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Lossless Video Compression System Designation
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Abstract It will create the problem of great degradation in video quality, when the digital video is compressed by using
lossy video compression algorithm more than once. That will reduce the rate of reusing the digital video. Thus a new
lossless video compression algorithm has been proposed. This algorithm features in: (1) an improved context-tree based
arithmetic coding is proposed to compress the residual frame after motion compensation, and(2) macro-block based motion
estimation and compensation method is optimized to improve the compression ratio of lossless video compression
algorithm, with consideration to the improved arithmetic coding. When using JPEG-LS and CALIC, the existing
state-of-the-art in lossless compression of still images, to encode those motion-compensated error-frames or residue frames
to formulate benchmarks, the experiments illustrate that the proposed algorithm outperforms JPEG-LS by up to 23.3%, and
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CALIC by up to 19.3%.

Key words Lossless video compression, Arithmetic coding, Motion estimation and compensation

1 57

T PR 6 10 2 S 0 A KWL R G AN R, A4
FEARAR A T B TS AR R 7, Herh it
JEMPEG 2 41| AFIH . 26% 2 51 BWLHIE i bt . 5 BUR i A
P 45 35— 4 AV AR BURIPUIE (515 6 SR SRI
(RRA G o EUIS TR 22 VOB P AT 45 B R TR 4 8
SN, AR AR ORI R, AT S 45 5 LR
ARG, SRR T B Wi vl FR % . BB
S 55 B A I T LA S 2 ek A P (R S S O I B, AT
G T IR R L

TEBHUE G AR 2 BT LA A BN A 9560, Jerpg
JE DG (1) TERIR 4 1T LA B 1 1 45 % T A b
SEBRI I (2) KBRS AAN F P kA o 2

2004-09-16 i £, 2005-01-07 /7]
[H 5 973 1%1(G1999032900)F1 [F 5 [ 4A Rl 244> (60028102) %t By ik
o

fige s AL R IK B TC B0 SR Bt W0 215 98 (1448
ANATTRE e Joe e e MU SR (K3 s et o B A A K S
3 45 1 BE R A 27 AR FE A T AU R ok R R 7 ) . A
e-cinema ", i TR AT USSR S I ik s HR R 5,
117 ELAE ot AR O T 4 1) = st € B A S0P o AEIXREAS 20
N TR i B 20 v TR U AR, AT
AN i 0 A5 12 PR BAR K 1R 5 ) o

ATCAE MPEG2 HFER_E B T — AN H B o4 L s
AE, P T RSk AR T R SO I SR G S A
N TC UG L T R iR S0 s [ AT X S PO
5%, LA 7 MPEG-2 i3k R B gia sh v S5 w5k,
DA i o A5 A 47 SR R T 45 %

2 FRISIEG R XML

Motion-JPEGI WA & 45 b vk rP 3R it T o E 4 KBt



386 m 7 5

i 28 3

FEREAR b s SUREAS AT A8 P 5000 s 2, 1T T SR i 1) 4
W) 53530 e A PG i S AT A B, bl s AN AT AT 4
T A g A 43 . Motion-JPEG FHE 4 LR 70 A S BB %,
AR A A, AR TE R A b, 25 f B Tr) 1
5 B ICA MR S K B2k . 3D IPEG-LSPY k4l — &
BT 2 2% i AR B i) 0000 7 R IPEG-L ST 245 i) 15100
HF, TBBOR BN 7 25T 77 S n g iR 3%, (EE T
RO T vk R AR, TR BT MG R 48 A HE AR
TSI R B ORI R A SR AT AR, SR IX A
JRPR,  FAT T TCAR AT 45 SV IR w2, 8 i Sl 1
AR 45 SR hts b, 8 B B SR AT 4 i
(A B SRR 4y, AR R e SRR BB (G
PO 45 000 X RE VIR 5 — A A AE T AN ) 1) 1 55
i, LWz sh il vk A g nY, T DAE AR (A T AT ke
b . - TFMPEG-4 FIMPEG-2 7E3EA L4409 1, thinis
ZATE, DCTHRUG Sn i R R B, LAFRAT TR
MPEG-2 1E b SR B 1T 1A JE BRI 4 7

S —ANECF ST A, BARIEAF 35, K
FeAUNRK 53 A A4~ GOP(EIG41), 54~ GOP Hhiail Aiyifr
SR, JEH GOP ZMKgsaAWERN L. HT%
SORAE TR, FTUSETREAS GOP Al — AN, $HikHE
AL ] IPEG-LS EATWI M gty AL IS Sk v 532,
ALl MPEG-2 Py 1 it X T GOP H IR Axibot, S50 U3
o AT W S AT AME BRI IR A BT,
ARG A AR G i 510 G 38 B A M2 (1 R 2E FZ Bl ) B, 2840
MPEG-2 H ) P i Pl 1 45t T 3T (R JCAR RN 45 0925 1) 6
(7T A

TCA RS 45 30 5 B BRI RS R BRI AR
Z IRV R TCAR RT3 ZE (2 A U4 . PRI AR
T 4 53, N P 5 T (L) RAGIZ sl
TERIEM RSy, TG Hh 23 BR G 3R RG22 R A )BT
B QARIGRAD T AR Sy, T2 BRI S R 2
AR BTUA o ARSI T A b R A G ) 7 ST
gy, P T RSO T BN SO AR G, AE A oA
MU 455 S (A B 7 S0 28, SR e To U s 4
FEM RS R . RIS MPEG-2 HEAL i (3L T 22 k(32 5

GOP1 “ GOP2 “ GOP3 ‘
IPPPPPP... | | IPPPPPP...| | IPPPPPP..

AR 53]

PRLEM

183 =
X i

Bl 5

B
Y S} i

K1 TeR A0 SR R SR S

AT ARME RIEIEAT T AU, A T DABE 5005 2 i 1 5320
Gy NIIACHE S IR

HRGBA TEAT BRI AR 5T L ey, e 15
FIRHAL YOV MR OLR, @ sl sh e n] DL A
MR . BT ABAMKARLE YUV 4% EHAT IS B il v Rk 32
L, X s MPEG-2 —#F, ARG,
P ) U ATV SRR Y i) B B R R R EE 2
LUIBE G5 50 252K o 05 A I& 3l i) B 23 3o i A 1 X 20 o
A Gy, XA AT LSS 2 B - 18 5l 23 S it A PR 25 )

BILAR.
3 HMERYETF ETXHEE AL

BARAETCATRUUE 48 5 TR TAEARZ, (HEX T
GRS EIAR R TV, JCHAT ORI 4R RS AR L 4 7
Mo /5L RBMBIFIE S, BA TR I — Sl o (1
ARATELREE R (DI TR GG BRI AR g (2)55 T
AL GE TR [ Golomb ity . R # AR T FLE b Bl i H%
A, IR 2 ST R A G, SRR T 4 P R i %
K, AR E L 1T A, CALICTOR A X —+%
R, FERET Sbrig H LB HAR, did itz
LRI GE VA, m DLAE AR SR AR T AR I I 0 T HX
FHAHSEASZE (R A 003, NI B & T /e R RIAR A F 1
S, JPEG-LS/EE X —HARMMRE. T 45
SV A SRR KRR AT, T AFRAT A5 S
Tl 4 ) B B 5 8 % B R 45 ) S T AL 1) SR
i 1) P A e, [ ST LUE ok (A0 25 R R i /N V552 2%
JEERAR G PR3, AE 2 T DAIE TS bR N ) TR 2. ik
TIXANH K, AR LA T 3 AN S5 ik 3 A5 A g i
e N e AR R LR

(DX TARZEWI A RZEGR R X7, AL 4 A
WG FERE LN UPA, BRI aE 2) it Bos. X
TR B EG R, BSOS T LIRSS LT R
REEEAT VRS, BTN @5 AT MR R RN
LR SOR A () HoAb T S AT IR R R R SOF s
HAT “17: () HARFTAT 58— FIIR 24 1 bR SOF 51 A
“27 R “ars (@) HAbFT A B SG AIMRZEG RN R SUY
FIRA “17, “27 Al “37, 5 CALIC Sk i iR ZzES
TSR LA, BRATMAERE TR “x” 11 4 ADMAHEBAL B )
REARF(CALIC 5k ol 7 ANk . B R SUPS). BART
TMER TR BRI, AKX 4 MREGES X7 X
BEd K, IF LA BAE CALIC SEplbke, w54
TreA BRSC, B RRATT SR AT B R SC B H T
CALIC H3%:(576 X 8), X 1] LASE I HEAf b A 1% 22 1) 4 vt
BiA,

(L8 “x”, “1x”, “12x”, “123x”, 1 “1234x”



%5 3 34 R R [E S P R T AR (RS 387

FERZEWP LS, REESLIRZEH “x” FE AR LR
SCR AR ST AR

P(xll)=zyn::)r2(y). > PxID=1

P(x|12) :Zyzl.i(ni)m’ > P(x|12) =1 .
P(x|123) =zy”:jf2m > _P(x]123)-1
P(x]1234) = Z% > eP(x]1234) =1

Hrfng(x) RET x 5 EFI0FH) s i HBIRE, EAQ
RITE W REM BRI T K4 PRS2 G5 VAT 42 SR . 17
RS SE AN RS IR A1 A TR R g5 R Py, FRAT TR
Zh BRSO . BT ERSUR SR E N At 4 MR ZERFEN
J, FTCh BRSOl R 2 A 4 2T AL AT AR
KT UAEETAEXA AU AT I BT R SR 2l
WA RGBT B 2(0) s T — AN bR SO
BlF o N TN R A, BRATEAT IR
BR[12]—HE, A BN RZEA “x” FENL AR I PYAS bR ST A
“Ux7, “12x”, “123x”, F “1234x”, K AFEIRZEWIF, i
PR TR SOV AR B e A RE I, T LATRAT
A LA IR S o — AN, RS — N SOE XA
SR N SO A AL B, RN 2 SARER T IR AR
BRI B R SC. P 2(b) (R T LATRTAG RS 2(c) ik &
a8

(R)TE_E N S R RS AL R JRAT HON AR Y RO I
(R RZEAE HEAT SRR L BORVORAE , TRIAN X T ) RE I iR 25 1H
AT AR IHL, RIAEAN Y S Ge AR #8547 — N US”
(Unkown-Symbol) £3F 5 >k 2k it 75 48 1455 8 v 3 e 3R 1 e 22
fH.

2

(@) LR3CE () L FSOME T (o)A B SOp

FT LR 3N, XTSI R A Pt K
AT N7 A N SOW R G s Bl 0 iR ZE i (R iR 22
TR WM T ARG R X7, WO
AR SR T AR R, HIKILHD “x” (BRS04 “1234”7,
HR IS —NEEILRCI B R 30 X, AR BN SO
RAFILALE R ATy 4 FifOL: (a)IRZR 5 1EAE root 9 5,
ERSOR AR A B SAR RIS (o) R L
E2AAAE AR root 5 i, B SOFSI A3 FIILAC; ()R

fsik
FE—ACALAFAERAR root 15, BRSP4 2 UL 5
(A FRRAF AL BRSO i — A5 .

XFTEDL (@), M root T ST AR g i ik 2 1 AR
“x7, W root WA MEATIREBRZR X7 IR,
i —A> “US” 15, [AINKRZEGRRME “X” AR —4
SCAF us file FHORAF o HIARIL—A> “1234x” (K715 R, (A I A 2
A ETRIOFH 1234”7 AR — A0 SCERE root 1 IR /R

AT 0 1.

TEAE R ZEAE “X WA — AT 55 P I GE B, W
TRAT “x” FI “US” BAME MRS, Harilidh 1.

XFFREBLD), BRI AT P b, WA
MP ISR T, AR ZE AR IR T B R —A
i I B{E Threshold (& B %715 55 L R RGER),  TIAR 1Y
2P GRS R A i A5 35 “x 7 I EASEI R P A
T p', WRAET N p' AT, AN AR
TR R AR T Threshold, TR 5 p' (ZE iR AL g i
WERE X7 RIS, HEAF] root 15 4. (EHID
AR, WAL S TR IR G X MR
TG MRS —A “US” 775, K RZEBRRME “X”
NB—ANSCF s file HFER-AF . TR P 3 root 5 s A2 L1
JITA W MG B R ZER A “x” IR0 1.

XFFESL(C), BRI R IEE— N AP b, TR |
FIFANA €127, RILEMFHIR “347, A E ()M
EIET R P EIRZEBRE X7, RIGWIRIL—A “1234x”
5 a0, IRPERICEC B R SOP4 “347 FEh—AN9) 30 3%
BT P AUHTEAE “1234x” FT 5

XEFREL(), BB R I B “234” I,
KU BRSO “4” AR BL(O) M EIEIE S B
PSR “Ax” EgADIRZEIR R “X7 T3 B A TR
5332, JTLASYSE B XS BN A3 “237 FI “47 . [rilin
PR AT L 1237 AR SR3C “237 R “47 IR AT
HLGE B BB AT A “Ax” dkk . ARJE WIERIL— A
“1234° x” (WA R FIRPRERUCECI BN SOUFS) “ 47 BN

AN IHEPENTE “123x7 K1 “ 1234 X7,

I J5 S0 BRI R 2 WU g ), T8 4% (i us. file i i S A
ARG R, RN XAIYIE S 2 B Wi R S g
T 2 WOAH [ 1) 7 VAT IR g g«

TEAZSZA, BATVASE R A 1 R i 8 12 22
B, IXFERT LA R b 31 R SCECH I 201 AR LR SRR
o) 0, ) ESE BEOR bR SO R, AT R R AR 2 R
H bR SCHIBOH , y DU R ) b SOR S N £ i
FEG AT SRR G RO, AT HUA B o e 4 26



388 il

i 28 %

4 MUBIETEREHEITIIMEE X

MPEG-2 HEZLH P B Al vH AT AMEFIL 2 T 16 X
16 (KL BSEBLIN 6 T A REAS LB, AT — 2 il
THIARUUN RS, BATRZEZIBSE, WA RIRE, R
FR s B )2 12 R SR Is Bl 1) & . X TR (%, y) il s
e, sah (Vs V) AUEIE R 81 A IR -

15 15
SAD(R,,P,)=> > | Fy(P+i,P+]) R (x+i,y+))|  (2)
i=0 j=0
(Xl!yl):(Px!Py)iﬁjE:
| P, —x]<11,
I[P, —yIKILV, =X =XV, =y -y 3)

SAD(P,, P,)h /M

H R AR, 225 t iR s t— 1 Wi,
FERTP A MMEE () B 2R R Y
EG,j) A
EG =R 1)-F(i+V,.,j+V,) 4
SOk A F R SOR 9 SR S i B ) SR IR 2
WU 2 (A5 BT, REEZ ORI, B7E 5 3R EE
KRR . HIER(3), MPEG-2 HEZEhigshfli v R
TEAS I 5 ST AR U A2 fee /MR ZE 0 E 2 FI(SAD), fH
AR /ME SAD BRI TRINSE R, AL e T
RZEMHZ BB PLAK, R W AH AR (5 3R ZE (L AT (1) O
CMERORES T, AOXPE LT 4 BARAE A ok i 2 1 1R e
P AR GRS STL MR ILERAT4E SAD Ml AR 5]
AN [ W TR 2 {8 2 ) R 1 2 2% 78 7 COR, i
AT ZE {8 T ARE G sl IR 4 . 9% SAD(NewSAD) 1T

AL UWTF:
NewSAD = SAD + @ - COR
15 15 o _ 1 B (5)
COR=>>|EGJ)-E|, E==—> > E(])
i=0 j=0 256 {510

H e, j) REPAPHIS R ZEE, @ RAANIIBUHE.
DA 5 R 2 BT AR e 2% g f5e /MK NewSAD . AK(5)

FHRTLUREL, FEIEsh IR R R, FRATTAR R R R

ZEAER T REMARFRAE — € HITE I A, IXFEAT LU 2 ez

AR IR R IR ZE (H AR AN SRR, TR T 0 IX 2815 3
RZEA I GRAS AR T FL ARG R ZE WK F BER A, IR
4R RMRTEAT 2 T — € B PRAIE,  AITTFEAR T R SO rp ey
RIVECH, W TS B @ M5IAE0E N TS 4
JRRIBEAEAE ORI E (K-P l, SERLSESS, FATAIUBUE
@ WA 0.4 G TARZ KL

5 SBERS5ST

BAVER 5 AR #ERIMPEG-2 AL A% : Mobile,
Flower-Garden, Susie, Mom, Ttable-TennisFl 1 4N FH E#HZ AT
IR OSU-2, HHAT T PRI LSS, SKIGIE Beil T
POV 455 VR A E . FESE 1 AlsEieh, HLEHE
Motion-JPEGHIHESE N, 43 748 JHIPEG-LSHICALICH i H Hif
o U 1) TE A5 VA5 406 A0 7 A AU — it 9 2% PO R 9 1) G
BSR4 508, S BA TR 35 T MPEG-2 HEAL L
BRI R4 5005 100 i 7 5538000 R S AR S AR g
LA AR FAMPEG-2 155 1IZ Al vF 5 4 S0725) 3 ol e 4
DRRRAT 259, N AT R IAMPEG-2 HE 4L A5 i) ik
T B2 B il o 5 I R 1 R g R W A T
Motion-JPEGHE 4 N IPEG-LSFICALIC A3 A FH fr it pig =1 i)
TSRS, R LHIH TH 1A Mg 4 5.

TEER 2 s, FRATRC B 46 500 1 (42 5
P R T R SO ARG, [ A A
(RIE SIS 5 AME VL TE OC IR 4 % 2. TS
VAN BEE 1] JPEG-LS K IE4i18 s AMEL 5 1% 25
i, Z:MEE 2 A AT CALIC K IE40I8 s FME o iR ZE i .
DO S, NP BRATT A AR HE R T b SO I AR G
F ] A SE R B A A 1008 22 (R e AR, T e 45 3 68
A JPEG-LS M2 AR 20.1%, 81 H CALIC
W2 Z 0 18%, 3% 2 I T 55 2 215050 (PR an 45 4

FESL S R AR % J7 1T, AL THREA S ARG LM, 3t
SR B INAE EOCI ER SO AR R, RS E 1 A
T AEAFANT AR S I AN 256, HIARTH A
(IFRAET AL, B 70 s R AT OB LT s 1
NI HNEE AU A, X REVTRC 7R I gt nT A

R 1 TIRALSIUE 48 BOA X tE LI A4S SR(E SR L)

PRI B IR Motion-JPEG+JPEG-LS Motion-JPEG+CALIC TEHAAAI L A 5% 1
Mobile 720X 576 1.69:1 1.71:1 2.23:1
Flower-Garden 352X240 1.30:1 1.33:1 1.78:1
Susie 720X 480 2.15:1 2.18:1 3.01:1
Mom 360X240 2.24:1 2.24:1 2531
Table-tennis 352X240 1.33:1 1.35:1 2.29:1
0OSuU-2 320X 240 1.84:1 1.85:1 2.03:1




2% 3 Ho ORI TG B A 61 389
F2 [FERETLETXRBERRDETIRAEREEX LR asER
AT WU S 1 S 2 %Tﬁﬂ%fbﬂﬁaé‘fﬁ xf L‘Iﬁéﬁﬁj’ﬂlﬁiz 1| X Lt?ﬁiﬁ& 2
k2 I 51 (%) 1145 (%)
Mobile 720X 576 2.18:1 2.28:1 248:1 13.8 8.8
Flower-Garden 352X240 1.81:1 1.91:1 1.99:1 9.9 4.2
Susie 720X 480 2.83:1 2.98:1 3.49:1 23.3 17.1
Mom 360X240 2.92:1 2.96:1 3.53:1 20.1 19.3
Table-tennis 352X 240 2.58:1 2.63:1 2.87:1 11.2 9.1
OSU-2 320 X*240 2.11:1 2.19:1 2.32:1 9.9 59
P AE N —A BRI A, HRER SRR X T 4 [2] ISO/IEC JTCL/SC29/WG11 N2725, MPEG-4 Overview, 1999.
—ME 2 A BOIN R WOk 3, AR A g, o [3] TU-T Draft, H263, Video Coding for Low Bit Rate
SEALZRFERIGIN A O(N) o SRS INFRET B4R A5 ) Communication, 1998.
SR INEHN T KM 512 Abyte, & A S R AL A IS [4] Bhaskaran V, Konstantinides K. Image and Video Compression
A IS, TEARMAT AR AR R, 4T e Standards: Algorithms and Architectures. Norwell:  Kluwer
WAE P2 A 1.5Koyle . JSoRE7E SR 1S 00T (Gt Acade.mic Publishers, 1?97: 15— 195. -
i H\J‘%‘Ilfiiﬂﬁ/[\%ﬁﬁﬁﬁ,ﬁ), W T 352X 240(C|F)j(/J\ e [6] Carotti E S G, De Martin J C, Meo A R. Low-complexity lossless
. o video coding via adaptive spatio-temporal prediction. Proceedings.
WA T LI, HEAS ER SORPREAT 23X 352X 240 A1 i _ .
2003 International Conference on Image Processing, Barcelona,
2y B s 250MIF N AE ). HETIIAS APC 4] A2 2003 197 — 200,
IXFEZS [RACAT [6] Brunello D, Calvagno G, Mian G A, Rinaldo R. Lossless
5 4EFRIE compression of video using temporal information. IEEE Trans. on
Image Processing, 2003, 12(2): 575 — 586.

A MPEG-2 (Rl E¥&tH T P & 46 450, 32 [71  Weinberger M J, Seroussi G, Sapiro G. The LOCO-I lossless
T — R e i 3L T R SR 1 AT R G T S TR 45 0E B kM image compression algorithm: principles and standardization into
R ZEM, R o SOk B B R G, AL T S e s JPEG-LS. IEEE Trans. on Image Processing, 2000, 9(8): 1309 —
AT AME B, DR RS LBUR G ST R AR M 152 _ _

[8] ISO/IEC 14495-1, ITU Recommendation T.87, Information

SIEIRAI, AT JPEG-LS Al CALIC AL I 7 technology——Lossless and near-lossless compression of
DURERY, LT 2 Pt 18) 32 Bl Ak v n DAIRAS SE 4 F) Tt ) &5 continuous- tone still images, 1999.
B MR R ZEWE I 2 T 4. RN mET F [9] ISO/IEC FCD 14495-2, JPEG-LS Part 2, 2000.
N SCR IR AR G o] DL SR S v M2 iR 28 IR 0 A, o [10] Wu X, Memon N. Context-based adaptive lossless image coding.
AL G IS NG V5 M, T — 254 = P IEEE Trans. on Communications, 1997, 45(4): 437 — 444.
B EIOPERS . 325 10 DA AT D0 B SORE TR B0 [11] Witten | H, Neal R M, Cleary J G. Arithmetic coding for data
S, WAL H264 0 I R onpreseon, Communatons o fhe ACH, 8n O}
Se L, AR XS E IS, A [12] Weinberger M J, Rissanen J J, Arps R B. Applications of
MR AR PERE universal context to lossless compression of grey-level images.

72 ;—% jC ﬁk IEEE Trans. on Image Processing, 1996, 5(4): 575 — 586.
[11  Mitchell J L, Pennebaker W B, Fogg C E, LeGall D J. MPEG HoOoA: Y, 19794, AR, WSS BRI B

Video: Compression Standard. New York: Chapman & Hall, 1996: Bt 53, 1936 AR, EEBMERBL L, 507 0 B

171 - 333.

(R (S NI 2 )


http://wos5.mimas.ac.uk/isicgi/CIW.cgi?PtORf4JYy90AAAFeJk4_0CE00131_PtORf4JYy90AAAFeJk4-0&Func=Abstract&doc=12/1

	Lossless Video Compression System Designation 
	Abstract  It will create the problem of great degradation in video quality, when the digital video is compressed by using lossy video compression algorithm more than once. That will reduce the rate of reusing the digital video. Thus a new lossless video compression algorithm has been proposed. This algorithm features in: (1) an improved context-tree based arithmetic coding is proposed to compress the residual frame after motion compensation, and(2) macro-block based motion estimation and compensation method is optimized to improve the compression ratio of lossless video compression algorithm, with consideration to the improved arithmetic coding. When using JPEG-LS and CALIC, the existing state-of-the-art in lossless compression of still images, to encode those motion-compensated error-frames or residue frames to formulate benchmarks, the experiments illustrate that the proposed algorithm outperforms JPEG-LS by up to 23.3%, and CALIC by up to 19.3%. 


