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ABSTRACT

General-purpose MPEG-2 video transcoders must be able to
achieve any conversion between 18 ATSC (Advanced
television system committee) video formats for DTV (digital
television), e.g., scan format, size format, and frame rate format
conversion. Especially, scan format conversion is hard to
implement because frame rate and size format conversion often
happen together. This paper proposes a fast motion estimation
(ME) algorithm for MPEG-2 video transcoding supporting scan
format conversion. Firstly, we extract and compose a set of
candidate motion vectors (MV’s) from the input bit-stream to
comply with the re-encoding format. Secondly, the best MV is
chosen among several candidate MV’s by using a weighted
median selector. Simulation results show that the proposed ME
algorithm reduces significantly transcoding complexity with a
minor PSNR degradation.
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¢ ZHE dHEs5o fsl, ofal SYA EMABY T Eo|
Hot=lof goh SHA EsiAzmge ool YE=O Us
SY4 HELEZ ClE BIESZ WLl [5], CiE Zad
378 2L} [6], CHE EFo| HEGZ BHENAHFE (7, 8]
ZZMHAE olojgich A HHMLL § g EMADY EIJS

SEMe EdHAIYo|2lT sto, nix|9f Aol EMARY
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Input pictures: I/ 12 P; PB; B! 1[3; B:P! P¢B, B B B{P; P;B, B B, B, Ifg;OBfOB;IBf,n'S P,
! : i

Decoded pictures:

Output pictures
(re-encoded pictures) :

I, I, B\B} B, B, P; P/B. B} B, B{F; P/B! B; B, BiF; P;BIB,, B/ B[, I

\0 P, BB, P B, B,P, B,B; 1,B, B, P,;B,B,,

12
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Vertical Pixels Aspect Frame Rate and
Lines Per Line Ratio Scan Format
1080 1920 16:9 601 30P | 24P
720 1280 16:9 60P | 30P | 24P
480 704 16:9/4:3 | 601 | 60P | 30P | 24P
480 640 4:3 601 | 60P | 30P | 24P
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down-sampling2 #IHM= H %X cubic convolution scaler®
AREEiCt [12].
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vl TWEOIX|E UENE TE M8 QE=EE ECh F,
Mg g "eol #x HSolM ZOEXIZ{LL (T2T mode), HHE
LeolM &old £X Act (T2B mode). FASH, M2 &
ool #x HEolM FHobX|{AHLE (B2T mode), HIE Z=olM
olA 5 Uct (B2B mode). Z&2l MC2EE s inter
MBoil X3 & EE MB ¥ HiE TS MBS 4 2T
22 B2B 2EE e=ci JHEEicl oixlgtez, & HE
MBC| &gl e MyrE JHXYH, 1 MVvE 2 HEHEZ

2041



Qn

2003 OISt A5 8tg

NS S HS] M6 RIS
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"= MC 222 F9, MV ¥ Mp*ol 22} T2T 2=2} B2B
ZEE w2d, M ¥ MPS ANEZ Zag Mvet Zcln g
% dct. ag{u}, Myol T2B 20| Hut, Mol B2T R=0]9,
My 2 Mol 3 MES82 o3 Zol M=HElojol Bk
MVJt T2B REE w29,

MVy’ =MV},' +1 (1)
MVIF B2T RS E U=,
MV, =MV, -1 @

Al (B A 20llM, 1 2 & stag eojstef, MY, 2 2
MV o & MEZ LIERACE Bt 30129 offset O E
Leeof ol HeZiel sampling %2 o WE 2FE
StobEch w2tM, 92AM  Tladt e aFE  AHH
EdH2ady DE inter MB 2 HoOjT siLle &2 Zalg
MV & Zech

B. 2X ¥2 MV &9 F&
O3 29 22 A v|EHO| M sub-GOPE o2 SXt
(A8 3 &x). 28 30iM, 2 MB2 FRYEC 2D FI|=0]

ek B ol #8122 EAIE MBO| T2T 2% JiXD UctD
JHgsiRl SEE # EAE MBe MVt Ensie B e

I, Atolel =59 MBE (I8 30M &2 H22 EAF
MBE)g %= Zolch o of &&= 7|2 o33t Zch s
MBI} MVE& w2l MCE MBo| ZAxl= MEHo| MB37|e|
50%% HoM 2 MB2 f E7|E MBS MVE X #H2=Z
A=ch Sub-GOPUioll EXste ZE MVEO o #2 ¥g
ol ZIAHO 2 sub-GOP WSl 2E inter MBE2 A}Y|
AHAle] BEx 5 MVES YA =ik a2, o/ npdolx
ETS5ID, o MBEZ off #E MVEZ UK ¥ %
2dch ol AL, (0,002 2 MVE 7|, S MBZ intra
MBS Z X2[& £ Uk =20lME X wyg
&4 BT}
BHE, A 2Y wizto] Z3g FFo| Aol HY H
Hels B BsiAl|7] mRo, 22 MVe EE 7 HEig
Helof w2t HetsiA A L= oo ek

ja:

I' * B B B, B P P

Lﬁ/—J

Sub-GOP
J8 3. BEx 2 MVES 44,

2. 78X St4gtoll 7jHkE My MH

IPC % downscaling®ll @A, 2! inter MB2| ®£5 MVE
=X MVE @8tct. Down-scaling Foll= £ ChE ghalel MV
e gho] 1o, ol m2.BHEOA ZjzElct

A. Down-scaling O] 2l B9 SY4 EHAZY

HYst JiEXE ct&3 Zo| PEch
e Myt Myol 4% T2T 252t B2B 28 29, ol
MVE2Sl 718zl 2% 28 MYEIchH

JiExge 12 BYEC

® 27} inter MBO| A}H|2l MVE JIXIH s & MVel JtEXle
20|c}.

MVEl w2 242} LW 2 MVold, 1 JIEX|§ ofo|gict
BRI @ Jigl MV MEI|= ch3at Zol E3Ech

X
ZWIMVI
MV, =-tp—oro,
W
1
MV, 3t k= 22t FHENeE FHE MV ¥E MVES
Folct I2iuf, of e MV Tl Lstx| Esich chAl
Ys sh-le] MVEIZ S mEo MY cig gEel g2
718 Ze ggaol 3N g2l $ ok JM, 2 =§2
Cigat 22 718 2 MYl HYSick

MVf = MV"min

3)

X 4
oy = argminY w | MV, - MY, i =12, K.
i j=l
A @I el Lo A2l SERE slojsicy,

oln
02
0

B. Downscaling0| U= ZF2 E

Shen2 ZIE x| ol 7igst Mv M=) ghg okt o}
Act [13]. Shen2 SiE MB2Z Zxl= MBel ZA WEHg
JtEx| aol RS Fsich Majar Zefel 37|E e
Eg4o2e EfAmngg  fiMes, MBRR MV
M2.AB0AM HO{ZI £ CIE FB MVEREFE AHAEIC
Qg 4 E=x). JEXN7 Bxle HE ul2t ZFEO
F23l2l, 2E 2 MVER JIEXE ReE MVEREE
ofxict, ut2tM, Zt inter MBSl £ZE MVE 715X 3 &
MVES 0|8310] 4 (4)o =l&) o Zlch
Scaled resolution

mrrx

Original resolution

it -1

I8 4. 23HeE MB 3 8 oz T

3. MV refinement
Hoh L2 Mdsg fd, fdM 29

EMoR dista cil2 105 WXl Edi 115 HTel H4Y

ot Lol A refinement & SHE £ UCh clE2 He

A8 ZIE refinement 2pH S| &3E Heolch

HE 2.PSNR (dB) 4%,

Tennis Basketball

Mb

ps 0 +0.5 | £1.0 | 1.5 0 +0.5 | x1.0 | £1.5
FS 31.1 32.1

7 { WA {287 ]304 [309[31.0]31.0] 31.8 [ 31.9 ] 320
WM | 292 1307 [ 31.0 [ 31.0 [ 31.3 [ 31.9 | 320 | 32.0
FS 31.7 32.8

8 [ WA [293[31.1 316 [31.7|31.8] 326 | 32.7 | 328
WM [ 29.8 [ 313 [ 31.6 | 31.7 | 32.0 | 327 | 31.7 | 328
FS 323 3335

9 [ WA 2997316 [322]322]325]332]334] 334
WM [ 304 [ 319 [ 3221322 1327333 [ 334 334

2042




20034 QStENSEE S

tAEEet =018 267 A2

Iv. 2o Ay 3

1. AE =H

MPEG-2 TM5 £&7| ¥ =357| (3]0 7|gtst EH AR
detst 7He HEsigch MEE ¥ F O o4H
HEHES AL2Bch.  Tennis?t Baskethall § F4 HE

JZHYES 2555t YUY v EGs0l 22 SHEOZICH
SUAES 1920x10803 7|8 7iXIof v|@ FAL 24lolch mol
15, NO} 3, 30HzS! Ea|E, B|ESS 20MbpsOiCt IBB.P2
GOP X E JH|od, p-Zaiglel SEY HM Y= 163, By~
majelel gbEe #3] WS 163, B.-Za e Surete2
+63 WSS £31520[Ch 0{7|A, B;-, B,-Zal[2 2tZt sub-
GOP W % 1M B, & &M B-Za|dg oo[Ech

Al ghalel 720x480 EYPAte 2ol EHAIYHE YL
28, £3 sYatel T 82 60Hz0ICL X £355tE fIE
MV B4 HeE XESHoZ 4 ra=zPe HFECH
£2 gah A7) Wt UH AHUS M HAZ LeCh B
MEolAM A vg82 $3 gEol 480/1080 old, =¥
ubsko| 720/1920 Olch EO H{EIL AMERlE 2RE R 5E
o2l &2 Yzt S MFECH

Hotst ME 7/ PSNR ZWollA FSASt H|mECh
CE0{A, M2.ANOAM MY F 2tx MV M= arglof
HIIECE JIEX HF 2AlE WAl REch WA galE
Heotst 22| E0 HEo| =od, MV A8 2o Msol ofd
Adse ojxlexE ot HAlM 2Elct

[~o—Fs = wa —— WM]

32
315
31
30.5
30
29.5

PSNR [dB]

Refinement range
8 5. Tennis YAOIM BIE S0 TMbps UHS[ PSNR 5.

2. Ms #Hot

IPCE R, down-scaling®! YANE (M F3sPlel 49
ArE)S GAtol2tn ZHFESID PSNRE Al4HSIRICE 7Mbps,
8Mbps, X 9MbpsE EMATYE ZIHE E 20 Ect 28
52 PSNR 22iZojct I8 5@olA, O  refinementT
51X e P, HotE 7Y e WAECH 0.48dB f35ict
JE{LE £1.0 OlAte| 2R g4 Fdol| M= wASE Mokt
Jlgde 2 PSNR  xolsb  gich  EHX| #1.0&kRe)
refinement2t2 2 A ot8t 7|2 FSAO ol E2t 0.08dBTtE
1% MBE S FEsEL 205 HE refinementT2 2T
M gtst ME g FSAOl H|s 038dBHTCH WO{ZICh HHH,
WAS 0.64dB2l Blm™ Azt 3 XsHE  2elch
Zuxoz, Mekdt 71y 2 2050t 0l®CH 2 refinement EHAY
oo g JtE Z$ FSAO IS Msg 2es o # Uch
Bk HoHEF 7|2 A WARCH LIS Mg Helcl

8 5(b)2 BaskethallN B A0 ME, RHohs 7|82 wAa2te|
PSNR X}0|7} Atct3| Zich o8 £01, refinement’t $18 &,
£ 7|®{Zi2| PSNRAtE 0.23dBoll E=Ristct, 22{uf, ekt
7|2 oS B4 WARCH g0 TS5tk

Hotsh 7|gie] oM Y| EO{Ech A @pol wE
MV AEiZ|of oipz Hebe AFHZ PAlE abstz| wZol,

X B&5351712) ME A odage I ghstd ciflel My
refinement 934HZf0| ElCh

w2, ®ergt ME J|HE ol8¥ MPEG2 S84
EABME i H2 AMFFEZ FXEIHM, A 4
7l M 2F MPEG2 SYU4 EdAICIeL Hel soE
PSNR &5 E2olch

V. 28
2 =22 Z7IN AT HE2 82 AU B HEZ
&3 12{E MPEG2 SY4 EMATYE 28 IH ME
7Y E 3 ZY%ol St FE

MVES 93 HEHoA 258 MVES 0|83lo] FAM3ICt
EMZ JIEX BZg Mo 7|gtEt £E MVE ME{ECh
Dol MF ZozBe mHoSH 7|y EMAAC{S] AMBS
3H Zo|HAM o ££3 PSNR M5ES 2s ¢ & Uch
SISt B4 20| Progressive to Interlaced A7 XU gistg
e EdARYOlE YH HE Jtsslich

iz 28
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