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CoaepxxaHue

= BBeneHune

= [OHSATNE MHTEpNENCHHra
[MOHATME AENHTEPNENCHHIA
[locTaHOBKa 3a4auu
BusyanbHble gedeKTol
[TpnMepsbl
= Knaccumpukauus MeTonos
= [IpocCTbie MeToAabl
= Cno)xHble MeToabl
= [JlanbHeunwue nnaxsbl

= Cnucok matepuanos
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i BeBegeHue

NHTepnencuur (Interlacing) - meton otobparkeHus,
nepeaayn nnn XpaHeHus BUAEO, Npyu KOTOPOM:

= 3axBaT BMAEO NO CTPOYKaM B pa3Hble MOMEHTbl BpEMEHMW: CHavana
YyeTHble, NOTOM HeYyeTHble (MM HaobopoT).

= [lone (field) — Habop cTpoyek 0AMHAKOBOM YETHOCTH,
COOTBETCTBYIOLWMX OAHOMY MOMEHTY BPEMEHMN.

= Bunaeo-noTok ¢ yaBOEHHOW YacTOTOWN.

= [Ipy NOCTpoOeHUn Kaapa, YeTHbIE N HEYETHbIE MO CMELLNBAIOTCS.
O6pasyetcsa oavH Kaap (frame).

CS MSU Graphics & Media
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i BBeaeHue

OeunHtepnencuHr (Deinterlacing)— npouecc co3aaHus
KaApoB M3 MoSIyKaApoB YepecCTpoyHOoro opmaTta ans
NanbHeENLLIEro BbIBOAA Ha 3KpaH C NPOrpeccnMBHOM
Da3BEPTKOWN.

[TpuMeHseTCA:
= B KOMNbIOTEpHbIX cMcTeMax 06paboTkn BMaeoO.
= B LCD n nna3sMeHHbIX ancnnesx.

CS MSU Graphics & Media
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* BeBeneHue

interlaced non-interlaced
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BBeneHue
[l0OCTaHOBKA 3aaauyu

GRAPHICS & MEDIA LAB
VIDEO GROUP

3aga4va — UHTEPNONMPOBaTb HEAOCTAIOLLME NMUKCENU U, B
TO XXe BpeMsl 06ecrneynTb XOpoLLEe KauecTBo

n306pakeHuns
. pi(i, j, k), (j+k)%2 =0,
Poli jik) =4 . .
p(i, j, k), otherwise,
k - HOMep nons
1] - NOJIOXXEHUE NUKCens

pi(i, j, k) - nexoaHbiii nvkcens
IS(L j) k) - UHTEPNONIMPOBAHHbINA NMUKCENb
po(i, j, k) - pesynbrar

CS MSU Graphics & Media
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BBeaeHune
i BusyasnbHble gedeKkTbl

= MepuaHue rpaHuu (edge flicking)
= Cnonsanue ctpok (line crawling)
= PasmbiToCTb (blur)

= 3ybuaTtocTb (jaggedness)

CS MSU Graphics & Media
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BBeneHue
[Tpnmep
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BBeneHue
[Tpnmep

GRAPHICS & MEDIA LAB
VIDEO GROUP
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BBeneHue

i [Tpnmep
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i CoaepyxaHue

= BBegeHue

s Knaccmpukaumsa MeToaoB
= [IpoCTble MeToabl

= C/IOXKHble MeToAb!

= [lanbHenwme niaHobl

= CnNncok MmaTepmnanoB
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Knaccuunkauus

MEeTO40B

MeToabl

GRAPHICS & MEDIA LAB
VIDEO GROUP

.

He ucnonb3yowme MC

[ Ucnonb3yrowme MC ]

[ NlnHenHble ] [ HenunHenHsble ]
4 N\
r \ AJanTupylowmnecsa K OBUMXKEHUIO
[MpocTpaHCTBEHHbIE (Motion Adaptive)
(Spatial) \
\. J p N
p N AfanTupyrowmecs K rpaHmuam
BpemeHHble \ (Edge-based) )
X (Temporal) ) ) .
VT-meanaHHble
e ) \ s
[MpocTpaHCTBEHHO-BPEMEHHbIE
(Spatio-temporal) ([ )
. J CmellaHHble

CS MSU Graphics & Media

Lab (Video Group)
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CopepxaHue

= BBepeHune
= Knaccuopukaums Metoaos

= [IpoCTble MeToAbI
= [IpocTpaHcTBeHHbIe (Spatial)
= BpemeHHble (Temporal)
= [IpoCTpaHCTBEHHO-BpeMeHHble (Spatio-temporal)
=« Apantupytowmecs K rpaHuuaM (Edge-based)

s CnoXXHble MeToabl
= [lanbHeunwue nnaHbl
= Cnncok MaTtepuanos
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[1poCTbie MeToAbl

* Spatial

= Line Repetition (LR)

p(X1 Y, k)! (y+k)%2=0;

] ’k —
Po(X.y: k) {p(x,y—l,k), unave

. . original sample

N4
O Q Interpolated sample
O

CS MSU Graphics & Media
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[1pOCTble MeToAb!

i Spatial

= Line Averaging (LA, “Bob")

p(X, Y, k)’ (y+k)%2=o,
P, (X, Y, K) _{;[p(x, y—1K)+ p(x,y+1, k)], uHaue,

y-1 . . . . original sample
2 ¥

y Q Q O interpolated sample
T T

y+1

C
o

x-1 X x+1

CS MSU Graphics & Media
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CopepxaHue

= BBepeHune
= Knaccuopukaums Metoaos

= [1pocTble MeToAbl
= [IpocTpaHcTBeHHble (Spatial)
= BpeMeHHble (Temporal)
= [1poCcTpaHCTBEHHO-BpeMeHHble (Spatio-temporal)
=« Apantupytowmecs K rpaHuuaM (Edge-based)

s CnoXXHble MeToabl
= [lanbHeunwue nnaHbl
= Cnncok MaTtepuanos
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[1poCTble MeToAbl
Temporal

= Field Insertion (FI, FR, "Weave")

p(x, vy, k), (y+k)%2 =0,
Po (X, Y, K) =
p(X,y,k-=1), wunaue,
yv-10 O O O OO @® original sample
Y @0 @ O sample to be interpolated

y+10 O O O T

field number

CS MSU Graphics & Media
Lab (Video Group)
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[1poCTble MeToAbl
Temporal

= Inter-field Line Averaging

p(x, Y, k), (y—l- k)%2 =0,
X, ¥,K)=41
Po (X, Y, k) E[p(x’ v, k=1 +p(x,y,k+1)], unaue,
y-10 O OAO R @ original sample
y €00 000 @ resulted sample
y*10 0 0O 0 0 O O sample to be interpolated
soeo0o0o0o0
O0O000O0 ® 0y
k-1 X

O O
® 0y
O O

—@ O

o
®
O O
o
-1

X

([ N N ONONONONR®.
k X+1 P .\.B.
field number ORONONONG
o000
ONONONG
X

CS MSU Graphics & Media
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O y-1
ey

O y+1
@ y+2

O y+3
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CoaepxxaHue

= BBepeHue
= Knaccudwmkaumsa MeToaos

= [lpocTble MeToAbl
= [lpocTpaHcTBeHHble (Spatial)
= BpeMeHHble (Temporal)

= [lpoCcTpaHCTBEHHO-BpeMeHHble (Spatio-temporal)
= VIMF
= VT linear

« ApanTtupylowmecs K rpaHuuam (Edge-based)
= CnoxHble MeToAabl
= JlanbHeunwue nnaHsbl
= Cnncok matepuanos

CS MSU Graphics & Media
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[1poCTble MeToAbl
Spatial-temporal

GRAPHICS & MEDIA LAB
VIDEO GROUP

= Vertical-Temporal Median Filter

v-10 00O O OO ® original sample
y 000000 @ result from median sample
yvtF1O O O O O O O  sample to be interpolated
IR N NN ‘ A
ORONG, | ...E}(..yﬂ
ONONG) O O vy
00 B. ® y+1
—0 O O OO0 O y+2

00000

field number k X-1 e
X

P, (X) =median(A, B,C)

CS MSU Graphics & Media
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[1poCTble MeToAbl
Spatial-temporal

= Vertical-Temporal Linear

) (X, y,k), (y +k)%2 =0,
Po (X, y,K) = Zk p(x,y+dy,k +dk)*h(dy,dk), wunaue

1881 (dy=-3-113) AND (dk = 0)
18*h(dy,dk) =4—510,5, (dy=-2,0,2) AND (dk = 1)

0, unaye

CS MSU Graphics & Media
Lab (Video Group)

GRAPHICS & MEDIA LAB
VIDEO GROUP

n-1 n
. original sample

C ' sample to be interpolated

22



CopepxaHue

= BBepeHune
= Knaccuopukaums Metoaos

= [IpoCTble MeToAbI
= [IpocTpaHcTBeHHbIe (Spatial)
= BpemeHHble (Temporal)
= [IpoCTpaHCTBEHHO-BpeMeHHble (Spatio-temporal)
» Apantupytowmecs K rpaHuuam (Edge-based)

s CnoXXHble MeToabl
= [lanbHeunwue nnaHbl
= Cnncok MaTtepuanos
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[1poCTble MeToAbl
‘L ApanTupyrowmecsa K rpaHuuam

= Edge-based Line Averaging (ELA, ELI, EDI)

D(k)= f,(x+k,y—=1)= f,(x—k,y+1)]

):f(x+k,y—l)+f(x—k,y+l) };:argmin{[)(k)}

2 Cl<k<l

1, (x,y

Original line

y - Interpolated line

y+1—C——) Original line

CS MSU Graphics & Media
Lab (Video Group) 24



[1poCTbie MeToAbl
i ApanTupyrowmecsa K rpaHuuam

GRAPHICS & MEDIA LAB
VIDEO GROUP

YnydweHus:

= MOXHO paccMaTpuBaTb 12 HanpaBneHui
1-6 1-5 1-41-3 1-2 1-1 1 1+1 1+21+31+41+5 1+6

® Pixel with value

O :Current pixel to be interpolated

= Weighted Edge-based Line Averaging (WELA)

f(x+k,y-1)+ f(x—k,y+1
fo(x,y) = Z W, *( ( y-H+ ¥ Y ))’ Wy +W, +W; =1

k=-1,0,1 2

. . A recursive approach for de-interlacing using improved ELA and

CS MSU Graphics & Media motion compensation based on bi-directional BMA. Seungchan Byun,
Lab (Video Group) Jeongmonn Byun, Gyeonghwan Kim. 2004 International Conference 25

on Image Processing, Volume 3, 24-27, pp.1679 — 1682, Oct. 2004.



[1pOCTble MeToAb!
CpaBHeHue

v

{OSTERS -

M SCHUMACHER M SCHUMACHER

g

1:25.997 . 1:28.575
RAL

CS MSU Graphics & Media
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CpaBHeHue (HenoaBu»XHble pernoHbl)

‘_L [1lpOCTble MeToAb!

Field Insertion Line Repetition Linear VT
Edge-dependent VT median

al 2l

CS MSU Graphics & Media
Lab (Video Group) 27




CpaBHeHue (permoHbl C ABUXEHNEM)

‘L [1poCTbie MeToAbl

Field Insertion Line Repetition Linear VT
E— - F r'
T = - -
Edge-dependent VT median

CS MSU Graphics & Media
Lab (Video Group)
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CopepxaHue

= BBeaeHue
= Knaccuopukaums Metoaos
= [IpoCTbie MeToAbl

= CnoXHble MeToAab!
= Motion Adaptive
= Motion Compensation based
= MSU filter

= [lanbHeunwue nnaHbl
= Cnncok MaTtepuanos

CS MSU Graphics & Media
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CNoXXHble MeToabl
Motion Adaptive

Region

Motion Detector
l No Motion Motion l

Temporal Spatial
Method Method

CS MSU Graphics & Media
Lab (Video Group) 30



CopepxaHue

BBeaeHue
Knaccupukauunss MeToaoB
[1poCTble MEeTOAbI

CnoXxHble MeToAabl

= Motion Adaptive
= Motion Detector
« HMDERP

= Motion Compensation based
= MSU filter

= [lanbHeunwue nnaHbl
= Cnnucok MaTtepuanos

CS MSU Graphics & Media
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Motion Adaptive
i Motion Detector

= CpaBHMBaeM nosst 0gHON YETHOCTHU
= CTpoMM MackKy ABUKEHUS

= Mopdhonormnyeckaa onepaumna OTKPbITUS
(4TOObI YOpaTh WyMbl B ABUXKEHNN)

CS MSU Graphics & Media
Lab (Video Group) 32



Motion Adaptive

Motion Detector

GRAPHICS & MEDIA LAB
VIDEO GROUP

CpaBHMBAEM MONS OAHOW YETHOCTMU

(a) (b)
Difference between (a) the fields / and f _, (b) the fields f and f ,

I

CS MSU Graphics & Media
Lab (Video Group) 33



Motion Detector

F.Forward Field Forward Field Current Field Backward Field
Roatatate et e - .% RO
Field
Differencs
Result Frame
Motion Information Field 7
/‘I g
IS,
. . Yu-Lin Chang, Shyh-Feng Lin, Ching-Yeh Chen, Liang-Gee Chen,
CS MSU Graphics & Media “Video De-Interlacing by Adaptive 4-Field Global/Local Motion
Lab (Video Group) Compensated Approach” IEEE Transactions on Circuits and Systems 34

for Video Technology, Dec. 2005



Motion Detector
Moving-Stationary Detector

GRAPHICS & MEDIA LAB
VIDEO GROUP

CIPGin) = S, %(DT(J—c,n)+DS(;c,n))<rhreshold

otherwise

Ds(%,n)

(-13-DAJ-1+13-1) f-E (i-14-D (A J-10+1j-1)
—Cr ) —

(-1 + I+ 1)+ +1) (i-14) (i+14) (-1 G+ 1)+ 1) j+1)
Field n-2 Field n-1 Current field
+
CS MSU Graphics & Media | G.-L., Chen M.-1., “High Performance De-Interlacing Algorithm for
Lab (Video Group) Digital Television Displays” Journal of Display Technology, Volume 2, 35

Issue 1, pp.85 - 90, March 2006



CopepxaHue

BBeaeHue
Knaccupukauunss MeToaoB
[1poCTble MEeTOAbI

CnoXxHble MeToAabl

= Motion Adaptive
= Motion Detector
« HMDERP

= Motion Compensation based
= MSU filter

= [lanbHeunwue nnaHbl
= Cnnucok MaTtepuanos

CS MSU Graphics & Media
Lab (Video Group) 36



Motion Adaptive

GRAPHICS & MEDIA LAB

HMDEPR

r--r-r—-——™""™"™""™"""™"""™"""""™"""™""™"""*""™"""*™"™"*™"™"*™"™"™/"/"="/=77777 I
| |
Input | !
fields | !
| |
| :
[ Motion |
: detector |
|
| |
| |
________ J
_____ |
|
|
|
|
I AW
i rd
|
|
|
|
Deintprlacing
oudtput
CS MSU Graphics & Media Gwo Giun Lee, Ming-JiunWang, Hsin-Te Li, He-Yuan Lin. AMotion-
Lab (Video Group) Adaptive Deinterlacer via Hybrid Motion Detection and Edge-Pattern 37

Recognition. EURASIP Journal on Image and Video Processing, 2008.



Motion Adaptive

‘L HMDEPR

Hybrid Motion Detector (HMD):

diffl = abs(a — b)
@ diff2 = abs[b — (¢ + d)/2]
diff3 = abs[b — (g + h)/2]
diff4 = abs[a+ (e+ f)/2 = b — (g + h)/2]

if diff1 > TH1 > 1st condition

flag — motion
else if diff2 > TH1 AND diff3 < TH2 > 2nd condition

®
@

Scan line
& =

flag — motion
else if diff4 > TH3 > 3rd condition
n—1 " 0+ 1 flag — motion
. else
, 7 flag — stationary
Time
CS MSU Graphics & Media Gwo Giun Lee, Ming-JiunWang, Hsin-Te Li, He-Yuan Lin. AMotion-
Lab (Video Group) Adaptive Deinterlacer via Hybrid Motion Detection and Edge-Pattern 38

Recognition. EURASIP Journal on Image and Video Processing, 2008.



Motion Adaptive

GRAPHICS & MEDIA LAB

HMDEPR

Pe3ynbTaT AeTeKTopa ABMXXEHUS - KapTa ABMXeHns (motion map).

(a) 15t condition (d) output of HMD
(b) 2nd condition @) erosion
© 3rd condition ® opening
CS MSU Graphics & Media Gwo Giun Lee, Ming-JiunWang, Hsin-Te Li, He-Yuan Lin. AMotion-
Lab (Video Group) Adaptive Deinterlacer via Hybrid Motion Detection and Edge-Pattern 39

Recognition. EURASIP Journal on Image and Video Processing, 2008.



HMDEPR

TecTupoBaHue

N SIEMENSIFT
N &

GRAPHICS & MEDIA LAB
VIDEO GROUP

MpeanoXeHHbIN anropuTmM. 3 Field Motion Adaptive (3FMA).
NHTepnonupoBaHsbl (FI) TONbKO CTaTUYHbIE PETrMOHBI. NHTeprnonnpoBaHbl TONbKO CTaTUYHbIE PETMOHBI.

CS MSU Graphics & Media Gwo Giun Lee, Ming-JiunWang, Hsin-Te Li, He-Yuan Lin. AMotion-
Lab (Video Group) Adaptive Deinterlacer via Hybrid Motion Detection and Edge-Pattern 40
Recognition. EURASIP Journal on Image and Video Processing, 2008.



Motion Adaptive
HMDEPR

Edge Pattern Recognition (EPR): aibecad
= PaccmaTtpuaetcs obnactb 3x3 ve=
= 4 Tnna wabnoHa A H, p > ave,
- 3H1L, 3L1H P :{ L. p<ave
= 2H2L - yron

= 2H2L - nuuus P, P, P; P, 13,b,C,d coorBeTCTB EHHO

= 18 paznnyHbix WabnoHoB

5 Ta T H H H H
b x ¢ H|X|H L|IX|L H|IX|L L|IX]|L
rldl|s L L L H

(a) (b) (¢) (d) (e)

CS MSU Graphics & Media Gwo Giun Lee, Ming-JiunWang, Hsin-Te Li, He-Yuan Lin. AMotion-
Adaptive Deinterlacer via Hybrid Motion Detection and Edge-Pattern

Lab (Video Group)
Recognition. EURASIP Journal on Image and Video Processing, 2008.

GRAPHICS & MEDIA LAB
VIDEO GROUP
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Motion Adaptive
HMDEPR

GRAPHICS & MEDIA LAB
VIDEO GROUP

= B cnyyae 3H1L, 3L1H Hamnbonee BEPOSATHO, YTO LIEHTPANbHbIA MUKCEN
npuHaanexut K 6onbwnHcTBy (H ans 3H1L v L ang 3L1H)

median(le, Py, » pHg), SHI1L,
° | median(p_,p,.p.) 3LIH,

H H
H|IX|H L|IX]|L
L L
CS MSU Graphics & Media Gwo Giun Lee, Ming-JiunWang, Hsin-Te Li, He-Yuan Lin. AMotion-
Lab (Video Group) Adaptive Deinterlacer via Hybrid Motion Detection and Edge-Pattern 42

Recognition. EURASIP Journal on Image and Video Processing, 2008.



Motion Adaptive
HMDEPR

= 2H2L - yron:
if [p—ql >1r—s]
X — min(H, H)
else

X — max(L,L)

s 2H2L — nuHu4:

if lp—ql+lr—sl>[p—rl+1qg—sl
X — min(H, H)

else
X — max(L,L)
CS MSU Graphics & Media Gwo Giun Lee, Ming-JiunWang, Hsin-Te Li, He-Yuan Lin. AMotion-
Lab (Video Group) Adaptive Deinterlacer via Hybrid Motion Detection and Edge-Pattern 43

Recognition. EURASIP Journal on Image and Video Processing, 2008.



Motion Adaptive

GRAPHICS & MEDIA LAB

HMDEPR

= [lukcenun b u ¢, Takxke Kak u X, HegocTaroLue. p a
Kak »xe nx nony4mTb?
= EPR without MAP (Motion-Adaption Prediction)
= EPR with MAP

)

(S
= [ b
Ly

s

= EPR without MAP
= YcpeaHeHue no ctpokam (Line Averaging)

b:ﬂ C:ﬂ
2 2

= EPR with MAP

= YcpegHeHue no ctpokam (Line Averaging), ecnu b (¢) npuHagnexat
obnactun asmxeHna (Motion Area)

= VHaye, bepeM nukcenb ¢ npeablayLero nons

CS MSU Graphics & Media Gwo Giun Lee, Ming-JiunWang, Hsin-Te Li, He-Yuan Lin. AMotion-
Lab (Video Group) Adaptive Deinterlacer via Hybrid Motion Detection and Edge-Pattern 44
Recognition. EURASIP Journal on Image and Video Processing, 2008.



HMDEPR

TecTupoBaHue

GRAPHICS & MEDIA LAB
VIDEO GROUP

(d) (e)
FiGgure 9: Visual quality of intra-interpolation methods. (a) LA, (b) ELA, (¢) EELA, (d) proposed EPR without MAP, (e) proposed EPR with
MAP.
CS MSU Graphics & Media Gwo Giun Lee, Ming-JiunWang, Hsin-Te Li, He-Yuan Lin. AMotion-
Lab (Video Group) Adaptive Deinterlacer via Hybrid Motion Detection and Edge-Pattern 45

Recognition. EURASIP Journal on Image and Video Processing, 2008.



HMDEPR

TectnpoBaHue (TEKCTYpPLI)

GRAPHICS & MEDIA LAB
VIDEO GROUP

LA ELA[3] EELA [5] fffPW/ 0 llfflfpw“h

Waves 31.29 32.05 31.85 32.72
Grass [34.45]  31.49 3331 32.86 33.45
Trees  [6.33]  25.73 25.95]  25.91 25.90
Bricks  p57g  28.64 28.96]  28.67 28.94
&T.

Average 29.29 30.07 29.82 30.25

PSNR in dB

CS MSU Graphics & Media
Lab (Video Group)

Gwo Giun Lee, Ming-JiunWang, Hsin-Te Li, He-Yuan Lin. AMotion-
Adaptive Deinterlacer via Hybrid Motion Detection and Edge-Pattern
Recognition. EURASIP Journal on Image and Video Processing, 2008.
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HMDEPR B

TecTnpoBaHue

GRAPHICS & MEDIA LAB
VIDEO GROUP

N LY 8 srek
—_ - " Proposed HMDEPR

CS MSU Graphics & Media Gwo Giun Lee, Ming-JiunWang, Hsin-Te Li, He-Yuan Lin. AMotion-
Lab (Video Group) Adaptive Deinterlacer via Hybrid Motion Detection and Edge-Pattern 47
Recognition. EURASIP Journal on Image and Video Processing, 2008.




HMDEPR

TecTupoBaHue

TaBLE 4: PSNR of the deinterlacing algorithms in dB.

GRAPHICS & MEDIA LAB
VIDEO GROUP

Total picture number LA FI 2FMA 3EMA 4FTD [21] 4FHMD [5] HMDEPR
Bus 150 20.60 26.83 25.37 26.86 25.24 26.87
Coastguard 300 28.67 27.27 28.43 29:91 29.63 30.41 29.13
Foreman 300 32.39 28.74 31.34 32.42 32.50 32.84
Hall monitor 300 31.76 36.70 32.49 39.58 35.07 36.69 38.79
Mobile 300 25.47 23.49 25.21 25.99 24.55 24.67
M&D 300 39.20 40.54 39.02 42.59 41.90 40.91
Silent 300 33.80 34.42 35.93 39.31 37.95 38.68
Stefan 300 27.46 21.01 26.59 25.82 25.83 25.56 26.88
Vectra-color 142 26.63 22.28 26.42 25.69 27.05 26.75
Average 30.40 28.34 30.25 31.93 31.42 31.29 32.43
CS MSU Graphics & Media Gwo Giun Lee, Ming-JiunWang, Hsin-Te Li, He-Yuan Lin. AMotion-
Lab (Video Group) Adaptive Deinterlacer via Hybrid Motion Detection and Edge-Pattern 48

Recognition. EURASIP Journal on Image and Video Processing, 2008.



HMDEPR

BbiBOAbI

s /IOCTOMHCTBA
= XOPOLWIO NHTEepnoSIMpYeT rpaHuLbl
= Hennoxo CTpouT Macky ABUXEHUA

= HepocraTku
= [IpourpbiBaeT Ha TEKCTypax

CS MSU Graphics & Media
Lab (Video Group) 49



CopepxaHue

= BBeaeHue
= Knaccuopukaums Metoaos
= [IpoCTbie MeToAbl

= CnoXHble MeToAab!
= Motion Adaptive
= Motion Compensation based
= MSU filter

= [lanbHeunwue nnaHbl
= Cnncok MaTtepuanos

CS MSU Graphics & Media
Lab (Video Group) 50



CNoXXHble MeToabl
MC-based Deinterlacing

Field Spatial F,
storage |F Interpolation

Motion F
Compensated
Interpolation

CS MSU Graphics & Media
Lab (Video Group)

Field
Merge

51



CNoXXHble MeToabl
MC-based Deinterlacing

i

1) =2 (p=D)+ (P + D)

CS MSU Graphics & Media
Lab (Video Group) 52



CNoXXHble MeToabl
MC-based Deinterlacing

GRAPHICS & MEDIA LAB
VIDEO GROUP

Monck nNoxo)xmx 6,10koB

| —
fn—l B —my f" B — fn+1 B
n+l 2\ n+1 my n+l

/]

B

n—1

n—1 B

n

] ]

. . Taehyeun Ha, Seongjoo Lee, Jaeseok Kim, "Motion compensated

CS MSU Graphics & Media frame interpolation by new block-based motion estimation
Lab (Video Group) algorithm”, IEEE Transactions on Consumer Electronics, Volume 50, 53

Issue 2, pp.752 - 759, May 2004.



CNoXXHble MeToabl
MC-based Deinterlacing

GRAPHICS & MEDIA LAB
VIDEO GROUP

MoaroHnM HaraeHHbIn 6nok B, nop ceTky

f;1—1 f;7 - — fn+1 B

n+l
/. (p+ Emv +dmv) = E[‘f"_l (p+mv+dmv)+ f (p+ dﬂﬂ’):]
. . Taehyeun Ha, Seongjoo Lee, Jaeseok Kim, "Motion compensated
CS MSU Graphics & Media frame interpolation by new block-based motion estimation
Lab (Video Group) algorithm”, IEEE Transactions on Consumer Electronics, Volume 50, 54

Issue 2, pp.752 - 759, May 2004.



MC-based Deinterlacing

* [IpnMep paboThl

Field Insertion MC-based
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CopepxaHue

= BBeaeHue
= Knaccuopukaums Metoaos
= [IpoCTbie MeToAbl

= CnoXHble MeToAab!
= Motion Adaptive
= Motion Compensation based
« MSU filter

= [lanbHeunwue nnaHbl
= Cnncok MaTtepuanos
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i MSU Filter

= MSU MA

=« Temporal Interpolation
= Spatial Interpolation

= MSU MC
= [ecTnpoBaHme

CS MSU Graphics & Media
Lab (Video Group)
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MSU MA

— — — —
m— —
—

¢ Before Previous Field
—

_ - <Previous Field
—
< Current Field

—

Next F:D

Temporally Interpolated
Frame

Interlacing

Measure
Static
Measure

Spatially Interpolated Frame

I
I

Deinterlaced Frame
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i MSU MA

[lnkcenb nHTepnonupyeTcs ABymMst cnocobamm
[pocTpaHcTBeHHas uHTepnonaums (Spatial)
BpemeHHas nHtepnonaumsa (Temporal)

Ka)kabln U3 ABYX NONYUYMBLUMXCS MUKCENEN BHOCUT CBOW BK1aZ B KOHEYHbIN
pe3ynbTaT C onpeaeneHHbIM BECaMK, 3aBUCALLUM OT XapakTepa ABMXKEHUS

p(x,y,k), (y+k)%2 =0,

Po (X’ Y, k) — A > " %
P, (X, y,K)*SpatCoef + p,(X,Yy,k)*TempCoef, unaue,

SpatCoef —npocTpaHcTBeHHBII BeCOBOM KOO PHUITCHT

TempCoef —BpemenHoit BecoBOM KO3 hHIHCHT

P, (X, Y, K) —uHTEp IO OBaHHKIN TIP OCTP AHCTBEHHBIM CIIOCOOOM TTHKCE

P, (X, ¥, K) — mHTEp MONTMp OBaHHBIH BP EMEHHBIM CIIOCOOOM TTHKCE

CS MSU Graphics & Media
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MSU MA

Temporal Interpolation

GRAPHICS & MEDIA LAB
VIDEO GROUP

B kauecTtBe BpeMeHHoro npnbnmxenunsa ncnono3yetcs Field Insertion
nnu Field Averaging

BecoBas pyHKUMA ans BpeMeHHoro npunbnmxkenus (“Static” weighting
function) 3agaeTcs Tak:

5 D
t = * = f(E)*h(D
3E+5 D+150 (E)*h(D)

E - so called SAD (Sum of Absolute Differences). Tak Ha3blBaeMasi cyMmMa
abCcoNoTHBIX pa3HOCTEN, paccunTaHHasa ans noneu n+1, n, n-1, n-2.

D - aucnepcuma TekyLlero nong. CunTaeTcs No BOCbMU COCEQHUM MUKCENSM.

St BnusieT Ha TempCoef

CS MSU Graphics & Media
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MSU MA

Spatial Interpolation

GRAPHICS & MEDIA LAB
VIDEO GROUP

] I/IHTepI'IOJ'IFILI,MFI Current Field >
Vertical Bilinear — no3sonser
n3bexatb apdekT M'mbbca (pUHrMHI) ]
Diagonal — no3sonset nsbexartb [ .
CTyneH4yaTble rpaHnLbl solle IZal]s
Low-angle Edge — nHTepnonvpyer R
rpaHuULbl C ManeHbKUMK YriaMm 3
HaK/10Ha Bl |35 5E
- [Nukcenun, nony4dmsLumecs ;
pa3HbIMK cnocobammn 6epeM ¢ 1 1 f . 1 f

onpeaeneHHbIM BECOM

I Spatially Interpolated Frame ‘
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MSU MA

Spatial Interpolation

GRAPHICS & MEDIA LAB
VIDEO GROUP

« X, YETHOCTb II0JISI M CTP OKH COBNAAAIOT,
- * * *
Wdiag Xdiag +W|OW XIow +Wbi|inear Xbilinear’ UHA4c,
Xgiag - THKCeN, nHTepnonmMpoBannbii - Diagonal Interpolation
Xow - THKcen, nHTepronupoBanaeii  Low -angle Edge Interpolation
X ilinear -~ IAKCEN, MHTEpTIONUpOBaHHbI  Bilinear Interpolation
Wiioy - BEC, COOTBETCBYIONMA X ;0
W,,, -Bec,cooTBeTCByOIMA X,
Wbilinear - BCC, COOTBCTCBYIOHII/II;'I X bilinear
CS MSU Graphics & Media
62

Lab (Video Group)



MSU MA

Spatial Interpolation

= BecoBast QyHKUMSA, BNusoLWasa Ha SpatCoef
= Bec 60onblue, Korga npucyTCTBYET «3yb4aToCcTb»

. EIEIE
m, = (A —— 5 -) @
m, = (XI - A -;BI) Current @ Previous
< 5 Field @@ Field
m, = (B; - |2 ) /
Dif(Xi):|m1—m2+m3|
Interlacing _ measure(X;) = Dif (X,,) + 2Dif (X,) + Dif (X,,;) @

CS MSU Graphics & Media
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i MSU Filter

= MSU MA
= MSU MC
= [ecTupoBaHue

CS MSU Graphics & Media
Lab (Video Group)
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CPrevious Field

—

C ~ Before Previous Field )

—— —

e — — — —

— — — — —

—_—
< Current Field

E_ . =
4t
Motion :
— Compensation
S
o [ )
] N
- Seflselloef - —
H o = ~
s, 25| [ weron  MEEIEE I8 B[ oo
Interpolated || E = Compensated Q2| (uef|ne P
= = == = Frame
Frame Ena 5

i
E

Deinterlaced Frame
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i MSU MC

[nkcenb nHTepnonupyeTcs Tpems crocobamm
[pocTpaHcTBeHHas uHTeprnonaums (Spatial)

BpemeHHas nHtepnonaumsa (Temporal)
MC-nHTepnongaums

Beca SpatCoef n TempCoef onpepensitotcs noxoxum (kak 8 MSU MA) obpasom

Oy k) = | POV (y+k)¥%2=0.
Pl = P (X, y, k) * SpatCoef + p,(x, y,k)*TempCoef + P, (x,y,k)*MCCoef, unaue,

SpatCoef — mp ocTpaHCTBEHHBINM BECOBOM KOA(PGHUIHCHT

TempCoef — BpemenHo# BecoBoi KOG PHIIEHT

MCCoef — BecoBoii ko3 drmenT MC

P, (X, ¥, k) — uHTEp MOTTMp OBaHHBIIA P OCTP aHCTBEHHBIM CIIOCOOOM TTHKCEIT
P, (X, Y, K) — mHTEp HONTMp OBaHHBII BP EMEHHBIM CIIOCOOOM TTHKCETT

P, (X, ¥, k) — naTepmonmp oBanssiii M C- ciocobom mikcern

CS MSU Graphics & Media
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i MSU MC

= Mepa owmnbkn ME (ME Error Measure)
=Bnnget Ha Bec MC kaapa.
=OnpenenseT oTCyTCTBME ABMXKEHUS U cnaboe ABMXKEHME.
=MOXeT 06HapYXMTb TONIbKO 06BEKTbI C 6ObLLON ANCNEPCHEN.
=3aBUCUT OT:
= pa3nunung 6nokos (SAD) TekyLuero v npeabiaywero nonen — B.
= pa3nununa 6 coceaen (SAD) npeablaywero U Tekyllero noneun — L.

= ancrniepcum - D. Yem 60nblue agncrnepcusi, TeEM MeHbLUe BEPOSITHOCTb
ABVXXEHUS.

1 D B

*

" probability _of _motion L?+1 B+L+1

CS MSU Graphics & Media
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i MSU MC

= BecoBas pyHKuUMA ropusoHTanbHblX rpaHny (Horizontal Edge Detection weighting function)
=Bnngaet Ha Bec MC-kaapa
«Hy>XHa ang 6onee TOYHO MHTEPNONAUUKM rpaHuL, 6IM3KMX K FOPU3OHTASIbHBIM.
a[TMKCENb NPUHAANEXUT rOPU30HTANIbHOW FPaHMLIE, €CNIN BbIMO/IHEHO [1Ba YC/IOBUS:

= [pagveHT no BepTuKann 6onblue ornpeaeneHHoro rnopora (ana obnactu sToro
nnKkcens).

= 3HA4YeHue NUKCens NexunT Mexay 3HadeHUs sMu cocenen.

Gradient(X,) = ‘(Ai_l +2A +A,)- (B, +2B; + Bi+1)‘

Match(X;) =min{max{A B, }— X, X —min{AB j}
2Match(X,)

max {A, B, }-min{A,B, }+1

W(X,)= Gradient(Xi)*(lJr

N

Motion
Compensated
Field

Current
Field

CS MSU Graphics & Media
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i MSU Filter

= MSU MA
= MSU MC
= [ecTupoBaHme

CS MSU Graphics & Media
Lab (Video Group)
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MSU Filter

* TecTupoBaHue

| Original frame

CS MSU Graphics & Media
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MSU Filter

TecTupoBaHue

VirtualDub (internal)

GRAPHICS & MEDIA LAB
VIDEO GROUP

AlparySoft Deinterlace

— |

Smart Deinterlace De Haan Deinterlacer

-
-

.

CS MSU Graphics & Media
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MSU Filter

TecTupoBaHue

GRAPHICS & MEDIA LAB
VIDEO GROUP

Smart Deinterlace MSU Deinterlacer (motion De Haan Deinterlacer
adaptive)

CS MSU Graphics & Media
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MSU Filter

TecTupoBaHue

GRAPHICS & MEDIA LAB
VIDEO GROUP

MSU Deinterlacer (motion MSU Deinterlacer (motion
adaptive) compensation)

CS MSU Graphics & Media
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MSU Filter

TecTupoBaHue

PSNRvalue

PSNR Measuring (average)
| | | |

Sequence Number
VirtualDub Internal
— Smart Deinterlace
— AlparySot Deinterlace
—— De Haan deinterlacer
> MSU MA
B8 MSU MC

CS MSU Graphics & Media

Lab (Video Group)
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i CoaepyxaHue

= BBegeHune

= Knaccnpukauma MeToaoB
= [IpoCTble MeToAab!

= CNOXHble MeToabl

= [/lanibHenwme nnaxbl

= CrnCoK MaTepmanoB

CS MSU Graphics & Media
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i [NanbHenwmne nnaHbl

= OnpoboBaTtb NU3roXXeHHble MeToAabl

= CoBMecTUTb criegyroLme noaxoabl

= Motion Adaptive
= Spatial
« Temporal
« Edge-based

= Motion Compensation based
= BO3MOXHO, BEPOATHOCTHbIW NMOaAXoA4
= AHann3 obnactn n BecoBble YHKLUMN

CS MSU Graphics & Media
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i CoaepyxaHue

= BBegeHune

= Knaccnpukauma MeToaoB
= [IpoCTble MeToAab!

= CNOXHble MeToabl

= [lanbHenwme nnaxbl

= CNMCOK MaTepuanoB
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CopepxaHue

BBeaeHue
Knaccupukauunss MeToaoB
[1poCTble MEeTOAbI

CnoxHble MeToab!

= Motion Adaptive

= Motion Compensation based
= MSU filter

= BepoaTHOCTHbIV noaxon

= [lanbHeunwue nnaHbl
= Cnncok MaTtepuanos
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CnoXXHble MeToabl
BeposaTHOCTHbIV noaxon

GRAPHICS & MEDIA LAB
uP

MakcuManbHas anocrepuopHas runortesa (MAP):

Uy — Tekyllee none (YeTHbIe NN HEYETHbIE CTPOKMN)

U —Kajp Ha BbIXOAE, COOTBETCTBYIOLMIA 11,
Qp - obnactb, cooTBETCTBYIOWAs Uy
() — obnactb, cooTBeTCTBYIOWaAn U

P, (u, ) — const
B (ug|u) P, (u)

P, (up)
P(u|u0) o« R (“0 |u) <P (u).

P(u |uo) =

OueHKa MakcMmasbHOro npa BAonoaobus:

U= argmax{lnP-l (uo|t)+1In P, (z{)}.

_ . YIN XueMin, YUAN JianHua, LU XiaoPeng, ZOU MouYan. De-

CS MSU Graphics & Media  interlacing technique based on total variation with spatial-temporal
Lab (Video Group) smoothness constraint. Science in China Series F: Information 81

Science. 2007.



CnoXxHble MeToabl
BeposaTHOCTHbIM noaxon

GRAPHICS & MEDIA LAB
VIDEO GROUP

P1(ug|tt) - «noxoxects» U U, Ha obnact Q) . Mo cyTn, NNOTHOCTL
pacrnpeeneHns Lwyma.

[ (u—uy ) dxdv. PR
B (up|u) = f, (u—uy) oc exps - IQ( 0) S [ oel).
2 0 other.

O - No3uuus KaXkaoro nukcens Kaapa

Cywectsytowme nukcenu ( Ug) xxenaTenbHoO octaBuTb 6€3 n3MeHeHun

_ . YIN XueMin, YUAN JianHua, LU XiaoPeng, ZOU MouYan. De-

CS MSU Graphics & Media  interlacing technique based on total variation with spatial-temporal
Lab (Video Group) smoothness constraint. Science in China Series F: Information 82

Science. 2007.



CnoXXHble MeToabl
BeposaTHOCTHbIV noaxon

GRAPHICS & MEDIA LAB
uP

Po(u) - arnpuopHas oLeHKa

Mopenb M'nbbca:
Py (u)oc exp(—aEu]),

E[H ] - OYHKUMS SHEpPrum
(04 - obpaTHas abcontoTHas TeMnepaTtypa

o 1
Elu]= EIQ¢(|V3H dxdy),

T
V, = (Gx_,@y,@r) - NPOCTPaHCTBEHHO-BPEMEHHOW FPaaNEHT
p:R—>R

P, (u) o exp {—%U ng(\v3zz\)dxdy}}.

_ . YIN XueMin, YUAN JianHua, LU XiaoPeng, ZOU MouYan. De-

CS MSU Graphics & Media  interlacing technique based on total variation with spatial-temporal
Lab (Video Group) smoothness constraint. Science in China Series F: Information 83

Science. 2007.



CnoXxHble MeToabl
BeposaTHOCTHbIM noaxon

GRAPHICS & MEDIA LAB
VIDEO GROUP

2

90 1
g{) f = , = .
() 1+ 2t (1+1%)

Takum 0bpa3oM, 3agadva CBOAUTCA K MUHUMMU3AUUM
(PYHKUMOHaNa sHepruu:

u =argminJ g, (u).

U

A
Jrp (1) = EJ olu—uy )2 dxdy + %j 0@ (|V3u|)dxdy.

_ . YIN XueMin, YUAN JianHua, LU XiaoPeng, ZOU MouYan. De-

CS MSU Graphics & Media  interlacing technique based on total variation with spatial-temporal
Lab (Video Group) smoothness constraint. Science in China Series F: Information 84

Science. 2007.



CnoXxHble MeToabl
BeposaTHOCTHbIM noaxon

GRAPHICS & MEDIA LAB
VIDEO GROUP

COOTBETCTBYIOLLEE YpaBHEHUE Ditnepa-JlarpaHxa:

"(1V 5
Au—uy)—adiv 4 ( "HD Vu |=0,
V3
o,
onlsg

1 - HopManb BekTopa rpaHuubl 0C) obnactn €2

_ . YIN XueMin, YUAN JianHua, LU XiaoPeng, ZOU MouYan. De-

CS MSU Graphics & Media  interlacing technique based on total variation with spatial-temporal
Lab (Video Group) smoothness constraint. Science in China Series F: Information 85
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CnoXXHble MeToabl
BeposaTHOCTHbIV noaxon

CranpapTHoe Buaeo (6e3 wyma)

Table 1 Comparison of the proposed scheme and the conventional methods (= 0.0001)

GRAPHICS & MEDIA LAB
VIDEO GROUP

Flowers sequence

TennisA sequence

Bicycle sequence

Cact sequence

No. Technique PSNR (dB) PSNR (dB) PSNR (dB) PSNR (dB)
1 LR 20.79 22.87 24.14 25.92
2 LA 22.27 23.69 31.38 31.19
3 FI 19.04 21.68 22.75 29.41
4 VT 21.95 23.76 28.94 31.66
5 MCmed 22.39 24.13 25.97 26.53
6 McVT 23.25 24.54 30.58 33.76
7 The proposed 25.06 27.70 28.77 35.43

CS MSU Graphics & Media
Lab (Video Group)

YIN XueMin, YUAN JianHua, LU XiaoPeng, ZOU MouYan. De-

interlacing technique based on total variation with spatial-temporal
smoothness constraint. Science in China Series F: Information 86
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BepossiTHOCTHbIM NoAXoA
TeCTUPOBAHUE

CraHgapTHoe Bmaeo (C lWwymoM)

@ original video

v  video with noise (zero-mean,
SNR=20 dB)

© LR (PSNR=22.10 dB)

@ LA (PSNR=24.80 dB)

©  FI (PSNR=21.78 dB)

@ VT (PSNR = 22.68)

@ MCmed (PSNR=24.11 dB)
(ty  McVT (PSNR=25.96 dB)

o  Proposed (PSNR=27.81dB)

o

. . YIN XueMin, YUAN JianHua, LU XiaoPeng, ZOU MouYan. De-
CS MSU Graphics & Media interlacing technique based on total variation with spatial-temporal
Lab (Video Group) smoothness constraint. Science in China Series F: Information 87
Science. 2007.



BeposTHOCTHbIM noaxoA
TeCTUPOBAHUE

GRAPHICS & MEDIA LAB
VIDEO GROUP

CraHaapTHoe BMaeo (C LyMoM)

Table 2 Comparison of the proposed scheme and the conventional methods with noisy sequences (o= 0.0001)

SNR=10dB SNR=20 dB SNR=30 dB SNR=40 dB
No.  Technique Sequence 5 Sequence 6 Sequence 5 Sequence 6 Sequence 5 Sequence 6 Sequence 5 Sequence 6
PSNR (dB) PSNR (dB) PSNR (dB) PSNR (dB) PSNR (dB) PSNR (dB) PSNR (dB) PSNR (dB)
1 LR 14.41 16.15 15.75 22.10 15.94 23.68 15.95 23.88
2 LA 17.02 17.70 19.32 24.80 19.69 27.25 19.72 27.59
3 FI 16.36 16.09 19.30 21.78 19.88 23.23 19.43 23.41
4 VT 16.86 16.75 20.03 23.68 20.66 25.99 20.73 26.30
5 MCmed 20.29 20.72 21.84 24.11 22.10 24.67 22.13 24.74
6 McVT 18.27 19.21 20.36 25.96 20.67 27.99 22.74 28.27
7 The proposed 22.24 22.14 25.34 27.81 25.91 29.25 25.96 30.73

_ . YIN XueMin, YUAN JianHua, LU XiaoPeng, ZOU MouYan. De-

CS MSU Graphics & Media  interlacing technique based on total variation with spatial-temporal
Lab (Video Group) smoothness constraint. Science in China Series F: Information 88

Science. 2007.



BeposATHOCTHbLIM nNoaxoA

GRAPHICS & MEDIA LAB

TECTUPOBaAHNE o

PeanbHoe B1AeO

@  original video
®» LR

© LA

«@  Proposed

. . YIN XueMin, YUAN JianHua, LU XiaoPeng, ZOU MouYan. De-

CS MSU Graphics & Media interlacing technique based on total variation with spatial-temporal
Lab (Video Group) smoothness constraint. Science in China Series F: Information 89
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Motion Adaptive

Motion Detector

CIPG.) = S, %(DT(},n)jLDS(},n))<thre.s*hold

M, otherwise

Dr(tn) = Y| (¥4 (k) £ +o ()

DS(SC., n)=

fra(x+a)= £ (x+ B)

o(1):(-1,-1) o(2):(0,-1)
g(3):(+1,-1) o (4):(-1+1) D, (x,7n) - pasnnume BO BpeMeHH
g (5):(0+1) 7 (6):(+1,+1)

D. ;TC, 1) - pasnuume B NPOCTPaHCTBE
a:(-1,0) B:(+1,0) s (6 7)
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