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O yem 3TOT goOKnNana

[TpumnTMBHasa kamepa 1.0

HauynHaem npokaymBaTb Kamepy

— Zoom, Torch, Focus & Exposition
— ®poHTanbHas/3agHasa Kamepbl

— KacTtomHble ¢unbTpbl 414 Kagpa
— Camera FPS

— Camera FOV

Kayaem panbwe. AR

ApXNTeKTypa



[ToumnTMBHASA
kKamepa 1.0



YTO Mbl nonyvyaem
N3 KOPOOKI

AVCaptureSession
— AVCapturelnput
— AVCaptureOutput

AVCaptureVideoPreviewlLayer




[TpnMmnTBHada kKamepa 1.0

_ . _




HauynHaem
NpoKavynBaTb KamMmepy



Zoom, Torch, Focus & Exposition

devicevideoZoomFactor
device.torchMode

device.focusMode

Bowopo

device.exposureMode

[pn n3ameHeHWK:
1. TlpoBepkn Ha OCTYMHOCTb

2. QO6epHyTbB

— lockForConfiguration

— unlockForConfiguration




XoTnM aBTOMaTN4YeCKN MeHATb Focus & Exposition?

NotificationCenter.default.addObserver(

self,

selector: #selector(subjectAreaChanged),
name: .AVCaptureDeviceSubjectAreaDidChange,
object: currentCamera.cameraDevice
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CmMeHa Kamep
(bpoHTanbHasg / 3agHAA)



POpoHTanbHada/3agHAsa Kamepbl

front

back
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POpoHTanbHada/3agHAsa Kamepbl

[Tpn nepeknoyeHnn:

1.  B34aTb 610oKMpOBKY Ha geBanNc n cCeCCcuio

2. YpanuTb MHNYT TEKYLLEro BXxoda (removelnput)
3. [Ho6aBuTb MHNYT HOBOro Bxoaa (addinput)
4

OTNyCTUTb BIOKNPOBKY




A C KaKkol KamMepbl Kagp?

[Tpobnema:

AVCaptureVideoDataOutputSampleBufferDelegate
He Bcerga oTAaeT KOPPEKTHYIO NO3NLMIO KaMepbl B
connection.inputPorts.first!.sourceDevicePosition
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A C KaKkol KamMepbl Kagp?

CMSampleBuffer
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A C KaKkol KamMepbl Kagp?

EXIF — Exchangeable Image File Format

let metadata = CMGetAttachment(
sampleBuffer, key: "{Exif}" as CFString, attachmentModeOut: nil
) as? NSDictionary
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A C KaKkol KamMepbl Kagp?

if
let lensModel = metadata?.value(forKey: "LensModel") as? String

if lensModel.contains("front") {
return .front

} else if lensModel.contains("back") {
return .back

}
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3anncb C Kamepbl



Yymmca 3anncbiBaTb Kamepy

Aw N

Co3paem AVAsset\Writer
HacTpanBaem Bxofpbl
KoHHekTm Bxoabl K AVAssetWriter

3anyckaem ceccuio 1 3anncbiBaem bydepa C Kamepbl

_ e

»
»
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Camera Recorder

sampleBuffer

audio

sampleBuffer

»
>
»
»

\Vile[=Ye)]
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sampleBuffers
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KaCTOMHbIE QUNbTPDLI
nnsa Kagpa



KacTOMHble dunbTpbl ANda Kagpa

_ SampIeBUfferS
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KacTOMHble dunbTpbl ANda Kagpa

-7’

Filters
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KacTOMHble dunbTpbl A4N49 Kagpa

public protocol VCMCameraFrameProcessing {
var isReady: Bool { get }

func process
sampleBuffer: CMSampleBuffer,
metainfo: VCMCameraFilterMetainfo,
completion: (CMSampleBuffer) -> Void
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[Tpobnema oTobpakeHns

-7’

Filters




[Tpobnema oTobpakeHns

-7’

Filters

-
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PelleHne npobsieMbl OTOBpaXxeHns

-

»
»

1. videoOrientation

2. mirroring (front / back camera)
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CmeHa FPS



Kak meHaTb FPS B kamepe?

Tekywnn ¢opmat o CbeMKIn B Kamepe:

let activeFormat = device.activeFormat
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Kak meHaTb FPS B kamepe?

Tekywnn ¢opmat o CbeMKIn B Kamepe:

let activeFormat = device.activeFormat

Y Kaxxgoro ¢oopmaTa €CTb CBOW noggepxmsaembin FPS grnanasoH:

let

rateRanges = activeFormat.videoSupportedFrameRateRanges

rateRanges.first?.minFrameRate
rateRanges.first?.maxFrameRate
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Moin FPS He nopgpoepxunBaetca @

(11db) po device.activeFormat

'vide'/'420v' 1920x1080, { 1- 30 fps}, photo
dims:{1920x1080,4224x2376}, fov:69.654, supports vis
(max strength:Low), max zoom:16.00 (upscales (©2.00), AF
System:2, IS0:32.0-3072.0, SS:0.000018-1.000000,
supports HDR, supports multicam, supports high photo
quality

(11db) po device.formats.count
48
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[Tpo AVCaptureDeviceFormat

1920x1080,

1280x720, 3-60 fps
192x144, 6-60 fos
LL. p

3840x2160,

3-60 fps
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[Tpo AVCaptureDeviceFormat

1280x720,
192x144, 6-60 fos
LL. p

3840x2160,

3-60 fps
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[Tpo AVCaptureDeviceFormat

1920x1080,
3-60 fps

1920x1080,

5-120 fps
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Kak meHaTb FPS B kamepe?

let supportedRate = !rateRanges.contains {
Int($0.maxFrameRate) > targetFps.rawValue

}
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Kak meHaTb FPS B kamepe?

if supportedRate {
preferredFormat = format

}
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Field Of View



UYTto Takoe Camera FOV n 3ayem MHe 3T10?
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Camera FOV

var newFOV = currentCamera.cameraDevice.activeFormat
.geometricDistortionCorrectedVideoFieldOfView
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Camera FOV

if zoomFactor != 1 {
newFOV = newFOV * Float.pi / 180 // papauaHbl
newFOV = 2 x atanf(tanf(newFOV / 2) / Float(zoomFactor))
newFOV = newFOV % 180 / Float.pi // rpaaych
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Kayaem Kkamepy
panbuwe. AR



3agayda: HaNnoXXNTb 06bEKTbI HA YacTuy nmua

ﬁr:ﬂ 1 ol -
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Effects Filter

Buffer

Recognizer

Renderer

Mutated
buffer
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Custom ML vs ARKit

Tensorflow (mediapipe)

CoreML (mediapipe)

ARKit
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Custom ML vs ARKit

Tensorflow (mediapipe)

CoreML (mediapipe)

ARKit

23.67 ms (11 pro max)

CkopocTb (1) (2) 54.84 ms (65s)

17.03 ms (11 pro max)
49.31 ms (69)

~fps (11 pro max)

(1) —avgtime (ms) = all time / launches count
(2) — 3aBUCUT OT CITOXHOCTW Mogeniu
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Custom ML vs ARKit

Tensorflow (mediapipe)

CoreML (mediapipe)

ARKit

23.67 ms (11 pro max)

17.03 ms (11 pro max)

~fps (11 pro max)
Ckopocts (1) (2) 54.84 ms (69) 49.31 ms (69) —
KonnyecTtBso 468 468 1220
Touvek (2)

(1) —avgtime (ms) = all time / launches count
(2) — 3aBUCUT OT CITOXHOCTW Mogeniu
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Custom ML vs ARKit

Tensorflow (mediapipe)

CoreML (mediapipe)

ARKit

23.67 ms (11 pro max)

17.03 ms (11 pro max)

~fps (11 pro max)
Ckopocts (1) (2) 54.84 ms (69) 49.31 ms (69) —
KonnyecTtBo 468 468 1220
Touvek (2)
[Togoep>xka iPhone * iPhone * iPhone X+ (TrueDepth

(1) —avgtime (ms) = all time / launches count
(2) — 3aBUCUT OT CITOXHOCTW Mogeniu

camera embedded)
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3anyckaem ARKit



KoHpurypaumnsa ARSession

session = ARSession()



KoHpurypaumnsa ARSession

backCameraConfiguration = ARWorldTrackingConfiguration()
backCameraConfiguration.worldAlignment = .camera

frontCameraConfiguration = ARFaceTrackingConfiguration()
frontCameraConfiguration.maximumNumberOfTrackedFaces = 2



KoHpurypaumnsa ARSession

// Run the view's session
session.run(backCameraConfiguration)



[TOBOPOT Npun OTOG6PaAXEHUI

ARSession
ARWorldTrackingConfiguration

View (Metal Renderer)




[TOBOPOT Npun OTOG6PaAXEHUI

// 1. coBur ueHTpa u3obpaxeHuss K Touke (0, 0)

transform = transform.translatedBy(x: CGFloat(destWidth) / 2, y: CGFloat(destHeight) / 2)
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[TOBOPOT Npun OTOG6PaAXEHUI

// 2. oTpaxeHuMe no TOopuU3OHTaIU
if flipHorizontally {
transform = transform.scaledBy(x: 1, y: -1)

¥
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[TOBOPOT Npun OTOG6PaAXEHUI

// 3. nosopoT, ecnu TpebyeTcs
if rotationFactor != 0 {

transform = transform.rotated(by: CGFloat(rotationFactor) * CGFloat.pi / 2)
}

56



[TOBOPOT Npun OTOG6PaAXEHUI

// 4. nepemeweHue nsobpaxeHUs B LIEHTP LLes1IeBOT0 Kagpa
transform = transform.translatedBy(x: -CGFloat(srcWidth) / 2, y: -CGFloat(srcHeight) / 2)
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[lonyyeHmne
ToYek nLa



ARSession + Face Tracking

A NECINE
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ARSession + Face Tracking

dunbTpyem nnueBble HOAb!

let faceAnchors = frame.anchors
.compactMap { $0 as? ARFaceAnchor }
.filter(\.isTracked)
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ARSession + Face Tracking

dunbTpyem nnueBble HOAb!

let faceAnchors = frame.anchors
.compactMap { $0 as? ARFaceAnchor }
.filter(\.isTracked)

[Tony4yaem Toukun nnua

for anchor in faceAnchors {
let positions = anchor.geometry.vertices.flatMap { [$0.x, $0.y, $0.z] }
}
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ARSession + Face Tracking

Recognizer

Renderer
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ApPXUTEKTYPA



l/13HavyanbHOE YCTPONCTBO KaMepbl

- e




TekyLlee yCcTp

ONCTBO Kamepbl

- .




CEVELE!

MNoppepxaTb 06€ BO3MOXHOCTW 3aMNCH:
ARSession n AVCaptureSession
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>Kenaemoe yCTpOMCTBO KamMepbl

- .

6

7



[TpoBangepsbl gaHHbIX B CameraManager

AR JA\Y, A\Y,

\Vile[=Ye) audio

data providers

CameraManager
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[lepekniovyeHne npoBangepos

if
let videoSource,
videoSource != activeVideoSource,
let nextVideoProvider = videoProviders[videoSource]



[lepekniovyeHne npoBangepos

if let prevVideoProvider = activeVideoProvider {
prevVideoProvider.stop()
copyConfiguration(from: prevVideoProvider, to: nextVideoProvider)



[lepekniovyeHne npoBangepos

activeVideoSource = videoSource
nextVideoProvider.start()
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A KaK KoOHbUrypupoBaTb?

\Vile[=Ye)

‘ data providers

audio
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A KaK KOHbUrypmpoBaTb?

VideoProviderConfigurable

AudioProviderConfigurable

JAY AV AV

\Vile[=Ye) audio

‘ data providers

, CameraManager
CameraManagerConfigurable




func updateConfig(
_ updateRoutine: @escaping (VCMCameraManagerConfigurator) -> Void,
completion: (() -> Void)?

) {



guard
let activeAudioProvider = self.activeAudioProvider,
let activeVideoProvider = self.activeVideoProvider

else { return }

let configurator = VCMCameraManagerConfigurator(
cameraManager: self,
audioProvider: activeAudioProvider,
videoProvider: activeVideoProvider

)

updateRoutine(configurator)
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Apoeéaema (NpenmyLecTBo) eanHbiX NHTepdEencoB

VideoProviderConfigurable

AR A\Y,

Vile[=Ye)
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Apoeéaema (NpenmyLecTBo) eanHbiX NHTepdEencoB
public protocol VCMVideoDataConfigurable {

/] ...

var zoomFactor: CGFloat { get set }

/] ...
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He pa6oTaeT Zoom @

// 4. macwTtabupoBaHue
if scale !'= 1 {
transform = transform.scaledBy(x: scale, y: scale)

}



ITorn: npokayann kamepy!

1. Cpenanun 3ymuHr, PoHapuk, Cmeny pokyca, CmeHny akcrnosunuymm, CMeHy kamep

2. KacTomHble opunbTpbl A5 KaXkaoro Kkagpa
3. Pewwnnwn 3agayy noncka nnua Ha kagpe ¢ nomoubto ARKit'a

4. CnpoeKkTnpoBanmn Kamepy C nepeksitoveHrnem npoBangepoB gaHHbIX
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KAK MEHE HANTW

@actorFromCalifornia
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