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[1naH

« PaboTta ¢ TekcTypamm

« CBepTKa

* lllyMonoaaBneHue

« MaclwiTabupoBaHMe M306paKeEHNM
 C}KaTue n3obparkeHmu




PABOTA C TEKCTYPAMU




Twrnbl namatn 8 CUDA

Tvn [locTyn | YpoBeHb CkopocTb | PacnonoxeHue
NaMAaTU BblaeneHust | paboTbl

Perncrpel R/W Per-thread |Bbicokaga |SM

JlokanbHas | R/W Per-thread |Hu3kas DRAM

Shared R/W Per-block Boicokaga |SM
FnobanbHas | R/W Per-grid Hu3kas DRAM
Constant R/O Per-grid Bbicokasa | DRAM

Texture R/O Per-grid Bbicokas | DRAM

JlereHpa:
-MHTEpdenchbI
goctyna [
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Texture B 3D

« B CUDA ectb goctyn K fixed-function HW: Texture
Unit

0.66,1




Texture HW

« Hopmanusaums KoopauHar:

— Ob6palleHue no KoopamMHatam, KoTopblie
nexar B gnanasoHe [0,1]




Texture HW

* [l[peobpasoBaHuE KOOpAMHAT:

— KoopauHaTtbl, KOTOpble He NnerkaT B
aAnanasoHe [0,1] (man [w, h])

Clamp:

-Koopannara «oOpyoaeTcs»
0 JOITYyCTUMBIM I'paHUIIaM
Wrap

- Koopavnara

11031 «3aBOPAYUBAECTCS» B
JTOIYCTUMBIN JUANO30H

[1.1,0.7]

e, T S A




Texture HW

* PunbTpaumAa:

— Ecnm Bbl ucnonb3yeTe float KoopamHaThl,
YTO J0JI’KHO MPOU3OMTU E€C/IM KOOPAUHATA
He nomnajaeT ToYHo B texel?

Point:

-bepercs ommxaitmuii texel
Linear:

- bunmHenHasa puibTpanus

[pubnuzumcst
BOT B 3Ty TOYKY




Texture HW

* PunbTpayma

Point:
-bepercs
OJIVKANIIINI

texel

A

—@® @




Texture HW

* DunbTpaumAa

A

Pl| a

P2

B -

b

P

-buinnaennasa
(buIbTpaLus

(P,*(1-0)+Py*(a)) * (1-) +
(P3*(1-a)+P,*(a)) * (B)




Texture B CUDA

* [I[peobpa3oBaHMe JaHHbIX:

— cudaReadModeNormalizedFloat :

* McXOAHbIM MACCUB COAEPHKMT AaHHbIE B
integer, Bo3BpalwaemMoe 3HayeHue Bo floating
point npeAcTaB/ieHMA (AOCTYMNHbIX AMana3oH
3HaYeHUM oTobpaxkaeTca B MHTepsan [0, 1] nau

['1)1])
— cudaReadModeElementType

 Bo3Bpallaemoe 3Ha4YeHue To ke, YTo U BO
BHYTPEHHEM NMpeAcTaB/IEHNU




cudaArray

* OCOb6bIM KOHTEUHEP NMAMATHU
* YepHbIU AWKMK A8 NPUSIOKEHUS

* [lo3BO1A€T OpraHM30BbiBaTb AaHHbIE B
1D/ 2D/ 3D maccumBbl AaHHbIX BUAA:
—1/2/4 KOMNOHEHTHbIE BEKTOPbI
— 8/16/32 bit signed/unsigned integers
— 32 bit float
— 16 bit float (driver API)

* Ha CC 2.X BO3MOHa 3anmcb U3 aapa




Texture<> B CUDA (cudaArray)

* TO/IbKO YTEHME
» O6pauweHne K 1D/2D/3D maccmBam AaHHbIX NO:

— L|,e}10‘-IMCIIeHHbIM MHOEKCaM
— HopManunsoBaHHbIM KOOpAMHaTam
* [Ipeo6pa3zoBaHME apeCcoB Ha rpaHULLAX
— Clamp, Wrap
* OunbTpauna AaHHbIX
— Point, Linear
* [Ipeo6pa3zoBaHUE AaHHbIX

— [laHHble MOryT XpaHUTbCA B (popmaTte uchar4

— Bo3Bpau4aeMoe 3HavyeHue - £loatd




Surface<> B CUDA (cudaArray)

* YTeHne u 3anmuchb
— cudaArraySurfacelLoadStore
» O6pauweHune K 1D/2D MaccuBaM AaHHbIX Mo:
— LenoyncieHHbIM MHAEKCaM
— Byte-agpecaumsa no x
* [Ipeo6pa3oBaHMe aapeCcoB Ha rpaHULLAX
— Clamp, Zero, Trap




Texture<> B CUDA (linear)

* MOYXHO UCMOJ/Ib30BaTb OObIYHYIO
JIUHEeUHVYI0 NaMATb
* OrpaHmMyeHusA:
—-1D / 2D
— HeT punbTpaummn
— /loCcTyn no ueno4YmcsieHHbIM KoopAMHaTam

— O6pallieHne No agpecy BHE AOMYCTUMOro
JMarna3soHa Bo3BpaLlaeT HOJlb



Texture B CUDA (linear)

texture<float, 1, cudaReadModeElementType> texRef;
__global _ void kernell ( float * data )
{

int idx = blockIdx.x * blockDim.x + threadIdx.x;

data [idx] = texlDfetch (texRef, idx);
}

int main (int argc, char ** argv)
{
float *hA = NULL, *hB = NULL, *dA = NULL, *dB = NULL;

for (int idx = 0; idx < numThreads * numBlocks; idx++)
hA[idx] = sinf(idx * 2.0f * PI / (numThreads * numBlocks) );

cudaMemcpy ( dA, hA, memSizeInBytes, cudaMemcpyHostToDevice ) ;

cudaBindTexture (0, texRef, dA, memSizeInBytes)

dim3 threads dim3 ( numThreads ) ;
dim3 blocks = dim3( numBlocks );

kernell <<<blocks, threads>>> ( dB ) ;
cudaThreadSynchronize() ;

cudaMemcpy ( hB, dB, nMemSizeInBytes, cudaMemcpyDeviceToHost ) ;

return 0O;




Texture B CUDA (cudaArray)

texture<float, 2, cudaReadModeElementType> texRef;

{

}

global  void kernel ( float * data )

int idx = blockIdx.x * blockDim.x + threadIdx.x;
data [idx + blockIdx.y * gridDim.x * blockDim.x] = tex2D(g_TexRef, idx, blockIdx.y);

int main ( int argc, char * argv [] )

{

float * hA = NULL, *hB = NULL, *dA = NULL, *dB = NULL; // linear memory pointers
cudaArray * paA = NULL; // device cudaArray pointer

cudaChannelFormatDesc cfD=cudaCreateChannelDesc(32,0,0,0, cudaChannelFormatKindFloat)
cudaMallocArray (&aA, &cfD, numBlocksX * numThreads, numBlocksY) ;

for (int idx = 0; idx < nThreads * nBlocksX; idx++) {
hA[idx] = sinf (idx*2.0£*PI/ (numThreads*numBlocksX) ) ;
hA[idx + numThreads * numBlocksX] = cosf (idx*2.0f*PI/ (numThreads*numBlocksX) );
}

cudaMemcpyToArray (aA,0,0,hA, memSizeInBytes, cudaMemcpyHostToDevice) ;
cudaBindTextureToArray (texRef, pal);

dim3 threads = dim3( numThreads ) ;

dim3 blocks = dim3( numBlocksX, numBlocksY );
kernel2<<<blocks, threads>>> ( dB );

cudaThreadSynchronize () ;

cudaMemcpy ( hB, dB, memSizeInBytes, cudaMemcpyDeviceToHost ) ;

return 0O;



Texture HW

 J/TaTEHTHOCTb 60/IblIE, YEM Y NPAMOrO
o6palleHMA B NaMATb

— JlononHuTenbHblE CTaAMU B KOHBeeEpe:
» [lpeobpa3oBaHMe agpecos
* QunbTpaymA
» [lpeobpa3oBaHMe AaHHbIX

e EcTb K2W
—_ Pa3yMHO NUCIMOJ/1Ib30BaTb, €CJIA.

 0O6bemM JaHHbIX He Bae3aeT B shared namaTtb

* LLla6n0oH AoCTyna XaoTUYHbIM

« /laHHblEe NEpPEUCNo/ib3yloTCA pasHbIMM MOTOKAMM

L1



BINDLESS TEXTURES

* Only Kepler hardware

* Up to 1M of textures

* Not more static only vars

« Can at runtime determine which texture to pass
* New object - cudaTextureObject_t

« Use standard access functions




BINDLESS TEXTURES

#define N 1024
__global  void myKernel ( cudaTextureObject t tex )
{

int i blockIdx.x * blockDim.x + threadIdx.x;
float x = texlDfetch ( tex, i );

int main ()

float * buffer;

cudaMalloc ( &buffer, N*sizeof (float) );

cudaResourceDesc resDesc;

memset ( &resDesc, 0, sizeof ( resDesc ) );

resDesc.resType = cudaResourceTypelinear;
resDesc.res.linear.devPtr = buffer;
resDesc.res.linear.desc.f cudaChannelFormatKindFloat;
resDesc.desc.x 32; // bits per channel
resDesc.res.linear.sizeInBytes = N * sizeof ( float );

cudaTextureDesc texDesc;
memset ( &texDesc, 0, sizeof ( texDesc ) );
texDesc.readMode = cudaReadModeElementType;

cudaTextureObject_t tex;
cudaCreateTextureObject ( &tex, &resDesc, &texDesc, NULL );

myKernel<<<blocks, threads>>> ( tex );




CBEPTKA




CBepTKa

* OnpepeneHne CBEPTKM:
r(i) =(s*k)(1) = js(i —n)k(n)dn
* B InCKpeTHOM cayvae:
r(i) = (s*k)(i) = Zs(i —n)k(n)

* B 2D ans M306paKEHMI:
r(i, j)=(s*k)(i, ) =D_ > s@i—n, j—m)k(n,m)




CBepTKa

Hcxonunlil curiain OxkHO
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Jlerenpa:
-CMrHan

-A/1p0 CBEPTKM




CBepTKa

 BbiuucamtenbHaa CIoXxHOCTb:
—W x Hx N x K - YMHOXEHMH

RN B W—
Pazmep Pasmep
BXOJTHOTO anpa

CUrHalia

» CenapabenbHble PUNLTPBLI

N
o
N
N
[BEN
o
-

Snpo SAnpoY Anpo X




[IpumMepbl

» Gaussian Blur
» Edge Detection




Gaussian Blur

» CBepTKa C A4pOM:

k,()=exp(-i*/c®) Kk, (i, ])=exp(-("+j*)/ o)

Gaussian 2D




Gaussian Blur

#fdefine SQR(x) ((x) * (x))
texture<float, 2, cudaReadModeElementType> texRef;

__global  void GaussBlur( float * filteredImage, int W, int H, float r)
{

int idx = blockIdx.x * blockDim.x + threadIdx.x;
blockIdx.y * blockDim.y + threadIdx.y;

int idy

float sum = 0.0f;
float result = 0.0f;
for (int ix = -r; ix <= r; ix++) {
for (int iy = -r; iy <= r; iy++)
{
float w = exp( - (SQR(ix) + SQR(iy)) / SQR(r) );
result += w * tex2D(texRef, idx + ix, idy + 1iy);
sum += w;

}

result /= sum;

filteredImage[idx + idy * W] = result;




CeepTKa OnTmMmsauun

* Ucnonb3oBaTb cenapabesibHble dUAbTPbI

— CYLLI,GCTBGHHO MeHblLLE aJIFTMOPUTMHNYHECKAA
CJZ1I0KHOCTb

* Acnonib3oBaTtb shared namMaTb




CeepTKa OnTmMmsauun

HcxogHoe n3o0pakeHue



P DhEeKTUBHO /N TaKoe
pa3buneHune n3ooparKeHus




CBepTKa
Smem OnTmMnsauun

Jlerenpa:
-CUrHan
-A4P0 CBEPTKMU




CBepTKa
Smem OnTMmsauun

] Jlerenpa:
-CUrHan
-A4P0 CBEPTKMU




CBepTKa
Smem OnTMmsauun

Jlerenpa:
-CUrHan
-A4P0 CBEPTKMU




CBepTKa
Smem OnTmMnsauun




EDGE DETECTION




Edge Detection

» OOHapyKeHMe rpaHmL, - NOUCK pa3pbiBOB
B APKOCTM M3006paKeHUs

I

NneanbHag «peanbHas «ITYMHAsD»
rpaHMUIia rpaHMIa rpaHuIia




Edge Detection

* [pagmMeHT PyHKuum f(X,y)

— JTO BEKTOP KOTOPbIM NMOKa3blBaeT
HanpaBJIEHME poCTa

— OnpepenseTcs KaK ~ _ {@ of
OX oy

G N 1
’ G 1G((x,Y) [F[G2+G2]2

by

j 0(xy) = atan(G,/G,)
G

X



Edge Detection

* Pa3HOCTHaA Npom3BOAHaA:
of (x,y) _ f(x+Ax,y)-f(x,y)

ox AX
of (x,y)  T(xy+Ay)-T(xy)
0y Ay

« CBepTKa C AZApOM:

D,, =[-11] D,, =




Edge Detection

* Pa3HOCTHaA Npom3BOAHaA:
of (x,y)  fT(X+Ax,y)—f(x-Ax,y)

OX 2AX
a-I:(Xiy)z f(X1y+Ay)_f(le_Ay)
oy 2Ay

» CBEpTKa C A7pOM:

D, =[-101] D, =|0

y




Edge Detection

* Prewitt mask:

1 0 1] 1 1
P=-1 0 1/R=0 0
-1 0 1 -1 -1




Edge Detection

e Sobel mask:
-1 0 1 1 2
=-2 0 2|P,=|0 0

10 1 -1 -2 -1 | SR
H"“" :

{"mma :\ °\\

-




Edge Detection

* Onepartop Jlannaca:

0°f(x.y) o7 f(xy)
OX* oy?
0 f(x,y)  f(x+Axy)-2f(x,y)+ f(x-AxY) "
8X2 - AXZ _.
O*F(xy)  f(xy+Ay)-2f(xy)+ F(x y-Ay) [
RREGS

ay Ayz

L[ f (X, ¥)]=




LLUYMOMOAABJ/IEHUE




Discrete Cosine Transform

* AAB1SI€TCA OCHOBOW COBPEMEHHbIX
aJ/IFOPUTMOB CXKaTUSA AAHHbIX C MOTEPAMM

(JPEG, MPEG)




Discrete Cosine Transform

* [lpeacTaBUTENIb CEMEMCTBA
NPOCTPAHCTBEHHO-4YaCTOTHbIX 1D
npeo6pa3oBaHMM, 3a4AETCH

POpPMYJiaMH. ] ]
 Mpsmoe: C(u)=a(u)jz_;f(x)cos_ﬂ(zgl:lrl)u_, U=04...,N-1
» 06paTHOE: (0= atu)cwes 20| 401 N1

* HOpMMPOBOYHbIE KOIPDHUUMEHTDI:
a(u)_{\/ﬁ,u;to



Discrete Cosine Transform

 8-TOYEeYHbIU cnyyam: u=0




Discrete Cosine Transform

 8-TOYEYHbIM cnyYvan: u=1

Ih.

1y




Discrete Cosine Transform

 8-TOYEYHbIN CnyYan: u=2

| === |
L=




Discrete Cosine Transform

 8-TOYEYHbIN cnyYvan: u=3

I ,ll.E




Discrete Cosine Transform

 8-TOYEYHbIN CnyYvan: u=4

jll“ll'[




Discrete Cosine Transform

 8-TOYEYHbIM CnyYan: u=5




Discrete Cosine Transform

 8-TOYEYHbIM CyYvan: u=6

I




Discrete Cosine Transform

 8-TOYEYHbIN CnyYvan: u=7

= I i




Discrete Cosine Transform

» N-MepHoe npeobpasoBaHue
06,1aaeT CBOMCTBOM

cenapabeibHOCTH
SRS 7(2x+ Du 2y +1)y
Clu,v)= a’(u)a’(v);; f(x, })cos{ N :|CDS|: 3N }
EEITH
* KO3C|:)C|:)ML|,|4€HTb| A[8X8] O Wi ||I.| 1) |II|I
npeobpa3oBaHmA -e“ﬂ*ﬁ?r;r,“.

BbILIMCIIHI'OTCH OAMH pa3 " m_ ||u| L n||

Clu,v)=A" XA




Discrete Cosine Transform

« HauBHbIN: 64 HUTU Ha 610K (8x8)

3arpy3Kka oZ4HOro nuUKcesas U3 TEKCTypbl
bapbep
[TOTOK BblUMCAAET OAMH KOS PUUMEHT
bapbep

3anmcb Ko duuMeHTa B rnodasibHyo
NamAaTb



HacKonbKo 310 3 PpeKTUBHO?




Discrete Cosine Transform

* B/IOK NOTOKOB 06pabaTbiBa€T HECKOJIbKO
610K0B 8x8

* OAMH NOTOK obpabaTtbiBaeT BEKTOP 8X1
(1x8)




Image Denoising

* LLlyMbl B U300parkeHnu
— MIMMYIbCHbIM
 Salt & pepper

— AIAUTUBHbBIN
* Uniform

 Gaussian




PaHrosbie (pHUAbTPbLI

* Anroput™ P.®. paHra N:
— /1nAa KaXXaoro otcyeTa cMrHana i

— Bbl6Op OKpeCTHOCTU BOKPYr oTcyeTa i
« CopTUpyeM Mo 3HAYEHMIO
* Bbibpaem N-oe 3HayeHMe KaK pesy/ibTaT



MeguaHa

 PaHroBbint puabtp N=0.5

« CopTMpOBKa He obAa3aTtesibHa As14 8bit
3HAYEHUM

— CTpoUM rmctorpammy
for (int i<-R; i<R; i++) h[ signal[i] ]++;

— CKaHunpyeMm 'Mctorpammy:
int sum = 0;

int targetSum = N*rank;
for(int i<0; i<256; i++)

{

sum += h[i];
if (sum > targetSum) return 1i;




MeguaHa
[locTpoeHune rmctorpaMmoil

HaJl

HaJI + gapTyk B SMeEM

y




Y10 ¢ 6aHK-KOHPSIMKTaMMH?




OunbTpaums
(ABOUTUBHDBIU LLUYM)

* PasmbiTHe - 310 low-pass punbTp

* KAKUM JI0/1KEH ObITb PUNBbTP?
— NopaBnatb Wym?

— CoxpaHATb AeTa/IbHOCTb?

noise
® E(noise) =0




Gaussian Blur

* Blur (pa3mbiTne) nsobparkeHue
e CBepTKa C AApPOM:

k,(i)=exp(-i*/c®) k. (i,))=exp(=("+]*)/ o)

Gaussian 2D




Gaussian Blur

* Blur (pa3mbiTne) nsobparkeHue
e CBepTKa C AApPOM:




ApanTtMBHoe pa3mbiTHe

« CBepTKa C AApPOM:
k_(i, j) =exp(—(i* + j°)/ o*) exp (-ClrSpaceDist(i, j) / h*)

* ClrSpaceDist - 310 poTOMETpUYECKas
6,1M30CTb




Bilateral

y-cf* _lu(y)-u(c)’

W.(y)=e " e I




Bilateral

y-c* _lu(y)-u(c)?

W (y)=e " e I
—((0-4)°+(0-4)*)  (1-0)?
_ 32 h?
=g e
y—c®>  Ju(y)-u(c)]
2 2
W (y)=e " e h
~(7-4)°+(7-4)*)  (1-1)?
_ e 32 e h2

EEEEEEEN-




Bilateral Kernel

#define SQR(x) ((x) * (x))
texture<float, 2, cudaReadModeElementType> texRef;

__global _ void bilateralBlur( float * filteredImage, int W, int H, float r)
{

int idx = blockIdx.x * blockDim.x + threadIdx.x;
int idy = blockIdx.y * blockDim.y + threadIdx.y;
float sum = 0.0f;
float result = 0.0f;
float c = tex2D (texRef, idx, idy)
for (int ix = -r; ix <= r; ix++)

for (int iy = -r; iy <= r; iy++)

{
float clr = tex2D (texRef, idx + ix, idy + iy):;

float w = exp( -(SQR(ix) + SQR(iy)) / SQR(r) - SQR(clr-c)/SQR(h)) ;
result += w * clr;
sum += w;

}

result /= sum;

filteredImage[idx + idy * W] = result;




Bilateral
OnTumMn3saumm

* Bilateral He cenapabenbHbI DUNBLTP
— Ho MOXXHO ero pasgenuTtb

« CMeLLMBATb UCXOHOE U306paXKeHME C
OMNbTPOBAHHbIM

— Ecnn B 6/10Ke MHOIMO HEHYNEBLIX KO3(M., TO
C 60/1bLLOM BEPOATHOCTbIO B 3TOM 6J10Ke
LLIYM Obl/1 NOAaBJIEH YCNELWHO

— Ecnit B 6/10K€ MHOIMO HY1IEBBIX KO3M., TO C
60/1bLLIOM BEPOATHOCTbIO B 6/I0KE MHOIO

Jetaneun (rpaHuubl, TEKCTypa M T.4.)




Non Local Means

* ClrSpaceDist - oueHuBaTb NO 6JI0KaM
NMMKceneu

W, (y) = p(B(c), B(Y))—— IIU(er(C a))-u(e)[* da
S(B) s




Non Local Means

* Ha BblYMCIEHME OQHOrO Beca:
— NyxN, BbluncneHnn, N paamep 6710Ka

* Ha puabTpauyo oaHOro nukcena:
— NXN, X RxR, R pa3smep okHa




CpaBHeHMUe




ilateral

CpaBHeHUe B




CpaBHeHne NLM




MACLLTABMPOBAHME
M30BPAXKEHUI




ApTUdaKTbl

 AZIMACUHT

— [pu yBeneyeHmn -
CTYNeH4YaToCTb

— [pn yMeHbLleHMH - Myap
* Ringing
* [loTepa 4eTKOCTH
« Cy6rnmKcesibHbIU
CABUI

— Bnnaet Ha dopmanbHbie
MeTPUKH




[lpocTble MeTo bl

* BunMHenHasa nHTepnonAumua

5, _ (PL+P3)

o _ (PL+P7)

PG — (P3+P9)

og_ (PT+P9)

pE _ (P1+P3+P7+P9)

4 Jlerenpa:

-ucxopHbie [
NUKCeM

-UCKOMbIE -

NMUKCeN




[lpocTble MeTObl

« BUnMHenHasa nHTepnonAumsa
— CenapabesibHas
— O4yeHb 6bICTpas

— lNoapeprkmBaetca B HW
* TOYHOCTb pUNbTPaLMMU




[lpocTble MeTObl

* BUKybMYecKkasa MHTepnoaAUMA
— CenapabesibHas
— Jlydlle KayecTBo

=0 t=1

0 2 0 0
-1 0 1 0

— 1 2
p()=3[1 ¢ & &)} 5 . ,
-1 3 -3 1




CpaBHeHMUe
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Lanczos

X(t) =

L(X) =+

sin(zF,, (t — KAL)
F (t — KAL)

> x(kAt)

sinc(x)sinc(x/a),—a< x<a,X#0]
1 X=0

0 UHQye

1
og
06
04
0z

[v]

=2 25 2-15-1405 005 115 2 25 3

Lanczos kernel for a=2

A
SN
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Gradient interpolation

Dxd = abs(P3 — P5)
Dyd = abs(P1 — P9)

If (Dxd > Dyd)
//rpannma P1P5P9
P5 = (P1 + P9) * 0.5f;

If (Dyd > Dxd)
//[rpannna P3P5P7
P5 = (P1 + P9) * 0.5f;

If (Dyd ~= Dxd)

/[/rpanuna He onpenencHa

P5 = (P1 + P3 + P7 + P9) * 0.25f;

Jlerenpa:
-UCXOAHbIE
nuKcenu
-UCKOMbIE
NnUKCen




NEDI
(New Edge-Directed Interpolation)

Jlerenpa:
-UCXOAHbIE .
NUKCenu
-UCKOMble -
NUKCeM




NEDI
(New Edge-Directed Interpolation)

Jlerenpa:
-UCXOAHbIE .
NUKCenu
-UCKOMble -
NUKCeM




NEDI
(New Edge-Directed Interpolation)

Jlerenpa:
-UCXOAHbIE .
NUKCenu
-UCKOMble -
NUKCeM




NEDI
(New Edge-Directed Interpolation)
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Jlerenpa:
-UCXOAHbIE .
NUKCenu
-UCKOMble -
NUKCeM




NEDI

QO

© O
2

X = F(2i+1,23+1) = a*F(2i,29)+
W*F (2i42,25) +
o*F (2i,25+2) +
W *F (2i42,25+2) ;

Jlerenpa:

-ucxopHbie [
NUKCeM

-UCKOMbIE -

NMUKCeN

a = {o:, O, Oz, Oa} ?




NEDI
0 1 2

o0
o]

-
—

D000 D@®

v

Jlerenpa:
-UCXOAHbIE
nuKcenu
-UCKOMbIE
NnUKCen




Xij = w*F(i-2,J-2) + a2*F(i+2,)-2) +
os*F(i-2,)+2) + asa*F(i+2,j+2);

Fori1=24,6,8|Forj=24,6,8

Eij=Pjj— Xij— Approximation
Error

SSE = XX sqr( Eij);

o = Arg min(SSE);
a

P = {Pij}

Ca=P

(SSE) / da = 0.0
a=(CTC)1CTP

Jlerenpa:
-UCXOAHbIE .
NUKCenu
-UCKOMble .
nUKcenu




NEDI (improvement)

/

JlereHpaa:

NMKCeJIn
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NEDI (improvement)
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-UCXOAHbBIE -
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NEDI: Pros and Cons

e Pros: NEDI
— YeTKkMe TOHKUE KpaA
* Cons: O4yeHb MeaneHHo Ha CPU

— YMHoOXeHue matpuu 4x16
— O6paleHne MaTpuLbl
— PWHrMHr
« CUDA:
— bonbluon 06bEM AaHHbIX HA Tpea
— MHoro permcTpoB
— CNoXHo ucnosab3oBaTb Smem

— MHoOro BeTBJ/IEHMM



CpaBHeHMUe




CpaBHeHMUe




OPAKTAJIbHOE CXKXATHE
AJITOPUTMA




MaT.4yacTb

* C:KMMartoulee otobpaxkenue f, X=>X:
f.Vx,yeX,d(f(x), f(y))<d(xYy)

* Ecau f cknMmatoulee, 10
Aw,we X :Vxe X, Iim(f"(x))=w

N—oo




OpakKkTasibHoOe c}KaTue




OpakKkTasibHoOe c}KaTue




OpakKkTasibHoOe c}KaTue

: ’::::}}:_E B i
=
i

PaHr




OpakKkTasibHoOe c}KaTue

: ’::::}}:_E B i
=
i

PaHr




dpakTasibHoe cxKaTue

B

B >
LN =8
P i o

PaHr




OpakKkTasibHoOe c}KaTue




OpakKkTasibHoOe c}KaTue

1)

(I

— gﬂw—
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OpakKkTasibHoOe c}KaTue

SSE = X" (R(i, j)~D(i, j)-s+1)

S,1: mitn (SSE)




OpaKTanbHoe cxKaTue

« BNIOK NUKcenen 3ameHseTcs
npeobpa3oBaHUEM

— CAaBur, noBopoT / oTpaxeHue
—s,t - Nnpeobpa3soBaHME APKOCTH
 float2 x rgb
*S,{ - CKXMMaAIOT BO BpeEMA KOMIMPECCH
— Hanpumep s:5,t:3
— B nHTepBase [0, 1]



[lekoMnpeccua

* C:KMMartoulee otobpaxkenue f, X=>X:
f.Vx,yeX,d(f(x), f(y))<d(xYy)

* Ecau f cknMmatoulee, 10
Aw,we X :Vxe X, Iim(f"(x))=w

N—>00
* bepeM n0b6oe U3o0b6parkeHme
* CTpouM ZloMeHHOEe U3obparkeHue

* [[PUMEHMM NOIYYEHHbIM HAGOP
npeobpa3oBaHUM K 6/10KamM



CKO/1bKO pa3 Heo6xoaumMo
NPMMEHATb Npeobpa3oBaHUA?




[lekoMnpeccua




ApTUdaKTbl

Undesirable patterns

Domain




AptedaKTbl

JPEG

Fractal Compression




Bonpochl




PecypcCbl Hallero Kypca

» Steps3d.Narod.Ru
* Google Site CUDA.CS.MSU.SU
* Google Group CUDA.CS.MSU.SU

* Google Mail CS.MSU.SU
* Google SVYN
 Tesla.Parallel.Ru

* Twirpx.Com

» Nvidia.Ru



http://steps3d.narod.ru/
https://sites.google.com/site/cudacsmsusu/
http://groups.google.com/group/cudacsmsusu?pli=1
http://groups.google.com/group/cudacsmsusu?pli=1
mailto:cs.msu.su@gmail.com
http://code.google.com/p/msu-cuda-course/
http://tesla.parallel.ru/wordpress/
http://www.twirpx.com/library/comp/gpucalc/
http://developer.nvidia.com/page/home.html

[ifpeo6pazoBaHue Pypbe

* JINHEMHDbIX onepaTop BMAA:

F(u) = j f(x)e"Mdx  F(u,v)= j j f (X, y)e 2 dxdy

« O6paTHbIM onepaTop:

f(x)= jF(u)ezm'X”du f(x,y)= ”F(u,v)ez’“'(“”vy)dudv




[ifpeo6pazoBaHue Pypbe

* YcnoBue cylecTtBoBaHMA
— [Ifldx<o [ 1 y) ldxdy < oo

— KOHe4Hoe 4YMC10 YCTPaHMMbIX
Pa3pbIiBOB




[ipeo6bpasoBaHne Oypbe
[Tpumep 1D

N\

oo "
F(u)= j f(x)e 2"™dx = A j e 27 gy
—o0 0

—A [e—zm-xu ][/)V _ —A [e—27zi-Wu _1]

. 27u 2 7iu
W X _ = A e—;zi'Wu :e—7zi-Wu . e;zi-Wu]
| F(u)| 27Z1u
A — A R
= —— e ™[ 2isin(zuw)]
271U ;

f\/\/\/\/\ e N e
7uW
_ =AW sinc(uw )e ™"

1 2 3 u
W W | W oW | F(u) |= AW sinc(uW)




[ipeo6bpasoBaHne Oypbe

[Mpumep 2D

X’y) N
A
y
s
W,
W,

—+00

F(u,v) = j j f(x,y)e 2" dxdy

—0o0

W, W,
_ AJ‘e—ZyziudeJ‘e—Znivydy
0 0

—27ux Wy —27vy Wy
— 27U . — 27V .

= AW,W, sin c(uW,)sin c(vW,)e "W 2)

| F(u,v) |= AWW, |sinc(uW,) || sinc(VW,) |



[Tfpeo6pazoBaHue Pypbe
CBoOMCTBa

F(xy)=1,(x)1,(y) = F(u,v) = F(u)F,(v)
F{f " (x,)}=F (-u,~v)
f(x)eR={F(u)HF (-u)]
f(x,y)eR=|F(u,v)HF (-u,~V)]

F{f (=x-y)}=F(-u,~v)

FLF (ax,by)} = F(u/a,v/b)

|ab|
. Hf(r,0+6,)}=F(w,¢+6,)

NS UA W =



[Tfpeo6pazoBaHue Pypbe

CBoOMCTBa

1 FExy)@h(x y)I}=FuVHuY)
F{E (6 V), Y)IF=FU,v) ®H(u,v)

AN(XY) g
2. P = F{2xuF (u,v)}

3. F{Af (X, y)}=—47%Uu?+Vv*)F(u,v)
4 Fu,v)= +j' Tf (X, y)ez’d'”"dx}ez’ﬂ'wdy = TF (u, y)e ?""dy

5. T (X)}eC




[Tfpeo6pazoBaHue Pypbe

CBoOMCTBa

1 FExy)@h(x y)I}=FuVHuY)
F{E (6 V), Y)IF=FU,v) ®H(u,v)

AN(XY) g
2. P = F{2xuF (u,v)}

3. F{Af (X, y)}=—47%Uu?+Vv*)F(u,v)
4 F(u,v)= +_[ Tf (X, y)ez’d“xdx}ez’d'wdy = TF (u, y)e ?"dy

5 F{f(x}eC




OunnbTpbl

a) HusKo4vacToTHble (low-pass)
b) BbicokoyacToTHble (high-pass)

u (a) v (b)




OunnbTpbl

(b)




