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NQVARIONRS

Write your own kernels

Introduced on OS X 10.4, now on iOS
»+ Main motivation—unable to write kernels as a combination of existing filters
- Use cases

- "Per pixel effects” (e.g., hot pixels, vignette)

- Distortions that cannot be represented as a matrix (Droste)
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» Represents a program written in Core Image’s kernel language
ClFilter

+ Has mutable input parameters

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

- An immutable object that represents the recipe for an image

» Non zero origin (lower left) and possibly infinite bounds
ClContext

» A object through which Core Image draws results
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Workflow

Using Core Image on 10S

Create input Climages
Subclass ClFilter

- Create kernel

» Apply kernel to input image(s) and pass parameters from filter

Get output Climage
Use ClContext to render output image (to CGImageRef, EAGL context, etc.)



115 Built-in ClIFilters on iOS
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AccordianFoldTransition
AdditionCompositing
AffineClamp

AffineTile
AffineTransform
AreaHistogram
BarsSwipeTlransition
BlendWithMask

Bloom

BumpDistortion
BumpDistortionLinear
CheckerboardGenerator
CircleSplashDistortion
CircularScreen

Code128BarcodeGenerator

ColorBlendMode
ColorBurnBlendMode
ColorControls
ColorCube
ColorDodgeBlendMode
Colorlnvert

ColorMap

ColorMatrix
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ColorMonochrome
ColorClamp
ColorCrossPolynomial
ColorPolynomial
ColorPosterize
ConstantColorGenerator
Convolution3X3
Convolution5X5
Convolution9Horizontal
Convolution9Vertical
CopyMachineTransition
Crop
DarkenBlendMode
DifferenceBlendMode
DisintegrateWithMask
DissolveTransition
DivideBlendMode
DotScreen
EightfoldReflectedTile
ExclusionBlendMode
ExposureAdjust
FalseColor
FlashTransition
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FourfoldReflectedTile
FourfoldTranslatedTile
GammaAdjust
GaussianBlur
GaussianGradient
GlassDistortion
GlideReflectedTile
Gloom
HardLightBlendMode
HatchedScreen
HighlightShadowAdjust
HistogramDisplayFilter
HoleDistortion
HueAdjust
HueBlendMode

L anczosScaleTransform
_ightenBlendMode
LightTunnel
LinearBurnBlendMode
_inearDodgeBlendMode
LinearGradient
_ineScreen
_uminosityBlendMode
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MaskToAlpha
MaximumComponent
MaximumCompositing
MinimumComponent
MinimumCompositing
ModTransition
MultiplyBlendMode
MultiplyCompositing
OverlayBlendMode
PerspectiveCorrection
PerspectiveTile
PerspectiveTransform
PinchDistortion
PinLightBlendMode
Pixellate
RadialGradient
RandomGenerator
SaturationBlendMode
ScreenBlendMode
Sepialone
SharpenLuminance
SixfoldReflectedTile
SixfoldRotatedTile
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SoftLightBlendMode
SourceAtopCompositing
LinearToSRGBToneCurve
SRGBToneCurvelolLinear
SourcelnCompositing
SourceOutCompositing
SourceOverCompositing
StarShineGenerator
StraightenFilter
StripesGenerator
SubtractBlendMode
SwipeTlransition
TemperatureAndTint
ToneCurve
TriangleKaleidoscope
TwelvefoldReflectedTile
TwirlDistortion
UnsharpMask

Vibrance

Vignette
VortexDistortion
WhitePointAdjust
QRCodeGenerator
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Anatomy of ClKernel

@interface CIKernel
+ (CIKernel *) kernelWithString: (NSString *);

— (CIImage x) applyWithExtent:(CGRect)extent «——m —— ——— Performs no

actual work
roiCallback: (CIKernelROICallback)callback

arguments: (NSArray x)arguments;
@end



Anatomy of ClKernel

@interface CIKernel
+ (CIKernel *) kernelWithString: (NSString *);

- (CIImage *) applyWithExtent: (CGRect)extent «——m Zi;tjoarlnxor;?
roiCallback: (CIKernelROICallback)callback

arguments: (NSArray x)arguments;
@end

GLSL + extensions for imaging

Inputs and outputs are floats
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@interface SwapRedGreenFilter : CIFilter
@property (retain, nonatomic) CIImage xinputImage;
@property (copy, nonatomic) NSNumber sxinputAmount;
@end



Color Kernel Example
Subclassing ClFilter

@interface SwapRedGreenFilter : CIFilter
@property (retain, nonatomic) CIImage xinputImage;
@property (copy, nonatomic) NSNumber sxinputAmount;
@end

@imp lementation SwapRedGreenFilter

—(CIKernel x)myKernel { .. } // convenience
+(NSDictionary *)customAttributes { .. }
—(CIImage *x)outputImage { .. }

@end



Color Kernel Example
Applying the kernel inside of a ClFilter

— (CIKernel %) myKernel {
static CIColorKernel xkernel = nil;

static dispatch_once_t once;

dispatch_once(&once, ™{
kernel = [CIColorKernel kernelWithString:
@“kernel vecd4 swapRedAndGreenAmount ( _ sample s, float amount )
{ return mix(s.rgba, s.grba, amount); }" 1; });

return kernel;

}
— (CIImage *x)outputImage
{
CGRect dod = 1inputImage.extent ;

return [ [self myKernel] applyWithExtent : dod
arguments : @[inputImage, inputAmount]];
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Applying the kernel inside of a ClFilter
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Color Kernel Which Depends on Position
Vignette kernel code

centerOffset
radius

extent.origin + extent.size/2.0
length ( extent.size )/2.0

kernel vec4 vignette ( __sample s ,
vec2 centerOffset ,

float radius )

vec2 veckFromCenter =
destCoord () - centerOffset;




Color Kernel Which Depends on Position
Vignette kernel code

centerOffset
radius

extent.origin + extent.size/2.0
length ( extent.size )/2.0

kernel vec4 vignette ( __sample s ,
vec2 centerOffset ,

float radius )
{

vec2 veckFromCenter =
destCoord () - centerOffset;

float distance = length ( vecFromCenter ) ;




Color Kernel Which Depends on Position
Vignette kernel code

center0ffset = extent.origin + extent.size/2.0
radius = length ( extent.size )/2.0

kernel vec4 vignette ( __sample s ,
vec2 centerOffset ,

float radius )

vec2 veckFromCenter =
destCoord () - centerOffset;

float distance = length ( vecFromCenter ) ;
float darken = 1.0 - ( distance / radius ) ;




Color Kernel Which Depends on Position
Vignette kernel code

R, e
R - '

r-f( center0ffset = extent.origin + extent.size/2.0
[ & radius = length ( extent.size )/2.0

kernel vec4 vignette ( __sample s ,
vec2 centerOffset ,

float radius )

vec2 veckFromCenter =
destCoord () - centerOffset;

float distance = length ( vecFromCenter ) ;
float darken = 1.0 - ( distance / radius ) ;
return vec4 ( s.rgb x darken, s.a ) ;

}




Color Kernel Which Depends on Position
Vignette outputimage method

— (CIImage x)outputImage {
CGRect dod = inputImage.extent;

double radius = 0.5 x hypot ( dod.size.width, dod.size.height );

CIVector xcenterOffset =
[CIVector vectorWithX : dod.size.width x 0.5 + dod.origin.x
Y : dod.size.height * 0.5 + dod.origin.y];

return [[self myKernel] applyWithExtent : dod
arguments : @[inputImage, centerOffset, @(radius)]];



Color Kernel Which Depends on Position
Vignette outputimage method

— (CIImage x)outputImage {
CGRect dod = inputImage.extent;

double radius = 0.5 x hypot ( dod.size.width, dod.size.height );

CIVector xcenterOffset =
[CIVector vectorWithX : dod.size.width x 0.5 + dod.origin.x
Y : dod.size.height * 0.5 + dod.origin.y];

return [[self myKernel] applyWithExtent : dod
arguments : @[inputImage, centerOffset, @(radius)]];



Color Kernel Which Depends on Position
Vignette outputimage method

— (CIImage x)outputImage {
CGRect dod = inputImage.extent;

double radius = 0.5 x hypot ( dod.size.width, dod.size.height );

CIVector xcenterOffset =
[CIVector vectorWithX : dod.size.width x 0.5 + dod.origin.x
Y : dod.size.height * 0.5 + dod.origin.y];

return [[self myKernel] applyWithExtent : dod
arguments : @[inputImage, centerOffset, @(radius)]];



Color Kernel Which Depends on Position
Vignette outputimage method

— (CIImage x)outputImage {
CGRect dod = inputImage.extent;

double radius = 0.5 x hypot ( dod.size.width, dod.size.height );

CIVector xcenterOffset =
[CIVector vectorWithX : dod.size.width x 0.5 + dod.origin.Xx
Y : dod.size.height * 0.5 + dod.origin.y];

return [[self myKernel] applyWithExtent : dod
arguments : @[inputImage, centerOffset, @(radius)]];



Color Kernel Which Depends on Position
Vignette outputimage method

— (CIImage x)outputImage {
CGRect dod = inputImage.extent;

double radius = 0.5 x hypot ( dod.size.width, dod.size.height );

CIVector xcenterOffset =
[CIVector vectorWithX : dod.size.width x 0.5 + dod.origin.x
Y : dod.size.height * 0.5 + dod.origin.y];

return [[self myKernel] applyWithExtent : dod
arguments : @[inputImage, centerOffset, @(radius)]];



Color Kernel Which Depends on Position
Vignette outputimage method

— (CIImage x)outputImage {
CGRect dod = inputImage.extent;

double radius = 0.5 x hypot ( dod.size.width, dod.size.height );

CIVector xcenterOffset =
[CIVector vectorWithX : dod.size.width x 0.5 + dod.origin.x
Y : dod.size.height * 0.5 + dod.origin.y];

return [[self myKernel] applyWithExtent : dod
arguments : @[inputImage, centerOffset, @(radius)]];

}

kernel vecd4 vignette ( _ sample s ,vec2 centerOffset ,float radius)q{ .. }



Color Kernel Which Depends on Position
Vignette outputimage method

— (CIImage x)outputImage {
CGRect dod = inputImage.extent;

double radius = 0.5 x hypot ( dod.size.width, dod.size.height );

CIVector xcenterOffset =
[CIVector vectorWithX : dod.size.width x 0.5 + dod.origin.x
Y : dod.size.height * 0.5 + dod.origin.y];

return [[self myKernel] applyWithExtent : dod
arguments : @[inputImage, centerOffset, @(radius)]];

}

kernel vecd4 vignette ( _ sample s ,vec2 centerOffset ,float radius)q{ .. }



Color Kernel Which Depends on Position
Vignette outputimage method

— (CIImage x)outputImage {
CGRect dod = inputImage.extent;

double radius = 0.5 x hypot ( dod.size.width, dod.size.height );

CIVector xcenterOffset =
[CIVector vectorWithX : dod.size.width x 0.5 + dod.origin.x
Y : dod.size.height * 0.5 + dod.origin.y];

return [[self myKernel] applyWithExtent : dod
arguments : @[inputImage, centerOffset, @(radius)l];

}

kernel vecd4 vignette ( _ sample s ,vec2 centerOffset ,float radius){ ..



Color Kernel Which Depends on Position
Vignette outputimage method

— (CIImage x)outputImage {
CGRect dod = inputImage.extent;
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[CIVector vectorWithX : dod.size.width x 0.5 + dod.origin.x
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}

kernel vecd4 vignette ( _ sample s ,vec2 centerOffset ,float radius){ .. }



DOD for Source over Compositing Kernel
Non zero pixels

kernel vec4 sourceOver( _ sample src , _ sample dest )
{ return src + (1.0-src.a)xdest; }

CGRect dod = CGRectUnion ( inputImage.extent, inputBackgroundImage.extent )
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Warp Kernels
ClWarpKernel



Basic Principles of Warp Kernels
ClWarpKernel

Specity DOD and ROI block callback




Basic Principles of Warp Kernels
CIWarpKernel—think backwards

kernel vec2 doNothing () { return destCoord(); }

y 1nput 1mage




Basic Principles of Warp Kernels
CIWarpKernel—think backwards

kernel vec2 doNothing () { return destCoord(); }

y 1nput 1mage y output 1image




Basic Principles of Warp Kernels
CIWarpKernel—think backwards

kernel vec2 doNothing () { return destCoord(); }

y 1nput 1mage y output 1image

destCoord()




Basic Principles of Warp Kernels
CIWarpKernel—think backwards

kernel vec2 doNothing () { return destCoord(); }

1nput 1mage output 1image

destCoord()




Basic Principles of Warp Kernels
CIWarpKernel—think backwards

kernel vec2 mirrorX ( float imageWidth ) {
vec2 input = destCoord();
return vec2 ( imageWidth - input.x , input.y );




Basic Principles of Warp Kernels
CIWarpKernel—think backwards

kernel vec2 mirrorX ( float imageWidth ) {
vec2 input = destCoord();
return vec2 ( imageWidth - input.x , input.y );




Basic Principles of Warp Kernels
CIWarpKernel—think backwards

kernel vec2 mirrorX ( float imageWidth ) {
vec2 input = destCoord();
return vec2 ( imageWidth - input.x , input.y );

destCoord()




Basic Principles of Warp Kernels
CIWarpKernel—think backwards

kernel vec2 mirrorX ( float imageWidth ) {
vec2 input = destCoord();
return vec2 ( imageWidth - input.x , input.y );

destCoord()




Basic Principles of Warp Kernels
CIWarpKernel—think backwards

kernel vec2 mirrorX ( float imageWidth ) {
vec2 input = destCoord();
return vec2 ( imageWidth - input.x , input.y );

destCoord()




Basic Principles of Warp Kernels
CIWarpKernel—think backwards

kernel vec2 mirrorX ( float imageWidth ) {
vec2 input = destCoord();
return vec2 ( imageWidth - input.x , input.y );

destCoord()

P————— 1mageWidth ———



Basic Principles of Warp Kernels
CIWarpKernel—think backwards

kernel vec2 mirrorX ( float imageWidth ) {
vec2 input = destCoord();
return vec2 ( imageWidth - input.x , input.y );

destCoord()

P———— X —— 1mageWidth-x
P————— 1mageWidth ———



Basic Principles of Warp Kernels
CIWarpKernel—think backwards

kernel vec2 mirrorX ( float imageWidth ) {
vec2 input = destCoord();
return vec2 ( imageWidth - input.x , input.y );

destCoord()

—— 1mageWidth-x ——— X —i— imageWidth-x
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Invoking MirrorX Kernel

CIWarpKernel *xkernel = [CIWarpKernel kernelWithString:kernelSourceCode];

— (CIImage *) outputImage A
CGFloat inputWidth = inputlImage.extent.size.width;

CIImage *xresult =
[[self myKernell applyWithExtent: inputImage.extent
roiCallback: ~( int index, CGRect r ) { .. }
inputImage: inputlImage
arguments: @[@(inputWidth)]];
return result;

h
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Invoking MirrorX Kernel

— (CIImage *) outputImage A
if ( CGRectIsInfinite ( inputImage.extent ) ) return nil;

CGPoint o
CGFloat i1inputWidth

inputImage.extent.origin;
inputImage.extent.size.width;

CGAffineTransform to = CGAffineTransformMakeTranslation ( -0.X, —-0.y );
CIImage *result = [inputImage imageByApplyingTransform:to];

result = [[self myKernell applyWithExtent: .. 1; // same as before

CGAffineTransformMakeTranslation ( o0.Xx, 0.y );

CGAffineTransform from

return [result imageByApplyingTransform:from];

h
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Anamorphic stretch

’-‘--..";,.u;r.-;—'--‘ s l .‘ :
7™ 3 4 !

:

[N

Ve i




More Complex Warp Kernel
Anamorphic stretch

‘f




More Complex Warp Kernel
Anamorphic stretch




More Complex Warp Kernel
Anamorphic stretch

K
| 4 : | ¥ — :“,- ‘ 1
' : LS IS W E
5 o — v g5 s

-

|
|
- " . .
= /;A - \ -

!
- -
o~y Al
"o *




More Complex Warp Kernel
Anamorphic stretch

K
| 4 : | ¥ — :“,- ‘ 1
' : LS IS W E
5 o — v g5 s

!
=S
W<

-

| ?
' 5
2, b AR Y bl
: /-/“?A) T (S y




More Complex Warp Kernel
Anamorphic stretch




sourceloDest() and destToSourcel()
Invertible functions



sourceloDest() and destToSourcel()

Invertible functions
f(x)



sourceloDest() and destToSourcel()
Invertible functions

- width/2 width/2

X



sourceloDest() and destToSourcel()
Invertible functions

scale = 1

S S ¥ S
- width/2 width/2 X



sourceloDest() and destToSourcel()
Invertible functions

scale = 1

- width/2 XI width/2

X



sourceloDest() and destToSourcel()
Invertible functions

scale = 1

- width/2 XI width/2

X



sourceloDest() and destToSourcel()
Invertible functions

scale = 1

f(xi)==xi e
—I——_—q-—;}—;

- width/2 XI width/2 X



sourceloDest() and destToSourcel()
Invertible functions

f(x)
scale =1
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" width/a width/2 X
X
sourceToDest(x) = DOD
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sourceloDest() and destToSourcel()
Invertible functions

scale =1
dest x
SIC X
dest x
—I—-l-—o—e_l_>
- width/2 STCX width/2 s
X
sourceToDest(x) = xI DOD
1-[¢]
X
destToSource(x) = Kernel and ROI

1+ [



sourceloDest() and destToSourcel()
Invertible functions

scale = desiredWidth/inputWidth
k = inputWidth/(1.0 - (1.0/scale))



sourceloDest() and destToSourcel()
Invertible functions

scale = desiredWidth/inputWidth
k = inputWidth/(1.0 - (1.0/scale))

sourceToDest (1024) == 1280
destToSource (1280) == 1024



Kernel

kernel vec2 strech (float center, float k)

{
vec2 p = destCoord();

return p;
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Kernel

kernel vec2 strech (float center, float k)

X
{ destToSource(x) = ~
vec2 p = destCoord(); j1+‘E|
p.X —= center;
return p;



Kernel

kernel vec2 strech (float center, float k)

{ destToSource(x) = . ~
vec2 p = destCoord(); j1+‘E|

p.X —= center;
p.X = p.Xx / (1.0 + abs(p.x / k));
p.X += center;,

return p;
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ROI Pseudocode

leftP = r.origin.x rightP = r.origin.x + r.size.width
leftP’ = destToSource ( leftP ) rightP’ = destToSource ( rightP )

newWidth = rightP’ - leftP’
r’' = CGRectMake ( leftP’, r.origin.y, newWidth, r.size.height )



ROI—Region of Interest

Re-use kernel equation

double destToSource(double x, double center, double k)

{

return Xx;

}
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Re-use kernel equation

double destToSource(double x, double center, double k) .
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X —= center; 1+|E‘
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return Xx;



ROI—Region of Interest

Re-use kernel equation

double destToSource(double x, double center, double k)

{ destToSource(x) = - 7
X —= center, j1+‘E‘
x =% / (1.0 + fabs(x / k)):
X += center;

return Xx;

CGRect regionOf (CGRect r, float center, float k)

1
double leftP = destToSource (r.origin.x, center, Kk);
double rightP = destToSource (r.origin.x + r.size.width, center, k);
return CGRectMake (leftP, r.origin.y, rightP-1leftP, r.size.height);



DOD —Domain of Definition

double sourceToDest (double x, double center, double k)

{ sourceToDest(x) = - 7
X —= center; j1_|E‘
X =x / (1.0 — fabs(x / k));
X += center;

return Xx;



DOD —Domain of Definition

double sourceToDest (double x, double center, double k) y

{ sourceToDest(x) = o
—= center, j1_|E‘
X / (1.0 — fabs(x / k));

+= center;

X
X
X
return Xx;

CGRect dodForInputRect (CGRect r, double center, double k)

1
double leftP = sourceToDest (r.origin.x, center, k);
double rightP = sourceToDest (r.origin.x + r.size.width, center, k);
return CGRectMake (leftP, r.origin.y, rightP-1leftP, r.size.height);



outputimage Method

— (CIImage *) outputImage A
double 1inputWidth = inputImage.extent.size.width;

double k = inputWidth / ( 1.0 - 1.0 / [inputScale floatValue] );
double center = inputlImage.extent.origin.x + 1inputWidth / 2.0;
CGRect dod = dodForInputRect (inputImage.extent, center, Kk);

CIImage * result =
[[self myKernel] applyWithExtent: dod

roiCallback: ~(int index, CGRect rect) {
return regionOf(rect, center, k); }

inputImage: 1inputImage
arguments: @[@(center), @(k)11;
return result;
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outputimage Method

— (CIImage *) outputImage A
double 1inputWidth = inputImage.extent.size.width;

double k = inputWidth / ( 1.0 - 1.0 / [inputScale floatValue] );
double center = inputlImage.extent.origin.x + 1inputWidth / 2.0;
CGRect dod = dodForInputRect (inputImage.extent, center, Kk);

CIImage * result =
[[self myKernel] applyWithExtent: dod

roiCallback: ~(int index, CGRect rect) {
return regionOf(rect, center, k); }

inputImage: 1inputImage
arguments: @[@(center), @(k)1];
return result;



customAttributes Method

+ (NSDictionary *)customAttributes {
return @{ kCIAttributeFilterDisplayName : @“Anamorphic Stretch",
KCIAttributeFilterCategories :

@[kCICategoryDistortionEffect, kCICategoryVideo,
kCICategoryInterlaced, kCICategoryNonSquarePixels,
kCICategoryStillImagel,

@'inputScale" : @1
KCIAttributeSliderMin : @1.0,
KCIAttributeSliderMax : @2.0,

KCIAttributeDefault : @1.0,
KCIAttributelIdentity : @1.0,
KCIAttributeType : kCIAttributeTypeScalar
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ClIKernel Wrap-Up

IrrlwggLeJ: Input Type  Access ?#;%Lét DOD ROI

ClColorKernel 0.n __sample vecd vecsd YES
ClWarpKernel 1 destCoord() vec2 vec2 YES YES
ClKernel 0..n sampler sample(...) vecs YES =



General Kernels
ClKernel
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Different Types of Kernels

Color Kernels (ClColorKernel)
Warp Kernels (CIWarpKernel)

General Kernels (ClKernel)
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Motivation
ClKernel

When would you need to write a general kernel?
» Kernel needs multiple samples of an image
- e.g., any kind of blur or convolution filter

- Kernel contains a dependent texture read

- e.g., sample from image A used to determine where to sample from image B
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Basic Principles of General Kernels

kernel vec4 do_nothing (sampler image) {
vec2 dc = destCoord();
return sample (image, samplerTransform (image, dc));

kernel vec4 do_nothing (sampler image) <
return sample (image, samplerCoord (image));

}

Why use samplerTransform?
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Destination space vs. Sampler space

kernel vec4 do_something (sampler image) {
vec2 dc = destCoord();
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Motion Blur
ClKernel

kernel vec4 motionBlur (sampler image, vec2 velocity) {
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s += sample (image, samplerTransform (image, dc + offset));
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Motion Blur
ClFilter subclass

— (CIKernel x)myKernel {

static CIKernel xkernel = [CIKernel kernelWithString:source];
return kernel;

— (CIImage *x)outputImage {
float r = inputRadius.floatValue, a inputAngle. floatValue;
CIVector xvelocity = [CIVector vectorWithX:rxcos(a) Y:rxsin(a)l;

return [[self myKernel]l applyWithExtent:DOD
roiCallback:”(int index, CGRect rect) {
return regionOf(rect,velocity); }
arguments: @[inputImage, velocity]l 1;
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ClFilter subclass

— (CIKernel x)myKernel {

kernel vec4 motionBlur (sampler image, vec2 velocity) {
const int NUM_SAMPLES = 10; // per direction
vecd s = vec4(0.0);
vec2 dc = destCoord(), offset = —-velocity;
for (int i1=0; i < (NUM_SAMPLES % 2 + 1); i++) {
s += sample (image, samplerTransform (image, dc + offset));
offset += velocity / float(NUM_SAMPLES);
s
return s / float((NUM_SAMPLES x 2 + 1));
s

.

static CIKernel xkernel = [CIKernel kernelWithString:source];

return kernel;

— (CIImage *x)outputImage {

float r = 1nputRadius.floatValue, a

inputAngle. floatValue;

CIVector xvelocity = [CIVector vectorWithX:rxcos(a) Y:rxsin(a)];

return [[self myKernel]l applyWithExtent:DOD

roiCallback:”(int index, CGRect rect) {

return regionOf(rect,velocity); }

arguments: @[inputImage, velocity] 1;
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— (CIKernel x)myKernel {

static CIKernel xkernel = [CIKernel kernelWithString:source];
return kernel;

— (CIImage *x)outputImage {
float r = inputRadius.floatValue, a inputAngle. floatValue;
CIVector xvelocity = [CIVector vectorWithX:rxcos(a) Y:rxsin(a)l;

return [[self myKernel] applyWithExtent:DOD
roiCallback:~(int index, CGRect rect) {
return regionOf(rect,velocity); }
arguments: @[inputImage, velocity] 1;



Motion Blur
DOD

extent.origin —m—————— extent.size.width —

—— extent.size.height —



Motion Blur
DOD

extent.origin —m—————— extent.size.width —

—— extent.size.height —




Motion Blur
DOD

extent.origin —m—————— extent.size.width —

—— extent.size.height —




Motion Blur
DOD

extent.origin —m—————— extent.size.width —

—— extent.size.height —



Motion Blur
DOD

extent.size.height —

extent.origin — extent.size.width —— 1 +|velocity.X]



Motion Blur
DOD

extent.size.height —

extent.origin — extent.size.width —— 1 +|velocity.X]

DOD = CGRectInset (inputImage.extent, —-abs(velocity.X), —-abs(velocity.Y));
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Motion Blur
RO

‘ ;[;” s}%@““”iﬂﬂ | o
CGRect regionOf (CGRect rect, CIVector xvelocity) {

return CGRectInset (rect, —-abs(velocity.X), —-abs(velocity.Y));
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Motion Blur with Masked Vector Field

Kernel contains dependent texture read
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Motion Blur with Masked Vector Field
ClKernel

kernel vec4 motionBlur (sampler image, vec2 velocity) {
const int NUM_SAMPLES = 10; // per direction

vecd s = vecd(0.0):
vec2 dc = destCoord(), offset = —-velocity;

for (int i=0; i < (NUM_SAMPLES x 2 + 1); i++) {
s += sample (image, samplerTransform (image, dc + offset));
offset += velocity / float(NUM_SAMPLES);

s

return s / float((NUM SAMPLES x 2 + 1));



Motion Blur with Masked Vector Field
ClKernel

kernel vec4 motionBlur (sampler image, vec2 velocity) {
const int NUM_SAMPLES = 10; // per direction

vecd s = vecd(0.0):
vec2 dc = destCoord(), offset = —-velocity;

for (int i=0; i < (NUM_SAMPLES x 2 + 1); i++) {
s += sample (image, samplerTransform (image, dc + offset));
offset += velocity / float(NUM_SAMPLES);

s

return s / float((NUM SAMPLES x 2 + 1));



Metion-Biur-with-Masked-lector Field

const int NUM_SAMPLES = 10; // per direction

ClKernel
vecd s = vecd(0.0);
vec2 dc = destCoord(), offset = —-velocity;

for (int i=0; i < (NUM SAMPLES *x 2 + 1); i++) {
s += sample (image, samplerTransform (image, dc + offset));
offset += velocity / float(NUM_SAMPLES);
kerdel vec4 motionBlurWithMask (sampler image, sampler mask, float radius) A

// read per—pixel directional vector from mask image first
vetdrdis # fampté (NuMsKAMBREP lerRoerdimask)).rg;

}  dir = dir % 2.0 - 1.0; // de-normalize vector from [0,1] to [-1,+1]

vec2 velocity = dir x radius;

return _motionBlur (image, velocity);



Motion Blur with Masked Vector Field
ClKernel

vecsd _motionBlur (sampler image, vec2 velocity) {
// apply regular motion blur effect

kernel vecd4 motionBlurWithMask (sampler image, sampler mask, float radius) {
// read per—pixel directional vector from mask i1mage first
vec2 dir = sample (mask, samplerCoord(mask)).rg;
dir = dir x 2.0 - 1.0; // de-normalize vector from [0,1] to [-1,+1]

vec2 velocity = dir x radius;

return _motionBlur (image, velocity);
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vecsd _motionBlur (sampler image, vec2 velocity) {
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Motion Blur with Masked Vector Field
ClKernel

vecsd _motionBlur (sampler image, vec2 velocity) {
// apply regular motion blur effect

kernel vecd4 motionBlurWithMask (sampler image, sampler mask, float radius) {
// read per—pixel directional vector from mask i1mage first
vec2 dir = sample (mask, samplerCoord(mask)).rg;
dir = dir x 2.0 - 1.0; // de-normalize vector from [0,1] to [-1,+1]

vec2 velocity = dir x radius;

return _motionBlur (image, velocity);



Motion Blur with Masked Vector Field

ClIFilter subclass

— (CIImage x)outputImage {
float r = 1nputRadius.floatValue;
CGRect DOD = CGRectInset (inputImage.extent, -r, -r);

return [[self myKernel]
applyWithExtent:DOD
roiCallback:~(int index, CGRect rect) {
return regionOf (index, rect, r); +
arguments: @[inputImage, maskImage, inputRadius] ];
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ClIFilter subclass

— (CIImage x)outputImage {
float r = 1nputRadius.floatValue;
CGRect DOD = CGRectInset (inputImage.extent, -r, -r);

return [[self myKernel]
app lyWithExtent:DOD
roiCallback:~(int index, CGRect rect) {
return regionOf (index, rect, r); }
arguments: @[inputImage, maskImage, inputRadius]l ];



Motion Blur with Masked Vector Field

ROI for multiple images

CGRect regionOf (int index, CGRect rect, float radius) {
if (index == 0) {
return CGRectInset (rect, -radius, -radius); // ROI for input image

h

else if (index == 1) {
return rect; // ROI for mask image

}

return CGRectNull; // should not reach here
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Motion Blur with Masked Vector Field

ROI for multiple images

CGRect regionOf (int index, CGRect rect, float radius) {
if (index == 0) {
return CGRectInset (rect, -radius, -radius); // ROI for input image

}

else if (index == 1) {
return rect; // ROI for mask image

}

return CGRectNull; // should not reach here
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Portability of General Kernels
0S X and iOS

Desktop-class kernel type with the same language syntax and semantics as OS X

New built-in filters on iOS ported from OS X using general kernels

Glass Distortion Histogram Display
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Performance Considerations

Multiple render passes

Each input image to a ClKernel adds an extra render pass
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Square Kaleidoscope
ClWarpKernel

kernel vec2 squareKaleidoscopeWarp (vec2 center, float size) {
// offset by center and transform to unit square
vec2 p = (destCoord() — center) / size;

// calculate number of mirror reflections to get to this point
float z = abs(floor(p.x)) + abs(floor(p.y));

// reflect this point into unit square space
p =1.0 - abs(mod(p, 2.0) - 1.0);

// transform back to destination space
return (p * size) + center;



Square Kaleidoscope
ClColorKernel

kernel vec4 squareKaleidoscopeColor (__sample s, vec2 center, float size) {

// offset by center and transform to unit square
vec2 p = (destCoord() - center) / size;

// calculate number of mirror reflections to get to this point
float z = abs(floor(p.x)) + abs(floor(p.y));

// exponential decay
float k = pow(0.8, z);

// multiply color sample with decay
return vec4(s.rgb *x k, s.a);



Square Kaleidoscope
CIWarpKernel and ClColorKernel

CIImage xwarpedImage = [warpKernel applyWithExtent:CGRectInfinite
roiCallback:”~(int index, CGRect rect) { return coreRect; }
inputImage: inputImage
arguments: @[center, size] 1;
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CIWarpKernel and ClColorKernel
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Square Kaleidoscope
CIWarpKernel and ClColorKernel
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inputImage: inputImage
arguments: @[center, size] 1;
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Square Kaleidoscope
CIWarpKernel and ClColorKernel
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CIImage xwarpedImage = [warpKernel applyWithExtent:CGRectInfinite
roiCallback:”~(int index, CGRect rect) { return coreRect; }
inputImage: inputImage
arguments: @[center, size] 1;

CIImage *outputImage = [colorKernel applyWithExtent:warpedImage.extent
arguments: @[warpedImage, center, size] 1];
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Square Kaleidoscope

CIWarpKernel and ClColorKernel

[warpKernel applyWithExtent
~(int index, CGRect rect) { return coreRect

CIImage *xwarpedImage
roiCallback

tImage: 1inputlmage
arguments: @l[center, size] ]

inpu

]
’

[colorKernel applyWithExtent

@[warpedImage, center, size] ]

CIImage *xoutputlmage
arguments
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Recommendations

Write a general kernel only when needed

Write a general kernel initially for rapid prototyping, then try replacing
with some combination of warp and color kernels



Platform Differences



Platform Differences

([ON OS X
Renderers GPU CPU and GPU
Control flow in language Yes No
ClKernel
Kernel classes ClColorKernel ClKernel
ClWarpKernel
CISampIer No Yes
DOD CGRect ClFilterShape
ROI Block Pointer Selector
[CIFilter setDefaults] Automatic Explicit

[CIFilter customAttributes]

Class Method

Instance Method
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Platform differences



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

Introducing the Photos Frameworks Nob Hill Thursday 10:15AM

Advances in Core Image Pacific Heights ~ Thursday 2:00PM



Labs

Core Image Lab Media Lab B Thursday 4:30PM






