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Frameworks

- ERAFRERHET KBS ERENIELS - - - -
- EA R CAERER, 2873 &6
- FRIRIEBATERNE: - - - -
= CoreMotion
= AVFoundation
= Core Image _
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IMUE i %135 Core Motion

Core Location

AVFoundation 5 Core Image
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IMU: [ 150 &= B8 5

iR = B g (Inertial Measurement Unit, IMU) BE S22 =1T"HHEERN
R EIE(Y (gyroscope) U =1"EHHERRNINEE 1T (accelerometer),
oAlATFN=EA8EENEINERE



IMU: [RTHEN S BT

IMU: Inertial Measurement Unit
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IMU: [ 150 &= B8 5

Pitch Axis

- (£ IMU RIERIRE, MNL{Ez3IRt
S8&, HNUHITRERNES, &8
= AR A pitch, roll, yaw R

o ’
Roll Axis %
Yaw AxIs
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PEERIN

- L TUPE SR — 1 hiEs%
¥, MTEHEENLZ
%2 (gimbal) AR, %
LREZAEIETIE,




PEiZ{: MEMSHHEB RS

- Bl A TR Fix&PHIFEIRINZ LR
RS, HIFREEFEHF N
(Coriolis Effect)

- E1TBREA m WK FERRBTEE
A viEE), EARNXEE—TEEN o
AEE., B, EMEEEEARRE

— 1T HRERNT) Fe=-2m(wxv)

Figure 7: A vibrating mass gyroscope (source: [2]).
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Drive Axis

Figure 7: A vibrating mass gyroscope (source: [2]).




FELE{ : MEMSHHLEBE RS

Gyroscope: Micro-Electro Mechanical System

iIOSH &RV ERzs



FELE{ : MEMSHHLEBE RS

Gyroscope: Micro-Electro Mechanical System

- ERERMN~E—TRal
- SYALEE IR, MEKNE5IERETE
axft

- RABEA 2N, AIUELAEE

Acc.V  Spot Magn Det WD | ——— 200 ym ' -
10.00kV 3.0 150x SE 155 ST Micro GK10A P1 Chipworks ER

http:/zhaoxuhui.top/blog/2022/02/11/basic-notes-on-imu-and-inertial-navigation.html
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Gyroscope: Micro-Electro Mechanical System
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* Figure 8: A mechanical accelerometer (SOU.I“CG: [1]) Figure 9: A surface acoustic wave accelerometer (source: [1]).
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https:/www.cl.cam.ac.uk/techreports/UCAM-CL-TR-696.pdf
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Accelerometer

M BEFigEPR
—A% & A MEMS
SCENAMEE 1T

MEMS Accelerometer




MEMS: 2ZE25

MEMSz3{4 ™= EixZERREA:

- ®={RE&(Constant Bias): AILABEE—MIFREMNEERAIRE, ARETEER
VRS

- B IEE /A ERENFE(Thermo-Mechanical White Noise/Angle Random
Walk): ZERMIFEREN, SARIRCERBIRFNERS, ZRIRTERSIA
FERNBFEIRZE. FERIXNT, BERERSNINEZSNEFERIRKLE
tE; MEEITHR, RERLMFERRENIREZS B 3/2 /X7 RKIELE

http:/zhaoxuhui.top/blog/2022/02/11/basic-notes-on-imu-and-inertial-navigation.html



MEMS: 12ZE253]

HIMEMS3 {4 ™= E1xZENREA -

- INZIEE/{RET2E M (Flicker Noise/Bias Stability): HFHBFREAIAZTIRE
(Flicker Noise)#2li, MEMSHIREtAS—EAE, MM EEE, Fit, RE
REEMEATHEREMNMRSEE—ERIEA((EE100s){EREZLIEN.

- ;B E & (Temperature Effects)

- W IEiRZE (Calibration Errors)



MEMS: =33

245 WFMEMSTE, EENMEFENIFERS(HFR+MEERERRD5]E)HAR

RIERE(BTEREERITIRESIE), MUPEIRNA%, XMIXEDHIZE:

- RIERGNRE, AHENEZA, ENEERZ RN EZEIRK,

- fEH==E, FIEXEML, AINECREHRE, MRERD NS ERFFHIRE
LESI.,
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(FRIMUBTESHETT

AERREMERSIHITESHEIT:

- (EAREIRNY: WAEERDALLTRIFRIES
ERERBIEFNER TR SFERBIRER
R

- ERAMNERIT: RBENDIMEELEAILLITRES

Zi, B EmNEEEIRID,
- EREIT: a2 EIEREEMAEID
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Core Motion &1}

- CMDeviceMotion (ZIBfFRIENIE) B12IXLEE ARIINGEE:
- attitude (3REBY:CMAttitude) : RENSEIHAIER, B8roll . pitch, yaw=1"EhiFRIE
- rotationRate (ZE:CMRotationRate) : Z3IERIRIE 2 BAIPEIRINENIE
= gravity (3£E!:CMAcceleration) : REIENMEEE=1"FFRLINEE, EHMEEXS
EIINRENSELIRATHRIE, BELIEFIZIE
- userAcceleration (ZBJ:CMAcceleration) : BREIBFPMISFEE=T"ARLHINEE, +5B
mziei, 1BIREERFRKMMEREEAARE



Core Motion [H171

- IHEE T (3£E:CMACcceleration)
= DEE T AT ARSI = 4 == 8] R AN
RE , SR INAE]
- 15 IRBRBAXYFH, E
B¥HEMIMEZIE

- flE0: Y4 E TS A TRERE
b, YA LASE 1GHIIEE - BUARIE CROEMRIER) NS

CMMotionManager.accelerometerData 3X1§



Core Motion [H171

- PEi8{Y (2R EY:CMRotationRate)
- FERRI A TR &5 XY Z5H 55 nNAYE
B, SLiR3MAA
- hiedE f Y 1E 01 ] BA(sE FA 45 3F 2 I B
- [RIGEE (RGIERIEIER) vILUEE
CMMotionManager.gyroData k1§




Core Motion &1}

- Core Motion B 212 7 Eft{Z REEF N IZ RIIERIFI R :
- CMPedometer: RFTEMMNITELRIE, BSTHGITF
= CMAltimeter: BiREEEIE
- CMMagnetometerData: it EUE



Core Motion

Core Motion
- :t o - - . .
{ERAE: @Published var manager: CMMotionManager = .1init()
- {higE el AHE, KT func detectMotion(){
1f !manager.isDeviceMotionActive{
CMMotionManager manager.deviceMotionUpdateInterval = 1/40
}
- IR BN EEFhEHA }



Core Motion

Core Motion

- BEFENIRE:
- B EFAE (Synchronous)

manager.startDeviceMotionUpdates(to: .main) {[weak self] motion, err 1in
i1f let attitude = motion?.attitude{
self?.xValue = attitude.roll
print(attitude.roll)



Core Motion

manager.startDeviceMotionUpdatesToQueue (
- BEEUE: NSOperationQueue.currentQueue(), withHandler: {
(deviceMotion, error) -> Void 1in

- S EIAE (Asynchronous)

if(error == nil) {
self.handleDeviceMotionUpdate(deviceMotion)
} else {

//handle the error

}
})



Core Motion

Core Motion
if manager.deviceMotionAvailable {
manager.deviceMotionUpdateInterval = 0.01
{5 CMDeviceMotionData 3 manager.startDeviceMotionUpdatesToQueue (
NSOperationQueue.mainQueue()) {
- A2 S % . SILAZ S5 [weak self] (data: CMDeviceMotionData!,
o~ . . let rotation = atan2(data.gravity.x,
Ijl§\ (Eﬂrﬁ.l) N ”:EJ&EE"J%EE\ data.gravity.y) - M_PI
e self?.1mageView.transform =
ERENEN AN CGAffineTransformMakeRotation (
CGFloat(rotation))

}



Core Motion

Core Motion

- {fAdeviceMotionZE R IR ENANE
Za tPE SR Y VR S 2

- BT {EAPEIR{Y, Core MotiongEHk
EENINEERX S RAFEME

iIOSH &RV ERzs
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Core Location F1

-&EiosH, ENILLEEARE LRKNIZFENESEE,
¥ EERIHE$EZI/Y Core Motion :
= Core Motion BEIMU{E BRIXBNZFIUE. &8,
- Core Location @iZGPS. WIiFiEifiE B RIS &HIT
i, SEILBSh A R{ERCore Location, @
CLLocationManager, AP RIABREZIRSIRTIEZE S
PARZ i8R

Core Location E£{L DEMO

&RE . 121.557267

\

4817 25019046

S : 8.964130

EFEL




Core Location {#H

- £i0S82f5, Appleflsd T Xt FAFERFARIR
P, FBEIFMIOS APIERDERAFE1Y

- AN RZEEplistPEENNMARE, [NER
B ETRRES

V) i

ZHEJIANG UNIVERSITY

Key

v Information Property List

, , ) , o+
Privacy - HomeKit Usage Description
Privacy - Local Network Usage Description
Privacy - Location Always and When In Use Usage D...
Privacy - Location Always Usage Description
Privacy - Location Default Accuracy Reduced
Privacy - Location Temporary Usage Description Dict...
Privacy - Location Usage Description
Privacy - Location When In Use Usage Description



Core Location {#H

- IRBEZBRNIXEEEE]
XEFRIH{EX

Core Location Test )

Key

v Information Property List

Localization native development region
Executable file

Bundle identifier

InfoDictionary version

Bundle name

Bundle OS Type code

Bundle version string (short)

Bundle version

Privacy - Location Always and When In Use Usage Des...

Privacy - Location When In Use Usage Description

Application supports indirect input events

> Launch Screen
> Required device capabilities

> Supported interface orientations

> Supported interface orientations (iPad)

iOS ) EB Info.plist ) No Selection

P > €D K> K> K> O

<> <> <> <> <> KL

(17 items)
(DEVELOPMENT_LANGUAGE)

$(EXECUTABLE_NAME)

$(PRODUCT_BUNDLE_IDENTIFIER)

6.0

$(PRODUCT_NAME)

$(PRODUCT_BUNDLE_PACKAGE_TYPE)

1.0

1

We want to track you and stuff.
We want to track you and stuff.




Core Location {#H

- FENTEEEplistPEENNAVRE, TG
KRB EFSEN
- 8% Privacy - Location... ixwian [
- AT HEFEROER, MAPSRBIEFAE
B REREE Eplistrh g jhiRhn, Hlun,
AEBoMapKitfHX M AR EERAMNS, m
{ERAMEZtLEEEplistPINAERNABEER
R1F BTN R

App Transport Security Settings

Allow Arbitrary Loads
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Core Location

\. GPX-Demo $ IPhone 6s Plus

7~ BU”d '_ Info Arguments Options Diagnostics

Run Core Location ! Allow Location Simulation
Debug

- '*‘EEE*E*LX%E :F 1§m E Tesf g Default Location = None

. Application Data None
Profile

Release

11‘-L : %H%EE Product_ a fmalyzé Routing App Coverage File  None

vepug
Background Fetch Launch due to a background fetch event
_p Archive

Release

Localization Debugging Show non-localized strings

>Scheme- >Edit

Application Language System Language

SCheme'>optiOnS EP ’Lg Application Region = System Region

XPC Services v/ Debug XPC services used by this application

1%t Allow Location

Queue Debugging v Enable backtrace recording

Simulation

Duplicate Scheme Manage Schemes... Shared




Core Location {£FH

Core Location Usage

@ Xcode File Edit View Find Navigate Editor Product Debug Source Control Window Help

= Xcode > Debug > Simulate Location

IOSH & PHI(E Rz



Core Location Demo

Core Location Demo

= CLLocationCoordinate2D 3}

RTIIRTEIIK ERINE, 75 rightText: String(coordinate?.latitude 2?7 0)
KLEMFE rightText: String(coordinate?.longitude |?? 0)

S

- J@FE CLLocationManageri§iz s

frifid delegatef&[o]



Core Location Demo

Core Location Demo

switch locationViewModel.authorizationStatus {
case .notDetermined:
AnyView(RequestLocationView())
.environmentObject(locationViewModel)
case .restricted:
ErrorView(errorText: "Location use 1s restricted.")
case .denied:
ErrorView(errorText: "The app does not have location permissions.
Please enable them in settings."
case .authorizedAlways, .authorizedWhenInUse:

TrackingView()
.environmentObject(locationViewModel)
default:

Text ("Unexpected status")

}

iIOSH &RV ERzs



Core Location Demo

Core Location Demo func requestPermission() {
locationManager.requestWhenInUseAuthorization()
b

struct RequestLocationView: View {
@EnvironmentObject var locationViewModel: LocationViewModel

var body: some View {
VStack {
Image(systemName: "location.circle")
.resizable()
.frame(width: 100, height: 100, alignment: .center)

. foregroundColor(/*@START_MENU TOKEN@*/.blue/*@END MENU TOKEN@x/)
Button(action: {

locationViewModel. requestPermission()
}, label: {

Label("Allow tracking", systemImage: "location")
1)

.clipShape(RoundedRectangle(cornerRadius: 8))
Text("We need your permission to track you.")

. font(.caption)
IOSH & FRIZ XS }

1



Core Location Demo

- BREREESE B RRE R

B, HPRZESE{FH var coordinate: |CLLocationCoordinate2D? |{
locationViewModel. lastSeenLocation?.coordinate

CLLocationCoordinate2D, i3 }

th{&F CLLocation.altitude @Published var |[lastSeenLocation: CLLocation?
- HIBRNEANRHEN, RRKFER

AF, SirpEHRENT, KRR

[B]BY 2 Fo St

String(locationViewModel.lastSeenLocation?.altitude|?? 0)



Core Location Demo

Core Location Demo

PairView (

leftText: "Latitude:",

rightText: String(coordinate?.latitude ?? 0)
)
PairView(

leftText: "Longitude:",

rightText: String(coordinate?.longitude ?? 0)
)
PairView(

leftText: "Altitude",

rightText: String(locationViewModel.lastSeenLocation?.altitude ?? 0)
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Core Location Demo

Core Location Demo

- IRREMNAEZERSM:GPS. WiFiRifEE, {BR CLLocationManageriRIEiZERY
WEREFALN, BIRAREHRAPALRLVEEEMNEZE, RFEEXRUFER I
- REASNE: FEHS, REEUS

super.init()
locationManager.delegate = self
locationManager.desiredAccuracy = kCLLocationAccuracyBest
locationManager.distanceFilter = 0.4
locationManager.startUpdatinglLocation()



Core Location Demo

_ _ speed:CLLocationSpeed
= 5Core LocationfB<fyHfth=:
meters/second

= CLLocationSpeed: P 25hE 1nstantaneous speed

negative value means "speed 1s 1nvalid"
B, BAIRAXK/A

= CLLocationDirection: FAFP 5

course:CLLocationDirection

degree, © -north, clockwise

Hml, BNIEALREE negative value means "course 1s 1nvalid"

timeStamp:NSDate




Core Location Demo

- (AN R, FTEMIR{L—TCLLocationManager, 1IEBFZEIE. BTEZEK.
s/ NRVEFNIEE, ARFIREFREN

1f AppLocationData.llocationManager == nil {
AppLocationData.llocationManager = CLLocationManager.init()
AppLocationData.llocationManager?.delegate = self
AppLocationData.llocationManager?.desiredAccuracy = kCLLocationAccuracyBest

AppLocationData.llocationManager?.distanceFilter = 1000.0

AppLocationData.llocationManager?.startUpdatinglLocation()




Core Location Demo

- EERIEPREXIUMITLIE:
- BEFRRNATAIEA
- B INETAE A

func locationManager(_ manager: ClLLocationManager,] didFailWithError error: Error) K
print("Locate Failed:\(error)")

}

var currentlLocation:CLLocation?
var currentCity:String?

var currentAddress:String?

var currentCountry:String?

var currentProvince:String?

var currentArea:String?

func locationManager(_ manager: ClLLocationManager| didUpdatelLocations locations: [CLLocationl]) {
print("Locate Success.")




Core Location Demo

func locationManager(_ manager: CLLocationManager, didUpdatelLocations locations: [CLLocation]) A
print("Locate Success.")

self.currentLocation = locations.last

- %Efﬁﬁ%ﬁ’ﬁlﬂﬂq, ﬁ let geoCoder:CLGeocoder = CLGeocoder.init()

geoCoder.reverseGeocodelLocation(locations.last!, completionHandler: {

1'1%?%;%“_,%?“&1112, (placemarks,err) in

1f placemarks == nil {

i return
f£locationst )

let placeMark:CLPlacemark = placemarks![0]

- {EFCLGeocodera] I

.currentCit

placeMark.addressDictionary?["FormattedAddressLines"] Jas? String

EEUiZE{ﬁE{Jtmﬂtgﬁﬁg .currentCourtry z placeMark.addressDictionary?["Country"] as? String

.currentProJince = placeMark.addressDictionary?["State"] as? String
.currentAres placeMark.addressDictionary?["SublLocality"] as? String

.currentAddjess



Core Location Demo

case 0:
- B locationfy/EEcourse, ¥ print ("ILER")
case 1:
(ITR] ASREX D ST HEVAE p;inﬂ "IRiREE")
case 2:
- @I distance, F{1e]ASREXHR print ("E{RE")
case 3:
MCLLocationZ [B]JRIEE S print ("#E{RIL")
defaul?:
- HftBIARS I E AN ST print ("EART 7 7")

}
F3 34

locationsJlast?.distance(from: self.currentlLocation!



Core Location 24

- fEplistPiz B FATXER

- YRS B3R EXES FAN PR

- IREREHEXEZRRIE, BIRFIEELN
ZMEY (445, Bk, EEhARE)



AVFoundation 5 Core Image
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- AVFoundation &5 7 =M

1 F ERAR I

- BT — MEEARIRIE ALY

O, REERRBINSEMIE iy
nn AV Foundation

- i0S Z4iHHY AVFoundation

Core Audio Core Media Core Animation
IR AR AEUA




AVFoundation - FEIjgE

- IR G REYR RS 1Y

- Fir x5 Bl
- A RIES AME ey
- NFRMAE%E (REFNS) AV Foundation

Core Audio Core Media Core Animation
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AVFoundation - EEERJE

AVFoundation - Important Classes

AVAsset
AVMetadataltem
AVPlayer
AVPlayerltem




AVFoundation - EEERJE

= AVAsset

= AVFoundationiEZRP{EFAVAsset KR T — MR ER.

- AVAssetZ2— THIRE, FIAMERAERNFEREMURLEIE—TassetIR, SEIRIE
E/NEASFIRENE L — TR 5 R

= AssetP BT HMIUNEAZSIEESBE —T45—1KE: track. —TassetPIEFE HEIRY
BiRE, — T trackfUREI, B —TtracklfRMIN, BAINEZ T RN S SN
Ftrack, Assets[E]Hdt2A]HEEI S o2



https://developer.apple.com/reference/avfoundation/avasset

AVFoundation - EEERJE

= AVAsset

- GIRNNEERLSH, WREE
ZAEPINFRAIEIRIB 4T EE
ESHEIEEE, JUERRS
&k, AIRAER

statusOfValue(forKey: error:) 5
BREEBNMENHE,

// URL of a bundle asset called 'example.mp4’

let url = Bundle.main.url(forResource: "example", withExtension
let asset = AVAsset(url: url

let playableKey = "playable"

// Load the "playable" property

asset. loadValuesAsynchronously(forKeys playab leKey
var error: NSError? = nil
let status = asset.statusOfValue(forKey: playableKey, error
switch status

case . loaded

G Y S I PR i TE S L
// Sucessfully loaded. Continue

[/ SULESS processing.
case .failed
// Handle error
case .cancelled
// Terminate processing
default

// Handle all other cases

"mp4"

&error




AVFoundation - {E{A5KHEY

= AVCaptureSession
- EARKEWM, AIMFE—THSTRAEERR—THZTHEL. EENinput, 8%
I0SIREEMacHBERRBRANZERMNFRFIZRET. outputll E/5EIZFZRAZIRE AL
&, GIANIEAZEENEAMXE. TRTINLENRIMEREE T,

AVCaptureDevice
AVCaptureSession

AVCaptureDevicelnput > AVCaptureQutput




AVFoundation - =%

= AVAudioSession

- EHRINENZA, RARIZE—TE1ARJaudio session, FERGHAppit
ERAVEN

ﬁ

A\
|
m
Sk

let audioSession = AVAudioSession.sharedInstance
do
try audioSession.setCategory(AVAudioSessionCategoryPlayback
catch

print("“Setting category to AVAudioSessionCategoryPlayback failed."




AVFoundation - #55E5%

- AVPlayer
- EENSE MR EEE, AVPlayer— X REEEM—1 1R, NRZFEIRFERZ
55, FILAERERNFEAVQueuePlayer K EIRHERFATY

- AVPlayerltem
- AZiMlAVPlayerRR B, BIEGRMGERNENESED, BESRNIEHARE



Core Image - EH =

= Core Image2iOSHAIEZR AL IEIESS, {(FA LRGSR HE, EHTRRAERLGIESHESE
16 = A R
= Climage: fXFREIRHIZE
- ClIFilter: }E%(R3E, gEZBidkey-valueKiZBMAEH, FAFHClimageiRNiER
= ClContext: FFEZClimage
- ClDetector: FAF o thClimage, 15ZlICIFeature,
- ClFeature\CIFaceFeature: FZEHBF s SR

https:/developer.apple.com/documentation/coreimage



Core Image Demo

Core Image Demo

- CorelmageMBEEZRRVIRIE
- 3XBYUlImage
- ¥Ma 1L CiContextFIClimage

@Published var image = UIImage()
var originalImage: UIImage

init() {
originalImage = UIImage(named: "sample_ image") ?? UIImage()
image = originallImage



Core Image Demo

Core Image Demo

= CorelmageMEEZRBVIRIE
- 3XBYUlImage
- ¥Ma1ECiContextFIClimage

@Published var image = UIImage()
var originalImage: UIImage

let context = CIContext()

var ciImage: CIImage? {

guard let cgImage = originallImage.cgImage else { return nil }
return CIImage(cgImage: cgImage)



Core Image Demo

Core Image Demo

func applyCrystallize() {
guard let ciImage else { return }

= CorelmagetIEEIRAV let filter = CIFilter(name: "CICrystallize")
filter?.setValue(ciImage, forKey:
= kCIInputImageKey)
filter?.setValue(35, forKey: kCIInputRadiusKey)
- IS BIEE filter?.setValue(CIVector(x: 200, y: 200), forKey:
kCIInputCenterKey)
- —NJESEFLE— N ERER getImage(usingFilter: filter)

}



Core Image Demo

Core Image Demo

func chainFilters() {

- Corelmage&iiﬂ{%ﬂ’\]iﬁ guard let ciImage else { return }
52 let sepiaFilter = CIFilter(name: "CISepiaTone")
+ seplaFilter?.setValue(ciImage, forKey: kCIInputImageKey)
P S e sepiaFilter?.setValue(0.9, forKey: kCIInputIntensityKey)
- IRBIRIR

guard let sepiaOutput = sepiaFilter?.outputImage else

- TR AT AR IR MR 5%4% { return }

EJZ_/I\EIQHEFHE"]“%", let b?urFilter = CIFiltel_'(name: "CIMotionBlur")
blurFilter?.setValue(sepiaOutput, forKey: kCIInputImageKey)
WA E7E R — N F A blurFilter?.setValue(30.0, forKey: kCIInputRadiusKey)

blurFilter?.setValue(20.0, forKey: kCIInputAngleKey)

getImage(usingFilter: blurFilter)



Core Image Demo

Core Image Demo

= Corelmage M BREG AR
= B outputimagefi 1 E{%
- HERFERZYE[E Ullimage

fileprivate func getImage(usingFilter filter: CIFilter?) {
guard let output = filter?.outputImage else { return }
guard let cgImage = context.createCGImage(output, from: output.extent) else { return }
image = UIImage(cgImage: cgImage)
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= ClGaussianBlur = ClColorMap = CIBumpDistortion
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Core ImageWE 7 J1+#Image Filter, {ERRAINSEEL R

https:/developer.apple.com/documentation/coreimage


https://developer.apple.com/library/archive/documentation/GraphicsImaging/Reference/CoreImageFilterReference/index.html#//apple_ref/doc/filter/ci/CIBumpDistortion

Core Image Demo

DEMO - Live Filter
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