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Inverse Telecine by Using Frequency Analysis
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Abstract

When a cinema being composed of 24 frames/sec is converted to NTSC video or TV program, several fields are repeated to
have 60 fields/sec, which is called the telecine or 3:2 pull-down. Hence, when encoding the telecine NTSC video into MPEG
format, if we convert it into the original 24 frames/sec progressive cinema, then we can save 20% of bits compared to the case
of encoding all the 60 fields. In this paper, we propose an algorithm for performing the inverse telecine by using the properties of
the frames. Specifically, the algorithm exploits the fact that there is much inconsistency befween the even and odd fields in the
case of telecine frame, which results in high magnitude at the Nyquist frequency in the vertical direction. The experiment shows
that the proposed algorithm performs very well regardless of the quality of video with a very few computations, whereas the
conventional motion based method requires much computational complexity and its performance is degraded when the video is of
low (eg. VHS) quality.
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HIEZ vs PSNR
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Fig 2. Comparison of PSNR of telecined sequence and inverse telecined
sequence
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Fig 3. Type 1 frame and the magnitude of its Fourier transform

(b) F2le| Hake] 27|

c}%g Bii}ﬂ AT AOBE F¢ JHdA M 52 F
20 g B —r-ﬂrﬁ: AEL FA k. 1 92 19 3,
4—4 (byele 7t Gabel Fof dael 3715 Bk 949
4 Fgo] AFshre] A7loln, F¢el @ A o7} Al
2oz xR Fag A7lo. 18 49 03 3
o A% vmg Av2 A IF 9ol 19 39 1 ¥
Fe o zHddE e 2 42 2dE ¢ & Ak

T el meh ga 1 QR 34 ARl BE
QAU £ 9lon 18 AdE T A% Zol B
45 e AW o] BeAE 19 Re9 ZAYL 0 4
Fehe) Y3 42 40 2 4Eg 2en 50
A Aol Agol Tk A4 BL HEE £F9 1F% A
e Ba AolH, 5 AL AN o2 e UL

B9 otk maly nEs 4o 2718 EAOE 3

W0 W He ZHdY SARES o] FMES HYT

o
1 e zadel A% 1 é
< B3, ZHYES 03 1 Ato]o] Ao —’F%Ei A1
W e T‘Eﬂ?:lé 3= 5*1011 “Eﬂ &
o]

0

)
s;

i |
¥ o
pasd
g

B0k 2 Aolek o3 F4R QRN 29 UH-2Y
Ag BAYORA A2 Fgo] WA YAAA e
WA QA9x AFe B

89 3 Zdgs A 4es 45 BAE 2

309

(a) 0 tH FHefo| =g
J204 0 SHefo] =elat ole] Fejof wHEle) 37|
Fig 4. Type 0 frame and the magnitude of its Fourier transform

(b) Faio| Hate| 37|

ohl LA 94, 1A g F:i_l_ﬁﬂﬂl A Gyolets Be
e Aol @74 WY IA% FARE HA9 § B4
2 Sz Folq Az sud 0¥ dRERe ey

7) i EF 949 At A7 HA g
Add dxEe I APL thed o] PE v
E 3F 9d B9 A dAE Yo

X, 9%

1. ElZ8! s{u7|

1.1 IFn ME F5

Az gee] yFat R FE de PES F3HE A
tet B2 (dE Zof, 128x128)0.8 Ry, 7 EES
Fao] HEE 3 T AZ Wgor g F29 Fu A4
o & gste Aoty J8y o) Wy Aljbeke] &
= EA Aol %l‘jr E}E}* B i'“row ME& % 9_

38 5. sfoiel tigl 220 S5 ¢

23— o HA

Fig. 5. The characteristic value of each block



310
B 1. C|AEY0] Falg 27| st ARRE HE8
Table 1. Templates used for finding the display rule
HE HEa Mz Yolse =
1 {1,1,0,0,0} 5
2 {0,1,1,0,0} 1
3 {0,0,1,1,0} 2
4 {0,0,0,1,1}) 3
5 {1,0,0,0,1} 4
6 {1,1,0,0,1} 4
7 {1,0,0,1,1} 3
8 {1,1,0,1,1} 3
9 {1,0,1,1,0} 2
10 {1,0,0,0,0} 5
[} {0,0,0,0,0} 5
of HEE BT EEY ZA date Aotk nlA Y
o i A EFo| I1¥ 5AY AATH HolA A g2
olehst 7tk
ol NS UXE AT x,9 Felo] doA AdEC
e
N-1 _]'_2_75 ne X
X(m) = e N 2 (2
n=9_

N—-1
olmg® A o= Z % (D" ozh e 4 (1)
o)At ol & HAK UL = A o meq ®
E 220 gg 9 49 F& Feld @B g Rao
Fo4 A 22 Yehln 1 =99 F34 57 7o
A}

12 Bg
YN 228 5ARS HU I 2F, B ¢ 1

9T 98 G4 T 20 S0 Het ) e 27

% Ho|BE 378 o) DL W} 5

A BARS F2909 5 NF
(0% e Helz, UeiA 2 ALY

AU Fe Y RolTh ABY £

/\ (@8]
T S
e

& ofN
)
-
oY
1o
N

T guL A 7Y

d %% 12 Bl Aotk webi

z; — median

5% o 3

9 ot} 20 9 OB WrE olfE /A oty
AZatAE W H% FEE 03 1Ateld] @71 HajMoln},
714 ;= zt =z e EAgL median% oAl N 3
o 7t g o = REFHAITE v o] A#Ast 04 1
Abole] gl BF 5010%F ZPL sFoof 5L &
ZA7h YR 20w oul gk RE0l Z B0z WY
+ Reme BRI 9 o4 @ Bolg & YRS

317) AelA sk A AF o2 2ol BYsor dnk

(4)

x; — median ]

clipping ( 2 X max (g,0,)

A71M 0p £ 07} A2 v hAHE Adeolth

3 HES

Zé?fﬁ}.a: o U oA 719 £EE BRI ZYAE
o] oj" FEHZE UeA Aot 19 Heo =YL A+
i} ol 19l 7 Bg Y Aelx, 0 ¥ e =Y

20 o 77 3e B Aot wekd opdEel A9-eld
11%1 el =ZEdY AR dxd 92t {1,1,0,0,0),
{0,1,1,0,0), {0,0,1,1,0}, {0,0,0,1,1}, {1,0,0,0,1} ¥
OA 714 dE8ld vy o SR A Ao 4
odld =Zgdog A8, {1,1,0,0,1} 59 A3 2Ag
Fenz BE F9E T 4 HERY FE 1%
0 52 Eolee A9 F(25=32)th Iy X
V¥ A% vaske AL AFE A Wed %H
7h 2 wet o AAY A9 gHlolT ek Ay OAl
zY Qe dg AEERH dA P28l (1,1,0,0,0) ©l
1 HEE PET vsiFolol @ diide] MR ZoE
o BYE Yyl 4¢ Aot dg So 84 FYo
{1,1,0,0,1) ojztar weto]l W2zIchH, taZgo] 3o
HIAA, 0 ¥ el =Y & o] wHuy AZEz,
gl g A5 WET o A% g gelgdA o et



W3S =R 20039 AgY A3S

{1,1,0,0,0} o] 7|HHEF 9lte Aotk ® 12 A4
9283 7k e dis] o Aol {1,1,0,0,030 71l
HEE AR dolgdold ZE Y Fojty F 1914 (10),
(1) 52 d9del dEsoz M 11 P53 Hygoer

Sdol= BAV} W oz wausiAg F3be) A9 ¢
T A% Yeide Fgold

T o ARGl A0 FA =g g Frst
Ay fioE deA W #ds IdE B2 dok 3
T3 zZd el tig FEIF idE F o AXd wd
< ZAAk gt & S %5& %J %i I ged A
HlZE ste] Tef B 19 ( ) BEF 7 7
ATl A37h g lxd @ZUr ‘24’%1 e 23
ojBZ, 1 F5Ho Fui HTT F gl AR ofel9
HERFH 7P ST, o A7 Fohvd 02 Yl
e ARE AAUA, o A Aol A &
zﬂ% Aol 2RoE 2P W g3 AHAA #
< Weokdith

”PQF 7V e HE %101 £ 19 (1), (10), (11) &=
of ot #tel £& dRE F 7HA 7l—r°ﬂ s 2
e 3 WA 71%% EE AdSol H&E 271§ Bol
B 2o evh ohdd Tl tE #e 7HAE EolA
AE 7holt YtHe g JEg Wy oEHE Aee A
78 @ FEe] 05 AFE HAA 03 Fee Zy AR
1M Fee ZaddA ddetr] og & Adgolr), ojd
Fol e F2 Aoz N2E 24E Jge 25T 7)1&
44E JWE RfAsE 2ol Rtk A, MR L
Age wolgoly] A% 27 F e okdlg 7o) Fo
A FE3 A& A £E349] ALY BF HATL o

9 BER ool S A2 s} Huh

&..

Tgzque Ag > T (%)

F oA %S ()9 9ERAY A A Fe A
G7h ekt Rolzk et S Rojnk 71E AHE 44
g A, A2 ARE UHoR=AE BRe} st 4%
A4 BLF Ruolth & MZE AR Wolsolr] A%
E o 7 2L

(LW AERFA A -Ha2 A > (6)

311

oftt. oldel F kA 27 VEI MR AAo| o}
Ak 28R &oW JIE ARl FAE o) &
Aoz oA Y ZE ol Eolgte W, o] ZdYUs £ 1
of verd o A FER T SUE FetsiA "k

2. BHE THR(LYAIU|/LafbI1H/ 252l B

T ol A A GgelA s
1,0,0,0}, {1,0,0,0,0}, {0,0,0,0,0}
3 %ﬂl/‘hﬂ FEolL A YAE H]
¥ EE A -’F%C’l 2kl 3kt

2.1 Wit Al o dIE HAL

Trep A A gAtolztd iR FE2 A4 DAl
Lﬂ FEY Aoltk v A4 LA £E9 vl go] At

A (dE S0 Ay old}) oz BHHA FAelY £F

FAY Aotk wEtx A4 DA L HEEREH
%12}11°§ Avs HHAY fFA Lojok ste FAE
sl

22 53 F&

J9 59 715 E JUZE AMslY o3t 722 EAe
T3 o471 k—largeste] duje X o e
oA Z kA9 e 9 te Eojuk o] g2 guiy
g Y H4E& SE FHL SAD(sum of absolute
difference) o]t} &FAI%F Y 7o FAE FUE Flvhe
HolM #Ee 93-S dA8] U ol 3 dAE 2
2ot &3 Aozt & YREWE yHAuE HAAM 3

_8,0{)1 o

Aol dRgelA PE S A2 A2 ar,
M= 30 1 Tu(0) = Tooa (3)] 0
BM= 3 1Bu(i) =B 1(i)| (8)

TM,& nas) =895 n—18x zeele @ ¥x
o BUAE YEplE X5o)m, BM, & nusl e
n—1ws Tage] ug BE Alole] BANS ekl
Zrolct,



312 Y 9 ¢ Fuy BAS E8 Qw2 DAy 7Y
23 oAlE E2 mCh H 2 9Ale| ZRY 02 Zggle] &
ade oA Zaose] ga 952 wwoe Ast Table 2. Structure of frames according to their types
{1,1,0,0,0}, {1,0,0,0,05, {0,0,0,0,0} & & % (o) SHEE U ghie] SRiAl] By
0 1 2 4 5
i o 5 94 W Fdgan, vy & ¢4 Bl A A B D E
Al Ay, FeulA gaelzbel weld & 29) A 7t ae | a b ¢ d £
AY = 72 Zo) s /KA "ok E 29 712 W (b) BiE BE M siAlo] HaA A
ke ZHQe] WEE btk A9 Tl Zags ol o | 1 | 2 4 | 5
A @ zZdds 2PAM Z A4 A Zage FxE § | A B c D £
deplE dok A2 WS B WES oY Y2 gu e | o | 2 | b ¢ | e
o 2o gr: 7o 2dz AF9 Qi nehd g (©) el 2
o 2L YA FRol B2 ) O 4P Kol o [ 1 [ 2
g g A B
™ HIE] a b c
1
log B, (9)
oot J|E
B 2.4 |
log T, (10) 928 HwE 8 Z2ux AdsEe 2929 YA E
selstgA T 9ER vl ARt ARHANE T 3
A OBA(E 2aolgn® TMe L ZHUe 242 A8 9o Hge) Fud Sk gt

FAHeR ¢ = 94
Ag A9 39R0ln), BMy & as} be] 2930)0) uha
‘:’?J_iIOIEI BMye c9} c9

%4 (10) 2% 2 B4 U3

7z TMye Bet C9
2ol mapa 4 (9)
HolA Btk iz =alzie u}% 4= 94 WL
BE 2 ojse] ke Holnh 127 dEld Al &

2% 2 Az BYAUHA
B RS AM ZeolA £40) gAY Loy &
T A ez ASE RS Busl £82 A
QuE Ego] AHI(IH2 DA I EasE 4
T 94 AT 0o Jbhe @S BATH WA o % B 2 AS) BaAN Y P54 s SR
2GS s gaAMsA 2 Aol §h uEk

M2 PyEe $7E BEL 5 Aok

3 9B U2 28w

=T o=
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T2l 6 H2AE Hab 1 (FILEIL)
Fig 6. Test Sequence 1 ( Kissing you )

T8 7, HAE Aat 2 (Hb8 )
Fig 7. Test Sequence 2 ( The fifth element )

T8 8 HAE %4 3 (HERA)

Fig 8. Test sequence 3 (Matrix)

T2l 9, HIAE Hab4
Fig 9. Test sequence 4
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3210, HAE HA 5
Fig 10. Test sequence 5
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Table 4. Moving pictures used in the experiment and their characteristics.
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