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bore Image 3s 3 core Technology

bore Image 1S like Bore Graphics sad similar one of Apple’s
vaderlying work horses. It IS 30 Image processIng 3n0 3aalysSIS
techaology both for siill snd video Images.

bompared 1o other techaologies like Gore Graphics, which IS 3 readering
ADL, it 1S not based on data DUt on represenisiions.

At 1is ceater sre GlFiliers 33 processing vaiits. They can cresie, 3
£enerstors, or manipulsic existing Glimages.

Ia sddition Core Image provides support for file formais, DoIh 38 FaW

Irom diftereat Kind of cameras with GlRswkiliers, aad for reading and
weitiag oa file, like TIFF or hell.




L A
r:-l’_\_ Characieristics

A Gllmage 1s much more 3 recipe than 3 recisagular 3res of pixels.
Jimensions are act mandsiory. Goaveaient InMsisers Irom VarIovs
Image sovrces are vailsble. 1he property 1n Ullmage 1S vsuslly ail, So il
cannot be used.

To preseat 3 Climage 5 ClCoatext IS aceded 1o reader the Image suitsdle
for further deployment through Gore Graphics towaros the U, As
meatoined, Glimages can be weitien directly oa file.




L A
V:*s_\__ Masia dsia types 1a Gore Image

bllmage  GlGolor  GlRawhilier
Olhikker  OlVecior GlFesivre
GIConiext  GlKkernel 3aad more




Fui with Pixels

Blimage is the major 05t
haady mitislisers. ‘cilmageV

func ciImageFromPath(path:String) —> CIImage
{

guard let img = UIImage.init(contentsOfFile: path)else
{

}

return ciImageWithErrorText(error: "No image at Path")

guard let ciImg = CIImage(image: img) else

{
}

return cilmg

return ciImageWithErrorText(error: '"No CIImage from UIImage")

¥

Tallke @ Cocoa
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Fui with Pixels

BICoaniext provides the co
as B6Image, GYPixelBuiter o
ontext shovld be cresied oaly oace 338 3
m mukiiple theeads may shaee it.
1S 8 common mistake 1o nitislise 3 ClCoate

class Helper {

static let context = CIContext(options:
[.workingColorSpace: CGColorSpaceCreateDeviceRGB()
.outputColorSpace: CGColorSpaceCreateDeviceRGB()]

)
sing the classicsl class-varigble pati

let context = Helper.context

Talkk @ Cocoa Wernher Lonsing o Jan/30/2028



Fui with Pixels

lens e 5t the cepter of bore Image’s
because some filiers geaergic Images b
they do aot filier the image. Howevee, 1y
Input 300 some parameters 1o slice the p
Teaditionslly sll GlFiliers object are sei

let ctx = Helper.context

let myFilter = CIFilter(name: "CISepiaTone")!

var workerImage = CIImage(image: UIImage.init(named: "Mandrill.png")!)!
myFilter.setValue(workerImage, forKey: kCIInputImageKey)
myFilter.setValue(1.0, forKey: kCIInputIntensityKey)

workerImage = myFilter.value(forKey: kCIOutputImageKey) as! CIImage

let savePath = workerImage.saveJPEG("Mandr", quality: 0.1, inContext: ctx)

Talkk @ Cocoa Wernher Lonsing o Jan/30/2028



Fui with Pixels

To avoid key-vslue codiag with s Hexit
s00itonsl framework ‘GCorelmage.GlFilic

are ideatical. From 3 swilt poiat of vie

import CoreImage.CIFilterBuiltins

let ctx = Helper.context

let myFilter = CIFilter.sepiaTone()

var workerImage = CIImage(image: UIImage.init(named: "Mandrill.png')!)!
myFilter.inputImage = workerImage

myFilter.intensity = 1.0

workerImage = myFilter.outputImage!

let savePath = workerImage.savelJPEG("Mandr", quality: 0.1, inContext: ctx)

Talkk @ Cocoan Werher Lownsing o Jan/30/2028



L
V:J._\_ Principsl asivee of 3 Glklier

At first, sll ClFiliers must have one sad oaly one ovipui-value, the oviput image, which 1S always ofiype
Glimage. Commonly the ouviput image is based oa he Input Image, but there sre filiers With 30 ouIput Image
of oaly oae pixel. It doegs not stop there. Sometimes even these color values must be iraasiaied 1nio some
kind of ClVecior or else.

The 1nput parameiers sre raaging from one, 3 for 3 single color Image, 1o almost infiaie for color curves.
Heace 3 ClFiliee has st least one input value aad exacily one oviput value, which IS always of iype Cllimage.

Inpui Duipui

Filier Image




el

The power of Gore Image vatolds oace filier are chained. Because the Glimage IS raiher 3 recipe
10 draw 1han 3n Image by itselr these Cllmage can be direcily injecied into the aext filier. At the
end of the chain the final image will be readered oaly oace.

A simple filier chain

Input value Input values

lnput

- - ¢ - @

lnput lnpui



21 cstegories for filiers, aot sll sre documenied as public:

bategoryBlur

sategoryBuilila (242 filiers)

51eEORY
31eEORY

51eEORY

ColorAdjusiment
s>olontivect

somposiielperstion

sategorydistortionkitect
s5tegorylencrsior

sategorybeomeiryAdjusiment
bategoryradient
sategoryhsliionckitect

sategoryHighlynsmicRange

(10stegorylnierlsced
1105tegoryNoaSquarelixels
110stegoryReduction
1105tegorySharpen
L10stegory Siilllmage
510stegorySiylize
110stegory lilekitect
s10stegory T ransition

GIGstegoryVideo

BIGstegoryXMPSerislizable

Unly one IS
IMPOrISAL.

The *video’-cstegory
indicsteg, that the
filien 1S suitsble for
live-viewiag.

All Z4Z filiers see
Buili-in.




The compleie list

242 kiliers on sl plsitorms: MacOS and 108

s

GlAccordionFoldTraasition GlBumplistortioalinesr CIConstsntColorbenersion Gl0ccumentEnhancer ClHueSsivrstionVslueGradicat GIMaskToAlphs CIPhotokffectFade G'SOUPCBUUIBDmODSiﬁfI.g
GIAdditionCompositing CiCannyEdgeletector CICoavertlabToRGE Cl0otScreen ClKsleidoscope CIKMesns CIPhotokifectinstant GISourcelverGompesiting
CIAfineClsmp CICheckerbosrdBenersior GIConveriRGBiolsb Ci0rosie ClKeysionsCorrectionCombined GIMedisaFilier GIPhotokiectMono 8|89°'GP|°"
CIAfineTile CICincleSplashisioriion ClConvolution3X3 ClEdges ClKeysioneBonreciioaHosizontsl G CIMeshGenersiop CIPhoioEFeciNoir GISporLight :
ClAfineTransform ClCircularScreen CICoavolutionsXS ClEdgeWork ClKeysionsCorrectioaVeriicsl IMinimumComponent CIPhotoEffectProcess G'SRGBT(.JGIBGUPVBTDUGI&SP
GlAresAlphsWeighiedHisiogram  ClCircularWesp CICoavolution7X7 GlEighifoldReflsctedTile QIMorphologyRecisngleMaximum CIMinimumCompositing CIPhotokffeciTons! [}ISiap.ShmeG?nepamp
BlAresAversge CIClsmp BlICoavolutionYHorizoatsl ClExclusionBleadMode CIMorphologyReciangleMinimum CIMix CIPhoioEiveciTeansier CiStraighieatilice
GlAresBovndshed GIGMYKHslfione ClCoavolutionyVerticsl ClExposureAdjust CICsmenrsCslibrsticaleasConrrecticn  CIModTransition CIPinchDistortion [}IStngzichGpoo
GlAresHisiogram GICode128Bsrcodebencrstor  GlGoavolutionREB3IX3 GIFslseColor CIPageCunlWithShadowTransition GIMorphologyGradicat CIPialightBlendMode GIStripesBenerstor
GlAreslogarithmictistogram  GlGolorAbscluieliffereace CIConvolutionRBEBSXS ClAsshTransition CIPenspeciiveTrancformWithExieat  CIMorphologyMaximum Clixellste GISubirsctbleadMode
GlAresMaximum GIColorBleadMode CICoavoluticnRBE7X7 GlFourfoldRefleciedTile  GIEdgePresenvelpsamplefilier CIMorphologyMinimum ClPoiatillize G|s““.b93m389.".9‘°3'°"
GlAresMaximumAlphs GIColorBurableadMode GICoavolutionRGBY Horizontsl ClFourfoldRotsiedTile ClRoundedRecisngleSirokebenensior  CIMotionBlur GI0RCodeBenersior GISwipeTraasition .
ClAreaMinimum GIColorClamp GICoavoluiionRGBYVerticsl ClFourfoldTranslatedTile  QlLshielisE GIMukiplyBleadMode GIRadialBradient GITemperstureAndTint
ClAresMinimumAlphs GIColorControls GICopyMschineTransition CIGsborBradients CllsnczosScaleTrsnsiorm CIMuhiiplyCompositing ClRsndomBenerstor GiTextlmagebensrstor
ClAresMiaMax GIColorCrossPolynomisl GIGoreMIModelFilier CIBammasAdjust ClLeaticulseHsloGeaersion GINinePsriStreiched ClRippleTraasition GIThermal
ClArgasMiaMaxhed GIColorCube HH ClBsussisnblup CllighieaBleadMode CINingPsriTiled ClRowAvesage GITonsGurve
ClAnicibutedTextlmagebenersior  GlGolorCubesMixedWithMask  GlGrysisllize ClBsussisnGradieat CllighiTuanel GINciseReduction CISsliencyMspFilicr [}IToneMapHee.adpooom
GlAziecCodebenerator CIColorCubeWithColorSpace  GldsrkenBleadMode ClGlsssDistortion ClLinesrBurablendMode Gl0pTile CISampleNearest G|T°f"’3[3“3[]'§'°““°“
GlBsrcodeBencrstor CiColorCurves CidepthBlurEfTect Gl6lassLozenge CllinesrlodgebleadMode Gl0verlsyBleadMode CISaivestionBleadMode Ul risaglehsleidoscope
GlBarsSwipeTransition GIColordodgeBlendMode Cl0epthOfField ClGlideReflectedTile HI CIPageCurlTransition GIScreenblendMode GlTrisaglelile .
GlBicubicScsleTransform CiColorlavert Cl0epthTolisparity ClGloom CllinesrlighiBleadMode CIPsletieCentroid HELA T [ G'TWEB'VE%VD'GRFZ“BCI‘BGTI'B
GlBleadWithAlphsMssk GIGolorMsp GlDifTereacebleadMode GIGuidedFilier ClLinesrToSREEToncCurve CIPsleitize GIShadedMaierisl GITwirllisiortion
GlBleadWithBlueMask GIColorMstrix GiDiscBlur GlHsrdLightBleadMode GllineOverlay GIParsliclogramTile GISharpealuminance [}IUElshappMask
ClBleadWithMask GIColorMonochrome ClDisintegrsicWithMaskTraasition GlHsichedScreen CllincScreen GIPOF41783rcodebencrsior  GlSixfoldRefleciedTile [}IV!bnance
BlBleadWithRedMask GIColorPolynomisl Cl0ispsrity Toldepih GlHeightFicldFromMask  GlLumincsityBlendMode ClPersondegmentstion ClSixfoldRaisiedTile [}IV!gneﬂe
GlBloom GIColorPosterize ClDisplacemeniistortion ClHexagoaslPixellste BIMaskedVsrisblcBlur BIPerspectiveCorrection CISmoothlinearbradicat [}IV!gs.lei!eEﬁ‘eci
GlBlurredRecisaglebenersior  GlGolorThreshold Gidissolvelrsasition GltighlightShadowAdjest  GIMaximumBomponeat GIPerspectiveRoisie CISobelGradients [}I\r'lwdllg.hiﬂles.ldMode
GlBokehBlur GIColorThresholdOis Gl0istsncebradieatfromRedMask  Clhistogramiisplayfilier  (iMsximumComposiiing ClPerspectiveTile ClSofilightBleadMode [}I\r'o:z.iexﬂn.smm!on
GlBoxBlur GIColumnAverage ClDither ClHoleistortion CIMaximumScaleTrsnsiorm ClPerspeciiveTransiorm  ClSourceAiopComposiing  O1WhitePointAdjest
GlBump istortion ClComickivect GiDivideBleadMode GlHueAdjust GlRovndedRectangleBenersion CIPhoiokiTeciGhrome GISourcelaompositing g:’l“.ja; e

0

ClHueBleadMode



There IS one Simg
BlFilice.filierNames(in(e
I the caiegory is ail or 3i
aames, otherwise those

func ciFilters()
1
let names = CIFilter.filterNames(inCategories: [])

let builtInNames = CIFilter.filterNames(inCategories: ["CICategoryBuiltIn"])
if(names == builtInNames)

{
}

print("all filters are built in!")

Tallke @ Cococ Werner Lonsing o Jan/30/2028
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he filiers have 10 be instaniisied
Printing (Nliersiabaicgory) yields

for aFilterName in filtersInCategory

{
print("\n\(aFilterName)\n")
let filter = CIFilter.init(name: aFilterName)
print(filter?.attributes ?? "")

Tallke @ Cococ Werner Lonsing o Jan/30/2028



Some worls sbout filiers

= ;u

.
o

~

At first an example of 3 simple chained fliers, checkerdosrd
and Twiel.

,.

or checkenrbosrd, texival as iext or some Kind oi‘bapcodes

Geaensiors: Graphic geaersiors like simple color, siripes

Reduction liliers like kMesa or hisiogram evalusie aad aaslyse an image. Their
ouiput Image contging these informations, heace these Images are aot
modifned images. They caanot be psrt of 3 chain with reasonsdle resulis

Geaersl purpose filiers like GIGolorMasirix sllow some cusiomization based on

simple msih 1o cresie individusl filiers. Probsbly evea some of the buili-in
nliers were made this way.



The others

Bore Image has 3 loag history, siseting with Mac 08X 10.4. Uader the hood the keraels

changed from the the Upeabl shadiag laaguage 1o Meisl, the iraasiiion 1o 108 took yesrs
an0 Was very fierstive. At some time filiers were available in the simulsior, as paet of

OSX, but aot oa the devices.

As consequence some people were iempied 1o weiie their owa repository of keraels, like Brad
Larson with his 6PUImsge-framework, aow 33 version 3. Like wiith all ihird party frameworks he
IS Dusy keepiag vp with the ever chaagiag iechaology, re-weiting sll iiliees from Ubjeciive-G and

shadiag lsaguage first 1o Swilt sad thea 1o Metsl.
Aacther 3pprosch sre the siiempis 10 cresie 3 vailied inieriace fore all filiers. There IS even an 300,

that cresies some code of it. But there some 20 filiers are missiag, 300 e Quesiion remaInsS, WAHD
aeeds it. How to feed sll snimsls in 3 zoo? In esseace, it IS just 3 produciion of boilerplaie-code.
Selecting and spplying some filiers IS 3 1ask oa itS owa 3a0 not necessarily subject 1o coding.
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S pre-coafigered black-aad-white filiees:

GIMaximumbGomponent
GIPhotokitect lonst

G1PhoiokiteciMonc

GCIMinimuemGomponent
GIPhotokiTeciNoir
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BIPhotokivect onal

Applies 3

precoaligured
set of effects thai

imiiste black-

4 and-whiie
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GIMaximumbomponeat

Retuvras 3
grayscsle
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Fui with Pixels
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Fui with Pixels

createCheckerBoard(color@: CIColor.yellow, colorl: CIColor.green, width: 64.0, angle: 145.0, stretching: 640.0)

createCheckerBoard(color@: CIColor.blue, colorl: CIColor.red, width: 0.52 *x 64.0, angle: 20.0, stretching: 0.8)

Talkk @ Cocoa Wernher Lonsing o Jan/30/2028



Fun with Pixe
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Fui with Pixels
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. witth Pixels

In Visic
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The demo-3pp 10 code with

Jowalosd it from here:
hiips://github.com/disiThai/FuaWithPQixels

Siart By messiag with the colors in GConteatView:

tintColor = Color( - )
foreGroundColor = Color( - )

Thea collect some images and copy 1hem nio the buadie,
act the Asset-folder.

IF cunning on 3 device, 0o aot forget 1o Inject Your
credentisls. The spp shovld run on 3 working, but

oitherwise empty code, like e.g. the originsl image can be
sgved vaslicred.

exposure
contrast
saturation

temp

Ful with Pixels



https://github.com/dialThat/FunWithPixels

Fui with Pixels

A. Seanch for it like “ClFilier

B. Fiad the documenistion on A

5. Find the example code oh
mesaiagivl and sll parsme

func sepiaTone(inputImage: CIImage ) —> CIImage {
let sepiaToneFilter = CIFilter.sepiaTone()
sepiaToneFilter.inputImage = inputImage
sepliaToneFilter.intensity = 1
return sepialoneFilter.outputImage!

}

hiips://develope

Talkk @ Cocoa Wernher Lonsing o Jan/30/2028


https://developer.apple.com/documentation/coreimage/cifilter/3228402-sepiatone

L f\i
SN How 1o set the values
Fa

bommonly most parameters or siiribuie are Sparsely documenied.
The m3sjor problem is, that the sliribuies are of all different fypes,
established historicslly throvgh insiances of “NSNumber’. Evea more
confusing are the different ranges of the PSramEIers, Inside of which
they are suitadle while ouviside they reader the Image 3s voId.

Luckily the key-vslue eacoding Inieriace provide some help.
dugst csll:

(sepiaToneFilter. )



Fui with Pixels

["CIAttributeFilterAvailable_Mac": 10.4, "CIAttributeFilterDisplayName": Sepia Tone,
"CIAttributeFilterCategories": <_ NSArrayl 0x60000212fc00>(
- CICategoryColorEffect,

)
, "inputIntensity": {
CIAttributeClass = NSNumber;
CIAttributeDefault = 1;
CIAttributeDescription = "The intensity of the sepia effect. A value of 1.0
creates a monochrome sepia 1image. A value of 0.0 has no effect on the image.";
CIAttributeDisplayName = Intensity;
CIAttributeldentity = 0;
CIAttributeMin = 0;
CIAttributeSliderMax 1;
CIAttributeSliderMin = 0,
CIAttributeType = CIAttributeTypeScalar;
¥, "inputImage": {
CIAttributeClass = CIImage;
CIAttributeDescription = "The image to use as an 1input for the effect.";
CIAttributeDisplayName = Image;
CIAttributeType = CIAttributeTypelmage;
¥, "CIAttributeFilterAvailable_i0S": 5, "CIAttributeReferenceDocumentation": http://
developer.apple.com/library/ios/documentation/GraphicsImaging/Reference/CorelImageFilterReference/
index.html#//apple_ref/doc/filter/ci/CISepiaTone, "CIAttributeFilterName": CISepiaTone]

Tallke @ Cocoa Weriher Lonsing o Jan/30/2028



Fui with Pixe

sides the common ‘inpuilinage’ the a3
3re some values. The relsied maximum ve
while the correspoadiag “GlATIRIDuIESIider
1S slso 0. Setting the ideatity value proces

inputIntensity”: {
CIAttributeClass = NSNumber;
CIAttributeDefault = 1;
CIAttributeDescription "The . . . 1mage.”;
CIAttributeDisplayName = Intensity;
CIAttributeIldentity = 0;
CIAttributeMin = 0;
CIAttributeSliderMax = 1;
CIAttributeSliderMin = 0;
CIAttributeType = CIAttributeTypeScalar;

Talkk @ Cocoa Wernher Lonsing o Jan/30/2028



First rovnd of shiders

Daly theee filiers are aceded: ClGolorConirols with brighiness raagiag from -1... 1,
300 sSaturgtion from 0...2. Conirsst Seems 10 De mISSINg, Instead there are blve snd

red coelficients. Aayway, contrast works in the raage -1 ... 1.
The secoand filier GlITempensivreAadlint needs exira care, while ihe hird
BIHighlighiShadowAdjust suggest the range U...1 for both the highlight aad

the shadow slider. The highlighi-shider seems 1o be reversed.

exposure

contrast GIGolorGontrols

saturation -

=
63
)~
B=)
3
o
o
o S
£ |
e/2
=
£
38
=
5
—
€5

gt

oty
c( -
&g ¢

temp

GlTemoepémpeAndTim

tint -




s

=

The iempersivre sad tiat filier preseais Kind of 3 riddie with a ClVeciors-values boih as identity and
max 33 [£S00 0, but no Mia.

“GlTempersivrcAadTint has theee input parameiers: Image, Neviral and 1argeiNevirsl. Nevirsl sad
TargeiNeuvirsal are of GlVector type, sad in both of them the first dimeasion relers 1o Tempersivre
and the second to Tiat. What the GlTempersivreAadlint filicr bDasically does IS compuiing 3 mairIX
that 3d3pts RGB values from the source whiite poiat delined by Neuiral (Srclempersivre, secliat) 10
the target whiie poiat defined by TargeiNevirsal (Ostlempersivre, dsiliar), and thea applying Mis
mairix oa the input image (usiag the ClGColorMairix filier). IF Neviral aad TargeiNevirsl are of the
same values, then the image will act chaage slier applying this filier. The two sliders give the
Tempersgivre 300 Tiat chaages (i.e. differeaces beiween sovrce aad iarget Tempersivre snd lint
values slready) added 1o the source Image.”

As first siep, the sliders are normalised. htge:/ /atackovesflow.com/guestions/ 3429411 /inpet-pasometens-OF citempsestveesadii-ciftes

My sierious sliders



https://stackoverflow.com/questions/8629411/input-parameters-of-citemperatureandtint-cifilter

Fui with Pixels

AccorOing IcC
potentislly infinite, IS

Plaackisa locus
Source: Wikipedia

let vec = CIVector(x: 6500 + CGFloat(temperature)*4500,
y: CGFloat(tint) % 100). // 2000 — 10500 Kelvin

Talkk @ Cocor Wernher Lonsing o Jan/30/2028


https://en.wikipedia.org/wiki/Planckian_locus

Fui with Pixels

sliders are globslly insisatisied
rovgh Swiltll, or, whea sa image
the code examples direcily copied ©

let colorControls = CIFilter.colorControls()
let highlightShadowAdjustFilter = CIFilter.highlightShadowAdjust()
let tempatureAndTintFilter = CIFilter.temperatureAndTint()

With these theee lines sad the |
work on the Image.

Talkk @ Cocoa Wernher Lonsing o Jan/30/2028



Fu with Pixels

private func ciImageFromFilterWith(_ image: CIImage, exposure: Float, contrast: Float, highlights:
Float, shadows: Float, saturation: Float, temperature: Float, tint: Float) —> CIImage

var workerImage = 1mage

colorControls.brightness = exposure
colorControls.contrast = contrast
colorControls.saturation = saturation
colorControls.inputImage = workerImage
workerImage = colorControls.outputImage!

nighlightShadowAdjustFilter.highlightAmount = highlights
nighlightShadowAdjustFilter.shadowAmount = shadows
nighlightShadowAdjustFilter.inputImage = workerImage

workerImage = highlightShadowAdjustFilter.outputImage!

tempatureAndTintFilter.neutral = CIVector(x: 6500, y: 0) // 2000 - 10500 Kelvin

let vec = CIVector(x: 6500 + CGFloat(temperature)=*4500, y: CGFloat(tint) *x 100)
tempatureAndTintFilter.targetNeutral = vec

tempatureAndTintFilter.i1nputImage = workerImage
workerImage = tempatureAndTintFilter.outputImage!

return workerImage

Talkk @ Coco Weriher Lonsing o Jan/30/2028



Fu wikhh Pixels

°® @

~ 3ad pre-coaligured filic

private func autoAdjust(image: CIImage) —-> CIImage
{

var workerImage = 1mage
if(autoAdjustFilters.isEmpty)

{
h

autoAdjustFilters = image.autoAdjustmentFilters()

for filter in autoAdjustFilters
{

filter.setValue(workerImage, forKey: KkCIInputImageKey)
workerImage = filter.outputImage!

}

return workerImage

h
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Fui with Pixels

T Image is introduced Ic
p the mesn-filiers sre hepe implementt

e selecied image chaages or the adjust b

In ContentView

func newIntermediate()

{

helper.intermediateImage(forIndex: sellIndex, adjust: adjust, channels:
meanChannels, passes: meanPasses)

}

And declaration in Helper:
var autoAdjustFilters: [CIFilter] = []

var intermediate = CIImage()
let scaleFiter = CIFilter.lanczosScaleTransform()
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Fui with Pixels

Scsling is ¢

func intermediateImage(forIndex: Int, adjust: Bool,
channels: Float, passes: Float) {

autoAdjust = adjust

selectedIndex = forlIndex

let originalImage = CIImage(image: allImages[selectedIndex])

let max = originallImage!.extent.width > originallmage!.extent.height ?
originallImage!.extent.width : originallmage!.extent.height

scaleFiter.scale = 1000/Float(max)
scaleFiter.inputImage = originallmage
var inputImage = scaleFiter.outputImage!

if(true == autoAdjust)
{

}

self.intermediate = inputlImage

inputImage = autoAdjust(image: inputImage)
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Fui with Pixels
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bolor reduction vis GlkMesas
- 5 T By applyiag the kMesa 3ad the correspoadiag pslietise filier the

colors sre reduced 10 4 3a0 two. Resuli IS 30 almost Dinary Image.

Psletic of only 4 colors Minimum of two colors



Fu with Pixels

20 1o simple lingar chaining
oe 1S the 1aput for the filiee GIKMesn
d the passes 1o calculsie them the ouipe
pixel sad 3 widih correspondiag 1o the co
parameter of the ClPslettize-hilier. The o
the fnsl image.

Most pieces aad the inieriace in Swilill
IS sufticieat. It shouvld be ao problem 1o |

fuaction.

private func filterMean(image: CIImage, channels: Float, passes: Float) —> CIImage
{ return image}

self.intermediate = filterMean(image: inputImage, channels: channels, passes: passes)
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Jitvereant channel 3ad passes

Channels: 2

2/2-2/8 sre the
33me resuli 1

vy

§ p3sses

...a0n0 some twesking



Fui with Pixels

Just 1o meatioa i, the pale
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Driginsl 3nd mesn images
A collection of four Images side by side with their sources.
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= A
00 The iciag: implement the aversge color
P oo :

+ Theee is some space left betweea the 1wo srrows vader the

source image suiisble for the final task of displayiag the
average color of the source. Just 0disin 3 filier of iype

BIAre3AVER3gE 3ad set the Image 3a0 IS exient
sccordingly. Thea rua the filier. The main problem IS
that the siagle resuli pixel has 1o be scaled vp. The
common flier CllaaczosScslelransiorm IS oo sophisticaied. The screeashot
Indicsics some shadiag, which upon examinsiion IS veriiied. What is needed

1S 3 much more simple filice like the GlAael raasiorm 1o get 3 iist filled
rectangle. Maybde instantisiing the filier requires key-value-coding.




Une more thing: Swiltlmage

There 1S 3 Iramework srovad with 3 1013l differeat 3pproach:
hiips://githubd.com/koher/swili-image
Not stomising the image into pixels and keeaels bDut keeping ihem arovnd 1 3 SWilt-
srr3y renders gn holistic view o the Image. As 3 sisndard array pixels all values
can De sorted, filiered and shuliled. With some constrainis 1he Iramework hen
readers the srray Back Into 30 IMmSge.

The main differeace is, that Core Image with 1is stomic pixels n he fliees’ keraels
orovides no mesns 1o 300ress sll pixels all st oace.

Especislly shuttle is 3 kind of 3 uselul procedure here.



https://github.com/koher/swift-image
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Unce 3 pixel
Jost his place

1S position IS

other pixels i

inthe geid, the =
informstionof =~

gone. Mixedvp
beiweea slithe .

_ Shuliled pixels of the image

peisias e oaly

valug 1t 1S

~ peduced 1o,
s precious
= colo.

~ Ahhough the

~ imsge looks
~ like 3 single
colo, 3l

oixels spre

il there.



YisiDility of pixels
= What st lirst glaace 3ppeses 1o be mesningless random noise, IS
st second glance 3 rememdrsace of the sovrce Image. Fiaslly the blue, whiie,

yellow 3ad dark pixels sre 3W3aiting FeconSIRUCHoN 1n everydody 'S mind.
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Unly 3t fhiest
glance

the shuitled
300 the
SVeR3EeC
IM3EES

sre looking
Similse.

Avergge color Ior COmP3RISON

The image
here IS

reduced 1o
one single
color 3a0
lost almosi
sll of ifs

Informations.




Soried Pixel

All pixels sre

Unly 3t fhiest

glance S— soried

the shuifled 3CCORCINE 10
sad the their color
3VeRr3ge’ values.
IM3LES

are looking
similae.



Tallke @ Coc



e T B e S S e e 0 e, A S R i :

'g’ 'ﬁ})@tﬁg o, ‘.‘.r'.‘ a5 ‘1‘!-“ ; ‘.::3. . i : - ”("‘v M aee O .;~“ i !S:_{- > . e -gﬁfﬁvhﬁ:". "iﬁ%@% ff.t“:)\

AR : i b TS AR . R S ny
S AT A S S e i SRR ST U R I S s S e 5 :
A e e BT S P A S L R WD SR s ' l.} WA = S ‘%X*')‘ P :

Q - :
(it 2R oK 7 : X Ip o .:'{‘
Ay ST ’g”%r{h ri"?}.," Sy X
R ek o8 IOV B S P 5 :
b e b e O T
o

t

O 0. ..‘. , -\;(-sp:ﬁ_ o 5
e i
SR, TAh ;

.S 4 — AR STA ’ by 5 - i3 e i W 3 Vo g S AN Y 3 . b ) i:' :'l' i .p, 7 @ ‘;‘
“ eI f: : o AT e A iy R SFACkTAos T S ST L " o e R e P {\ v ey
~ e PR Al X - o) e %. o o B o o o XA A‘{“% ¥ ' . - iy - RS"Y & L "\ ALY
g &“M{ S RRTI :'\'“ e .':-._:'- Sy A 240 “x{f -] AR %*‘.-‘ A R 158 i;.".' L3 e : .‘” e -.gé_:"' !.‘,5'.‘ :i-{ oy ol ;- .é?'vﬁ)h"‘\ﬂ.

a2
)
Ao
SCE

A el e
DRI AT T
N 1‘& - <y '."
- "'\"1’\%;" )
LIRS A S e Ay
o : "’ \:‘5&‘ :.-at :
SRR 3 =

e

<«
1 S

- .
n A\
Tt
Lo
L ' 1,
3 " - s
' . . =5 5 A -
> 5 - - g
. i ) P 3 e
Al N W AN) ® .
) - " M >
- S el G 5 -
2 i - :
i~ ‘:)rf‘!: . - S )
. L :
2 o P =300 T

W

(S i y
R R A
o l“iﬁ'vs’- g &r{%ﬁ
Qe Rt I,
SR
it

2l
oy ey S:—ﬁ"

-
o

L

S o
‘?w \‘g\gz S S
i =

B
}

SN
Sl D

o ' i

R : : ;

~ { v = {'%l%‘i% S 2. T i 7 .

A ‘!‘gﬁi‘ %‘5‘_}, fﬁﬁ?gﬁé’:"ﬁ’-}; ‘é}i‘;{!’l@*‘ "&;-“‘ &
25 f!‘ .(R;.!_&‘ ::'(gzﬁ'\'q) = 0 l%%ﬁb.w Lo ; : ‘

¥ w - » - -
ﬁo —aff, _:og\u“ o ,n.,.'? V) ~';::1§ BLAt
et ! .w-.-fg - 3.) 2
- L %}" e T e
‘%\c- : B AR s
. o

W
ik

......
o

DT e ".J 2 B
e e

Werher Lownsing o Jan/30/2028



Fui with Pixels
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