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Key Concepts

Filters perform per pixel operations on an image

Original Result
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Filters can be chained together for complex effects

Original Result
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Intermediate images are lightweight objects

Original Result



Key Concepts

Fach filter has one or more kernel functions

Original Result
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Original




Core Image Classes

[\ GliaE

» Represents a program written in Core Image’s language

ClFilter

+ Has mutable input parameters

» Uses one or more ClKernels to create a new image based on inputs
Climage

- An immutable object that represents the recipe for an image
ClContext

» A object through which Core Image draw results



What's New in Core Image this Year



What's New

Custom ClKernels on iOS

Photo Editing Extensions on iOS
Large images on i0S

Improved GPU rendering on iOS
APl modernization

New built-in ClFilters

New ClDetectors

Improved RAW support on OS X
Using a second GPU on OS X



Custom ClKernels on iOS



Custom ClKernels on i10S

Core Image has over 115 great built-in filters

Now you can easily add your own
» Use the same ClKernel language as on OS X

+ With new extensions to make writing typical kernels easier



Custom ClKernels
Where can they go

In your App

+ The kernel code can be in a text resource or just a NSString

» The kernel is wrapped in a ClFilter subclass that applies your kernels
In your App Extension

» Photos Editing Extensions can use ClKernels

» Usable to modify photos and videos



Custom ClKernels

See our next presentation for all the details but heres a teaser

{

NSString* ci_source =
@"'kernel vec4 myInvert (__sample src) \n"
II{ \nll
" return vecd4(s.a - src.rgb, s.a); \n"

II}II ;

return [[CIColorKernel kernelWithString:ci_source]
applyWithExtent: [img extent]
arguments:@[img] 1;



Demo
Custom ClKernel example on iOS



Photo Editing Extensions on i0S
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Creating a Photo Editing Extension

Choose a template for your new target:

g ) Ny N Ny

Framework & Library

Application Extension Document Keyboard 'Photo Editing Sharing
Other Picker Extension Extension Extension
Apple Internal

5 5 N

Application
Framework & Library Today View
Application Extension Extension
System Plug-in
Other
Photo Editing Extension

This template builds a Photo Editing application extension.

Cancel
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Using Core Image efficiently
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Photo Editing Extension Workflow

Using Core Image efficiently

1

On init, create
display-sized
Cllmage

On events,
apply filters
and draw

On finish, return
adjustments and

full-sized
filtered JPEG




Large Images on 105



Large Images Support

Full support for images greater than the GPU limits

» Input images can be > 4K

» QOutput renders can be > 4K

Automatic tiling

» Leverages improvements to ImagelO’s jpeg decoder/encoder

» Facilitated by features of the ClKernel language



Large Images Support

Facilitated by features of the ClKernel language

ClKernel language allows kernels to “just work” regardless of tiling
destCoord()
» Allows Core Image to support tiled output automatically

samplerTransform()

» Allows Core Image to support tiled inputs automatically



Large Images Support

Core Image, CGlmageRef, and the benefits of laziness

For small input CGlmages
» Image is fully decoded when [Climage initWith] is called
For large input CGlmages

» Image is decoded as needed when [ClContext render] is called



Large Images Support

Core Image, CGlmageRef, and the benefits of laziness

When calling [ClContext createCGlmage]

For small output CGlmages

» Image is fully rendered when createCGImage is called
For large output CGlmages

» Image is rendered as needed when CGImage is rendered

» Or when CGImageDestinationFinalize is called



Large Images Support

Core Image, CGlmageRef, and the benefits of laziness

Very large JPEGs can be
» Decoded
» ClFiltered

- Re-encoded

With minimal memory and great performance



Large Images Support
Apply ClSepiaTone on 4200x6300 JPEG (~100 MB image)
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Large Images Support
Apply ClSepiaTone on 4200x6300 JPEG (~100 MB image)

Decoding + Filtering + Encoding Time

17 seconds

205 MB

IOS 7 Full size image rendered on CPU
105 8 Automatically tiled image rendered on the GPU!



lmproved GPU Rendering on iOS



Renders When Your App Is Backgrounad

INn 10S 7
» All background renders use Core Image CPU Render
In 10S 8

» Renders within a short time of switching to background
- Use faster GPU renderer
- Serviced with a lower priority

- Will not disturb foreground GPU usage



Background GPU Restrictions

Not allowed if you call

[CIContext drawImage:inRect:fromRect:]

Use other renders methods like

[CIContext createCGImage:fromRect:]
[CIContext render:toCVPixelBuffer:]
[CIContext render:toBitmap:rowBytes:bounds:format:colorSpace:]



| ow Priority Foreground Rendering
When rendering from a secondary thread

In 10S 7

» Required care to avoid interrupting Ul thread renders

» Or using slower CPU rendering
In 10S 8

» Secondary thread renders can use kCIContextPriorityRequestlLow
» Will not disturb Ul thread GPU usage



Thoughts on Core Image CPU Renderer
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In i0S 7 the CPU renderer was used when



Thoughts on Core Image CPU Renderer

In i0S 7 the CPU renderer was used when

- GPU texture limits were exceeded



Thoughts on Core Image CPU Renderer

In i0S 7 the CPU renderer was used when
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In i0S 7 the CPU renderer was used when
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- No longer a limit in iOS 8 Core Image

» The application needed to render briefly in the background



Thoughts on Core Image CPU Renderer

In i0S 7 the CPU renderer was used when
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Thoughts on Core Image CPU Renderer

In i0S 7 the CPU renderer was used when
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» The application wanted to render in a low priority thread



Thoughts on Core Image CPU Renderer

In i0S 7 the CPU renderer was used when
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- Can now request kCIContextPriorityRequestLow in iI0S 8 Core Image
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Core Image APl Modernization
Properties are fully supported on OS X

ClFilter subclasses can use @property instead of ivars
Reminder—filter subclasses don't need to release input ivars/properties

Code that looked like this
outImage = [filter valueForKey: kCIOutputImageKey ];

Can look like this now on OS X

outImage = filter.outputImage;



Core Image APl Modernization
Set several parameters on a filter

f = [CIFilter filterWithName: @"CIColorControls"
withInputParameters: @1
@"inputImage” + 1nImage,
@"1nputSaturation"” : @0.5,
@"'1inputBrightness"” : @1.2,
@"inputContrast" : @1.3 }1;
outImage = f.outputImage;




Core Image APl Modernization
Apply a filter with several parameters on an image

outImage = [inImage
imageByApplyingFilter: @"'CIColorControls™
withInputParameters: @{

@"1nputSaturation"” : @0.5,
@'inputBrightness" : @1.2,
@'inputContrast" r @1.3 }1;




Core Image APl Modernization
Convenient methods for orienting images

Orientation values from one to eight as defined in the TIFF specification

— (CIImagex) imageByApplyingOrientation:(int)orientation
— (CGAffineTransform)imageTransformForOrientation: (int)orientation



Core Image APl Modernization
Color spaces

Default RGB color space is now sRGB
+ Matches default RGB color space on iOS

- Matches what most apps expect for untagged content



Core Image APl Modernization
Color spaces

Default RGB color space is now sRGB

+ Matches default RGB color space on iOS

+ Matches what most apps expect for untagged content
Working color space is linear Rec. 709

» Matches the default working color space on iOS

» No matrix math is needed when converting
input RGB — working space — output RGB



New Built-in ClIFilters



New ClFilters on i0S
ClAreaHistogram + CIHistogramDisplayFilter

histogram data image
256 x 1 pixels




New ClFilters
ClMaskedVariableBlur




New ClFilters

ClAccordionFoldTransition

f.1inputNumberOfFolds = @3;
f.1inputBottomHeight = @50;

kernel vec4 accordianFoldTransition (
sampler shortImage, sampler talllmage,
vec3 foldParms, float time, vec4 dims)

{
g




New ClFilters

ClAccordionFoldTransition

kernel vec4 accordianFoldTransition (
sampler shortImage, sampler talllmage,
vec3 foldParms, float time, vec4 dims)

{
g




New ClFilters
ClCode128BarcodeGenerator

f.inputMessage = [NSData dataWithBytes:'"Robot Barf" length:10];
f.1nputQuietSpace = @7;




New ClFilters

ClIAztecCodeGenerator

f.inputMessage = [NSData dataWithBytes:'"Robot Barf" length:10];
f.1nputCorrectionLevel= @23;




New ClFilters

ClPerspectiveCorrection




New ClFilters

More blend modes

ClLinearDodgeBlendMode

ClLinearBurnBlendMode

CIPinLightBlendMode

ClSubtractBlendMode

CIDivideBlendMode

ClSoftLightBlendMode changed to better match its spec



New ClFilters on 10S

ClGlassDistortion
ClIStretchCrop
CIDroste

And some more if time permits...



115 Built-in ClIFilters on iOS

A OO OO OOy OO O OO OOy Oy Oy Oy Oy OO O O 0O N

AccordionFoldTransition
AdditionCompositing
AffineClamp

AffineTile

AffineTransform
AreaHistogram
BarsSwipeTransition
BlendWithMask

Bloom

BumpDistortion
BumpDistortionLinear
CheckerboardGenerator
CircleSplashDistortion
CircularScreen
Code128BarcodeGenerator
ColorBlendMode
ColorBurnBlendMode
ColorControls
ColorCube
ColorDodgeBlendMode
Colorlnvert

ColorMap

ColorMatrix

A OO O OO OO O OO OOy Oy OOy Oy O O O 0O N

ColorMonochrome
ColorClamp
ColorCrossPolynomial
ColorPolynomial
ColorPosterize
ConstantColorGenerator
Convolution3X3
Convolution5X5
Convolution9Horizontal
Convolution9Vertical
CopyMachineTransition
Crop
DarkenBlendMode
DifferenceBlendMode
DisintegrateWithMask
DissolveTransition
DivideBlendMode
DotScreen
EightfoldReflectedTile
ExclusionBlendMode
ExposureAdjust
FalseColor
FlashTransition

A OO OO OOy OO O OO OO OOy OOy Oy Oy O O O 0O

FourfoldReflectedTile
FourfoldTranslatedTile
GammaAdjust
GaussianBlur
GaussianGradient
GlassDistortion
GlideReflectedTile
Gloom
HardLightBlendMode
HatchedScreen
HighlightShadowAdjust
HistogramDisplayFilter
HoleDistortion
HueAdjust
HueBlendMode

L anczosScaleTransform
_LightenBlendMode
LightTunnel
_inearBurnBlendMode
_inearDodgeBlendMode
LinearGradient

| ineScreen
_uminosityBlendMode

A OO OOy OO OO OO OOy OOy Oy OOy O O O 0O N

MaskToAlpha

MaximumComponent
MaximumCompositing

MinimumComponent

MinimumCompositing

ModTransition
MultiplyBlendMode
MultiplyCompositing
OverlayBlendMode

Pers
Pers
Pers
PiNc

nectiveCorrection
pectiveTile
nectiveTransform
nDistortion

PinLightBlendMode
Pixellate
RadialGradient
RandomGenerator
SaturationBlendMode
ScreenBlendMode

Sepi

alone

SharpenLuminance
SixfoldReflectedTile
SixfoldRotatedTile

A OO OO OYOYYOYOYOYOY OO OO OOy OOy Oy Oy O O O 0O

SoftLightBlendMode
SourceAtopCompositing
LinearToSRGBToneCurve
SRGBToneCurvelolinear
SourcelnCompositing
SourceOutCompositing
SourceOverCompositing
StarShineGenerator
StraightenFilter
StripesGenerator
SubtractBlendMode
SwipeTransition
TemperatureAndTint
ToneCurve
TriangleKaleidoscope
TwelvefoldReflectedTile
TwirlDistortion
UnsharpMask

Vibrance

Vignette
VortexDistortion
WhitePointAdjust
QRCodeGenerator




New (C|Detectors



New Cl|Detectors

ClDetector is a an abstract class to find things within an image

Three types of detectors

CIDetectorTypeFace
CIDetectorTypeRectangle
CIDetectorTypeQRCode



New ClDetectors
Creating a ClDetector object

Creating a detector

CIDetector* detector = [CIDetector detectorOfType:CIDetectorTypeFace

contextinil
options:opts];

Options
» Tell the detector to be fast or thorough

opts = @{CIDetectorAccuracy : CIDetectorAccuracylLow };
opts = @{CIDetectorAccuracy : CIDetectorAccuracyHigh };

- Tell the detector the smallest size to search for
opts = @{CIDetectorMinFeatureSize : @100 };



New ClDetectors
Creating a ClDetector object

Creating a detector

CIDetectorx detector = [CIDetector detectorOfType:CIDetectorTypeRectangle

contextinil
options:opts];

Options
» Tell the detector to be fast or thorough

opts = @{CIDetectorAccuracy : CIDetectorAccuracylLow };
opts = @{CIDetectorAccuracy : CIDetectorAccuracyHigh };

- Tell the detector the smallest size to search for
opts = @{CIDetectorMinFeatureSize : @100 };



New ClDetectors
Creating a ClDetector object

Creating a detector

CIDetector* detector = [CIDetector detectorOfType:CIDetectorTypeQRCode

contextinil
options:opts];

Options
» Tell the detector to be fast or thorough

opts = @{CIDetectorAccuracy : CIDetectorAccuracylLow };
opts = @{CIDetectorAccuracy : CIDetectorAccuracyHigh };

- Tell the detector the smallest size to search for
opts = @{CIDetectorMinFeatureSize : @100 };



New ClDetectors
Asking a detector for ClFaceFeatures

Important—Tell the detector what what direction is up

opts = @{ CIDetectorImageOrientation :
[ [image properties] valueForKey:kCGImagePropertyOrientation],

CIDetectorkEyeBlink : @YES,
CIDetectorSmile : @YES};

NSArray*x features = [detector featuresInImage:image
options:optsl];



New ClDetectors
Augmenting an image with ClFaceFeatures

result = 1image;
for (CIFaceFeature xf in features)

{
bool eyeClosed = f.leftEyeClosed || f.rightEyeClosed;

CIImage * overlay = [CIImage imageWithColor: eyeClosed ? colorl : color2];
overlay = [overlay imageByCroppingToRect:f.bounds];

result = [overlay imageByCompositingOverImage:result];









New ClDetectors
Asking a detector for CIRectangleFeatures

Important—tell the detector what aspect ratio and minimum size to look for
opts = @{ CIDetectorAspectRatio : @2.0 };

NSArrayx features = [detector featuresInImage:image
options:opts];



New ClDetectors
Augmenting an image with CIRectangleFeatures

result = 1image;
for (CIRectangleFeature *f in features)

{

CIImage * overlay = [CIImage imageWithColor:color];
overlay = [overlay imageByApplyingFilter:
@'"CIPerspectiveTransformwWithExtent"
withInputParameters: @1
@"inputExtent", [CIVector vectorWithX:0 Y:0 Z:1 W:1],
@"inputTopLeft', [CIVector vectorWithCGPoint:f.topLeft],
@'inputTopRight", [CIVector vectorWithCGPoint:f.topRight],
@"'inputBottomLeft", [CIVector vectorWithCGPoint:f.bottomLeft],
@"inputBottomRight", [CIVector vectorWithCGPoint:f.bottomRight]}];
result = [overlay imageByCompositingOverImage:result];

}









New ClDetectors
Augmenting an image with CIQRCodeFeatures

result = 1image;
for (CIQRCodeFeature xf in features)

{

CIImage * overlay = [CIImage imageWithColor:color];
overlay = [overlay imageByApplyingFilter:
@'"CIPerspectiveTransformwWithExtent"
withInputParameters: @1
@"inputExtent", [CIVector vectorWithX:0 Y:0 Z:1 W:1],
@"'inputTopLeft', [CIVector vectorWithCGPoint:f.topLeft],
@"'inputTopRight", [CIVector vectorWithCGPoint:f.topRight],
@"'inputBottomLeft", [CIVector vectorWithCGPoint:f.bottomLeft],
@"inputBottomRight", [CIVector vectorWithCGPoint:f.bottomRight]}];
result = [overlay imageByCompositingOverImage:result];

}









lmproved RAW Support on OS X



Improved RAW Support on OS X

History
Fundamentals of RAW image processing

Architecture overview
Using the CIRAWFilter



Adjusting RAW Images
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Adjusting RAW Images
History

Apple has been supporting RAW files since April 2005

We have continuously added support for cameras and improved quality
RAW Support is provided for the entire OS X

- NSImage, CGImage

» Spotlight, Quick Look

» Preview, Finder, Malil

- Aperture, iPhoto, Photos

» Third-party Apps



Adjusting RAW Images

Fundamentals of RAW image processing

RAW files contains minimally processed
data from the camera image sensor




Adjusting RAW Images

Fundamentals of RAW image processing

RAW files contains minimally processed
data from the camera image sensor

Requires advanced image processing to
produce a great image




Adjusting RAW Images
Stages of RAW image processing

Extract critical metadata
Decode raw sensor image
De-mosaic reconstruction
Lens correction

Noise reduction

Map scene-referred sensor values
to output-referred color space

Adjust exposure and temperature/tint

Add contrast and saturation for a pleasing look
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» Processed according to the default parameters and latest algorithms



Adjusting RAW Images
Beyond the basics

ImagelO just returns a CGlmageRef

» Processed according to the default parameters and latest algorithms

CIRAWFilter gives your application
- Cllmage with extend range, floating point precision
» Easy control over RAW processing parameters

» Fast, interactive performance using GPU
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Adjusting RAW Images

Architecture overview

RAW Image File
(File’s URL or Data)

CIRAWFilter — Climage
User Adjustments . l
——
(Exposure,
CGlmage ——

Temperature,
Noise Reduction, ...)

Output Image
(Jpg, Tiff,...)



Adjusting RAW Images
Using the CIRAWFilter

CIImagex GetAdjustedRaw (CFURLRef url)

{
// Load the 1image

CIFilterx f = [CIFilter filterWithImageURL:url options:nill];

// Get the NR amount
NSNumberx nr = [f valueForKey: kCIInputLuminanceNoiseReductionAmountKey];

// Adjust the NR amount
[f setValue: @(nr.doubleValue + 0.1)
forKey: kCIInputLuminanceNoiseReductionAmountKey];

// Get the adjusted image
return f.outputImage



Demo
Adjusting RAW Images with CIRawFilterSample

Serhan Uslubas
RawCamera Engineer



Using the Second GPU on Mac Pro



Using the Second GPU

When does using the second GPU make sense?
» Speculative renders

» Background renders

Will not cause Ul rendering on the display’s GPU to stutter



Using the Second GPU

Creating the ClContext for the second GPU

In Mavericks

» |t takes around 80 lines of OpenGL code
Now you just need this

» [ClContext offlineGPUAtIndex:0]



Demo
Batch Processing RAW files on a second GPU

Serhan Uslubas
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Summary

Key concepts

What's new in Core Image in iOS 8

What's new in Core Image in OS X Yosemite
How to use ClDetectors

How to adjust RAW image with Core Image



More Information

Allan Schafter
Graphics and Game Technologies Evangelist

aschaffer@apple.com

Developer Technical Support
http://developer.apple.com/contact

Apple Developer Forums
http://devforums.apple.com


http://devforums.apple.com

Related Sessions

Camera Capture: Manual Controls Marina Wednesday 11:30AM
Introducing the Photos Frameworks Nob Hill Thursday 10:15AM

Developing Core Image Filters for iOS Pacific Heights ~ Thursday 3:15PM



Labs

Core Image Lab Media Lab B Thursday 4:30PM






