HNHTepmoasinusa
Bayer-pattern

U3 kypca nekuuu «Memoowl corcamus
MEOUAOAHHBIXY

JMutpun BatoimH

Video Group
CS MSU Graphics & Media Lab
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GRAPHICS & MEDIA LAB
VIDEO GROUP

v YCTPOUCTBO MATpPHUIIbl KAMEPHI
v Knaccudukanus airopuTMoB
- He amantuBHbIE

- AanTuBHBIE

O030p aIropuTMOB
CpaBHEHME aJITOPUTMOB
[Ipo0aemebl

e SR N

PesynbTaThl

CS MSU Graphics & Media Lab (Video Group) http://www.compression.ru/video/




. —@F;j—

GRAPHICS & MEDIA LAB
VIDEO GROUP

. . . Oco0CHHOCTRIO MATPHUIIBI
. . KaMepbl SIBJISICTCS
npeoOJagaHue 3CJICHHBIX

CBCTOYYBCTBHUTCJIbHbIX
JJICMCHTOB.

Buji MaTpHrIibl KaMepPhI

CS MSU Graphics & Media Lab (Video Group) http://www.compression.ru/video/
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IlocTaHoBKa 3agaun Nl

GRAPHICS & MEDIA LAB
VIDEO GROUP

IIpeoOpa3oBaTh N300pAKECHUE CO
CBCTOUYBCTBUTCIPHOM  MATpPUI[LI  KaMEphl B
kapTuaky B ¢opmar RGB. Jlng mnonumaHus
pPa3HOCTH OOpaTHUMCS 32 IOMOIIBIO0 K CISAYIOIIEMY
clauny.

CS MSU Graphics & Media Lab (Video Group) http://www.compression.ru/video/
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GRAPHICS & MEDIA LAB
VIDEO GROUP

Opurnnan Ha martpuiie kamepsol

CS MSU Graphics & Media Lab (Video Group) http://www.compression.ru/video/
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1 BUJT

Y BeJInueHHbI

GRAPHICS & MEDIA LAB

VIDEO GROUP

Ha marpuiie kamepsl

Opurunan

http://www.compression.ru/video/

CS MSU Graphics & Media Lab (Video Group)
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GRAPHICS & MEDIA LAB
VIDEO GROUP

He agantuBHbBIC

» Nearest Neighbor Replication

e Bilinear Interpolation

e Cubic Convolution Interpolation

 Smooth Hue Transition u .T.11.
AJTaniTUBHEBIE

* Interpolation Color Correction

* Edge Sensing Interpolation

 Pattern Recognition Interpolation u T.1.

CS MSU Graphics & Media Lab (Video Group) http://www.compression.ru/video/
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VIDEO GROUP

After Interpolati on

B efore Interpolati on

S MSU Graphics & Media ngi) G}oup) http://www.c'ssion.ru/video/ 2
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GRAPHICS & MEDIA LAB
VIDEO GROUP
. :
CS MSU Graphics & Media Lab (Video Group) http://www.compression.ru/video/
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Bilinear Interpolation =

CS MSU Graphics & Media Lab (Video Group)

GRAPHICS & MEDIA LAB
VIDEO GROUP

Green:
G8 = (G3+G7+G9+G13) /4

Red/blue B no3unuu Green:
B7=(B6+B8) /2 ;
R7=(R2+R12)/2

Red/blue B no3unuu blue/red:
R8 = (R2+R4+R12+R14) /4 ;
B12 = (B6+B8+B16+B18) /4

http://www.compression.ru/video/
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. : 5 < 7 ’—/‘—
Cubic Convolution L)

Interpolation (CCI) T

AJNTOPUTM OINKMCHIBACTCS TaK :
c(6)) = D g 3 (el ()
k|

RPI(S
h(x) — sapo;
C(X;,y;) — 3Ha4€HUsA (PyHKIHUH B y3J1aX;
c(X,y) — MHTEpHOJINPOBAHHEIC 3HAYCHHUS,

OcHoBa anroput™a — onpeaeineHue h(x)

CS MSU Graphics & Media Lab (Video Group) http://www.compression.ru/video/

13



_ \[\—l—/"
Crioco0bl olpeeIeH s L)
aapa CCI R

v C OJHUM HapaMEeTPOM : YacTo nnpuMeHsemMble
[ (@+2)- X’ —(a+3)-x*+1, for 0<x<1 3HAUYEHUS MTapPaMETPOB :
h(x)=4a-x'=5-a-x*+8-a-x+4-a, for 1<x<2 a-—1-1,0.5,0.75j

0, for 2<x

"

(b,c) — { (0.33,0.33)
v'C IByMs [TapaMeTPaMH : (1.5,-0.25) }

%-(—9-[)—6 c+12)-x3—é-(12-b+6-c—18)-x+%-(—2-b+6), for 0<x<1

h(x) = %-(—b—6-c)-x3—%-(6-b+30-c)-x2+é-(—12-b—48-c)-x+é-(8-b+24-c), for 1<x<2
0, for 2<x

CS MSU Graphics & Media Lab (Video Group) http://www.compression.ru/video/
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Smooth Hue Transition @
Interpolation

CS MSU Graphics & Media Lab (Video Group)

—’—

GRAPHICS & MEDIA LAB
VIDEO GROUP

Green:
G8 = (G3+G7+G9+G13) /4

Red/blue B no3unuu Green:
=G7/2* (B6/G6 + B8 /G8)
B13=G13/2 * (B8 /GS8 + B18/G18)

Red/blue B no3unuun blue/red:
B12=GI12/4* (B6/G6 +B8/GS8 +
B16/G16 + B18/G18)

http://www.compression.ru/video/
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Smooth Hue Transition @
Interpolation (log) =

Green:
G8 = (G3+G7+G9+G13) /4
IIpeoOpa3oBaHue:
G-> Glog y 5= Blog,’ - Rlog
Red/blue B no3unuu Green:
B7)05 = G7jog + (B61og"G6}, + B810g-G810g)/2
BI3,,, = G13,,, + (B8, -G8, , +
B1810 G18,,,)/2
Red/blue B mo3uuuu blue/red:
B12, = G12log + (B610g—G610g o B810g
B16,,,-G16,,, + B18, -G8
OoOpartHoe npeodpa3oBaHue:
Glog > G, Blog b B,’ Rlog = R

CS MSU Graphics & Media Lab (Video Group) http://www.compression.ru/video/
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|
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log
log
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praBHeHI/I_ aArOpUTMOB L]

GRAPHICS & MEDIA LAB
VIDEO GROUP

Opurunan

CS MSU Graphics & Media Lab (Vldeo Group) http://www.compression.ru/video/
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GRAPHICS & MEDIA LAB
VIDEO GROUP

Bilinear Smodth

http://www.compression.ru/video/
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GRAPHICS & MEDIA LAB
VIDEO GROUP

AJIaNITUBHBIE AJITOPUTMBI

- Edge Sensing Interpolation
* Interpolation with Color Correction
 Pattern Recognition Interpolation u .11

CS MSU Graphics & Media Lab (Video Group) http://www.compression.ru/video/ 20
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GRAPHICS & MEDIA LAB
VIDEO GROUP

Edge Sensing Interpolation

Green:
AH =|G7 - G9|and AV =|G3-Gl13

If AH <T AND AH <V,

Gg- (GT+ G9%;

Else if AH =T AND AV <T,

Gg=(G3+ G13%;

G8_(G3+ G7+G9+ G13y,
= g

Else

End

rne T —nopor (3amaercs);

Red/blue:
onpenaensercs kak B Smooth Hue
Transition Interpolation (log)

CS MSU Graphics & Media Lab (Video Group) http://www.compression.ru/video/
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Interpolation Wlth /@3\
Color Correction i

Green :

AH =|G4 - G6|+|B5 - B3+ B5— B7|
AV =|G2 - G8|+|B5— Bl + B5 - BY|

If AH < AV,

(35—33+35—B7y,

G5= ¥

Elseif AH >~ AV,
GS—(G2+G8y+(B5_Bl+BS_B9y-
— . £

(G4 + G6)
)

Else
Gs:(G2+G4+G6+G8%+(35—Bl+35—33+35—B7+55—B9)/8;
End
CS MSU Graphics & Media Lab (Video Group) http://www.compression.ru/video/
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z . 3 2.
Interpolation with L)

Color Correction T

Red/blue B no3unmuu Green

R4 =(R1+R7)/2+(G4-Gl + G4 -
G7)/ 4
R2=(R1+R3)/2+(G2-Gl +G2-
G3)/4

Red/blue B nmo3uiuu blue/red
AN =|R1- R9|+|G5 - G1+G5—-GY|
AP=|R3- R7|+|G5-G3+G5-G1T|
If AN < AP,
RS:(R1+R9%+(G5—G1+G5—G9%;

Else if AN = AP,
_(R3+ R7) (G5-G3+G5-GT17)/.
i %+ %

Else
_(R1+R3+R7+R9) (G5-G1+G5-G3+G5-G7+G5-G9) /.
RS = %4- /4’

End
CS MSU Graphics & Media Lab (Video Group) http://www.compression.ru/video/
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Pattern Recognition L)
Interpolation T

Green

MCHOJIB3YIOTCS IA0JI0HBI
H H H Ha
H?HH?HH??HH?H
L L L L
@ b (@© @
a,d — rpanuna (edge);
b — moJioca (stripe);
¢ — yroi (corner);

Red/blue
10001 paHee ONHCaHHBIM
METO]I

CS MSU Graphics & Media Lab (Video Group) http://www.compression.ru/video/
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GRAPHICS & MEDIA LAB
VIDEO GROUP

I panuna
G12 =median{G7,G11,G13,G17} // (A, B, C, D)
IToJsi0ca YroJa

B . B
G??=clipc(2M—S) G??=cllpc(2M—S)

M =SUM(G)/4,S=SUMX)/8 M = median{H's, L's}.
S = SUM(X) / 4

=




,CpaBHGHI/I%aHFOpI/ITMOB =

GRAPHICS & MEDIA LAB

VIDEO GROUP

Opurunan Edge Sénsing




,CpaBHGHI/I%aHFOpI/ITMOB =

GRAPHICS & MEDIA LAB
VIDEO GROUP

!

Color Correction Pattern Recognition

T r B E & - ] -
- 1 - S _
.;" . I : i j ]
! 5 m s i
T e =

CS MSU Graphics & Media Lab (Video Group) http://www.compression.ru/video/
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Mean Square Error (MSE) EQ_J@/

GRAPHICS & MEDIA LAB
VIDEO GROUP

3N L) -Lxp)f
N — ==

mn
I'J1C
I, — opurunain;
. — mociie HTEpHOJIALNH;
CS MSU Graphics & Media Lab (Video Group) http://www.compression.ru/video/
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Mean Square Error

Fattern Recognition

Laplacian Colar Correction |

Edge Zensing |l

Edge Sensing |

Smooth Hue Transition in
Logarithmic Scale

Smooth Hue Transition

Bilinear

Mearest Meighbor

CS MSU Graphics & Media Lab (Video Group)

y

(MSE)

NS

MSE normalized to the minimum

http://www.compression.ru/video/

GRAPHICS & MEDIA LAB
VIDEO GROUP
214
1.58
1687
1.04
1
1.16
1.2
1.44
156
2480
136
249
1.33
244
1.93
214
1.55 =
1.93
£.36
4.39
| 5.53
a 1 2 3 4 5 7 g

0.0)
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GRAPHICS & MEDIA LAB
VIDEO GROUP

[Ipu pabore ¢ YEPHO-OEIBIM H300PAKECHUEM BO3HUKAIOT
apTe(daKThl, MPOSIBIISIIOIIMECS B BUJIE LIBETHBIX MSTEH.

CS MSU Graphics & Media Lab (Video Group) http://www.compression.ru/video/
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GRAPHICS & MEDIA LAB
VIDEO GROUP

= . Eu R I
HECMITITIRSS" " R Ciises 4
| i =

CS M¥
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GRAPHICS & MEDIA LAB
VIDEO GROUP

i'

CS MSU Graphics & Media Lab (Vﬂieo Group) http://www.compression.ru/video/
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NEW EDGE-DIRECTED @
INTERPOLATION (NEDI) =

VIDEO GROUP

Nmeercsa nzo0paxenue Y paszmepa 2Wx2H, a
Takxe n3oopaxenue X paszmepa WxH
ITOJIYYEHHOE HETIOCPEACTBEHHO U3 Y

200000e
ooooooo
Yol Jo! o]
ooooooo Y= X,
DO@OO0e

ooooooo
2000008e

CS MSU Graphics & Media Lab (Video Group) http://www.compression.ru/video/
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NEDI — 06j1acTh neicTBUS E:_I//

GRAPHICS & MEDIA LAB
VIDEO GROUP

Ned1 BoccTtaHaBIMBACT(yBEIMYMBACT)
YMEHBIIICHHOE N300paKEHUE UCTIOIb3Y S
MHTEPIOJISIIHNIO 0 COCETHUM IMUKCETIaM

O000C

CS MSU Graphics & Media Lab (Video Group) http://www.compression.ru/video/
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GRAPHICS & MEDIA LAB
VIDEO GROUP

I/IHTepHOH}IHI/I}I 110 YETHIPEM COCEIISAM:

1
N
Y2i+1,2j+1 ZZ 2k+l 2(z+k) 2(j+1) HJIn

k=0 t=0

y 1 1 q 21
F [y + a , . + , 1
1 JOIO v 2]

Mepa 01u30CcTH 2-X W300paKCHUN:

2i—1
SSE = Z F(x,,,n)— ZZ&ZWF [25&/{,[ _|_( l. }nj

j=0 i=0 2]—1

CS MSU Graphics & Media Lab (Video Group) http://www.compression.ru/video/
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GRAPHICS & MEDIA LAB
VIDEO GROUP

NEDI - ocHoBHag ujes

Nedi ocHOBBIBaeTCS HA FEOMETPUYCCKOM
CX0KECTH OPUTMHAIBHOI'O U YMEHBIIICHHOT' O
M300paKCHUI

PaccMmaTpuBaeTcss MaTpUyYHOE YPABHEHUE

SSE =

¢ marpuien C CrenruaJibHOro BUaa 1
HAXOJUTCSA €0 MUHAMYM

CS MSU Graphics & Media Lab (Video Group) http://www.compression.ru/video/
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NEDI — nokajibHOE OKHO o]

GRAPHICS & MEDIA LAB
VIDEO GROUP

xl,l x3,1 x—3,3 x—1,3'x1,3 x3,3 ]
i @ e E:.- ) @ @ -l
" '\? & - S -._I:; :.:_.- ':._ ::.__ .--~..:\:.= (:-:lf {:ﬁl

x—s,—s x—l,—S x—S,—l x—l,—l
_________ x—3,—5 xl,—S x—3,—1 'xl,—l
N x1,1 xS,l x1,5 xs,s L

CS MSU Graphics & Media Lab (Video Group) http://www.compression.ru/video/ 37
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GRAPHICS & MEDIA LAB
VIDEO GROUP

Munanmym SSE HaxoguTcs Kak
— Il i
a=(cq ()

Hanbosee «Tskenasy ornepanus BO BCEM
ATOPUTME — HaXO0XKJICHUE OOpaTHOU
MAaTPUIIEI, HA YTO HEIIOCPEJACTBEHHO BIUSICT
pa3Mep JIOKAJIbHOTO OKHA

CS MSU Graphics & Media Lab (Video Group) http://www.compression.ru/video/
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NEDI - peanu3zauus =

GRAPHICS & MEDIA LAB
VIDEO GROUP

[Tonyunny cnoco0 HaXOKACHUS MUKCEIIOB
co cmenreHuem (21+1, 23+1)

.o.o.o. 2OE6

® @ 0 O 0808080
O @ O — 000000V
.OQO!O. o Jol ol

» o 0 0808080
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GRAPHICS & MEDIA LAB
VIDEO GROUP

J1 HaXOXKJIEHNUSA OCTAJIbHBIX MTUKCEIIOB
IOCTAaTOYHO MMOBEPHYTh N300paKCHUE HA
45° aIrOpuT™M OCTAHETCS MPEKHUM

@)

X

R ane

— 090009000
ORI R

00
O

OO0 00
0.0 OO0
O 0. 000

O
O

CS MSU Graphics & Media Lab (Video Group) http://www.compression.ru/video/
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NEDI - cnoxHOCTH ]
T
/ Frame /
YMeHbIIIEHUE
KOJIMYECTBA OIEepaluu
oOpaleHNsT MaTPULIbI nterpolatior
calculation
0025 BE—p ~ First pixel
' interpolation

| ]

Interpolation
4+—— coefficients
calculation

oecond pixel
interpolation

CS MSU Graphics & Media Lab (Video Group) http://www.compression.ru/video/
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NEDI - pe3yabTaThl ==

GRAPHICS & MEDIA LAB
VIDEO GROUP

/a

3

Lol

CS MSU Graphics & Media Lab (Video Group) http://www.compression.ru/video/
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GRAPHICS & MEDIA LAB
VIDEO GROUP

Bicubic

—— ——

CS MSU Graphics & Media Lab (Video Group) http://www.compression.ru/video/
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GRAPHICS & MEDIA LAB

VIDEO GROUP

Bicubic
o

CS MSU Graphics & Media Lab (Video Group) http://www.compression.ru/video/
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GRAPHICS & MEDIA LAB
VIDEO GROUP

¢ BecbMa MeqIeHHBIN alITOPUTM TPEOYHOIIUM
3HAYUTEILHOTO YCKOPEHHUS

¢ ApredakThl Ha Kpasx H300paKECHUSI.

CS MSU Graphics & Media Lab (Video Group) http://www.compression.ru/video/
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[Tpumenenre NEDI E@_%

GRAPHICS & MEDIA LAB
VIDEO GROUP

NEDI yBenuBaeT uzo0OpaxeHue B 2 pasa

4YTO U TPEOYETCS IPH BOCCTAHOBJICHUU
n3oopaxenuss ¢ CCD marpuiisl

CS MSU Graphics & Media Lab (Video Group) http://www.compression.ru/video/
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HpHM@H-eHI/IC NEDI =

GRAPHICS & MEDIA LAB
VIDEO GROUP

J1J14 CHHEW U KPAaCHOM COCTaBJIAIOIIEU
TpeOyroTcsa 00a mara NEDI

111 mmar NEDI 21 m1ar NEDI

H mm—
CHOE

CS MSU Graphics & Media Lab (Video Group) http://www.compression.ru/video/
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GRAPHICS & MEDIA LAB
VIDEO GROUP

JIJ1s1 3€JICHOM COCTaBJISIONICH TPEOYIOTCS
TOJIBKO 2M Iar

CS MSU Graphics & Media Lab (Video Group) http://www.compression.ru/video/
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