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[Ipeobpa3oBaHne Pypbe

LLlymonoaasneHue
MeanaHHas punbTpaums
Bilateral
Non Local Means

MacliTabmnpoBaHme
JINHEeWHbIe MeToAabl
AanTUBHbIE



Npeobpa3osaHue Pypbe

JINHEeWHbIN onepaTop BMAa:

F(u)= _[ f(x)e?™™dx F(u,v)= j _[ f(x,y)e "W dxdy

O6paTHbIK onepaTop:

f ()= j Fue™du  f(x,y)= j j F (u,v)e>* " dudv



Npeobpa3osaHue Pypbe

YcnoBue cywecTBoBaHUA

+j)olf(><)|dX<oo +ﬂ|f(x,y)|dxdy<oo

KOHeYyHoe Ynco YCTpaHUMbIX
Pa3pbIBOB



NpeobpazosaHue Pypbe
Mpumep 1D

f(X) \ +00
R F(u)= jf(x)e 2AX gy = Aje 2 gl
- A —27i-Xu -2 7i-Wu
= —1
27z|u [ ]ON 27iu [ ]
0 W X _ _— A —qu e—qu _equ]
Fa)| 27z|u
! A A g AW :— 21 sin( zUW )]

f\/\/\/% o 5 mW)e_m.WU
uW
.= AW sin c(uW )e ™"

oW W | W W | F(u) |= AW sinc(uW)




Npeobpa3osaHue Pypbe
Mpumep 2D

f(x,y) 1 F(U,V) _ jj f(X, y)e—27zi(ux+vy)dxdy
A —0

Wl W2
y —27 ~27i
| = Aje ”“‘deje " dy
W, 0 0
W1 —2 mux W, —2 vy W,

e e

= A : :
— 27U . — 27V .

= AW,W, sin c(UW, ) sin c(VW, g W 1+W2)

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




Npeobpa3osaHue Pypbe
CsomcrtBa

F(xy)=1,(x)1,(y)= FUu,v) =Kk, (V)
F{f (% y)} =F (=u,-v)

f(X) e R=[F(u) = F(-u)

f(Xx,y)e R=|F(u,V)H F (-u,~v)|
F{T(=X,~y)} = F(-u,-v)

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

ab
FIf(r,0+6,)}=F(W,¢+6,)




Npeobpa3osaHue Pypbe
CsomcrTBa

F{T (X, y)®h(x, )]} = FU,v)H(U,v)
F{T (X Y)h(X, y)]} = F(u,v)®H(u,v)

NOSY) _ E1 6 riuF (u,v)
OX

F{Af (X, y)}=—47°(U> +V*)F(u,V)

F (U,V) _ j|:j .I': (X, y)e27zi-uxdx:|e27ri-vydy — -‘- F (u’ y)e—27ri-VYdy

—00| —o0

Fif(x)leC



OuUunbTpbl

Hu3koyacToTHble (low-pass)
Bbicoko4vacToTHble (high-pass)

(b)



OuUnbTpLI

H(u, v)

H(u, v)

(b)




Image Denoising

LLlyMbl B n306pa>keHumn

MIMNYNbCHbIV
Salt & pepper

OUTUBHbIN
Uniform
Gaussian




PaHroebie oMnbTpbl

Anroput™ P.®. paHra N:
[1n9 KaXXaoro otcyeTa curHana /

Bbibop OKpeCcTHOCTW BOKPYr OoTcyeTa /
CopTunpyeM no 3Ha4YeHuto
BbibpaeM N-oe 3HauyeHune Kak pe3ynbTaT



MeanaHa

PaHroBbint dunbTp N=0.5

CopTupoBKa He obs3aTenbHa ansa 8bit 3HaueHnn

CTpouM rmcrorpammy
for(int i<-R; i<R; i++) h[ signal[i] ]++;

CkaHunpyeM ['nctorpammy:
int sum = O;
Int targetSum = N*rank;
for(int 1<0; 1<256; i1++)
{
sum += h[i];
IT (sum > targetSum) return i;



MeanaHa
NMocTpoeHMe rmcrorpamMmmbli

CHUI'HAJI

—

! !

Curnain + gapTyk B Smem

Y




Urt0o ¢ 6aHK-KOHNIMKTAMN?




OunoTpaumn
(ABAMTUBHDbIM LUYM)

Pa3MbiTe — 3TO low-pass punbTp

Kaknm gosmkeH 6biTb unbTp?
[loaaBnAThb WyM?
CoxpaHATb AeTalIbHOCTbL?




Gaussian Blur

Blur (pa3MbiTne) nsobpaxeHue
CBepTKa C 94pOoM:

kg(i):exp(—iz/az) ka(i,j)zexp(—(i2+j2)/02)

Gaussian 2D

02 // \\
0 u T T T T T T T T T T T u
1 17 -16 15 14 -13 12 11 -10 9 8 7 6 5 4 3 2 1 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19




ApanTuBHoe pa3mMmbiTue

CBepTKa C 94pOoM:
k_(i, j) =exp(—(i* + j*)/ o*) exp(-ClrSpaceDist(i, j)/h?)

ClrSpaceDist — 3To (boTOMeTpnyecKas
61mn30cTb




Bilateral

y=<  Juy)-u(e)f

W (y)=e " e "




Bilateral

y=c  uy)-u(e)

0 1 2 3 4 5 6 7 W (y)=e " e "
0 B ~((0-4)>+(0-4)>) _(1-0)?
| 1
, . . . W ) :ey;zcze |u<y>;(c)|2
C
3 . . . . ~(T-9*+(7-9>) (1>
| HEEEEN —e 7 e "
5 HEEEEEN
sl I R R R R R
s F I i RRiR R



Bilateral Kernel

#define SQR(X) () * (X))
texture<float, 2, cudaReadModeElementType> g_TexRefT;

__global__ void BilateralBlur( float * pFilteredlmage, int W, int H, float r)
{

int idx
int idy

blockldx.x * blockDim.x + threadldx.Xx;
blockldx.y * blockDim.y + threadldx.y;

float wSum = 0.0F;
float rResult = 0.0f;
float ¢ = tex2D(g_TexRef, idx, idy);

for (Int IX = -r; IX <= r; IX++)
for (int iy = -r; iy <= r; iy++)
{

float clr = tex2D(g_TexRef, idx + ix, idy + iy);

float w = exp( -(SQR(Ix) + SQR(iy)) 7/ SQR(r) — SQR(clr-c)/SQR(h));
rResult += w * clr;

wSum += w;

}

rResult = rResult / wSum;

pFilteredlmage[idx + idy * W] = rResult;



Bilateral
OnTmusaumn

Bilateral He cenapabenbHbI PUNLTP
HO MOXXHO ero pasaenuTb

CMewwmnBaTb NCXOAHOE N306pa)xkeHne C
(PUIbTPOBAHHBLIM

Ecnn B 6510Ke MHOro HeHyneBbIX KO3®., TO C
60NbLLOM BEPOATHOCTLIO B 3TOM 6/10KE LIYM
6b171 MoAaBieH ycnewHo

Ecnn B 6110Ke MHOro HyieBbIX KO3@d., TO C
60NbLLOM BEPOSITHOCTLIO B 6/10KE MHOIO
netanen (rpaHuubl, TEKCTypa 1 T.4.)




Bilateral
OnTMmusaumm

HcxomHoe n3o0paxeHue



ddcheKTUBHO NMM TaKoe
pa3bmeHune naobpaxeHunn




Bilateral
OnTMmusaumm

HcxomHoe n3o0paxeHue



Bilateral
Smem OnTumumszaumn




Bilateral

Smem OnTumumszaumn




Bilateral

Smem OnTumumszaumn




Bilateral
Smem OnTumumszaumn




Bilateral
Smem OnTumumszaumn




Bilateral
Smem OnTumumszaumn




Non Local Means

ClrSpaceDist —oueHmnBaTb Mo 6510kam
nnKceneu

W.(y) = p(B(c), B(Y))—ﬁ I\U(Y+(c @) —u(a) [* da
B(c)




Non Local Means

Ha BbluMCIeHne oaHOro Beca:
N XN, BbluncrieHnn, N pasmep 6r1oka

Ha ounbTpauyo 04HOro nukcena.
N XN, X RXR, R pa3mep okHa




CpaBHeHMe




CpasHeHue Bilateral




CpasHeHue NLM




ApTud akrbl

ANMNACUHT

[1pn yBeneyeHmn —
CTYNEeH4YaTOoCTb

[1pn yMeHbLUEeHUN - Myap
Ringing
[loTepsa 4YeTKoCTu
CybnunkcenbHbIN CABUTM

Bnnset Ha dhopMasbHble METPUKU




MpocTtbie meToAabl

bunuHenHas nHTepnonaums

PZZ(P1;P3)

2
2
(P7+P9)

Pg =

2
@‘@ F)5:(P1+P3+P7+P9)

4



MpocTtbie meToAabl

bunuHenHas nHTepnonsums
CenapabenbHas
OyeHb bbICTpas

[loonepxnBaetca B HW
TOYHOCTb PuNbTpaLUn



MpocTtbie meToAabl

bukybunyeckas nHTepnonsaums

CenapabenbHas

Jlydlle Ka4yecTBo

t=0.5
f/tfg\\i/g/

p(t)

1
2

1t 2 13




CpaBHeHMe

L] W l.
| A

-
- I.




Gradient interpolation

Dxd = abs(P3 — P)5)
Dyd = abs(P1 — P9)

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

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

If (Dyd ~= Dxd)
//TpaHuIla HE omlpeesieHa

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




(New Edge-Directed Interpolation)

L JOX o) O
C0000®

L JO) 10X 1@
0000 0®

. JO) 10X 1@
C0 00 0@



21

2]

X = F(2i+1,29+1)

CL*F (21,279) +
LXE (21+42,27) +
OLXF (21,2542) +
LXEF (2142,2542) ;

d = {o, Oz, O, Oa} 72



NEDI _
coe0é0 e
0000 00 O
oe

© O

Q ‘ Xij = u*F(i-2,j-2) + 0*F(i+2,j-2) +
Q Q | ocs*F(i-Z:j+2) + a4*F(i+i,j+2);
Q ‘ Fori=2,4,6,8 | Forj=2,4,6,8
Q Q E]E;é) ; Pj;j — Xij— Approximation
OX _
OO
Q ‘ P = {Pij}
Q Q Q Q Ca=P
‘ Q Q ’ O(SSE) / 6a.=0.0
OO OO0 0000000 -«cocr
N JOX JOX JOX JOX IOX

QO
OO0

@O
OO0

QO

SSE = 2% sqr( Eij);

o = Arg min(SSE);




NEDI (lmgrovement ;
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NEDI: Pros and Cons

Pros: NEDI is doing a great job!
YeTKkne ToOHKne Kpas
PUHIUHT

Cons: O4yeHb MeaneHHo Ha CPU
YMHOXeHne MmaTtpul 4x16
Ob6palLleHne MmaTpuLpbl

CUDA:
bonbLion 06beM AaHHbIX Ha Tpen
MHOIro pernmcTpoB
CNno>XHO Ucnonb3oBaTb Smem
MHOro BETB/IEHUN



CpaBHeHMe




Bonpochl
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