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fiHOeKc KapThl

SceneKit Ha npakTuke
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SceneKit Ha npakTunke

>  3arpyska moaeneu

> YMeHbLUEeHME pa3mMepa pecypcoB
> KOHCTPEWUHTHI

>  3epKasbHble OTpaXKeHnA

> BupeoTekcTypsl

> MoaoudunkaTtopsl WwWenoepos

> JavaScript Action

> 3anncb BMUOEO



HemHoro npo SceneKit



SceneKit — ppenmBopk ana 3D cueH

> BblicokoypoBHeBoe API
> [lpenctaBneH Ha macOS B 2012
> [lopTnpoBaH Ha iIOS B 2014

> Kcnonb3oBaH ona ARKit'a B 2017



SceneKit — ppenmBopk ana 3D cueH

Kak co3gaTb CLEHY?
> [eomeTpuA
> MaTtepuansl
> OcBelleHne
> Kamepsl

>  AHMMaunA



SceneKit — dpenmBopk onAa 3D cuet

Kpome rpadoukn, B HEM €CThb:
> [ eHepaTop 4YacTuL,

> Punandyecknm OB>XMoK
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3arpys3ka Moaenen B
SceneKit



BapuraHTbl 3arpy3ku 3D mogenwu

> VI3 baHOona
> [lo URL
> Yepes MDLAsset

> Yepes ReferenceNode

13



URL + HacTpomkn mmnopTra

SCNScene.init(url:options:)

>

>

>

HacTpanBaemMblt UMMOPT
[loopep>xmnBaeT .scn 1 .dae goansbl
CUMHXpOHHaA 3arpyska

Heobxoonmo KonmpoBaTbh CTPYKTYPY U3 CLEeHbl B HOAY
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cnonb3yem MDLASsset

SCNScene.init(mdlAsset:)

> 3arpy)xaert obj, ply, stl, usd, usda, usdc, usdz, abc, bsp, vox,
md3

> CUHXpOHHAaA 3arpy3ka
> HeobxoOuMO KonnpoBaTbh CTPYKTYPY CLIEHD

>  OBepxen Ha KoHBepTauuio
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Mcnonb3dyem SCNReferenceNode

SCNReferenceNode.init(url:)
> [lopoep>kuBaeT .scn 1 .dae pannbl
> JleHmnBaA 3arpyska

> TepaeT rnobanbHble NapamMeTpbl CLIEHbI
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3arpy3ka Moaenen: coBeThl

> KOHBEPTUMPYUTE B .SCNh 3apaHee
> [lpoBepAanTe cueHy B Xcode
> KOHBEPTUMPYUTE BCE Pecypchl B .heic

> 3arpy>kante CLeHy C acceTamMuy apxXmBOM
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[1lobaBneHmne apPeKTOB:
KOHCTPEUHTHI



KOHCTPEUHTD

> SCNBIillboardConstraint

> SCNLookAtConstraint

> SCNDistanceConstraint

> SCNAvoidOccluderConstraint
> SCNSliderConstraint

> SCNReplicatorConstraint

> SCNIKConstraint
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SCNReplicatorConstraint

[1IpOCTO NOBTOPAET NO3NLMIO, MOBOPOT
n pasmep, n gobaBnAeT
OONOJSIHUTENIbHOE odpdpCceThil.
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[lapameTpbl KOHCTPENHTOB

CTtaHpapTHble napameTpbl YMeHbLwnnu cuny B 10 pa3s

21



[lapameTpbl KOHCTPENHTOB

CTtaHpapTHble NnapamMeTpbl YMeHbLwunnm cuny B 10 pas u
yopann MHKPEMEHTAaNIbHOCTb
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SCNBillboardConstraint | SCNLookAtConstraint

Micnonb3yeTcAa onAa.
> [lepeBbeB BOaneke
> Menkux o6bekToB

> CneuaddeKkToB, BpoaOe OrHA Unu
B3pblBa

> [lpnBA3Ka Kamepbl K NepCoOHaXy
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SCNBIllboardConstraint: 3a4em Hy>XeH

KOHCTPEUHT €CTb KOHCTpPENHTA HEeT
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SCNDistanceConstraint

Lep>XnT guctaHuuio mexxay
BblbpaHHbLIMN OObEKTAMN
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SCNSliderConstraint

[lep>XnT guctaHumio 0o BceX
donsnyeckmnx Ten
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SCNIKConstraint

> |Inverse Kinematics n3 Kopookwu

> HeT BO3MO)XHOCTU 3aaaThb
OpMeHTaUuIo

> HeT orpaHmnyeHnn yrnos B
3aBUCMMOCTU OT OCWU
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[1lobaBneHmne apPeKTOB:
TeHn



TeHn Ha Nnpo3payvyHOU NOBEPXHOCTN

D® @ 0 = &

» Specular

» Normal

p Reflective

p Transparent

p Occlusion

p lllumination

p Emission

> Multiply

TeHn ona ARKIt’a:

p Ambient

P Displacemen

Custom properties

> BkJo4YnM OTNOXKEeHHbIEe
TeHWU

No Custom Property

+_

DoDDDDDBOE

> OTK/04M 3anncChb BCEX ==
Shininess | - 1 + |
Fresnel [ = 0 + !

KOMMNOHEHT

Lit per pixel
Visibility ' Cull front

Blend mode = Alpha

oo

Double sided

Options ) Writes depth
Reads depth

write Te Coler £ Read Green
Blue Alpha

Lock ambient with diffuse




[1lobaBneHmne apPeKTOB:
3epKana



3epKaJibHble OTpaXXeHuA

<) Sunexe ABUWGE

PARKLIVEIS



3epKaJibHble OTpaXXeHuA

Kak coenaTtb?
> SCNFloor

> CBOA MoaeNnib NoBEpX Hero
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3epKasibHble OTPaXXEeHUA C KapToON HOpManen

Bopoa Ha 3epkane KpnBoe 3epkKano
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3epKaJibHble OTpaXXeHuA

% Anmere Aouwa

PARKLIVELS




[1lobaBneHmne apPeKTOB:
B1OeoTeKCTYypbl



BnOoeoTekcTyphbl

Kak coenatb?
> SKScene
> SKVideoNode
> SCNMaterialProperty
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BnoeoTeKCTypbl: cOXpaHeHue

Kak 3actaBuTb paboTaTtb?
> [lonpaBuTb Binary Plist
> BHyTpwK Binary Plist’a
. B o Dlict
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BupoeotekcTypbl: 3D BMOeO

Buoeo ¢
LIBETOM

Buoeo ¢ kapton
rNyOuHbI
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[1lobaBneHmne apPeKTOB:
Shader Modifiers



Shader Modifiers

> [JOoCTynHbI B BU3yaJ/IbHOM pefakTope
> [NlopoepxunsatoT glsl n metal shading language

> [oCTynHbI pe3ynbTaTbl PpaboTbl CTaHOAPTHbLIX WWenaepoB
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Shader Modifiers

#pragma arguments

float refractionCoeff;
texture2d ref;

#pragma body

return output;
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Shader Modifiers

#pragma arguments

float refractionCoeff;
texture2d ref;

#pragma body

floatd4 cubeTexCoord = floatd(refract( surface.view, surface.normal, refractionCoeff), 0) * scn frame.viewTransform;

_output.color = cubeTexCoord;

return output;
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Shader Modifiers

#pragma arguments

float refractionCoeff;
texture2d ref;

#pragma body

floatd4d cubeTexCoord = floatd(refract( surface.view, surface.normal, refractionCoeff), 0) * scn frame.viewTransform;

float maximum = max(abs(cubeTexCoord.x), max(abs(cubeTexCoord.y), abs(cubeTexCoord.z)));

cubeTexCoord = float4d (cubeTexCoord.x / maximum, cubeTexCoord.y / maximum, cubeTexCoord.z / maximum, 1);
float pitch = (abs(cubeTexCoord.x) > 0.99) ? abs(cubeTexCoord.y) : abs(cubeTexCoord.x);

float yaw = (abs(cubeTexCoord.z) > 0.99) ? abs(cubeTexCoord.y) : abs(cubeTexCoord.z);

constexpr sampler sm = sampler(filter::linear, s address::repeat);
floatd tex = ref.sample(sm, float2(yaw, pitch));

output.color = tex;

return output;
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Parallax Mapping

EHRALIAX NOPRAARLIAX
DCCjusion pCCiusion




Parallax Mapping

KoopauHaTa

ANbHAA TEKCTYpHas

HATa
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Parallax Mapping
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Parallax Mapping

PARALIAX no PRAALIAX
DCCusion pCCiusion

DUR PRRALIAX
DCCjusIion




ex B SceneKit




Mex B SceneKit’e
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Mex B SceneKit’e
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Ray Casting
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Ray Casting

Camera

0k

A\ N\ N\ N\

\NA N N N A

\

\

NEAW.VANANA WA

View Ray

8 Light Source

Shadow Ray

Scene Object
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RTX ALPHA




Ray Casting
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Diamond v2
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Diamond v2

[I!] NomeHATb puCcyHOK: [06aBUTb aHMMALUIO pacnnnKu
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Diamond v2

FPS: 60

FPS: 6
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JavaScript B SceneKit’e



JavaScript?

[locTyn K:
> Hopam
>  AHMMaUMAM
> MoaundukaTtopam Wengepos
> JavaScript Action’am

> ... n Bcemy octanbHomMy SceneKit’'y(Kpome Bbiox) 1 URL'0B)
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JavaScript Action

Co3naHHaAa aHnmauunA

3arpy>xeHHaA aHnMaumA
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JavaScript Action B sch dhanne

bplist00? X$versionX$objectsY$archiverT$top 7?7 &
5 9 I \ ) ? ? ? ? ? ? ? ? ? ? ? ? [ + ? ?7?
771 ?7? ? ? ? Usnull?
VpausedWversionXrootNodeVupAxis_ fogDensityExponent_ fogStartDistanceV$classWendTimeYframeRate”fogEndDistanceYstar
tTimeXfogColor ? L ?7? #77? #
7%#@N #7? ! " # $ % & ' ( ) + , - .
/ 0 il 2 4 +~*renderingOrderXrotation[orientationXpositionUscaleWopacity[castsShadow_ categoryBitMaskVhiddenZchildNodes”
movabilityHint 0 0
?77L L ?7? ?7? ?7?7"7?7?
" ? ? 6 7 8 [NS.object.0? ? ? # ! " : - $ % <
& : ( ) > ? @ A B C + 0 1 2 F H +Wactions [action-keysXgeometry
L ?7? ?7? 770 0
?77L ? ? M"? ?2172]
K L M N 0 P Q R ) L[ U '/ W 1 \f -
Z + [YboxheightYmaterials_ wantsAdaptiveSubdivision_ boxchamferRadius_ boxchamferSegmentCount_ boxpr
imitiveTypeXboxwidth_ boxwidthSegmentCountYboxlength_ boxheightSegmentCount_ subdivisionLe
vel_ boxlengthSegmentCount_ subdivisionSettings? ? D [ ] B _[NS.object.0? ? ?
a b C d e f g h il j k 1 m n 0 p q r + S t 0 () 0
u 1 1 y + t + 1 { 1 ~YblendMode_ colorBufferWriteMask_ fresnelExponentYshininess\t
ransparency_ index0OfRefractionWdiffuse_ writesToDepthBuffer|
doubleSided_ readsFromDepthBuffer_ lightingMode IName_ transparencyMode_ selfIlluminationOcclusionXcullMode [
litPerPixelXfillMode_ locksAmbientWithDiffuse_ avoidsOverLighting N ? ?
? ?? ? [ [ [ [ [ [ [ [ ? [ { { = [ {
? + ? 0 0_ minificationFilter\propertyTypeYmipFilterVparent_ isCommonProfileProperty_ magnificationFilterUwra
pTUcolor*mappingChannelUwrapSImaxAnisotropyYintensity? ? ? ?7? ? ? ? ? ? ? t 0 ? ? ?
?7_ UIColorComponentCountWUIWhiteWUIAlpha_ UISystemColorNameWNSWhite\NSColorSpace ? [
A0 ZblackColor?? ? ? [ ? ?7Z$classnameX$classes[$classhintsWUIColor? ? ?XNSObject? ?WNSColor?? ? ? ?7_ SCNMat
erialProperty? ? ?7_ SCNMaterialProperty_ SCNLightingModelBlinn?? ? ? ?[SCNMaterial? ? ?[SCNMaterial?? ? ? ?”~NSMu
tableArray? ? ? ?”NSMutableArrayWNSArray?? ? ? ?VSCNBox? ? ? ? [SCNGeometry? ? 7 ?[NS.object.0? ? o $49A
A30AE-5A2C-4F2B-872E-097DF25A105677? ? [ ?? ? ?? ? [ ?? ?NS.key.0[NS.object.0? ? ? 7?27?77 22227227222227277777
?_isRunningY_finished [_timingModeX_foreverY_duration_ _repeatedAction[_pausedTimeZ_beginTime”_timesRepeatedTname”_timesToRepeat? ? ? ? ? [ ?
[ ? [ [ ? #27 ?? ?22222722?22227?7script? ? ? [ [ [ [ [ #@
1?2TD- %node.opacity = Math.sin(elapsedTime);?? ? ?? SCNActionJavaScript? ?2?77_ SCNActionJavaScriptYSCNAction ?? ? ??
SCNAct10nRepeat7 ?7?77_ SCNActionRepeat?? ? ? ?_ NSMutableDictionary? ? ? ?_ NSMutableDictionary\NSDictionary?
7? ?? [ [ ?WSCNNode? ? ?7? XNS.bytes?$0 ybplist00?

X$versionX$objectsY$archiverT$top ?277? U$null?



JavaScript Action B sch dhanne

519 < >node.opacity = Math.sin(elapsedTime) ;</ >
>

521 <key>$classes</oy>

o V. < >

523 >SCNActionJavaScript</ >

524 < >SCNAction</ >

525 < >NSObject</ >

020 </ >

o |
1
A

A

527 <key>$classname</cv>
528 < >SCNActionJavaScript</ >
029 </ —



2

[lorpy>xaemca B gebarrep

SceneKit —-[SCNActionJavaScript initWithCoder:]:

-2

9x1063c99d4
9x1063c99d5
9x1063c99d8
0x1063c99da
9x1063c99dc
9x1063c99dd
Ox1063c9%el
0x1063c99%9e4
0x1063c99e8
9x1063c99eb
0x1063c99f2
0x1063c99f6
9x1063c99fd
0x1063c%2a00
Ox1063c%a05
Ox1063c%a08
9x1063c9abb
9x1063c%all
Ox1063c%al8
0x1063c9alf
0x1063c%a26
0x1063c%a29
9x1063c%a30

<+0>:
<+1>:
<+4>:
<+6>:
<+8>:
<+9>:

<+13>:
<+16>:
<+20>:
<+23>:
<+30>:
<+34>:
<+41>:
<+44>;
<+49>:
<+52>:
<+55>:
<+61>:
<+68>:
<+75>:
<+82>:
<+85>:
<+92>:

pushqg
movq
pushqg
pushqg
pushqg
subq
movq
leaq
movq
movq
movq
movq
movq
callq
movq
testq
je
movq
movq
movq
callq
movq
leaq

%rbp
%rsp, »rbp
%rld
%rls
%rbx
$0x38, %rsp
%rdx, %rbx

-0x48(%rbp), %rax

%rdi,

(%rax)

Ox329f2e(%rip), %rcx

%rcx, 0x8(%rax)
0x3237db(%rip),

%rax, %rdi
Ox1065chacH
»rax, »rlb
%rld5, %rlb
9x1063c9a%d

0x329650 (%rip),
0x323851(%rip),
Ox2b39f2(%rip),

*x%rlsh

0x3245c8(%rip),
0x2d1d71(%rip),

%rsi

%rdi
%rsi
%rl4

%rsi
%rcx

(vold *)0Ox00000001066f7200: SCNActionJavaScript

"initWithCoder:"

+ symbol stub for: objc_msgSendSuper?

+ <+201>

(vold *)0Ox00000001045e85d8: NSString
"class"
(vold *)0x000000010484cd80: objc_msgSend

"decodeObjectOfClass:forKey:"

. @"SCIipt"
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[laBanTe NocCBU3NNM

static let swizzle: Void = {
guard let class[Type = NSClassFromString("SCNActionJavaScript") else { return assert(false) }

let originalMethod = class_getInstanceMethod(classType, Selector("initWithCoder:"))!
let swizzledMethod class_getInstanceMethod (SCNAction.self, Selector("swizzledinitWithCoder:"))!

let added = class_addMethod(classType, Selector("initWithCoder:"), method_getImplementation(swizzledMethod),
method_getTypeEncoding(swizzledMethod))

if added {

class_replaceMethod(classType, Selector("swizzledinitWithCoder:"), method_getImplementation(originalMethod),

method_getTypeEncoding(originalMethod))
} else {

method_exchangeImplementations(originalMethod, swizzledMethod);
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[laBanTe NocCBU3NNM

fileprivate extension SCNAction {

@objc func swizzledinit(coder: NSCoder) -> Any? {
self.perform(Selector("swizzledinitWithCoder:"), with: coder)
guard let script = coder.decodeObject(forKey: "script") as? String else { return self }
self.setValue(script, forKey: " _script")
return self
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JavaScript Action: peaynbTaTt

Co3naHHaAa aHnmauunA

3arpy>xeHHaA aHnMaumA

68



3anncb Bnoeo



3anuncb Bnaeo

all MegaFon = 20:47 74 % 67 % @)

Ha neBaunce

fnnexc Kapro

3anucbiBaeTcH
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3anucb Bnaeo: ReplayKit

HayaTb 3anunch:

RPScreenRecorder.shared()

func startRecording()

3aKoOH4YNTb 3anNnChb:

RPScreenRecorder.shared()

func stopRecording(callback:)

/1



3anucb Bnaeo: ReplayKit

> PaboTaeT B napy CTpPoK kKoaa

> Henb3Aa 3anncbiBaTb KOHKPETHYIO
BbIOXY

> HeynobHbIN cTaHOaPTHbLI
NpPEeBbLIO

72



3anncb Buoeo: OCHOBbI

[lpouecc 3anucu:

AVAssetWriter

|

AVAssetWriterlnput

|

AVAssetWriterInputPixelBufferAdaptor

func appendPixelBuffer(...)

3aKOH4YNTb 3anNnchb:

AVAssetWriterlnput

func markAsFinished()

AVAssetWriter

func finishWriting()

/3



Ullmage — CVPixelBuffer

var pixelBuffer: CVPixelBuffer? = nil

guard CVPixelBufferCreate(kCFAllocatorDefault, width, height, kKCVPixelFormatType_32BGRA , nil,
&pixelBuffer) == KCVReturnSuccess else { return }

CVPixelBufferLockBaseAddress(pixelBuffer!, CVPixelBufferLockFlags.init(rawValue: 0))

let data = CVPixelBufferGetBaseAddress(pixelBuffer!)

let rgbColorSpace = CGColorSpaceCreateDeviceRGB()

let bitmaplnfo = CGBitmaplnfo(rawValue: CGBitmapinfo.byteOrder32Little.rawValue |
CGlmageAlphalnfo.premultipliedFirst.rawValue)

let context = CGContext(data: data, width: width, height: height, bitsPerComponent: 8, bytesPerRow:
CVPixelBufferGetBytesPerRow(pixelBufter!), space: rgbColorSpace, bitmapinfo: bitmapIinfo.rawValue)

context?.draw(image, in: CGRect(x: O, y: 0, width: image.width, height: image.height))

CVPixelBufferUnlockBaseAddress(pixelBuffer!, CVPixelBufferLockFlags(rawValue: 0))




Ullmage — CVPixelBuffer

CVPixelBufferCreate(... width:height:pixelFormat:
CVPixelBufferLockBaseAddress(_

CVPixelBufferGetBaseAddress(_

CGContext(data: ... bitsPerComponent: bytesPerRow:....
func draw(image: Ulimage)

CVPixelBufferUnlockBaseAddress(_
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Tenepb HY>XHO 3TO AenaTb KaXabi Kagp

HauyaTtb 3anuck: CADisplayLink(target:selector)
func add(to:forModes:)

3aKOH4YUTb 3arnunchb: func invalidate()

/6



[ lpon3BOONTENBHOCTDb

finnekc Kaptbl
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OnTnmmnsaummn: payHa 1!

DispatchQueue.global()

func async(execute:)

/8



OnTnmnsdaummn: payHg, 1!

all T =6 9:41

< 3 100 % (w=m) 4
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OnTumMmmnsauun: payHg 1.5

guard isRecording else

ISRecording =

DispatchQueue.global()
func async(execute:)

iISRecording = false

80



payHpg 1.5

OnTuMmmsaummn

finnekc Kaptbl

1
0 0)




OnTnmmnsaummn: payHa 2!

v-[SCNRenderer snapshotAtTime:withSize:antialiasingMode:] SceneKit
p-[SCNRenderer snapshotAtTime:] SceneKit
v-[SCNRenderer snapshotRendererWithSize:] Scenekit
v+[SCNRenderer rendererWithDevice:options:] ScenekKit
p-[SCNRenderer _initWithOptions:isPrivateRenderer:privateRendererOwner:clearsOnDraw:context:renderingAPI:]
»C3DTransactionCommit SceneKit
»-[SCNRenderer setPointOfView:] ScenekKit
»-[SCNRenderer setScene:] Scenekit
»-[SCNRenderer setDebugOptions:] Scenekit
»-[SCNRenderer _setupOffscreenRendererWithSize:] SceneKit
»-[SCNRenderer setOverlaySKScene:] Scenekit
»-[SCNRenderer autoenablesDefaultLighting] Scenekit
C3DTransactionSetDisableActions SceneKit
»-[SCNRenderer setAutoenablesDefaultLighting:] SceneKit
p_C3DTransactionBegin SceneKit
»-[SCNRenderer backgroundColor] Scenekit
»-[SCNRenderer snapshotAtTime:withSize:antialiasingMode:] SceneKit £

[ lpnymHa

Cnencrteume
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OnTnmmnsaummn: payHa 2!

CAMetalDrawable

A

?

\4

CAMetalLayer

A

Y  via backinglLayer()

\4

SCNView
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[Tlyn CAMetalLayer’a

Drawable O
Drawable 1
Drawable 2

Drawable 3

func present()

84



OnTnmmnsaummn: payHa 2!

CAMetalDrawable

A

Y via nextDrawable()

\4

CAMetalLayer

A

v'  via backingLayer()

\4

SCNView
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OnTnmmnsaummn: payHa 2!

CVPixelBufferCreate(... width:height:pixelFormat:
CVPixelBufferLockBaseAddress(_

CVPixelBufferGetBaseAddress(_

CAMetalDrawable 37 var texture: tesPerRow....

func draw(image: | func getBytes(data.: ...)

CVPixelBufferUnlockBaseAddress(_
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OnTumMmmnsauun, payHa 3?




OnTumMmmnsauun, payHa 3!

|

[l I li; R A
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88



OnTumMmmnsauun, payHa 3!

fAnnexc Kaptol
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OnTumMmmnsauun, payHa 3!

.
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OnTumMmmnsauun, payHa 3!

fAnnekc Kaprbl
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OnTumMmmnsauun, payHa 3!

Retrieving Display-
Related Traits

var displayScale: CGFloat

The display scale of the trait collection.

var displayGamut: UIDisplayGamut

The gamut of the current display.

enum UIDisplayGamut

Constants indicating the gamut of the current display.
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SceneKit Ha npakTunke

>  3arpyska moaeneu

> YMeHbLUEeHME pa3mMepa pecypcoB
> KOHCTPEWUHTHI

>  3epKasbHble OTpaXKeHnA

> BupeoTekcTypsl

> MoaoudunkaTtopsl WwWenoepos

> JavaScript Action

> 3anncb BMUOEO

94



HeMHOro ctatTuCTuUKu

3a nocnenHme BbIXOOHbIE:
> [lponpgeHo > 2000 Km
> [lokazaHo > 3000 06beKkToB

> 3anncaHo > 1000 Bngeo

95



Yandex

[ loopnucbiBanTecb Ha Haw 6nor!
https://medium.com/yandex-maps-ios/




