TATINVYIET —Hh A TORODRIEHL Y WG T 1 ¥ 5 VMBHUEOFE (Fit - REB) 1

[Wr5iam X

TADINBET — I T DIz

REHLRIBREDT 1 D7 IEELHEOHS

faeEEt ! - B

| BEATREERET TEEK
LERETHRLIFR

The digital restoration process integration of past degradation

of motion pictures aiming for digital archiving

Tatsuya INAMITSU', Hideya TAKEO?

Abstract

Movies have existed for over 100 years. But because of the unavoidability of age deterioration caused
by the chemical instability of motion picture film, great quantities of valuable footage are being lost.
Nitrate film used up to 1950 cannot escape age deterioration. Much of them have been damaged
seriously. For these reasons, the digital preservation of motion picture film needs to include digital

image processing technology for damage repair to restore images to their original pre-deterioration

quality. This paper describes the development of robust and fast processing that is nearly ready for

practical application. This was accomplished by integrating noise suppression technology, developed

heretofore by us, for the suppression of flicker, blotches, scratches, and frame jitter, the main causes of
age-related deterioration. Ordinarily, even if each noise repression process individually exhibits high
performance, integrating them tends to result in an inability to maintain original image quality due to
the effects of other noise. Our approach, comprising the investigation of the processing order and
development of robust individual processes that resist other noise effects, enabled us to create
integrated processing with high performance. Through computer simulations using actual movies, we
demonstrated high-speed processing capable of real-time computation that delivers high image quality.

Keywords:
integrated processing

1. LI

1885 %, 75 ADYaIT—)RAENAZY—IZ
BEGEEB LT 2R N5 7], DEOBRENREEX
Nz, LHL, BEEET 100 F£LLEDH ORFREIASEE L TW
57, BREHIZEZ TN LDEENESINTY
5. 5H, REHCOREBEZTIHFNNITEF— 71
VABERAINTNS 20, BESLITHEH/NEZ N E X
TS, LDLNS 1950 £LENIHEEI ATV T A
WALTMER SN TV, BEAICK D EEDBEZH
STWBONERTHSZ W,

WBIATNR—=ZADTAIVLR, TIIVLT—hAT
22 BERARESNTNEENIW, TOLLINEAICE
HAEE DLERRETH 5. 1930 FELANICRE SN

digital archiving, past degradation, noise suppression, image restoration, .

BE T VLD 90%A%, 1950 ELARICIBRE SN/
TANLDE HBRBEZRDNTNE ENISHEDLH S
W, RETSRE T VA DEENESELRED D DA
EAETHS. BEHERICHED, TAIVLEHEE
HEERIC I DEBEINTERLD, ZOFETIE, BAtHE
AW BESEITOEFERMINTLEI RAND S.
T, TAPINEMITL D, RESILLBTOERDH
HOEBZEILTIENEEL/R>TNS.

BRE T A NV AERNT S, U DTN T IRk
O, TLIRER SN ETHMGENER -S> TWBES
Th, T4 PYNEBEBENBETHS. 2h 5 DOEE D,
XALH DT - EROB AN LR T, T4 DFIBEE
BHOEKIIRRITED 2 HENH B B~

TAVYNBEEEEERIES5I1CE, UHOES



2 A TR 78

1t - BMbIc & O ATREZBR D DE D X MEASRETH S
LIL, HADT 4 ¥ VEBEEOR ST+ X=
—BRE (EEE (1937 /S 13, 1005 US$HDIR
NeB Lz BEOERT« DY IVEBUES AT L%
WTH, TMIVADERBESVWIZEDRAZZH, | SO
EEI BAMTE 3~30 TAM S EEbhTH0, L1k
RIOBE & /2% L BMEE , Z0Oa A MIBLZ3HA
~3FHAIHDED, BIAANTHD I ENbMS. T
D=, BITNAZDORAD BERTHHET 4 D& VAL
HOBEEZITE, YL sk o 7= BE O R %13
F 4 OZVMBEETHONT, —ORTONTIIEZES 2
LITIeB. T4 D& VRBEEOKIEL T A NI OH
BARIE, ZOMA TV BE - BRI G E2<THDID
—%H R WREICT B ENH S O~

TAIWVLBBITIRAEUTO 4 DOREN BN
HFIETS.

(1) ZYvh—I4X

TEERIIIAAE L2V, B15 & OFR B A/ BRI 8 &
LTEHEIND. 71 ) LADRESLR AR ULE O 5
DR5ELE, vy YEMOEHENERTH 3.

(2) 7ayFIA4X

TOvFiE, 71V LEREANDROAED, BESI
I BBRHAAROHBENFERTE L 2HAROEE TS
5. TOMEIIIARE AT S.

(3) ZAZIvFIARX

AP 5y FiE, BEIMAWEE>hXEORT, KT
—AZhE R CABICHRNES $5 OREICEVE
HELTENS.

(4) 7L—LOFHEAZEN

BEHC TV ABERICBITS 71V AED BEBO
BEORREMICL > TELZBRBDOINTH 5.

U EAS BB DR ENIR ) A XTH .

TODEIB A RITHLTINETIREL OEE S
MEREINTER. HIELT, ML)IKFEES IR
L TWABFHEIZDODNTIRRS U,

7w H—EENETIE, E AN T LEER T Y
H—ETFIVHEZEBANBEAHENERER>TNS. L
ML, ZHCIRERRS —CRIBEFIBERS Y, -
BHEEGITH U TS TE RN &N D B 5 5.

Ty FEFNETIE, BEOHIERICHL, BEH
BEE G &% HER & DS EN SRIBEBRETS C
T4 ABREZTOTVS, LML, ZOFETIIUER
RIMIERIC D 2 BREN B 0, R O ERLSHET
H5.

AU 5y FERENETIE, 74+ 00— 0UEMNS hy 7
Ny FERERNWT /A XERHEL, TIN5 X504 —

SOV E Y O—D O B ETS TS, LAL,
ZOFETRET + OD—AEIZ L0, EER AT T
LESBESDSS.

7 L — LN OEENETIZ, SARRERE 2 A L
T\, ABRREHET 2 DOBENS 0, B THEEK

# B-35 (2011)

ETFNVIERTRT ZE TEEDMBOBRERETE
38, b5 —Di, HEZFETIEKIITINH -5
BRZTOTHORZ MR ERENBHTIE NI R
TH5.ZN5D 2 DDOHENSEBROTHERD S Z &
MTESD. ZOUHEE, BEORWIBTHHENTES
0, BRZEERRENNNSE EVWSEESRND 5.

PLEDERITON T EBREAEDOH TH BN, ZDF
EIREFEERNRBRENR S TW5D Z & R UIER
I DE ENSRERNBS. FR/TIE, 7UvH—%F
FINERWEEA NS ABIFTEICEDBEORWHAIE
EEB L. A7y FEETE, EROERERTI Y
PHIHETSI LT /A IREL, €740 —%DIT5
EHRERET S & THELEDOR T BB L. i,
TOy FROUOT L—LADENOEE T, R TIINER
FAERIZAN > TLES R EREL /-

ERDEMZRA > MITODNWTRRB. Msr/ia T L—
L7 L—AROEBIER OB 2 FEBRICHET 2
ZETHEELIUEOHESHE (FE) 2my S8z
L. X, BENRZ A XLERES EOHEDENDE
RICK DRI ESE, &6/ 1 XL HERELEED
BEE L - B O TIC LA WO T ORFIEIC X - TH
BLERS/-ETH 3.

BRTIL ET4DOD /A XDEEFEERRITONT
WX, THIZ, TD4DD ) A XEEFEEERD /1 X
WHMBETES LD ITHALZRIZDOWTHAL, BEIC
HEHS I 2L —2a VX VUBEOHRERT.

2 F&

REROHFEE~BITIX, 4D0D )14 XDEEHEIZDON
THREED TELD, TOEEICA NS EIR S EE
B&LD ) A ANBEMICEETEEDORMBTERELTE
7z. LML, EROHIBREDL ITERD /1 XA R
AImEhTWa. $ENL, TOERD /1 XBREGIZH
TE24D0 )1 XEEREFKRICDOVTRIEITo 7.
7, 4201 XE{L& DEFEHERITDONTHRRS,

2.1 Z7Yyh—EEumiu-~nd

T h—EBEHLEDE XITITI— 2D DFE
Y% LD -DEMLR— U RIEETOBERD . Kk
T, Z0EBROEERD 2 BEMTLORD SN-E5HD
BN SRDZFEETo . = REb 3B, £1<
EO5SBMBRICHIVEDLS ZENSZDY 0 EBEDLIROHE K
LYV BD S L BROBEREEDHET D &, KE/2EME
MPBETS. LML, —EOEMETIE, N1 7 AR COF
BERST) DEENKEL, DELII—RENRTERN
ZENBHD. ZTT, ZHEEN S I SITES (2HED)
EWMBZETNAT AR EBERI D ENTESL.H
1DESEFETII2BOEMEEFIATZ Z&I1I2LD
Rt ETFo .



TATINBET — A T DD ORIELILY AR WEO T 1 ¥ ¥ VMERWBE DK A (Rt - B) 3

Fig. 1 Flow of scene detection
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"Fig. 2 Flow of flicker restoration
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Fig. 4 Flow of blotch restoration
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Fig. 8 Blotch restoration image by mean value
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Fig. 14 Restoration processing of shake frame
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Fig. 16 Result of scene detection (Difference once)
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Fig. 17 Result of scene detection (Difference twice)

Fig. 18 Result of flicker restoration
(Left: Deterioration image, Right: Restoration image)
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Fig. 19 Result of Blotch restoration
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Fig. 21 Result of Shake frame restoration
(Left: Deterioration image, Right: Restoration image)
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Fig. 23 Result of Integrated processing (Technique 2)
(Left: Deterioration image, Right: Restoration image)
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