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An Integrated De-interlacing Algorithm Design
Student: Kun Yuan Tseng  Advisor: Prof. Hsueh Ming Hang
Institute of Electronics

National Chiao Tung University

Abstract

In recent years, progressive scanning output devices have becoming very popular. However,
many video sources are still using the conventional interlaced TV format. Therefore, the
de-interlacing technique which converts interlaced picture to progressive picture is essential. It
has been used widely in various kinds of commercial products. But the conventional simple
de-interlacing method does not provide good picture quality particularly in the moving areas.

The main theme of this thesis is an integrated de-interlacing system, which incorporates
several known and improved techniquessin amice manner to produce good de-interlaced image
quality. We first develop an accurate motion-detector that classifies image regions into
stationary, low-motion, and high-metion categories. The simple field merging method is
applied to the stationary regions. The.edge line‘average interpolation method is applied to the
slow-motion regions. Finally, the motion-compensated interpolation is applied to the
high-motion regions. In addition, hierarchical motion estimation and motion vector smoothing
techniques are employed to enhance the quality of estimated motion vectors. Our computer
simulation shows that the subjective image quality is improved by using the proposed scheme.
Also, its PSNR measures are better than the conventional spatial or temporal interpolation
schemes.

In addition, in real applications, interlaced TV pictures are often derived from the films
at different frame rate. To achieve a good picture quality, a film detector and an associated
image enhancement scheme are added to our de-interlacing system. In this proposed system
architecture, we can recover the 3:2 pull down format. With image enhancement algorithm

after de-interlacing, the subjective image quality is generally improved.
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fout (;,n)Z fo (;:n),ymodZanod2 (542.6)
fi(Xn) =pfst (Xn).+ (1—p) fmot (i, n) ,otherwise

fst R tds i § Gamat i £
JSmot E_f# i B IR RS 2
B 1§ p|chB % (Factor) > # 7> 01 2 FF
% B=0 4 7 fplenit & L6 L B
¥ f=1 47 ERlenE L E R

.......................... .
! I
i @ Orginal Pixel 1
1
1
A A c B ! O Sample to be Interpolation |
1
1
y-1 O+«—@—0 ! @ current Interpolation Pixel i
D E b !
y -0
F G H

g
n-1 n n+1 field number

Bl 2.6 #& R 1 IR
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2 B ¥ Ay ek

o

H#w i@ﬁﬁfk’i KRN %é_gu c B SRR U Al E R
LA o AL¥EIT B Fﬁgg’,i&’ﬁ & & 1 jp]( Edge Detection )
SF B AR > B 2.7 U T B o KBlY APT Ay o B p e X
FE EALFHALEZR B2 (CeP)-DEO)EEN-F&EM-(G&L)-
HeEK)~12)) 35 - $apitgz Fic] i £ B Bk Plando ] L £ B8

(A ¥ R) ’?KXL’J‘HE'E?'F’,—,\(Aﬂfr'R)#EHtm—li’lm o AV L FH P -0 Moo TR
(AXR) -

1 1
I @ = Orginal-Pixel :
I O Sampleto be Interpolation |
i @ Current Interpolation Pixel i

y2 O O O O OO0 O O O
A B C D E F G H I
o &6 & 606 0 O

YOOO o O O

M
y+1000000000
2 0O O 0O O OO O O O

X-4 X-3 X2 X-1 X X+1 X+2 x+3 x+4

B 27 & B 0 RFHmRT DR

4(%27)¢ #%7 A~B~-C~-D~E~F~G-H-I-J-K~L-M-N-~O-P-Q-
RE%5 - f 2= » a (3 2.8)R %% XAR ~ XBQ -~ XCP ~ XDQ ~ XEN ~ XFM ~
XGL~XHK ~X1J $7 i 4E285] X thif o fod 2 8 5 fo2 5 9k Pl B 67 4 11122
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B3N AP I EeRGE 29SS T EEB BT R EEE 0L B R

WH bR AN R

A=fo (Y—4ibh—w,n)
B=fo (;—31/7);—1/[;: n)
C=fo (R—2ih—ithn)
D=fo (F—ilx—y,n)
E=fo (X—uy,n)
F=fo (X+ux—uy,n)
G=fo (X+2ux—uy,n)
H=/fo (X+3ux—uy,n)
I=fo (R+4it—ithn)

XAR= (A+R) /2
XBQ= (B+Q) 2
XCP= (C+P) 2
XDQ= (D+0) /2
XEN= (E+N) /2
XFM= (F+M) /2
XGL= (G+L) /2
XHK= (H+K) /2
XI1J=(1+7) 2

ny =mJ T4 e Sl

\

I=fo (F—4i+i,n)
K=/fo (X131;+l;):,n)
L=fo (X—2ux+uy,n)
M=fo (X—ix+uy,n)
N=fo (x+uy,n)

O=fo (xX+ux—+uy,n)
P=fo (x+2ux+uy,n)
Q=fo (X+3ux+uy,n)
R=fo (F+4R+ih, n)

DEAR—|A—R |

DEBQ=1{B=Q|
DECP= | C=P |

DEDQ=|P—Q|
DEEN= |E—N/|
DEFM= |F—M |
DEGL= |G—L|
DEHK = |H—K |
DEIJ=|1-7J]|

ffo (x.n) ,ymod2 = nmod2
fout (x n) = fi=[fo (x.n—1) +fo (x.n—1) 172,
fizmin (DEAR, DEBQ, DECP, DEDQ, DEEN, DEPM, DEGL,

DEHK, DEIJ) |
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A S ECRRRLE TR 2 A BEA H[4]50 0 R ARG R B
e B ARG AR S i iR R it - B R RTAREY PR Tl
e e o

RS S RS r’£W%izi—£%ﬁoﬂ®%*ddh>=

(dx (X n),dy(Xn)) kst Bde B B¢ de F& KT eh3 pody REALE 3 5 o
R R TR S U R R S B ) mmaw PR AR dy i A (7T R
B B o PR ﬁ%%% s LR R B ,ET‘-‘,;F‘,’KKLLﬁ;[f]g'g_ﬁ‘J

SR B P MBS G AP AR P WS R PR AR
SR A RAN A R RATRP WS P AR AP T LEY R AL

Hricmapde o @y FHEFE > hB e LiEB R &Y > AP RAG LES B

231 B kA g 4

AABEAFEIGO ]I EBE o AP FE - BRZOBE
B a KPS B o B DR Vo HE R B iR o BB Bt B HAEY R
FeHoz et o N et T o RS P B e B 0 0 B 2.8 BB A O 2 48 e
FALE APT @R Do EBFe B S EH C ol o KES SRR T
FI(R 2.10) FLArBERFRLEPS AL AT OERT > ] £ bk
=4

el
Bo R g AR R NAE A blded B ¢ F S SR AT ST T G dd B

—\\

v eniw B AR )

fout (X, n)=| fo(x,n) ,ymod2=nmod?2 (3 2.10)
fi(x -d(x, n), n-1) , otherwise
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Y Motion Vector
. Orginal Pixel

O Previous Interpolated Pixel
@ Current Interpolated Pixel

B 2.8 #beat h f2 242

232 WEEAPEE

PR e f2 2 45 (Time Recursive De-interlacing ) #_4% Wang et al. [5]#% d1 e o T &_
Flr m- ke THBFIHDRFR TR T ROERZEARGEME v P R
FRECTE

FiE o RRPFRECPRIAISEEI RS gk s AP RFES SEI I RO

B 0 RS T - ENEIE Y B AP IL[6][T][8]50 N v B8 Rs fR SRR
Senfd o 1T5 PR RBMEFERAGE cAPTEF29Y 0T A NP DR P

FoW AP - RRHE DR GE BB DY B E D Aot iR € F] L B R
HREET o ek - BPREFELRISUv A BHMEL > FRY - RN T - 3B S
Pld F il X i w - Rd e od BB S B 5 R U BB O enifd 14
Fen o P2 (S RS0 B R EES 83§ A 0 oAU Bod & ik gk o

LA Bkl w Al ¢ Rk B (Median Filtering) 15— B (%3 84] > &
PR LR R R A i Bk A2 B oy Ul N T LA (G 2.10):
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fout (x, n)=<

vertical postion

( fo(},n) y mod 2 = n mod 2 (54 2.11)

fi(x-d(x, n), n-1)

mediany fo( xuy,n) otherwise
- -
Si( x+uy,n)
A
=_ _______________________
| /Motion Vector
y-2 O ® o |
-  J Orginal Pixel
1
® X .*1 O Previous Interpolated Pixel
1
y ! Ocurrent Interpolated Pixel
o/ @& | i
: @ Sub-Pixel Interpolated Pixel
® b e e e
y+2 ©
L
n-1 n field number

B 2.9 P vhir f2 2 &
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233 7 ik ir &

¥ if M iEe® f2 2 45 (Adaptive Recursive De-interlacing ) £_4% De Haan et al. [9] #%
Aty v FaE % - PRl PR g B (First-Order Recursive Filtering ) & (%36 gk 45 #5
,;au;g PR 23 AT i A e F N FRATE - FBRE S IR E
Frit B KI~K2en$dield > ST e BfERMFE 2 BREF - I Ma B3 - B
KI“K2ehg » RIFVHL 2B GIF Flidi 2 tmaofide it I8 w 83
BB A #3 ) WBEL > A g 2 T BE R T i A 4 guEd Rk (Aliasing)

R d o KR 21 TR BY o APTFES BT ATHEA R EFES
P are Rt Bk AT DR Fle v i PR amgsiz s -3
,yrﬁuﬁ FAFReaRtE @ 2 LU kK edk g o
y-2 A
s o ]
o .
2 B 4
3 9 D i Mot i on Vectori
o ! @ Orginal Pixel :
S 1 . . I
= ® OX : Q. Previous Interpolated Pixel I
1 i 1
9 E ! Current Interpolated Pixel :
B | @ Sub-Pixel Interpolated Pixel !
1 1
. e o o o e e e e e e ]
C
y+2 ®
g
n-1 n field number

B 2.10 7 i fifir 22 42

- 5

fout(x n) Kj(x n)f(x n)+(I- Kl(x n)) fo( x-d(x, n) , n-1),
(ymod2 nmdoZ)

Kz(x n)f(x n)+(1I- Kz(x n)) fo( x-d(x, n) , n-1),
(otherwise) (7 2.13)
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: (A Bl 9 (214 )
2| fi X, n fo x dxn,n I | o

A‘f‘);b_‘i’” ﬁ);ffn ﬁj},nl
B=fo x uyn fo x & Xn upn 1 £ 215 )
0 EL- BF#&
w=0,1)" T £# 58
Ki (x,n) = clip(0,1, CINDiff ) 216 )
0 <
> (a<0) (Y 2.17 )
clip(0, 1, a) = 1,(a>1)
a , (otherwise)
Diff (x, n )= fo(x-d(x, n), n- I)fz(x n) (74 2.18 )

B en(s 2.14) ~ (34 215)—5\?3‘ Ko E8a 8> 29 6 8- Bk v
3B FREGE 2.14)HA 2 % 500 TR AN 2145 - B Lol FAR
0 (& 2.14))*}.#5@ EERE T o ¥ (N 2.16)~ (58 2.17) ~ (5% 2.18) F2tE K chik
FEE; BY L L NS Cl> v FEERS DT HREY > 3 Fpai ik
R P T A MR IR 4 G B 2 B A ST 2N ok B (T | dE B i
SRR R #TE E Ko~ K2 el o
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AR ZFfev e 3o R - BEENBISSEE LAtz T o RN frﬂf{;
B A AIBE S Y o SRR SRR B B 211 032 48 2 HE[10] -
ZTReRBIF R ARG BBFIEES B T3 (Bi-directional Block-base
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£ A 4 ¥ (Weighting Generation) ™ #. ~ B3 P #&(Intra-Field Interpolation) > 3. ~ B3~
¥ ) 5 (Inter-Field Interpolation) = #.% 2 o v cHif gL 8 448 foo £ (% 5 1
BIAT H el v AL BB S URE RN TR GO a ¥ H PR Y RS
AT NP S-SRV RS S IR R IR SE BEEAF P R

e oo
&

fintra
Intra-field Soft
Interpolation Switching
fn P Inter-fields
fn-1 > BBI?I -Ig bﬁa mcc’:' o ‘ Interpolation finter
fn+1 p{ Mot ho
fmce » Eds iarmi |o Previous Error MV
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Y (block based)
y
: MYV Correctness -
»|  Detection D (\}Velghtlpg
i tion
(pixel based) [ U a
— P vC
B 211 # 648 Ff2 s 54 -
R 2129 > NPT L fR Y - BELGER[I] 0 v A& S BBl @ M A

¥ %] 3-4% 8-( Motion Compensated Field Interpolation> i # MCFI )~ ¥~ B3 p 3% (Field
Merging) ™ #. ~ # & £ 13 I § jp|(Rearrangement) ™ B & o H ¢ 1L sk i § o4 1§
RFHBHESH v 23R BEeE T gLz RFHERESN - SBEEY F
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B ZRRSE TR ABFEIE R Er R RS AS B € 0 d S Ekite
WHBH A R R L (SAD) F H BIEBF A H KBS T E ST i
v Bl v hRpEe Ll FE e AP MALERER FILARNBE R THeF
Fovaagzfrsdofded af afd 7 L BRI - A s

WEE RN EB A F R A R RAEd N B

3

>

S
my

~=i

Field(n)
- Fn
Field(n+1) Field
——» Rearrangement —» merging
MCFI >
Field(n-1)
——{ Rearrangement —
Field(nt+1)
Bi-directional MV Field
— . - .
ME Smoothing Interpolation
Field(n-1)
MCFI

R2.12 #d 4 a2 55 ()
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1
I
n field > Motion :::::::-» Edge Line
Memory ® > Detecting L — Average —
i i Interpolation
f *'“1:
I
(n+1) field ™ Motion | ! i » Motion
—> | e > .
Memory p-| Estimation | | p-| Compensation
I
) g
Field In 1
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# % 53+ (Motion Estimation) =i & i2 » 8383 At bt tf 22 48 cnZ 47 o i
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e time
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(3 3.2)¢ > %aua\fbut(x n) %.fﬂiéﬁf’ﬂjp'fféa\’jk>(x n) £_p % @
e e T4 o fi (x, n) P RHEFERBEOTH - A38(3.2) ¢ 3 ;ﬁéﬁiﬂéﬁ%&
3 N AR Phe § LT MY - AE FR e R A DR B
(7 3.2)Y (C3Y) BEHEMREILT N KRB TR * 2B 04 F 248007 0
kTHEEL  FEF A G Y TR EL VY 2 K ch|¥r 0 BEH B R P E 2
SR FEPE O B (N 3.2)°% (A N )R Te@AMGS N kEE . B S B E o B

* (X 3.2)¢ (B )& B RIS T H(ELA)E R 42 e N kB o

G’o (X,n) , ymod2 = nmod 2
fout (X, n) = | fi(Xn) = [fo(xn—1) +fo (x ntl)1/2, (Static) (A 5*)
fi (x,n) = Min (DEAR, DEBQ, DECP, DEDQ, DEEN, DEPM,

< DEGL, DEHK, DEIJ) , (MV Correct) (B 2 )
fiZn) = K(Zpm) fi( T, n)+(I-K) (%, n) fo (-
_ dxrn) ,.u-1), (MV Incorrect) (C )
(7 3.2)
A=fo ¥ awn  fo ¥ & wn  ipn 1 (* 33 )
B=fo x uyn fo X' d xn uy,n 1 34 )
C=fi xn fo x d xn ,n 1 (74 35 )

w(:t 3.2)7 - K fé—ﬁ/’%&%‘%z%&g@?fﬁ%? v o A et E K IE}]‘JL

REREL K B R A0~ 2B « F 4 (3% 33)5A fol(:* 3.4)B fp4e &

WD AR CEDRIFDT AR 2

B EAeT

if C D
Begin
if (C=0)
R=0
else if (D-C) 2)

38



End

K=0.5
else if ((D-C)

K=0.4
else if ((D-C)

K=0.3
else if ((D-C)

K=0.2
else if ((D-C)

K=0.1
else

K=0

else //if (D<C)
Begin

End

if (C=0)
K=0
else if ((C -D)
K=0.5
else if ((D-C)
K=0.6
else if ((D-C)
K=0.7
else if ((D-C)
K=0.8
else if ((D-C)
K=0.9
else
K=1

4)
6)
8)

10)

8)
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Difference
L 4
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Data
Calaulate

Film
Recovery
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Previous
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Motion Edge Low
Compensation Angle

Field Merge
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(c) THWERR
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ERERE AT PR AN R AY .U EREACE ¥ ¥
Bl A SR BRSNS BGS B R Bl ZHEIGFE SR

CREE AT ERETES SV EREC A S TSN S E YRS SRR E

B ELS R m TE T BolE R pe % o
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431 2 pp i itae i k3t

N

E?ﬁ}ﬁﬁ’ﬁﬁﬁg&ﬁﬁigkmﬂ$lﬁgﬁé5éﬁ%$1%éOFW?iﬂ%
P P P E R s S PRI o ;3@@%%}1 ,io—ﬂ

AN AR R &

¥%@46ﬁﬂ%ﬂﬂ’ﬁ?uéﬁ%%&ﬁﬁﬁﬁﬁ%oiﬁ4
2 ry =% (Black Level, #§ #BL) g > 5d @ p|%E (Detector) 4 7% Jﬁgj > e R F

EIFZ it o %”ﬁ%l > 3 BL o BIRAZ PR Bt W g d?  E R A R PR
Wt W e F’i‘g&» A% K gf% W OARAR MR AL o
Yi—» Detector Mux | Yo
BL Gain BL Offset
) 2.1k 50wy
LN A e gNDE
if Input Y[i] BL
Yo[n] = ( BL — Gain * (BL - Yi [n])) + Offset
else
Yo[n] =Yi [n] + Offset
S § e o * A
Gain 0/64 ~ 255/64 8 & H¥ic 128
BL 0~255 8 & B Hc 40
Offset -128 ~+128 8 3 ik -40
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R Rigd BRF AW AR (5 PIFERAFOR GEFRRE O AR 4.7b 1T o
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432 #i4es B RAASE R

- Fa? o EREFF LS EREP > 583 A E (HighPass Filtering)
L 0 AR 4.8 A F8KH[13] j}“ﬂb e 2 /fﬁf LR VAT B
Tap % i ik B> e 5E A 5 C2 ~Cl~ CO~ Cl~ C20ipd v 2.0 dco
SR fHce R LAk A BRIZ S 00 Tl BT 0 CO B dF ik A o
> BB ¥ g Coring B = frd| B> kRK THFE (LV)> ;‘i—iﬁﬁjr B E T o

Co C1
Yi[n-1]
Yi[n+1]
Yi[n] > Coring m]
Yi[n+2] T
Yin-2] >
LV
C2

514.8 é%‘é“ 28 BR ARk B BB

oA 5 R REURF TR AT
Y1[n] = CO*Yi [n] + C1* (Yi [n+1]+ Yi [n-1] )+ C2* (Yi [n+2] + Yi [n-2] )
if |Yi[n]| LV
Yo[n] = Y[i]
else // (| Y1[n]) | >LV)
Yo[n] =Y 1[n]

o 4 i % i R
Co +127/128 ~-128/128 8 =<} BLikc 0.5
Cl +127/128 ~ -128/128 8 =~ F BLikc ~0.125
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LV 0~31 57 Bk 31

W
=
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R
D
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433 ' Ricx R A F

LR AR B D - b LB R i > BB 4.10 ¢ - B B2
sei2 B[13] ﬁf‘u?éé?léﬁ“ FrR Rl HRAFET R UHE  ARAFEAG
e B i# (Offset) > "4 F (Limiter) 1 & iy » i & 0~255 ¢

Yi Y 1 Yo
Limiter —™

t 1

Contrast  Brightness HBLB

F4.10 $t B2 2 R D &S AF

$ R Aok B B T
Y 1[n] = Contrast * Yi [n] + Brightness
if (Yl[n] HB)

Yo[n] =HB
elseif (YI[n] LB)
Yo[n] =LB
else (LB< Y1[n] <HB) (5 4.3)
Yo[n]=Y1[n]
i i e ®AE
Contrast 0~255/128 8 i am B 192
Brightness -128 ~+127 8 3 ik 30
LB 0~ 255 8 i~ FL¥c 0
HB 0~ 255 8 i & HLic 255

L6 RoR RE SHA
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ERARSAY Y o B E RIS A BRSOk
FAFERATRAF TSRS e LG L & A B Aol 413 #rR [13] 0 d
WAARBENE S PR RN RO TR FOTIROF I BB A LRI F
PEo blded 2 A Y o8 S A K ERE REEBR Y RZRL T E TR
IAHARR O RR Y FAFP L FEAKI c RALRAREI S LR R R
BARNL RS A F BB S o AN BEL A BT LATEE TR
w ARG KA e BERF r BARE T 4R T 4 WA UHx ~ ULx ~ VHx »
VIx» ¢ ¥ X TA ks ] 22 pauf g RT 5 BAEDLB AT | gLk
BRIART 2 REI - RT 4o e BART TR B2 R ETEARESIR 0§
RARGARFT &€ (Fo LipH TR J e fls o

0
B 4.12% ek & 7 7 B

Kod A eE B 4o
for(x =0 ; x <4 ; x++)
Begin
if (UL[x] Uin[n] Uh[x])
Uo[n] = UG[x] * Uin[n]
If (VL[x] Vin[n] VH[x])
Vo[n] = VG[x] * Vin[n]
End
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UHx ULx UGx
Uo
Ui =91 Window
Vo
Vi=—p1 Window
VLx VGx
Bl4.13 & ¢ 4 % 3 BB
¥ i LA ®EE
UH[x] -128 ~+127 8 i :;b*ﬁ B 100
UL[x] -128 ~+127 8 L*‘”_;U’ﬁ B #c 64
VH][x] -128 ~+127 8 i :1’175 Lk e -80
VLI[x] -128 ~+127 8 i ':;b*ﬁ B -20
UG[x] 0~127/64 7 L*‘”_;U’ﬁ B #c 127
VG[x] 0~127/64 71 ’:“_;w’ﬁ B 127

=+
~

LR TR R
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435 ¢ p B L REH ﬁrfﬁ)ﬁk};"'

4 B (Hue) 0B fEdheni= % [13] 2 B fEdh s ¥ Sl > ¥ a7 b o
§ow RACTREE T K RRERERRN - BHE T RS Gk
(Saturation) - £z fr R fex - € @ pFd PG 0% L e R ) o Pl R IRBE P R o
bl R I ER A TGOS SRR R SR G B PR 0
ARG eNIE Ao Bl 4.15 477

C

|

GS
N -
\./ g Limiter —
A l—b .
Vo
Vi *@ GE Vi

GS

I REEERAFDFTE 40T
Ul [n] = GC * Ui[n] + GS * Vi[n]
V1 [n] = GC * Vi[n] - GS * Ui[n]
if (|Ulln]| BND)
Uo[n] = Sign(U1[n]) * BND
else // (| Ul[n] | <BND)
Uo[n] = Ul[n]
if (| Viln]| BND)
Vo[n] = Sign(V1[n]) * BND
else /(| V1[n] | <BND)
Vo[n] = V1[n]
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4 8: & BRickr & RK Sk

GC - GS ehg sk 2 S5 4 3 4p 5 BB > e P & -4 & 2gddk 60 & > GS e
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SR PRTE R PRS BRI H B S BB F B EIDER > BT (TS L
o R o §d TR A 1 (720%480) dhk b R 0 F AR RADT RS
i HoF S & 7207240 B A e 1 3 (720%480) 4 = BRI H-PF o 08 o
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