name="angleDegrees">The amount of rotation in degrees.</param>

/// <returns>Returns <see langword="true"/> i1f the rotation is performed. Otherwise,
returns <see langword="false"/>.</returns>

public bool RotateAroundCameraUsingOriginUp(float angleDegrees)

{

return RotateAroundCameraPosition(m_OriginBaseGameObject.transform.up,
angleDegrees);

}

/// <summary>

/// Rotates the XR origin object around the camera object's position in world space
using the provided <paramref name="vector"/>

/// as the rotation axis. The XR Origin object 1is rotated by the amount of degrees
provided in <paramref name="angleDegrees"/>.

/// </summary>

/// <param name="vector">The axis of the rotation.</param>

/// <param name="angleDegrees">The amount of rotation in degrees.</param>

/// <returns>Returns <see lLangword="true"/> if the rotation 1is performed. Otherwise,
returns <see langword="false"/>.</returns>

public bool RotateAroundCameraPosition(Vector3 vector, float angleDegrees)

{

if (m_Camera == null || m_OriginBaseGameObject == null)

{

return false;

// Rotate around the camera position

m_OriginBaseGameObject.transform.RotateAround(m_Camera.transform.position,
vector, angleDegrees);

return true;

/// <summary>

/// This function will rotate the XR Origin object such that the XR Origin's up
vector will match the provided vector.




JIpozpamysanus AR/VR,

/// </summary>

/// <param name="destinationUp">the vector to which the XR Origin object's up vector
will be matched.</param>

/// <returns>Returns <see Llangword="true"/> i1f the rotation is performed or the
vectors have already been matched.

/// Otherwise, returns <see langword="false"/>.</returns>

public bool MatchOriginUp(Vector3 destinationUp)

{

if (m_OriginBaseGameObject == null)

{

return false;

if (m_OriginBaseGameObject.transform.up == destinationUp)
return true;

var rigUp = Quaternion.FromToRotation(m_OriginBaseGameObject.transform.up,
destinationUp);
m_OriginBaseGameObject.transform.rotation = rigUp * transform.rotation;

return true;

/// <summary>

/// This function will rotate the XR Origin object around the camera object using the
<paramref name="destinationUp"/> vector such that:

/// <list type="bullet">

/// <item>

/// <description>The camera will Look at the area in the direction of the <paramref
name="destinationForward"/></description>

/// </item>

/// <item>

/// <description>The projection of camera's forward vector on the plane with the
normal <paramref name="destinationUp"/> will be in the direction of <paramref
name="destinationForward"/></description>

/// </item>

/// <item>

/// <description>The up vector of the XR Origin object will match the provided
<paramref name="destinationUp"/> vector (note that the camera's Up vector can not be
manipulated)</description>

/// </item>

/// </list>

/// </summary>

/// <param name="destinationUp">The up vector that the origin's up vector will be
matched to.</param>

/// <param name="destinationForward">The forward vector that will be matched to the
projection of the camera's forward vector on the plane with the normal <paramref
name="destinationUp"/>.</param>

/// <returns>Returns <see Llangword="true"/> if the rotation is performed. Otherwise,
returns <see langword="false"/>.</returns>

public bool MatchOriginUpCameraForward(Vector3 destinationUp, Vector3
destinationForward)

{
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if (m_Camera != null && MatchOriginUp(destinationUp))
{
// Project current camera's forward vector on the destination plane, whose
normal vector is destinationUp.
var projectedCamForward = Vector3.ProjectOnPlane(m_Camera.transform.forward,
destinationUp).normalized;

// The angle that we want the XROrigin to rotate is the signed angle between
projectedCamForward and destinationForward, after the up vectors are matched.

var signedAngle = Vector3.SignedAngle(projectedCamForward,
destinationForward, destinationUp);

RotateAroundCameraPosition(destinationUp, signedAngle);

return true;

return false;

/// <summary>

/// This function will rotate the XR Origin object around the camera object using the
<paramref name="destinationUp"/> vector such that:

/// <list type="bullet">

/// <item>

/// <description>The forward vector of the XR Origin object, which is the direction
the player moves in Unity when walking forward in the physical world, will match the provided
<paramref name="destinationUp"/> vector</description>

/// </item>

/// <item>

/// <description>The up vector of the XR Origin object will match the provided
<paramref name="destinationUp"/> vector</description>

/// </item>

/// </list>

/// </summary>

/// <param name="destinationUp">The up vector that the origin's up vector will be
matched to.</param>

/// <param name="destinationForward">The forward vector that will be matched to the
forward vector of the XR Origin object,

/// which 1s the direction the player moves in Unity when walking forward in the
physical world.</param>

/// <returns>Returns <see langword="true"/> i1f the rotation is performed. Otherwise,
returns <see langword="false"/>.</returns>

public bool MatchOriginUpOriginForward(Vector3 destinationUp, Vector3
destinationForward)

{

if (m_OriginBaseGameObject != null && MatchOriginUp(destinationUp))
{
// The angle that we want the XR Origin to rotate 1s the signed angle between
the origin's forward and destinationForward, after the up vectors are matched.
var signedAngle =

Vector3.SignedAngle(m_OriginBaseGameObject.transform.forward, destinationForward,
destinationUp);
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RotateAroundCameraPosition(destinationUp, signedAngle);

return true;

return false;

/// <summary>

/// This function moves the camera to the world Llocation provided by <paramref
name="desiredWorldLocation"/>.

/// It does this by moving the XR Origin object so that the camera's world lLocation
matches the desiredWorldLocation

/// </summary>

/// <param name="desiredWorldLocation">the position in world space that the camera
should be moved to</param>

/// <returns>Returns <see lLangword="true"/> 1f the move is performed. Otherwise,
returns <see langword="false"/>.</returns>

public bool MoveCameraToWorldLocation(Vector3 desiredWorldLocation)

{

if (m_Camera == null)

{

return false;

var rot = Matrix4x4.Rotate(m_Camera.transform.rotation);
var delta = rot.MultiplyPoint3x4(OriginInCameraSpacePos);
m_OriginBaseGameObject.transform.position = delta + desiredWorldLocation;

return true;

/// <summary>

/// See <see cref="MonoBehaviour"/>.

/// </summary>

protected void Awake()

{
if (m_CameraFloorOffsetObject == null)
{

Debug.LogWarning("No Camera Floor Offset GameObject specified for XR Origin,
using attached GameObject.", this);

m_CameraFloorOffsetObject = gameObject;

if (m_Camera == null)
{
var mainCamera = Camera.main;
if (mainCamera != null)
m_Camera = mainCamera;
else
Debug.LogWarning("No Main Camera is found for XR Origin, please assign
the Camera field manually.", this);
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// This will be the parent GameObject for any trackables (such as planes) for

// we want a corresponding GameObject.

TrackablesParent = (new GameObject("Trackables")).transform;
TrackablesParent.SetParent(transform, false);
TrackablesParent.localPosition = Vector3.zero;
TrackablesParent.localRotation = Quaternion.identity;
TrackablesParent.localScale = Vector3.one;

if (m_Camera)
{
#if INCLUDE INPUT_SYSTEM && INCLUDE_ LEGACY INPUT HELPERS
var trackedPoseDriver =
m_Camera.GetComponent<UnityEngine.InputSystem.XR.TrackedPoseDriver>();
var trackedPoseDriverOld =
m_Camera.GetComponent<UnityEngine.SpatialTracking.TrackedPoseDriver>();
if (trackedPoseDriver == null && trackedPoseDriver0Old == null)
{
Debug. LogWarning(
$"Camera \"{m_Camera.name}\" does not use a Tracked Pose Driver
(Input System), " +
"so its transform will not be updated by an XR device. 1In order for
this to be " +
"updated, please add a Tracked Pose Driver (Input System) with
bindings for position and rotation of the center eye.", this);
}
#elif !INCLUDE_INPUT_SYSTEM && INCLUDE_LEGACY_INPUT_HELPERS
var trackedPoseDriver0Old =
m_Camera.GetComponent<UnityEngine.SpatialTracking.TrackedPoseDriver>();
if (trackedPoseDriverOld == null)
{
Debug. LogWarning(
$"Camera \"{m_Camera.name}\" does not use a Tracked Pose Driver, and
com.unity.xr.legacyinputhelpers is installed. " +
"Although the Tracked Pose Driver from Legacy Input Helpers can be
used, it is recommended to " +
"install com.unity.inputsystem instead and add a Tracked Pose Driver
(Input System) with bindings for position and rotation of the center eye.", this);
}
#elif INCLUDE_INPUT_SYSTEM && !INCLUDE LEGACY_INPUT_ HELPERS
var trackedPoseDriver =
m_Camera.GetComponent<UnityEngine.InputSystem.XR.TrackedPoseDriver>();
if (trackedPoseDriver == null)
{
Debug.LogWarning(
$"Camera \"{m_Camera.name}\" does not use a Tracked Pose Driver

(Input System), " +

"so its transform will not be updated by an XR device. In order for
this to be " +

"updated, please add a Tracked Pose Driver (Input System) with
bindings for position and rotation of the center eye.", this);
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}
#elif !INCLUDE_INPUT_SYSTEM && !INCLUDE_LEGACY_INPUT_HELPERS
Debug.LogWarning(
$"Camera \"{m_Camera.name}\" does not use a Tracked Pose Driver and
com.unity.inputsystem is not installed, " +
"so its transform will not be updated by an XR device. 1In order for this
to be " +
"updated, please install com.unity.inputsystem and add a Tracked Pose
Driver (Input System) with bindings for position and rotation of the center eye.", this);
#tendif

Pose GetCameraOriginPose()

{
var localOriginPose = Pose.identity;
var parent = m_Camera.transform.parent;

return parent
? parent.TransformPose(localOriginPose)
: localOriginPose;

/// <summary>

/// See <see cref="MonoBehaviour"/>.

/// </summary>

protected void OnEnable() => Application.onBeforeRender += OnBeforeRender;

/// <summary>

/// See <see cref="MonoBehaviour"/>.

/// </summary>

protected void OnDisable() => Application.onBeforeRender -= OnBeforeRender;

void OnBeforeRender()
{
if (m_Camera)
{
var pose = GetCameraOriginPose();
TrackablesParent.position = pose.position;
TrackablesParent.rotation = pose.rotation;

if (TrackablesParent.hasChanged)
{

TrackablesParentTransformChanged? .Invoke(
new ARTrackablesParentTransformChangedEventArgs(this, TrackablesParent));
TrackablesParent.hasChanged = false;

/// <summary>
/// See <see cref="MonoBehaviour"/>.
/// </summary>
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protected void OnValidate()
{
if (m_OriginBaseGameObject == null)
m_OriginBaseGameObject = gameObject;

if (Application.isPlaying && isActiveAndEnabled)
{
// Respond to the mode changing by re-initializing the camera,

// or just update the offset height in order to avoid recentering.
if (IsModeStale())

TryInitializeCamera();
else
MoveOffsetHeight();

bool IsModeStale()

{
#if XR_MODULE_AVAILABLE

if (s_InputSubsystems.Count > )
{
foreach (var inputSubsystem in s_InputSubsystems)
{
// Convert from the request enum to the flags enum that is used by
the subsystem
TrackingOriginModeFlags equivalentFlagsMode;
switch (m_RequestedTrackingOriginMode)
{
case TrackingOriginMode.NotSpecified:
// Don't need to initialize the camera since we don't set the
mode when NotSpecified (we just keep the current value)
return false;
case TrackingOriginMode.Device:
equivalentFlagsMode = TrackingOriginModeFlags.Device;
break;
case TrackingOriginMode.Floor:
equivalentFlagsMode = TrackingOriginModeFlags.Floor;
break;
default:
Assert.IsTrue(false, $"Unhandled
{nameof(TrackingOriginMode) }={m_RequestedTrackingOriginMode}");
return false;

if (inputSubsystem != null && inputSubsystem.GetTrackingOriginMode()

I= equivalentFlagsMode)
{

return true;

return false;
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/// <summary>

/// See <see cref="MonoBehaviour"/>.
/// </summary>

protected void Start()

{

TryInitializeCamera();

/// <summary>
/// See <see cref="MonoBehaviour"/>.
/// </summary>
protected void OnDestroy()
{
#if XR_MODULE_ AVAILABLE
foreach (var inputSubsystem in s InputSubsystems)

{

if (inputSubsystem != null)
inputSubsystem.trackingOriginUpdated -=
OnInputSubsystemTrackingOriginUpdated;
}

#tendif

[Touarok XR mnpexacrasnsie mxepeno ceancoBoro mpoctopy (0, 0, 0) y cueni XR
(po3mmpenoi peanbHOCTi), Takik ik AR abo VR. Ile n03Bossie MaHIMyIrOBaTH MOJIOKEHHSIM 1
opieHTari€ero ciienn XR, 30kpema st nepemiiieHHs XR 1 3cyBy kamepu.

Cuenapiii BU3Haua€e KUIbKa BIACTUBOCTEHN 1 METOMIB /st 0OpoOKH (yHKIIIH, OB’ A3aHUX 13
XR, Hanpukian HamamTyBaHHS KaMepH, sKa BUKOPUCTOBYETHCS /I BIATBOPEHHS CIieHU XR,
BU3HAYCHHS 0AaTHKIBCHKOTO MEPETBOPEHHS JUIsl BIICTE)KYBAaHUX 00’ €KTIB, KEPYBaHHS PEKUMOM
JoKepenia BIJICTEKEHHA (BIJHOCHO TMPHUCTPOIO YW BIJIHOCHO TIJIOTH) Ta YIpaBIiHHS
MO3UIIIOHYBAaHHAM 1 00EpTaHHSIM KaMepH.

Enementn xony

Ocb J1esIK1 BaXXJIMBI €JIEMEHTH KOAY:

Bracmusocmi

Cuenapiit MICTUTbH pPI3HOMAaHITHI BJIACTHUBOCTI, Takl
sk Camera, TrackablesParent, CameraFloorOffsetObject, RequestedTrackingOriginModeroin
0, 10 SIKUX MO>KHA OTpUMAaTu AocTyn 1 3MiHUTH iX B Unity Inspector.

Memoou

Cuenapii  mictuth Taki ¢Qynkmii, sk, RotateAroundCameraPosition, Tommo, sxi
BUKOPUCTOBYIOTBCS JIJIsi KEPYBAaHHSI TIOJIOXKEHHSIM 1 Opi€HTaIi€r0 ciieHn XR Ha OCHOBI pi3HHUX
cuenapiis.MatchOriginUpMoveCameraToWorldLocation

Iooin

Cuenapii BusHavyae momito TrackablesParentTransformChanged, sxa BukinkaeTscs
KOXKHOTO pasy, komu TrackablesParentsminroerscst meperBopenns. Lle mo3Boisie 30BHIIIHIM
KOMITOHEHTaM MiANUCYBaTUCS Ha [0 MO/II0 Ta BIANOBIAHUM YMHOM pearyBaTy.
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Mononogedinka

Cuenapii ycmagkoBye MonoBehaviour, mo poouts #Horo kommoHeHToM Unity, sKuii
MoxkHa npuegHatu 10 GameObjects y pemakTopi Unity.

3araznom, 1ieil cueHapiii 3abe3neuye 60a30By CTpyKTypy A kepyBaHHs XR Origin 1 #oro
3B’SI3KOM 13 KaMEpOIO Ta IHIIMMH KOMIIOHEHTaMH, TIOB’ sI3aHUMH 3 XR, 110 MMOJIETIITye CTBOPCHHS
nonatkiB XR B Unity.

BucnHoBok

3aBASKA TAaKOMY HaJIAIITyBaHHIO BH TEIEp MOXKETS II0OYaTH CTBOPIOBATH BJIACHI
IHTEepaKTUBHI Ta 3axorutiorodi fogaTku AR. ITicis iX CTBOpEHHS BU MOYKETE JIETKO IMTPOTECTYBAaTH
ix Ha cBOiX npuctposax Android ta 10S.

Bincrexxenns: ootmuus B Unity (Face tracking in Unity)

BincrexxenHs oOmuM4us o3Havae 37aTHICTh cuUcTeMHM AR BHSIBIATH Ta BiACTEXKyBaTH
00MYYsl KOpHUCTYBada B PEXKHMI PEAbHOTO Yacy 3a JOIMOMOIOI KaMmepu Ipuctporo. Ile
JO3BOJISIE CTBOPIOBATH 1HTEPAKTHBHI BPa)XEHHS BiJ JOMOBHEHOI PEaIbHOCTI, 5Kl CIIEIlaJbHO
MIPUB’sI3aH1 J10 MIMIKH Ta PyXiB.

JlomaTtu BigCTEKECHHS 00U

TexHosoriss BIACTEXKEHHS OOMWYYS MOXE pO3IMi3HABATH PHUCH Ta BHUPaA3H OOJUYYS,
HaMpuKIaJ TOJIOKEHHS Ta OpIEHTaIil0 ouel, Hoca, poTa Ta TojioBU. OCh SK 1€ MOKHA
peaiizyBatu. CTBopiTh HOBHUM npoeKT AR B Unity.

&
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KommnonenTt Mmenemxkepa obmmaust AR

Menemxep 00iuuusi AR — 116 KOMMOHEHT, HajaHuii 0a30BOI0 CTPyKTyporo AR, skuii
MoJIeTIIy€ (PYHKITIFO BIACTEXKEHHS OOJIMYUs B IpOrpaMax JTOMOBHEHOI peanbHOCTI. [le qo3Bossie
BUSIBJISITH T4 BIACTEXKYBAaTH OOJIMYYS KOPHUCTYBaya B PEXKHMI PEATbHOTO Yacy 3a JTOMIOMOTOI0
nepeanboi kamepu npuctporo. Y XR origin gomaite KOMIOHEHT KepyBaHHs o0nuausiMm AR. Bu
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MOXET€ 3MIHUTH MaKCHUMaJIbHY KIJIbKICTh OOMMY HA KUIBKICTh O0JHMY, $KI TMOTPIOHO

BIJICTE)KYBaTH.
Crangaptae 00anaus AR
O6muyus AR 3a 3amoBuyBaHHAM — 1i¢ craHgapTHuil GameObject, monepenHbo

ctBopenuit Unity. Mu OyzieMo BUKOPUCTOBYBATH sIK npedad nist meHemkepa oonuyuust AR. Ha
BKJIQ/IMI iepapxii cTBopiTh > XR > \06quq;1 3a 3aMOBYYBaHHSIM AR\ . [lepeTarHite HOro B mamnky
prefabs. 3BiaTu mepeTsarHiTE 00Myus AR 3a 3amoBuyBaHHSM i3 manku prefabs no mpedaly
o6myus B mxepen XR.

OcHoBHa Kamepa

Y XR origin aBivi KJIAIHITh TOJIOBHY KaMepy Ta BHECITh TaKi 3MiHHU:

Biociuni nnowunu

BrnacTuBicTh IVIOIIMHU BiJICiKaHHSI OCHOBHOI KaMEpH BH3HAYa€ Jiala30H BiJCTaHEH, y
MeXaxX SKOTO BiATBOPIOBATUMYThCS 00’€KTH. BiH CKiIamaeTbcs 3 JBOX 3HAUYEHb: 3HAYCHHS
«bmu3pko» Ta 3HaueHHA «Jlaneko». 3HadueHHs «Near» BU3HA4Ya€ HANWOIMKYY B KaMepH
B1JICTaHb, Ha SIKI 00’ €KTH TOYHYTh BIATBOPIOBATHCS, a 3HAaUEHHS «Far) BU3HaYa€ MaKCUMAaJIbHY
BIJICTaHb, Ha SIKIA 00’€KTH OyIyTh BUJIUMI. Y LIbOMY BHIAJIKy 3MiHITh 3HaueHHs «Far» Ha 1000
onuHUIL. OO0’ €KTH 32 MeXaMU 11i€l BIJICTaHI HE BIITBOPIOBATUMYTHCS, 1 BOHU BUTIISIIATUMYTh
BHUpPI3aHUMU 31 CIICHHU.

I'nubuna

BractuBicTh TNIMOMHU BU3HAYA€ MPIOPUTET Bizyadizallii KaMepu MOPIBHSHO 3 IHIIUMU
KamMepaMH B CIIEH1 . 3MIHITh 3HAYEHHs MNIMOWHU Ha -1, sike BKa3zye Ha Te, 110 I Kamepa Oyjie
B1JI0OpakeHa TEPIIOI0 B CIIEHI, 3a0e3meuyloun HajexkHe moeaHaHHs BMicTy AR 13 moTtoxom
peanbHOI KaMepH Ta MPaBUJILHUM HaKJIaTaHHSIM.

Jluyvosuu nanpsamox

Menemxep kamepu AR — 11e kommoHeHT 0a30Boi cTpyktypu AR Unity, sikuil kepye
GyHKIIAMHU Ta HajamTyBaHHsIMU kamepu AR. Bin Hanae iHTepdeiic 10 kamepu NpHUCTPOO Ta
00po0uisie koHbiryparii ceancy AR. Y Menemxkepi kamep AR BU MoOXkKeTe 3HAUTH OCHOBHY
KaMmepy, sSKa aBTOMAaTHUYHO BCTAHOBIIOETHCS OCHOBHOK KaMeporo Uil — Bizyasizaiii
AR. Menemxep kamepu AR cmpomrye HajmamrtyBaHHsS Ta KoHirypamito kamepu AR,
CIPOLIYIOYH CTBOpEHHs JonatkiB AR 0e3 poOOTHM 3 HU3BKOPIBHEBUMH HAJAIITYBAaHHSIMHU
KaMmepu. 3MiHITh HaNpsIMOK Ha «KOPUCTYBau». SIKIIO BCTAHOBUTH HAMPSMOK OOIMYYS
KOPHUCTYBaya, BIIKPUETHCS MEPETHS KaMepa Ballloro MPUCTPOIO.

3aBaaHHsA Ha JJadopaTOpHY podoTy

1. 3aBaHTaxxTe 3D Moze 3 aHIMAIII€O.

[IpumiTka: MO’KHa BUKOPHUCTOBYBATH PECYPCH TYT

2. Hanamryiite Vuforia - Virtual Button as 3aBanTa)keHHs aHiMalrrii.

3. IIpoBexiTe HanamTyBaHHs aHiMarlii 3D moxeni.

4. ExcnoptyiTe Ta mpoBeaiTh TecTyBaHHS AR 3aCTOCYHKY Ha MOOUJIBHOMY IPHUCTPOI.

5. Iliaroryiite Ta HaNAIITYHTE MY3UYHY KOMIIO3MIIIIO, IO OyJie MpOrpaBaTu pa3oMm 3
aHimamiero 3D moxeni.

o

[IpoBeniTh TeCTyBaHHS HA MOOLITBHOMY MPUCTPO].
7. CTBODITH MPOEKT 5_2.


https://drive.google.com/file/d/1ahs374ZixeZQlrVSoy0KaO-L1PunfCRF/view?usp=sharing
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8. Homaiite AR-macky s o06muuus 3 KiIbKOMa apaMeTpaMH.

9. Immoptyiite Tekctypy st BukopuctanHs AR Faces kopucrtyBaua. [loekcriepumentyiite 3
PI3HHUMH TEKCTYpPaMHU.

10.CtBopiTh J0JAaTKOBI Macku (pa3oM Mae OyTH He MeHile 4 pi3HUX Macok), nepeaodoaurte
MOKJIMBICTh BUOOPY OJIHIET 3 MACOK.

11.BUKOpUCTOBYIOUM T€HEpaTOp BUMAJAKOBUX 300pakeHb MPOBEAITh KOJYBAaHHS TeHEpaTtopa
300paxeHb.

[Tpumitka: accetu TyT AR Face Assets

12.CxommimoBatu n8a daitmu: mig OC Android 7.0 a6o Bumie Ta mig OC i0S 6.0 abo Buie.

13.3akomiTuTé 00MaBa (hailiK Ta MPOECKT HA TiT. Hamatu qocTym cBoeMy BUKIaAaqdy.


https://assetstore.unity.com/packages/essentials/asset-packs/ar-face-assets-184187?_ga=2.47852578.401134751.1651423780-57552704.1650198553

