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KA HIE MR ZRRE Y, EEGERFT, KRBT HLFY0
(n) i B 3 Mt 1L AR AT 00, BT TR TXM—FFAHRLALRY
11,

75 3% AR R TRIEG R/ YA RGP HRETE, RAZ- 1
A X R A ¥ LR RT 4P B, o e A o S s Al & LA ATE AR,
IR EROEFICE, FHL, BHE, FAEF,

EARERY, ERA—FHK—ERFZBEE5L(n) X (n) R48FI 8y, FFZ
T HREAT,

X(2) =cZ ™% (2)

XHZA—FRER A, B, EAKPG—RAEHT, TR TN
B TFRERZETHARERY,

4% Fivb-ik 35 (Hadamard) T KL Pt —FwblZ—HHERELA, €W
AAEBX T EAZE B AKX

Z) = (1+z-1)

-

of

(2) (1~z-1

Nl
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BEWRE, Hh A

X(Z)=2"*X(Z),

XRBAB—EAER, T TEADERGE Fm o LF LAl K. Jain,
Fundamentals of 1Image Processing, pg. 155,

ohik Y Heeh T W ARX BARZ HSEH, T TSEMMHRFmGHL, K
AW, A. and Pearlman, W, “ Reversible 1Image Compression
via Multiresolution Representation and Predictive Coding,”  Dept.
of Electrical, Computer and Systems Engineering, Renssealaer
Polytechnic Institute, Troy, NY 1993, B ASABEHE—~HHAETRL
#, FT@EeGEREEY (RETAREL RS RBE ) LA —AFAEZE
He

ho(2) = %(14-2—1)
h(2) = 1-z-1

e W ANAT B BAE HX0, X1, NEXARGSTE HE FHh— T T H,
i,

ZSERTHAA —LBAFENMHMERTN, S THF:
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2

Suwz{x@n)+ﬁ2n+1w
d (n)=x(2n)-X2n+1)

HiEHRAEZERALTR TR AHARBET R TFREGER, THEL
Aot B A

x{(2n+1)=s(n)- [TJ

e Lot R AT e SARS AAR AL ARE R, £AUL, E 0K
AR AR EAA,

Tuﬂ?MT@fﬁ?ﬁTﬁ?ﬁiﬁmﬁﬁfo J+X (1) GFAKF AL
(A6, A2 FR(0) X (1) #X(0) -X(-1) RACA MR AFIE,  FTA
Tk B L (0) SR, AL,

X(O)=Yo(0)+ (Y1(O)+l)/2

X(1)=yo (0)- | (y2(0)-1)/2
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BOEBRZ AR NKETY EEBHAETLIET B RV KEERECK
H—STRRE SR ERERR Nk, ROKETRRRA R AT
EH, oTZREASOREFTERZSLIAR I KREERE R4 —FETEE
#, ﬁ%iﬁ4ﬁfﬂi/"‘/\-ﬁlk/ﬁ}'\fm&ﬁﬁtéﬁfﬁa‘o 1% K ( Z:J%ﬁ
DRBE)ERBHELTBTRERIFORTESE, ALVRBAF—ZER
BREGAEFDKRETIHEREE,

HAERAGNA—FTOERAZEEAT =/ (TS) £ #,

ll

(1+2-1)
1—Z.'"1+82—2 87~ 3+Z"4+Z 5)

1
T
Hl(z 3

EEBZG, ZdA

N

X(Z)=22"3X(2),
X —HHEETR,
ZTSHE #H ey -3 e dE AT K 2 646

1
ho (Z)= 7 (1+277)

1
\h1(2)= (-1-2°1+8Z2°2-8272+Z %+Z"°)
8

4o R BAE T AANTAEAX(0), x(1), « ¢ o, x(5), M TXLHT=
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KB A 4Cy0(0), yO(1), yo(2)FHE—AFifl A4yl (0):

Yo(0) = | (x(0)+x(1))/2 |
Yoll) = | (x(2)+x(3))/2
Yol(2)= | (x(4)+x(5))/2

2%, FISEHGARZEM AT AN ABEOEHRRRNTELY, TEYHT
RFEFERR BT, EARTAAKRLG—ABFTRL K
#3), i T RARIY0(0)Foy0 (2) 9 EE A - (X(0)+X (1)) + (X(4)+X(5) +
-Yo (0) +yo (2), iXAP4k B) By3fqZ B 69 5 32 KT H 89,

Bl4e, 4eFEx(0)=1, x(1)=1, x(2)=3, x(3)=1, x(4)=1, x(5)=1, W

Yo(0)=| (1+1)/2 | =1
Yol(l)=] (3+t1)/2 | = 2

Yo(2)={ (1+1)/2 | =1

ya(0)= Luuwmanwwnw8 =L«mwnwa=z

20



200610100305. 5 oM P ZE16/661

Fo, HFx(0)=1, x(1)=2, x(2)=4, x(3)=1, x(4)=1, x(5)=1, W

YolO)=" (1+1)/2 | =1

b —

- —t

{YO(J-) (4+1)/2 | = 2

Yo(2)=| (1+1)/2 | =1

b —

vy (0)=| [-(1+2)+8(4-1)+(1+1) J/e L 3+24+2)/8)J=‘72‘3/8J =2

B At TFHAX(0) o o «x(5) 89FAPREREY0(0), y0(1), yo(2)4
0) ZABFE &, B AMB N FAPIEE 09 A5 8 F R T se Az 4618 €9y0 (0)
0), TAZEHRREARTHE (REENREARONA R RE

B RABEGE R KT 4469, )

MARE BT ARTSE R —THTSER, TRBET—FRFWGHAE
AR AE,

FoRx(0), x(1), x(2), x(3), x(4), x(5) RIZEFEFHNPIE, WG T
K& w7 = A-KaB A 40y0(0), y0 (1), y0(2) A B —A-%id A 4y1(0),
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= !_( Yo (0)+4(x(2) -x(3) ) +Yo (2) +2 /4J
B A
X(2) -x(3) =y, (0) - L'(Yo( ) -Yol(2)+2) /4 ,l
Fivah x(2)-x(3) B 74 C4ty, MAY0(1)= L /2J and x(2)-x(3)

Fox(2) -x (3) 4o LATHLE & Fx(0)+x(1) Fox(0) -x (1) ) BB ARAT AL A ABF 8
BrvAx (2 #ax 3) T E KR, AMBL L

FZRTSE Bt —F 5605, ARZSERY—FEHBIP, AT REE A
H, —AE MR ABKIRIEE AR AR BhAe, BEEHFX

1
((-1-Z *+8Z72-8Z 3+Z *+Z7°+4)
8
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1 1 1
T (T (F1-277)#4(Z20R-2°3) T (L7427 %) +2)
4 2 2

LPATRIRAE HIE 0 R ARF 49, B Y AR R IFEHN E —F W
BEAF—THERRE, $A4R16ML1THE T KA ER S foF il 8K & A%
#8445 F,

JiiE B 692 ST B ARTS T 3 P 1% 4% I8 K 38 4k 5 36 v A T AN 5 x (n) 4978
B B kg 5y, (n) Z4AF 69, Hlde, woRiZETE-SAFELZ, NKBIERR
Reymr L eraEes, wTEAFRRKZAVPHEETGERARLTRNE
B B, FToAsT FARE Bk BAkARGE B R 6 — R AR LR —F B 0940,
IR TR REVAEE S A, B4, HIKR IR BAEA Ak, RS
A—EERERE, WwRETITE, XM TEAFKER TR,

fF—PEif X, R THTSE H 2 by — K8 An— 53l 69 /- ik 19
AXERAT Y

- %(2n) +x(2n+1)
s(n) =
2
f !»x(zn) +x(2n+1)J Ij{(Zn+4)+><(2n+5))J
+4(x(2n+2) -x (2n+3) ) +
2 2
\d(n) =
4
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5 Fd (n) 9 FuA X, T oA BALHF A RS () R 5 sk (4t 4e0h Tt 14T 38
A2 T A) B R A

x(2n) +x (2n+1)

-s(n) +s(n+2) +2

d(n)=x(2n+2) - (2n+3) +

BT HTSE R PRE A

x(2n)=s(n)+

X(2n+1)=s(n) -

S ¥ P(n) L H AAHE A

24



200610100305. 5 oM 1 ZE20/6610

-s(n-1)+s(n+l)+2

p(n)=d(n-1)-

ROGKBERBOERAERBERR P TREA-K( AE—FE=T
), Bt SULIAMAT R AT @ mE AR AR R R B SR,

BT THERZIS, BRTSERELAHO TR, ATSEH (EMSEH) £
ARG TFRME, P, RZWMANETRDIGEEE, NAFEHE, &
SFTATEAGS P AR AGRA AW, ERZE-FEEH Bt —T 4
B, AT RGEAR AR ARG E R RGFERRKIZEE, A E—F I
RAVHA LA TR FHREH,

ERE—FREHRGONERET, BT HREGESBRERAFRENLY
ARG AL FREAABREHAZRBESREBRRELY, FHEEARALY
F 7] B b 5 R T AKAR 45 A R B 69 4BxT K (5 ddsk ) Fadd R4 b 04 Rk 28,
Rz EHRE-MART, IRAEEH AN RLEGERE,

ERZARTHERNF SMERY, ERIRETHERS, BBTFETA
TRAAEERORIKETHRAZSOLRAGGT RS GRT, Bldeo,
ERERAFTTARA T EEGEEEGER, sTTEHLL>T,

d(0)=x(2( LL/Z J +1) ) -x(2( I'L/ZJ +1)+1)

Yo (0)=| (x(0)+x(1))/2

e et

Yo(l)= | (x(2)+x(3))/2

e —

YolL-1)= f_(xu L(L-l)/zJ ) ix (2 L(HWJ +1>>/2J
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i

(2] L-1
> ayoli)+bd(0)+ 3 C‘y"("w'ﬂ

,(0) = = B

FiB R B KA AL, RLATH, WEEABTEAET —xHiE
KB, wRai, b, cikAEHI BK<bE, WEEEEZTH, JoRai,
b, cifeKR284%F (K269 ) RACR T4 0T, WIZREE 9 F TR EH, do
FK=b(RFaifecithld), WixHEEELBYLIoMEEER D, ST al,
&o%%‘ﬁﬁi@f%ﬁ*‘/\ﬁ X Fai=-cj, WZFHAERESW AL T —E A,
JoFai=-cij, Hi-| 1B‘J‘ W)IZ ek BT 483 T — 5T Bk &

ZEL éﬁﬁ)ﬂéﬁﬁ%

[1/2]

Z[(a 20)" +(a,)(2i +1) )]+ ( ((L1/2j+1))
—(b) (2([1/2J+1)+1)'“+ Sj [cj(z,.)"‘+c,(2,.+1)“‘]=o

j=lL/2)+2

=10 BB EE B A T — R M T el m Sm=20 Refg LT =R
FEACEMAN, HPnAhhEfdF, INFEEARTSERLAILS TH L Fa5E
FEGHERFE, -

LK BLITHBRATTHERGRE NG, STREAGELA, BASET
MAFARBL, HALERATHIL TS, EXETRGT, EAAT
BIFHBEART A, ZREREAFFHNTERY, RPAHT RS
SET A GEK AR, ABEFAERL PIEAEMR,
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11 -4-416 -16 44 -1 -1
11-3-38-833-1-1

-1 -10016 -16 0011

-1 -1 44 -16 -16 256 -256 16 16 -4 -4 1 1
33 -22 -22 128 -128 22 22 -3 -3

KEWRBEBHRZIATIRES, CREATART Z A7 K IBHGFHE,
it E R H22=16+2X 3F03=2+1, FFvAISA K 85T vA B B4 T4 A8 AaAn 48
B KA,

AR T, LR RIR S TAREAIHF B AT —U, XA —FPRERAT
MFFeEgilid, H4md THTZAGRMEGREE, BE (a) 7 THEAS
BeL-DTH BR B A, T HEAMRL6)1-DTH BB G468 —1-D &
K EAL-DA AN (rounding), B E (b) 7~ T—/1-Difik %401, E&@Ek&7F—
N1-DIRKB402, REFA —SNHMELW03, IHREFEAFLFGEANY
F A AR,

STTRABON T2 RO TEZX TR TEHORAAEH, HiE
% BVA AT I AR Y AD A0 iR RS, AR T A AR ALY Bl A AR E AR
HidCde, EFTMNTHRESHOFHARRE T, Hlie, L—LHDRFERE
R R AT @es kRS,

HI(Z)=B([~—;—(1 + Z“)J + E(g(z-2 -Z7)+(27+ z*‘))J + 2) J

ARERRA—E—ARHBIERKE, TRAOELEBEERTRRA 5 UIERK
B, ESGREBZ TR A B I FKIEL TR IRT 45 09 R iR
BRI AT A IZFDE T AT A5,
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1% B Sk Bth—AP o A A M AL RIL Rl AH, A HEERTE
PE(YL(0), Y1(2), YL(4), o o o) THA—i#4oRTSHBBR B LG —THRE
ERE A E, BARANILERRGE RSO AL by, FTAR
AAEIE(YL(1), YL(3), YL(5), « o « )T AFHENWLGIETEIREAS,
flde, 4EAT4o T &4 8K 3 AT VT AL,

(O]
' s
TSN & 2 SR « « IR > N WS |

R & 04 & Ji 5 sk 3R e P R RIQMF IR 25,

AL ETAAT, HEREKETh T/ BARERER, —FARE/1E
AR THT E—#HZ QTN AR EAEFAE T OEMR ALEN
—SHAZ A E R, BIRRTATGEFMMNGERER PRI L
R, %P, RARATE & AAEDPCMY , $rit 4B R 2 AL H
Y FDAEAE A,

f— T TR RS e AR E (P AEBRE) I EGERE
ERR, E—EasY, %l LEAREE—-ATHEGRR GRS, XHF
APk R AL TSR RN EZ A AR, ATEMKEZFARER
HTHME L ERAH RO, —EARBEFRLETAEER, AKX
SHE inE o 9 R (Causal  Side) Fifg ey SRR H o0 —F ey AE G T
5, ABEOGLERE Y, EREREGEERM, K8 RSB ARREEE
12,

T RSB
FRAAK P ikiEfo BB Bk B, AT S 4 MM, SRNEHEEEH
BT AAATE, 12 B 7] )9 RS AN E S,
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FEiddo R G o) ZHHHIE P HATEBRGR LA 5 XRS MM A —HIRRKE
EZIE, B, SATREE AR TR, HH BN B S AKGEA TR
W, #MZALL, HL, LHfeHH, REMETREAFEFPETELEGR(L)PF

(H) ¥ FEH50d A 2L, B, LL R 5 e R a% R
BE B R, AwBESA-SDMRAREETRAKRERTE,

BT E o P BN FATHRE—Fo M, RERF ARG —F
MHEZLLTF R, A2IX THATET R, M SR MRS H RS H( B
SA-5D), ZARLL, LH, HL, HHA 4@ & PR TH B, BREENZALH
H1E—IE R & (SATS) #4789 A M RE ik AR T,

fldo, dof T Fik EHME Iy AT —EE, o BREF B4
REAZARRAFG T, IS HE, £ 2B ZRSHEL BRI TH
F(HFR), EMFRERF—ZAMEGREME, F—LFRXAFAHLLO, LHO |
HLOFwHHO, 4-MfiZ BB et ez Ek A& Fe Lei 2k THAF, &
R AL FZREGEF (KAL) 95 5 R4 —4 B FIRAHF
—8-F [RLLO, LHO, HLOA=HHO#Y&H—/NAH WHZL—,

F R LLOE, 4% B B K A& 913K - Fo &l & 15 &, EﬁA%E¢$&m
EFAZREREN—ROFS, T RIHOGIEAIAK T A2 0 & 5 128 (7
%%ﬁ%ﬁ& F RHLOEL 4% & K -F42 & Fo ks & A2 & (FF, %ﬁﬂ%@

o T XHHO®, 35 % /K -F135 & #mﬁ%ﬁﬂbﬂﬂ¢%&ﬂﬁ%ﬂﬁﬁm

B TR G EILL T R A A B E =, §Zh E WK B4
#E—/~, wESBH T, E—%eFRLLO *)if}ﬁ%vx/ﬁix,q’ém Eome TR
LL1, LH1, HL1AwHH1, 2k, 4oBE5CH 7, FRLLL #HMAF £ FE =84
Wy 9 F XLL2, LH2, HL2AwHH2, H4F, 4wHESDAf=, FIRLL2 344
P B e ey m Y 69 F RLL3, LH3, HL3AwHH3, TR A TIRM, AT
FEHENEZFRERBAZRTH+x92—, EINR EWE—TF (77,
$EVATEMPEE LG RBBRETHET T, £k, BENFEZEFT
K2 BIEFRTe1/64, EINEFL4FE—FE LT EMRAILE LEZ
BB S Fiastmedmy, A5 ENMFOEFTFRAZERBRZOGRTY
1/256,

i FFREGEESBGBARLERENTERARL, BRARZE/RER

29



200610100305. 5 o 1 ZE25/661

B AR E B IR TR ARAEE AR BT R, BREFH, BRI is
T RLLOALLLR A LE— % = & F 4 B T RUALE,

ERAFHTONTFRES ML, ETRE—FRARNEERLAEL
S99, B, LTUELiEDCTZ XL CEHRAEMEBEFAGTE, K
Bl# Bk A, |

E— OBy BEH—BE G RGRATTRAKGREN, RiEE
BEABETRENSBAGE—2—WLLTREELEE, 7—7 &, MERMEHA
LA —# $LH, HLAHHR, WML T ERES#HH LE—RE LG —AK
st AR SR E— Aok, FRABRFAMEE, BHe T T A ESAZ
EESES W

ZAE6, EALeANK AR LB, CADARKRER, MmAZLEB CADAE
Wt &AM BIRE R, #abil, BERRENENRARAFRXAFE
BHILEA R MA HHRL R FF,

%49 SRR R TH A E TP T —RERARPIT, —RFHL
A B LG — AT B AT S Al £ 70340705 BAT SR BAFZ AT d iR K
8 % 7,701 47028 AT KA Ao il iR, R B EAT3 iR FTRMGM B ETE
45)iR it # 770707084 R FRML A & £ 7058706/ E A il ik, 2
#7707 70885 % B kb 2N F RS ELAH, £400, R AFZLT05 G
155 A4 F g R AT AT F R G R AT09FR T EA R kR, £
7711407128 8 ehdrik sk E 2R F R 9 FLAeH, w EATE, AT FTRAMH
WA K BB — T )6 1% B2 AR AT o H RS B AR A 3 SR 4Y
HFERERAE,

EsFih =4, —mEH, FofTH THAEAERIALTF I Fi)—24
BERBREKRG B, —HmEHR, Z-HERZATENLACHHE UBE
G FFBAEFT LA AT O E, E—FaA T, —FRAZEFREAFHEZ
Eit e E e R,

H, REBRBET —FATFRGRBEGERS%, EZAGTEATER
NE, ERGOTHEERE, BRI -—FAGG—FHRGGFTER, 2L
10, FFRstisTo B, B BBy Lk d BN TREGWESE SR,
PATERGOIEE BT, HETL, REFKELHD, AL (Huffnan) 4
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X HEE R TRR G R, Bldo, E—XHIFHALT . THAHA
BHGOKBTFRRERPHNTEAR, H—MHFRIVEARE—HE TR GFHER
EEXAREAARFCLALZFTRERN, ESESBTRATELESMEE,
M AT REBITHRGF S, EAF-FHRET, MEROLSHLA
B2 E A K Rk, FBSESBTHATH R, AGEE, RERFF, B,
A BARAE—F R T 07 8]/ Z R AR B A /X 58 R4 69 TR K,

3ot 45 F B e HE S Ao A

EAERY, EATESBOERAFEN AR BRAD, EREXAT,
BARKFEANRZEL BNBAD, EHINBDPIZ R WAE RS A, £
H—fd, METEREZEE P, S AET) RS, RESKAE E6HE
{iig £, Fo¥yFit £ (MSE), B4b, A THEBEE NPT & (EL, KF, o
AEE), THIATOHFRLS BLEF LG TRMLE,

HATZHIB OB F A RBRGENENL, EXALRT, e R/
HAEAGR: E—NRATHEEHSF FAATHE-AHZ PO aE
HF, REBOHHAE A —Ed— 3t FIEREE R E LA,

E—FEHRAP, ZAEHA G OHEM-ary L, EF—FHwBY, T
TiLw BB #EAR B R GLAFHEN, B4 ST AHLE DR L5 TF Mt
D (BF, HIZGAR PHAFEHENR) EiLAAHAFE B P T8 A dEEAN
Y,

AL E 7,
AREAY, ARBIEE AED G HOE T EEFRTRAMBD, %
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Y RB R R AR AKIE R N EA (| RRG AR AR B E T
WFikiE), A—HAEATHGRELFME TRE T OITA M L5
82 A,

YA T AR R R AR a8y, FHBEATHEAENELR( AL TK
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FE—EHG T, E—RAETANGTE RHEMAGRAIEE T2 R4,
B AE—RBEFNGITE LM EBAGRACSEFRT A, HAE—HS
3B 7% JE0% B 28 NN T ARAATAEE RS, ENAT B E
BALE RHA O 4y, 12 TFHEBE ARG FIARA, ERGY IZREH
—A R, BmREERSE, TEMET 4T HA 8 EE,

gAY

ARERY, BAFR/ MBEDELE ISR G RARTH AL A
Fok U BT A G AR, HEATIN/ MBI LA C IR RIREAARIE
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TR T4 A B R EA X A Xk, REIZEAREA T A LmaR AR,
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FLAE A AR T
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FHEE |
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