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Demo 1

What can you do with Core Animation?




Core Animation in Practice

* What will we cover?

- Part 1: Fundamental Concepts
- Layers and layer properties
- Animating layer properties
= Part 2: Topics in Core Animation
- Layers, 3D transforms, and perspective
- Presentation versus model
- Notifications and timing
- Performance
- Masks and shadows

= Part 3: A little bit extra




Architectural Overview
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Part 1

The basics




Welcome to the Layer Cake

CALayer




Layers in i0S

* Every UlView has a CALayer

- view.layer
- drawRect renders to the layer




Layer Hierarchy
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Creating Layers

#import <QuartzCore/QuartzCore.h>

CALayerx myLayer = [CALayer layer];
myLayer.bounds = CGRectMake(0,0,w,h);
myLayer.position = CGPointMake(x,y);
myLayer.content = familyImage;

[view. layer addSublLayer:myLayer];

UlView’s layer




Layers and Sublayers

- Model similar to UlView
- addSublayer:
- insertSublayer:above: (etc.)
- setNeedsLayout
- layoutSublayers
- setNeedsDisplay
- drawInContext:
- delegate
- drawlLayer:inContext: (delegate)
= 2.5D model
- Transform is 3D

UlView.layer

|— card




Declarative Style

| can take you
to Mosconel!




heartAce = [CALayer layerl];

heartAce.cornerRadius = 14;

// Add to view’s layer
[self.layer addSublayer: heartAcel;

// Add the pips
// Center

CAShapelLayerx centerPip = [Cards heartPip];

centerPip.position = CGPointMake(...,...);

[heartAce addSublLayer:centerPip];




// The other pips

CAShapeLayerx bottomPip = [Cards heartPip];

CATransform3D transform = CATransform3DMakeScale(@0.5, 0.5, 1);
transform = CATransform3DRotate(transform, M_PI, 0, 0, 1);
bottomPip.transform =transform;

bottomPip.position = ...

[heartAce addSublayer:bottomPip];




Layers

bounds—CGRect

position—CGPoint (superlayer coordinates)
anchorPoint—CGPoint
transform—CATransform3D

<+——— Bounds

anchorPoint




// A: Rotate about center
layer.anchorPoint = CGPointMake(0.5,0.5);
layer.transform = rotationTransform;

Rotate about lower left
anchorPoint = CGPointMake(0.0,1.0);
transform = rotationTransform;




Animation




Animation
What does animation mean?

® fromValue

@ Interpolated points

/'/. @ toValue




Implicit Animation




Animation

myLayer.opacity = 0;

[CATransaction setAnimationDuration:2]
myLayer.position = nearBottom;

[CATransaction setAnimationDuration:5]
myLayer.opacity = 0;




What Type of Things Can Be Animated?

@




Transactions

* All applied together in run loop
* CATransaction class

= Duration

- Timing function

= CATransaction properties at time
implicit animation is created

[CATransaction setDisableActions:YES]




Implicit Animation
Inside the mind of Core Animation

* CAAction protocol

- Action is an object that can respond to events
- CAAnimation implements CAActionProtocol
= Action (if found) added using [self addAnimation:forKey:]

set property S ‘ :‘ action dictionary

a

actionForKey:

addAnimation:forKey:




Explicit Animation




Explicit Animation

CAAnimation CAMediaTiming

»  timingFunction
delegate

CAAnimationGroup CAPropertyAnimation CATransition

animations keyPath type

additive subtype

cumulative startProgress
endProgress
filter

CABasicAnimation CAKeyframeAnimation

fromValue values

toValue path

byValue keyTimes
timingFunctions
calculationMode




Example

CABasicAnimationkx drop = [CAB eyPath:@"position.y"1;
drop.fromValue = [NSNumber nu <::> y1;

drop.toValue = [NSNumber numb

drop.duration = 5;

[layer addAnimation:drop forK




Example

layer.position = toPosition;

CABasicAnimationx drop = [CAI <:::) leyPath:@"position.y"];
drop.fromValue = [NSNumber ni yl;

drop.toValue = [NSNumber numt

drop.duration = 5;

[layer addAnimation:drop for




Animation

Keyframe animation




Animation
Keyframes

® Keyframes
@® Intermediate frames




Keyframe Animations

= Use either

» path
= values

- keyTimes (optional)—Fraction of total time for each keyframe segment
- Interpolation either between values or along path
= calculationMode

= Linear

= Discrete

- Cubic




Group Animation

* Collection of animations

- Applied simultaneously to layer’s properties
- Timings clipped to group timing

CABasicAnimationx al =

CAKeyFrameAnimation* a2

CAAnimationGroupx group [CAAnimationGroup animation];
group.animations = [NSArray arrayWithObjects:al,a2,...,nill;
group.duration = ...

[layer addAnimation:group forKey:nill];




Demo

Bouncing ball




Demo Code Snippet

// Create a KeyFrame animation for the path of the ball
// 4/4 time
CGFloat tempo = 150; // 150 quarter notes per minute

CAKeyframeAnimation* bounce

= [CAKeyframeAnimation animationWithKeyPath:@"position"];
bounce.values = values;
bounce.duration = numberOfNotes/tempo*6@; // seconds

bounce.calculationMode = kCAAnimationCubic;




Demo Code Snippet Continued

//Animate opacity out between each line
CAKeyframeAnimation xopacityAnim

= [CAKeyframeAnimation animationWithKeyPath:@"opacity"];

opacityAnim.duration = delay + (lines * notesperline / tempo * 60.0);

for (int i=1; i < lines; i++) {
float time_out = delay + i * ....;
float time_in = 2 / tempo * 60.0 + time_out;

. add to times and val arrays

opacityAnim.keyTimes = times;

opacityAnim.values = val;




Demo Code Snippet Conclusion

CAAnimationGroupx group = [CAAnimationGroup animation];
group.animations = [NSArray arrayWithObjects:bounce,opacityAnim, nill];

group.duration = bounce.duration;

[_ball addAnimation:group forKey:@"karaoke"];




Summary

* Use CALayers for content
* Change of layer property will schedule an implicit animation
» CATransaction class for animation attributes
* Explicit animation
- CABasicAnimation

- CAKeyFrameAnimation
- CAGroupAnimation







Demo

Layers in perspective




Core Animation Topics

The Z coordinate in perspective




2.5D Model

[parent addSublayer:blueLayer];
[parent addSublayer:greenLayer];
[parent addSublayer:graylLayerl];

greenlLayer.zPosition = 500;

* Summary

- zPosition can be used to
determine composite order

- Layer’s size in parent layer does
not change




Demo

Visualizing perspective




Perspective

* Use “subLayerTransform” property

- Homogeneous perspective transform

CATransform3D perspective = CATransform3DIdentity;
perspective.m34 = -1./EYE_Z;

CALayerx parent = [CALayer layerl];

parent.sublayerTransform = perspective;

blueLayer.zPosition = -100;
[layer addSublayer:bluelLayer];

[layer addSublayer:greenLayer];

graylLayer.zPosition = 100;
[layer addSublayer:graylLayer];




2.5D—Depth Sorting

* Intersecting layers are supported
but best avoided

* Nontrivial extra work for renderer
* Layers are rendered more than once

* Depth-sorting uses layer bounds
and position to determine occlusion




Core Animation Topics

Notifications and timing




Notifications and Timing

* CAMediaTiming protocol
- Adopted by CAAnimation and CALayer

= Properties
- beginTime
- repeatCount, repeatDuration
- duration
- autoreverses
- fillMode




Notifications and Timing

* Animations created explicitly can use a delegate
myAnimation.delegate = self;

(void)animationDidStart: (CAAnimation *)theAnimation {

(void)animationDidStop: (CAAnimation x)theAnimation finished: (BOOL)flag {




Notifications and Timing

* Implicit animations can use completion block

[CATransaction setCompletionBlock:”{
// block that runs when animations have completed
[CATransaction setDisableActions:YES];
[layer removeFromSuperlayer];

H;

layer.opacity = 0;

layer.position = CGPointMake (2000, layer.position.y);




Notifications and Timing
Tip

* Use notifications for setup and teardown
- For timing, can use CAMediaTiming protocol




Using CAMediaTiming

CFTimeInterval localMediaTime = [_host convertTime:CACurrentMediaTime() fromLayer:nill];
NSUInteger k = 0;
for(balloon in _balloons) {

CABasicAnimationx animation = [CABasicAnimation animationWithKeyPath:@"position.y"];

animation.autoreverses = YES;

floatAnimation.duration = 5;
floatAnimation.beginTime = localMediaTime+k;
[balloon addAnimation:floatAnimation forKey:@"position.y"];

kK += 5;




Notifications and Timing
Example: Two seconds after scrolling stops, fade a HUD

myHud.opacity = 0;

CFTimeInterval now = [myHud converTime:CAMediaCurrentTime() fromLayer:nil];
CABasicAnimationkx fadeOut = [CABasicAnimation animationWithKeyPath:@"opacity"];
fadeOut.fromValue = [NSNumber numberWithFloat:.5];

fadeOut.toValue = [NSNumber numberWithFloat:0];

fadeOQut.duration = 5;

fadeOut.beginTime = now + 2;

fadeOut.fillMode = kCAFillModeBackwards;

[myHud addAnimation:fadeOut forKey:@"opacity"l;




Core Animation Topics

Presentation versus model




Presentation Versus Model

* Layer properties do not reflect active animations

* Use -presentationLayer method to get screen values
- Creates a temporary layer with animations applied
- Asking for sublayers returns presentation versions

» Useful for from values of animations

anim = [CABasicAnimation animationWithKeyPath:@"”borderColor”];

anim.fromValue = [[layer presentationLayer] borderColor];

* And for hit-testing against real geometry
hitLayer = [[[layer presentationLayer] hitTest:p] modelLayer];




Performance




Performance

* Design with performance in mind
* Use opaque layers
* Avoid CAShapelayer with complex paths
* Avoid offscreen rendering, e.g.:

- Masks, dynamic shadows, group opacity
* General tips

- Reduce size of content
- Remove expensive compositing steps




Sampler

o

&\ Core Animation
Sampling Rate (1/10th sec)

Debug Optio!
¥ Color Blended Layers
Color Hits Green and Missg

Color Immediately
Rendered Yellow

Color OpenGL Fast Path Blue
Flash Updated Regions




Core Animation Topics

Masks and shadows




Shadows

* bbabest pertvideaaacidaepth
shad invPBthyerapestiaces

* Uses alpha channel to
compute shadow

layer.shadowOpacity = 0.8;
layer.shadowColor = shadowColor;
layer.shadowOffset = CGSizeMake(10, 10);

layer.shadowPath = somePath;




Masks

* Mask property
- Alpha channel used to mask
- Can use any CAlLayer as mask

CALayerx subLayer [CALayer layer];
subLayer.contents = (id) beachImage;
CALayerx star = [CALayer layer];
star.contents = [self makeStarImagel;
subLayer.mask = star;

[parent addSubLayer: subLayerl];




Bitmap Caching

Scale Va

shouldRasterize=YES

The Family

* Subtree is rendered once
into cache

* Cache used subsequently
* Caveats

- limited cache space

- Caching and not-reusing more
expensive than not caching

- Rasterizing locks layer image to a
particular size

= Rasterization occurs before mask
is applied




A Little Extra




Replicators

| CAReplicatorLayer

(XIY)

repllcator instanceCount = 3;

replicator. 1nstanceTran€form = CATr nfformBDMakeTranslatlon(0, 50, 0);
[replicator addSublayer: alayerl];




Replicators

CAReplicatorLayer

(X,Y) RGB

replicator.instanepTraatdormnst6Ate6neéndf3bMakeT+@n5 ation(0, 50, 0);




Replicators

- | CAReplicatorLayer

(X,Y} RGB

replicator.instanceGreenOffset = -0.5;




Particles




Particles

CAEmitterLayer

CAEmitterCell CAEmittercCell




Particles

CAEmitterCell

CAEmitterCell

CAEmitterCell

CAEmitterCell




Demo

Particles




Related Sessions
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