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& Pencil




Pencil Is the most unique aspect of IPad
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New In10S 13

Lower latency
New tool palette

PenclilKit

Markup everywhere



Great pencil experiences

PencilKit

Markup everywhere



Great pencil experiences



Great pencil experiences
fully use Pencll



Fully Using Pencill

Precision enables hew user experiences
Force, azimuth, and altitude allow expressive marks

Pencil taps switch modes



Three Types of Pencill

1st Gen 2nd Gen Crayon



Three Types of Pencil

1st Gen 2nd Gen Crayon

Precision

Azimuth/Altitude

Force

Tap Gesture




Building Great Pencil Experiences

Rich touch data from UIKIt
Fast rendering In Metal

Async performance with GCD

Leveraging Touch Input on I0S WWDC 2016
Metal Performance Optimization Techniques WWDC 2015

Modernizing Grand Central Dispatch Usage WWDC 2017



How Pencil Works









The Impact of How Pencil Works

Azimuth / altitude may be estimated
Azimuth Is Imprecise when pencil Is perpendicular

Force data Is delayed



Back-fill Azimuth and Altitude




Back-fill Azimuth and Altitude




Back-fill Azimuth and Altitude




Back-fill Azimuth and Altitude




Back-fill Azimuth and Altitude




Handle Force Updates After Touches Ended



Handle Force Updates After Touches Ended




Handle Force Updates After Touches Ended




Handle Force Updates After Touches Ended




Handle Force Updates After Touches Ended




Latency Is Critical




Latency Is Critical






















For Best Latency

o Render with Metal
Use predicted touches




For Absolute Best Latency

o Render with Metal ° Transparent Metal layers
Use predicted touches Overlay effects










Support Pencil Taps

UlPencilinteraction for listening to Pencil taps
Respect the user’s preferredTapAction

let 1nteraction = UIPencilInteraction()
interaction.delegate = self

view.addInteraction(interaction)

func penclilInteractionDidTap(_ interaction: UIPencilInteraction) {

switch UIPencilInteraction.preferredTapAction {

/] ...
¥


https://developer.apple.com/documentation/uikit/uipencilinteraction
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Support Pencil Taps

UlPencilinteraction for listening to Pencil taps
Respect the user’s preferredTapAction

let 1nteraction = UIPencilInteraction()
interaction.delegate = self

view.addInteraction(interaction)

func pencilInteractionDidTap(_ interaction: UIPencilInteraction) {

switch UIPencilInteraction.preferredTapAction {

/] ...
¥


https://developer.apple.com/documentation/uikit/uipencilinteraction

Support Pencil Taps

UlPencilinteraction for listening to Pencil taps
Respect the user’s preferredTapAction
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view.addInteraction(interaction)
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https://developer.apple.com/documentation/uikit/uipencilinteraction

Jse all the coalesced touches Handle estimated force Ensure double

Create tool and color picker |

esign some beautiful inks Dark mode
/old over-rendering to save power Estimated azimuth/altitude Undc
ndzoom  (Great Pencll Experiences Tiing sc
ender fast in Metal Bitmap and vector eraser Use predicted touches

Build a data r

smooth the pointdata Do most of this asynchronously

ayon Achieve incredible latency Pencll Support pencil tap




PencilKit
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Three lines of code




Three Lines of Code

let canvas = PKCanvasView(frame: bounds)
view.addSubview(canvas)

canvas.tool = PKInkingTool(.pen, color: .black, width: 390)
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PKCanvasView




PKCanvasView




PKCanvasView

PKDrawing




PKCanvasView

PKDrawing




PKCanvasView
PKDrawing
PKToolPicker




PKCanvasView
PKDrawing
PKToolPicker




PKCanvasView
PKDrawing
PKToolPicker

PKTools
e PKInkingTool
« PKEraserTool

« PKLassoTlool




PKCanvasView
PKDrawing
PKToolPicker

PKTools
e PKInkingTool
« PKEraserTool

« PKLassoTlool




PKCanvasView

UlScrollView for panning and zooming
Data model Is available via drawing
Interaction mode Is changed via tool

Delegate methods notify about changes



PKDrawing

Serializable to data
Generates images
Can be appended or transformead

Avallable on macQOS



Thumbnalil Generation

func thumbnail(drawing: PKDrawing, thumbnailRect: CGRect, traitCollection: UITraitCollection) A
thumbnailQueue.async <
traitCollection.performAsCurrent <
let 1mage = drawing.image(from: thumbnailRect, scale: 2.0)
DispatchQueue.main.async {

self.updateThumbnail(drawing, 1mage: 1mage)



Thumbnalil Generation

thumbnail(drawing: PKDrawing, thumbnailRect: CGRect, traitCollection: UITraitCollection) {
thumbnailQueue.async <
traitCollection.performAsCurrent <
image = drawing.image(from: thumbnailRect, scale: 2.0)
DispatchQueue.main.async {

.updateThumbnail(drawing, 1mage: 1mage)



Thumbnalil Generation
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Thumbnalil Generation
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Thumbnalil Generation

func thumbnail(drawing: PKDrawing, thumbnailRect: CGRect, traitCollection: UITraitCollection) A
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PKInkingTool
pen



PKInkingTool
pen



PKInkingTool
marker



PKInkingTool
marker



PKInkingTool
pencill



PKInkingTool
pencill
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< Back Pencil Signature




canvasView.tool = PKInkingTool(.pen, color: .blue, width: 10)



canvasView.tool = PKInkingTool(.pen, color: .blue, width: 10)



Default Width Valid Width Range

Lo — _falle”









PKEraserTool

vector bitmap




PKEraserTool

vector bitmap
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< Back Pencil Signature




PKLassolool



PKLassolool
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< Back Pencil Signature

Cut Copy Delete Duplicate

-




Ruler

canvasView.rulerActive = true



Ruler

canvasView.rulerActive = true
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PKToolPicker




PKToolPicker

Responder-based visibility

Similar to the keyboard
Palette floats over everything

Visibility based on first responders



PKToolPicker

Responder-based visibility

let toolPicker = PKToolPicker.shared(for: window)

toolPicker.addObserver(canvasView)
toolPicker.setVisible(true, forFirstResponder: canvasView)

canvasView.becomeFirstResponder()
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PKToolPicker
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PKToolPicker

Responder-based visibility
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PKToolPicker

Responder-based visibility

let toolPicker = PKToolPicker.shared(for: window)

toolPicker.addObserver(canvasView)
toolPicker.setVisible(true, forFirstResponder: canvasView)

canvasView.becomeFirstResponder()
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< Back Pencil Signature

Canvas is first
responder

Tool picker is
shown
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Pencil Signature

Black Blue
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Pencil Signature

Black Blue Clear

becomekFirst
Responder

Tool picker
goes away
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< Back Pencil Signature

Dismiss Signhature
View Controller

Automatically
resigns first responder

Tool picker
shows again




PKToolPicker

Responder-based visibility

Keep palette visible with other responders

oublic func set(_ visible: Bool for responder: UIResponder)




PKToolPicker

Responder-based visibility

Keep palette visible with other responders

oublic func set(_ visible: Bool for responder: UIResponder)




PKToolPicker

Tool Picker Ul — Compact layout
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PKToolPicker

Tool Picker Ul — Compact layout
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PKToolPicker

Tool Picker Ul — Compact layout
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PKToolPicker

Tool Picker Ul — Compact layout
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190117_iPhoneXS_Demo-MexicoCity_MC_i043317 (2 of 3)

13-Te



PKToolPicker

Tool Picker Ul — Compact layout
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190117_iPhoneXS_Demo-MexicoCity_MC_i043317 (2 of 3)

IPad IPhone



PKToolPicker

Tool Picker Ul — Compact layout
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190117_iPhoneXS_Demo-MexicoCity_MC_i043317 (2 of 3)

Obscured
Frame

IPad IPhone IPhone



PKToolPicker

Tool Picker Ul — Compact layout

Listen for tool picker's frame changes

optional func toolPickerFramesObscuredDidChange(_ toolPicker: PKToolPicker)

Adjust content accordingly

public func frameObscured(in view: UIView) —-> CGRect



Tool Picker
Tool Picker Ul — Undo buttons
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Done 190116_iPhoneXS_Demo-MexicoCity_MC_i041922 (1 of 2) ® O




Tool Picker
Tool Picker Ul — Undo buttons
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Done 190116_iPhoneXS_Demo-MexicoCity_MC_i041922 (1 of 2) ® O




Tool Picker
Tool Picker Ul — Undo buttons
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Done 190116_iPhoneXS_Demo-MexicoCity_MC_i041922 (1 of 2) ® O




Advanced Behaviors



PKCanvasView
Delegate callbacks




PKCanvasView
Delegate callbacks




PKCanvasView
Delegate callbacks




PKCanvasView
Delegate callbacks




PKCanvasView
Delegate callbacks




PKCanvasView
Delegate callbacks




PKCanvasView
Delegate callbacks










Scrolling and Touch
PKCanvasView

var allowsFingerDrawing: Bool { get set }

allowsFingerDrawing Drawing Scrolling

true 1 Finger and Pencil Draw 2 fingers scroll

false Pencil Draws 1 finger scrolls



Scrolling and Touch
PKCanvasView

var allowsFingerDrawing: Bool { get set }

allowsFingerDrawing Drawing Scrolling

true 1 Finger and Pencil Draw 2 fingers scroll

false Pencil Draws 1 finger scrolls




Scrolling and Touch
PKCanvasView

var allowsFingerDrawing: Bool { get set }

allowsFingerDrawing Drawing Scrolling

true 1 Finger and Pencil Draw 2 fingers scroll

false Pencil Draws 1 finger scrolls



Scrolling and Touch
PKCanvasView

var drawingGestureRecognizer: UIGestureRecognizer { get }

Modern User Interaction on iOS WWDC 2017/



Drawing Over Content

canvasView.opaque = false o e

Done 190228_iPhoneXS_Demo-India_SA_i102820 (1 of 25) ("

canvasView.backgroundColor = .clear
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Dark Mode
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Dark Mode
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Markup Everywhere
Screenshots
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Screenshots

UIScreenshotService on UIWindowScene

class DrawingViewController: UIScreenshotServiceDelegate {
override func viewWillAppear() {
super.viewwWillAppear()

view.window.windowScene.screenshotService.delegate = self

Introducing Multiple Windows on iPad WWDC 2019



Screenshots

Full content delivered as PDF data

func screenshotService(
UIScreenshotService,
generatePDFRepresentationWithCompletion: (Data?, Int, CGRect) —-> Void)

Introducing PDFKit on 10S WWDC 2017



Screenshots
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Screenshots

rectInCurrentPage



Screenshots

rectInCurrentPage



Screenshots

rectInCurrentPage  EXpected in PDF coordinates



Screenshots

rectInCurrentPage  EXpected in PDF coordinates
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Screenshots

rectInCurrentPage  EXpected in PDF coordinates
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Build Your Own Engine



Build Your Own Engine PencilKit



Build Your Own Engine PencilKit Other Great Pencil APls



More Information

developer.apple.com/wwdc19/221
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