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RESEARCH OF LOSSLESS AUDIO COMPRESSION
BASED ON ORTHOGONAL TRANSFORM

ABSTRACT

Lossless audio compression. means to compress audio signals
without any information loss. At present, lossy audio compression
algorithms can provide good subjective quality and high compression
ratio. However, they can not meet the requirements in such scenarios as
high quality studio or theater applications, large-dynamic-range music
coding and audio editing with probability to recoding. Compared with the
lossy audio compression, the lossless audio compression can obtain truely
transparent audio quality, and will not lose any audio information when
transcoding between two lossless format.-So to research of lossless audio
compression with high compression ratio has a great significance in both
theory and practical applications.

This thesis presents a lossless audio compression algorithm based on
Integer Modified Discrete Cosine Transform(IntMDCT) and the
corresponding bit-stream structure. The proposed compression algorithm

first divides the input audio data into frames and multiplies them with

-111-



Q0 64134703

a2 L PN R e VAT

proper window function, then carry through IntMDCT, and finally codes
the mapped transform coefficients with Golomb-Rice code. The
simulation results show that the proposed lossless audio compression
algorithm has a good compression performance.

MDCT (Modified Discrete Cosine Transform) is widely used in the
field of audio compression. Originally designed for floating-point
algorithms, the MDCT is usually not invertible when implemented on
fixed point processor. So this thesis researches into the invertible Integer
MDCT (IntMDCT), which produces a mapping mechanism between an
integer sequence and the integer transform coefficients. The mathematical
deduction process from the MDCT to the Givens rotation and DCT is also
presented, together with the implementation of the integer MDCT by the
two lifting schemes — classical lifting and multi-dimensional lifting. The
thesis gives reduced methods of some complex matrix decomposition
involved within the implementation of integer MDCT.

Golomb-Rice code is a‘special Kind of Huffman code suitable for the
coding of positive integer signals of geometric distribution. This thesis
finds that the probability distribution of the mapped transform
coefficients is close to geometric distribution through a statistical analysis
of a large number of audio signals. Therefore the algorithm can achieve
high coding gain using Golomb-Rice code. Besides, the algorithm uses

different Golomb-Rice code parameter in different frequency range to
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achieve high compression ratio in terms of the corresponding magnitude
difference.

The thesis also designs a suitable bit stream structure for the
proposed lossless audio compression algorithm and implements the
porposed algorithm. The thesis analyzes the approximating error margins
of the two lifting schemes to realize the IntMDCT to their floating point
counterpart, and their influence on the compression efficiency of the
whole 'algorithm. Finally the thesis analyzes the compression ratio,
robustness and computational complexity of the algorithm. Experimental
results of compressing 70 test tracks in SQAM show that the average
compression ratio of the proposed algorithm is about 3.17, and it also has

good robustness and low computational complexity.

KEY WORDS: lossless audio compression; _integer transform, integer

modified discrete cosine transform (IntMDCT), entropy coding
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SHIE AR YE#7
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A PR 52 BRI U A R, IR R IR R 2% o )
AR
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g
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5
Wi B
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K2—1 w0 ofiigmts s 5
Figure 2-1 Scalable lossless coding scheme
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Figure 2-2  Lossless-only coding scheme
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EUE VR R U Y AR YR AR DG E b . s BRI S B R Jn, S B
AR AG i n Loy g pyD e B R AAOG, T RS S i 2h AV
LERIURERE, B0 gitt, SRS 65 e X ik 22 Hs EA T 4 65

S LSV HL A L N GU it AR, REAT S T AT 5 R AL A 15
PSR o T A 7R A A 20 28 o e B A 1A T T A ok 25 BRI 2
ENBEEPS EX T vl S S KN PSR/

HBT, 850 A5 5K Tl nl i Bl 145 S, 10 25 RBOR 5 A AR K ik
FUARH o O E s 2 S U AL R J5 2 L R s AR AR R AR OG5
FREAT RS0 T

B2 =32 Tt S U A S R P S U RE AT & e
SR, A MR TR R U S A RN P AR S AT AL B Je R E R A
R IAICARAT B HIAT BN b 5 A T i o

EME S x[n]

Ui

X IEACh=
pRTET em: e IS Y EE RS

A 4

KI2—3" Joau i Sl 4 A s B A
Figure 2-3 Basic operations in most lossless compression algorithms
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TRFFANAL o R UG A — AN UEP RS RE, X S AR 20 A AN A B 200 T AE
CRLN T ROEERE L, RVEEAT R DO HU GRS A,
R E T X AR B BOR AT, R BRIt 5ot i)
W E S S VR RN ARE T AT AL B, A0 T8 He i I 1) LSRR 2R A T G 4 »
SCHLBENLDT 1) o BEED D7 1) n] DLPR U5 17 5 0 0 ) ) LERF L IRAE—#R53, f

N
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N EERRAS AT R0 53 o WA RFSRIN RN BB R, 5 WU S 5 SR 1 T B S AR
A AR R SRR 5 AR EE, B S AW A5 5
(RIRFIE S ST ZMgm i SR 240w BRI A FMN S &, SKMERic e
T LB, 2 EARNREE R Ak, WIRRRS A B,
A WTCARUEAS 5 R P AR, TR 1] A RE R A il 54 S 35 Pl A 5 g
AR IAG, NI ICVE 7053 LR A DG PE . BRI, A 368 2 (TR
JEAR L. BT A0 AE 10— 30ms 2 A2 SRR PR R, DRIt —
I10—30ms™ . — LB 1) {17 FL A5 LA RHICHESIE, - —iyrk i 4 N 1) 7113 21 26ms
ZIA), X T44. 1KHzRAE R, X N 576 211524 FE mi ELA i

IAN R T L I A AR T DR AR, R AR AR S 1 0K AR )
AR, TELTACE A B RGN HRKAEA, DIREMANE U —Ii,
i BT A K M, MA2RIMY/4 S5 R b & 2, b e k19 4w
P4 L gL 7 5K

2.3.2 Fi4REs

TOUD Gt A O PR AF B ) — AN B EL 3, BB AR T 2R ARGy
FOE T o A AH AR s 2 (A7 AE A o BE AR G, BRIV s B vh A7 (e 5 K
B RTUR o f KBRIXEETOA, 155w il LA A 25 b 47 G o 0005 A e ff L 1
AR I 77 o E O (RIS RR AT R el B AT, R
BELL x(n) 2R as A AR R MEL,  BA () S H TR, A 7 e(n) = X(n) —x(n) 5

R . I TR K A0 TR I I 45 A S b 2R (M| 5%
i 2 (A LA 135 SO A o

PSR4 2 e AR MO . SO b B (LPC) By 32
FIF- 6 A S AR %A T, HOHE A S AU ph T R 10 2 AR AT DG,
L P 2 PR A T BILE S A R 50 (2, T — A TR 25 R P i 285
TAEHRE A AL A K
S RTIR A 5 SRRE () 1T B 25 I R 5 SRR T K
it
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k(n):ihkx(n—k) (2—
4)
KA TIN5 (R B 28, TOE R 2545 5 A

e(n) = X(n) —x(n) (2—5)

ETIT ) 2 FHm 2% v SR b e OO0 PR P08 RO =y BARDGVE . B
FKEHE IR o AH G Tl i 3 SCagb—A1: 7% (Levinson - Durbin) i #E 52K 5
BN (N

TR £ AL 1) DG BEEAE T OO BV HROE L, 0X 515 5 IR A A R K DGR
S v R AR R SR G VR4l SRR P 8140 (R 3 A1 T 2K e s 1 TN 4%
AT I A R 13 R T 4 LA e (1 20 55 5 1 R e, B OO R

2.3.3 THRYmtg

TR RA G ER IEAS AR . AR IR ISR B, IE AN R
UREORIME, BT EBR T R A O, FEAR s b (K SR S S, AT
AR K Gmi gt fe s Bl m i gmit . teah, Seitabr ki, S ER s, F
SRR PP AR R DB ER RS, (BT AL IEASAR A 5 IS R 4
e, FUR ATERTAERR ZR T e s 4 G138 T4

AR SE BRI I SRR A, (R T s 2 s ARSI, A
RAEMTUATE B SSUEA B AR S R e X Bk LU R R R i L4
(K155 774 N SR8 AT T KT, $2 TR 2 I 4i ik, 0l 0 g
i, TG, AR, T g AD A A . A g AT R T LR S I R 4 TR RE
FEE R A3 T T2 N o

AR 45 G i AN T T I S5l P AT T G T T S I S e R R P
SE IE AT AR e 8 AF IE A AR e W B ) — ANkl 77— AR M R AL, A
JE RT3 6 ZR IR T R A R b o — A e DI PR AR 45 W 122 e /b 1) LU AR 25045 2
G U AR IR TR, B ML AT karhunen-Loeve A& Ht (KLT) &5
L Fourier 224t (DFT), B4 7245 (DCT) MMk Y B 425448 4 (MDCT)
o EARZ WAL, WEGER BF KLT &M, Stk
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DAE: (1D G RECHAMG (20 BER KN 2 HMIE DR E0R,
BIEAR el b e i 2 v AR TP R, IXRESIAT W) BE A SR VR R R 0 RE N K i B
AP/ BAR KLT 240k B A s, (BRI NR H A1V 2 1A
M oG, KLT 2GS e 1, U5 S g R AR FR, 2
JRE A KT JERE, Lok, U4 KILT % T B G v A8 ] DU 40 F0 A AT
AETR, (A2 —Bokil, KLT vHSERBA AT PR 5k Btl, A AT4%m <3
FRRENE SIS AL BRI B A8 e . DCT & —Fhidgedeilc KLT (11548 = A eR B e A
#eo T DCT SEniH SR AR, B 2R P, e R Hds R 40
SR T2 .

BT DCT “5 IEA AR HAT i FAAE AR AT M ASES: M AR B 2R
IEAE A, SAELEPEIFRREANTD), TR LRI 2 721 0 ALt vl i H B2 2k
o FTBE Bl B RN P8 T A 48 i BRAR e G i R 4 S BRBHST AbEE, - X6)
AN TR PR AR 5 S R B ) R AE BEAN ], SN R A e AR R M AN ). XA
PR R 5 R PR S Ab 25 3 U LA TE S . X I GRR e SN
AT R RN, S T R B R 52 A e (MDCT).

MDCT & 4 i 7 53 B g i b () E AT B, W mp3, AC3, AAC “5hx
HEF 448 ] 7 MDCT. MDCT {541 F

a) MDCT H &8s H R, fETCMGE AN af B (5

b) MDCT — IRKALHRE M ANE =48 M AN &R 5. L MDCT HAT I ¢

FHAE RO, AN ALTUR B, NI N ZR G B g
) MDCT FJ LA &L 1) A 55 o A5 S IRl S Ay
d) MDCT'Y DFT Z[Af7(E B3 AR, MDCT A2 #ie i) R H0n] LA AR
WE
MDCT /& S P HlA8 e, 77 LU ST FFT Fpds s, ol RIS T DCT
(DIVSTN AP ST/

A F s 10 B 4 i i (1) 5 V2 V7 RS B, SRR S8 S AN AT s IR ) ke
R BB R IR BE 1 22 S BRI SEI e A nT , IB e
FERTI 5 S8 AT N B (T, H T R 3 2 A B
I, AR MEHE L AR, TRl — EH A KK . B 3 Sweldenst 42 7+
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J %, BEHUR O RS BRE o JoA S S H 4 v A 1) 2 S 447 IntMDCT
(Integer Modified discrete Cosine Transform, &SIt B HIA 248 ) FITWT
(Integer Wavelet Transform, #EE/NEATH) . BATTIIERIBS AR H T
Daubechies flSweldens ¥ 32 T1 775007, 7155 = T P A SO 11 4 HEEDCT A
HEBMDCTI LB, 1 a7 B A 58 AN B R R T 5 SR HESE T 1 4%
KB INB AR

Swenldens%F 4 Hi I HTHE ST SCIR[6] R,  RIATAT— A B RK
DR AR )N AR B T LU I DL R v 2 055 0 AU MR, AR
J5 A AT BR IR I BT B R BE A8 AT BR A T30l (1) B N e A e

SCHR[71 8 T B AERE— N B O /N R T BN I 20 40 11 [ 0 £ Ay
R SR I EAAT SN I, TXRERG— A B 2R K /N A #e o] jU 4K Dy — A
] B IO AR T B, SR R B2 — 4T . Ok T (I S IR I ik
P AR N R (R R, AR T I R T T

) .""_- \ 3 .""._.1"‘-. |' i
O—CO————O———f—u
Hlli.':| hiz) Apn [ 2] ||',_._|_.;_|
- - i | N
,,l 2 i 5y EEEERE i ¥ g ~—
- 'ﬁ:_;' =/ o L’fr- BP

(a) Jriridfe
(a)  Analysis process

— —
LP — K I {4+ — - (+ {12} !
) ., o . e
i ¥ = T A
III"I--] L [‘- JII-I "II:::I :-\--\__.-'
e — A : — e
BP — K o 4} - L) i Iy —
i . L LN

(b) réridf
(b) Synthesis process
K2 —4 (50 MBI R T S BT %
Figure 2-4 Lifting scheme of tradition wavelet transform
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31(,?) =S
dl(,(l)) =S 2141 (2—
6)
B0 ISR T AR PR T ISR
0 =05 - 3 nsi
31(,i|) = 31(,i|_1) - ulii)dl(,il)—k
2 o
7)
e (i) (i) L . " . .
EriFREigaRTr, PO, U RTINS, WM
Ko
=0 il
s,l=s" /k
d1,| = dl(,llvl)k (2—
8)

A FIRP R R =

RO TR, FEBEAT /INBASHINy, nT LA I T AR (1 55 = 2B N
AR, R TR R B AR A

R N AR A R AR A -

S\l F So.

diy’ = So

fori=1l: (1): M
. 3 10O
0l :d(l) - d(l 1 _ (l)s(l_l) +
Ll 1l Py Sii—« 2H

. g 10O
al :Sl(,ll) = Sl(,ll V- i ulgl)dl(,ll)—k +_H
2

end
AR a0 R DS
fori=M: (—1): 1
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10

O ;s =s® - N yPd® +—
Ll Ll k Y11-k 2[;
. , N 10

DI :d(l = d(l) — (l)s(l 1} +
Ll Ll Py Si)-« ZH

end
2.3.4 Y%A

Wi g i 2 Y BR AR U REICAR IS, ARG IFAGIN R BT
g5 752 2 Huffmani i . SR HA ST 5 (R SC I ME R, BES R IR 5 Al
T3, MR/ IRAT 5l A R, AT S IR LI R 4 o KO8T ¥ Huffman
A, Fmb P K R A R, BIAS K R R

w058 9 b 7 AT FE 4 SR LC  (Run Length Coding). 8 K %2 2 f
(Huffman Coding). H AR LA & Golomb-Ricei 44545 . fE LW 4ufd .,

TR T-22 )75, B A Huffmanfid AR AESE & T3 Ph 2R A S5 400 45 o
Ve, TGS RIF M gntadb i . DS Bk ILA IR 3, 1K L A 22 20 = Fp
— 5 R4t . Golomb-Ricefd. Elias-Gammafi.

T e U FPEEARLS : o (n)F1 B (n).

o a(n ok, HnPMoEE (BN ER0) Korn

o BAm)iE —chS, HnfE R HERIR ™0, KU I S 0L TFAG

2.3.4.1 BARYmEG

Huffmanfid oz o 50 SAT LR, A I sl ok — AN s, n— /MRS (g%
790% , AHRAR BB A e () B X

I(x)=—log, p(x;) =—log, 0.9 =0.15 bit (2—
9)

MHZ 1 B AR5 K 4 0.15bit, huffman g iS44I T BELIX A5 32— 1bit
RS, B HATR MK R IE K.

ARG IE 80 AR K — Pl gt 7k, & lEIT T H— /MR i 7
RF—MATF S B, H— N7 SRS — AR 5. A
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JEU B SEAT A — N P AU TR R 0 B 1 Z [ —AN IR, R R
AR IS o TG R R B A — MM ) SO S 92 B 10 i )
- GELH kP e i MR A D BB HI80 o w] DURRER AR U I 48 TR PR e v 1L
PRI G s, 0 n] DLER ) A S 1045 U v v BB 1 3k I 365 P HG A 10 SR
% A7 ORBA R IPY, FEARANEEME R AT BB TE T, SR i AR
- Huffman Zif4

ARG A PIA G, UHTRE S MR A (B RG .  F 267 LA . i
WA, 00, 01, 10, 11, #7500 0.1, 0.3, 04, 0.2, RJEIHATN
BT 5540 B2 1R B -

(R S 1]

00 ' 0.1 [0,0.1)

BRSNS 1 s S VAT

01 03 [0.1,0.4)

10 04 [04,0.8)

11, 02 [08,1.0)

BEERAG —4ME: 01, 11, 105 MR4LMNBPAAIENAE, F4 %
P55 BRI B LUk AR 42, BEAG i i AR B IEAT (I B@ iR o AR B I i 43
AN -

[0,0.1)--[0.1,0:4) [0.4;0.8) 7 [0:8, 1:0)

01— [AIB% '=/[0.1,0.4)

1= F% = [0.14-(0.4-0.1)*0:8, 0.1%#(0.4-0.1)*1.0)

= | [0.140.24, 0.1+0.3)
=1[0.34,0.4)

00— [H)l = [0.34+(0.4-0.34)*0, 0.34+(0.4-0.34)*0.1)

= [0.34, 0.34+0.006)
=[0.34, 0.346)
R, ¥ 9 2wt 4 TR [0.34, 0.346)

2.3.4.2 Golomb-Rice 15
1 JLAE K R I Golomb-Ricefid & —F5 itk ) HuffmanZw 15 /772, &4
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XA 5 PR ARG 2% A1 A A80RH AT DATIVIAE 5 S R G s A B0, B A G A I AN 5 22
M, HEBEIAL S 2 A E R BIMEAMF I, S8k, Mgmis
{55 S Laplacian /3 i i, Golomb-Ricehd 52 M HE AL T Huffmanm i F A 265,
DRI i i B 7 VAR TG R 40 03 5 RS T )32 (R DG

Golombfi & —F JC AT 5 H A AL TR U i it o 0f T — N5, FHILR
FRECRHA, BREmAILSH . Wm0 K, a2 a4 o (n/m)fl
Flog mbRE ik #2875 )n mod m ¥ a7 5 FR LT %, Bl @ (n/m): B (n mod m).
EASED I, U AT A KON Tl AL 2k = 2m ) /N IE R K. A AL 7K =k
PImANME F R Nk — 12k-1-m M5 2j=2k-1-m, P Hk—1THRFER
s BN mAME KRR R . L, I Golomb (m) A5 i P4 4~
a(n= DIz BT IRM+2D) g sl. Blln: m=4,, n=13, FRRY
3R, Bla (3): B (1), 13[M%wi5111001.

Ricefith & — M ij L 1Golombft, HZ# bk Hm=2k (Rice (k) bl 4 Golomb
(2k) ). #EHnlRicefd R xR K a (ndivm) 5B (nmodm) [FHEL, HIt

D ork+1

2" A HEgs

Ricetfi i i AR, S ARG AT e T s A s Yy 5T, Rice
T 38 1 G e AR SR G, P B Rice il 38 AR s e A ol 1
st T B 3 90 A 96 U5 ) Rice M B U T Hiu fman s R R0 B ARG il

2.3.4.3 Elias-Gamma %5

Elias yi% AL B 1% (317 10 HOREROFHEAU TR, JBRAG G “0”
Koy FIBE—ANEERE . AR “17 RFRBUE R Sy LU AL, Blan, 13 gk
FKRN01, WG A1011, A2 i FAR Az, HElias vi 40100011,
o R RIS AR RI bR AL, BRI “17 BERARE RS . iR
YRS — A, bR Cabd) JEHEdEAr (B A5). 13y’ 52450001101 (a

PRI “17 Mo B I ZE —ANEERE) o RZ W STk “Elias yi5” 3%

FEFay i,

R2-1 ANTFIGHRS I A AR A R
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Table 2-1 Comparison of various representations - codeword lengths

e ik | Eliasy Golomb Rice
m=2 | m=3 | m=4 | k=2 | k=3 | k=4
1 1 1 2 3 A E 4 5
2 2 3 2 3 3 3 41 5
4 3 5 4 4 4 4 41 5
10 4 7 7 6 5 5 5 5
20 5 9 12 9 8 8 6 6
50 6 11 27 12 15 15 10 8
200 8 15 102 69 53 53 29 17
500 9 17 252 169 128 | 128 66 36
1000 10 19 253 | 253 129 67
2000 11 21 503 254 | 130
5000 13 25 629 | 317
10000 14 27 630

R2—145H IR UM g ht (A A4 R AR HL % ds . Golomb-Ricefil
X R S EAE R B LU AT R0, AR BI01EL i DR R i 2N ) 85 - e AT Ho A v 4

2.4 BEING

AT MG BRI AL 21 T Jo E U A 10 JU R, i = 40 AU e
PHRRAS B AR Ty 582 0T o i) T4 G0 5 7 S RIAAT. (R DG 468 i 5 7 5 o | #5514
A TR PUITIE PRI — S BBOR——70 il PRI S b . AL i
ARG, TR WX LS BORE B LS R, 38 HOBT K Jo3d 55 0 s 4 Sk
AR AR
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E£=F MDCT THBEHLINEZ

BHAR XA (DCT, discrete cosine transform) T H: [ 47 1) 25 B Ecdis A
SRR SRR TS R BE (RRE i, R A Ay G s i b YR R A0 s 4 b A £ 2
PR, HJE DCT M T & WURAERT, i TAAEE ™ B S8, AR
(o, PR ICN R, PRI Y SO B B R X e (MDCTD) T BB
1 FN

SR AE GEIMDCT R T s B v, 7550 s SN t T A7 ek i 72,
AL TR TE T 1. UG SR SO MDCT, - B AR B AR ok
(V7 SBCIR R BRI e A T IS 5, RIS S WS D B A 4 &
B, Al 2 S AT

WIRTETIR, BEHCR B LA 8K B T DaubechiesMSweldens H 42 T} 5 12
O, i FDCTHIMDCTZ WA % DI R, M HE AR S A HDCT ) o 22
Jiiks BRI R S AP R T 5, ARG PR TR BDCT I SE I, fE ek
it S HMDCT

3.1 RFAHEN

3.1.1 ZHBHER

F Ao, Bk = AR PR IR SR T A AR AR
ovO._ 0O a0 0O

J.0 B 18 fen S

Hop X X st Yo Yo S, O VR, R H R R g A A

Y =X + [CYXZ]

Y. =% (3—2)

Hr X )Emaa X B, WRG—2) TTBLEH, X X sk, Iz
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SRR Y Y b s, ik, 03 —2) Bt R—ANNEBE I B AL
FAZ . [N, PTG B (3—2) (IEAL

X, =Y,
X =Y, —[GXZ] (3—3)

RE=3)ERMAEE Y Yo mT s Y. wE X, RGHm Mm% E

Yoo B4, NG33) BB, AR Y. 520, N
RN 2 DY VAR BUIK N

U SR AR RE ] LA R A X A Te R N 1 — 1 (K = F AR TR,
W2, HBERARE— A SRR 59 P 1 O (1) P e He R A, AR i 4 G ik I
JPAK RS, 3P A T A (A e . SR 7] R P P AR S 4k
ZINIRE A A5 T X I 1 R R A AR IXSROTIRGERR AR T, T 6 2k u ok 15
F— LI = A R BT R

A AR W AR A T 455 5 R ELE T, [ g R S s
HAERAMETIL, R RO BRARAE 5 M ITUARE, AT A H i 4 4 it )
%At

AT T 28 A P e Y B R %R e (MDCT) 1) 5B 440 ik
Givens g%, M 45t Givens S /0% Ji TR HE A Aok

gos(a) —sin(a)% Hl %H% 1 0 COS(G)‘IH

in(a) | cos@) B in(a)/ mp)ﬁ

—% s%m

(3—4)
Givensheds (1) 45 oL«
Ol = Xt [=19(a.L2) %, ]
y =X,
y =y

ys" = yi +[sin(a)y\” ]
y, =y +[~tg(a/2)y"]
y, =Yy

DU 6T I PR 380 A 4 Ay
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i,

yy =Y,

y" =y, -[tg(a/2)y]
y " =y

ys? = yi =[sin(a)y;” ]
X, =Y

x, =y ~[g(a/2)x,]

b R A B GE S, B IE AR DU, AR DLE eI, 5
—Givens]ig i 75 B3 IR BB HAE

3.1.2 ZHEAER

Prfd Cscaling) HEFEMER T 0N«

R N s

M (3—35) FEAHAEE —AINX N FETAC R, 0N X N 40 B4
0%, THINXNRIRALHRE 1 AR, WS T R FI2N X ONBGERE, T2

PR
om op_rly, 0ml, ~Tmo I sl
0T GAn o Aham T
xﬁﬁﬁ%m% To_lgﬁﬁszzNﬁ%%EWfﬂ% HRAGHRTH T, B %
SR

BE X, X, FRPIA G ) TRAZ S, Yy, FT5 X, X, Ze S BOR HeT i 1

‘)‘Ll I 1 1 r(()) r(o)
WX X5 Y Y, Y7 Yo

KA IuE o B

yO YO SN X F . [q Bl i

r r
] 0 ]
Jm%u=§ ) XD s g
oy.0 T mxg
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VO =Y ~[Tgy"]
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1 1

r r
yz - yzl) +[T 19Y1(1)]
ARy -

r r
%”=n —[Tgy"]
"

yp)__yl

r I

o=

YO = Y+ T
¥ §@

2 1

I a.r
X =y, =[T o]
BORE, A EPOTRA R OSSNV R b R A
A, A R .

3.2 BHIDCT

3.2.1 ZHIRATIEL DCT

i FIR B (1) Givens e IF2 T 5k, nl LA 8K DCT Z8 4 40/ 4 Givens
figh%, w1 Givens Jes TR R SCIEEE DCT. R/ # DCT 564
S Givens Jigh o

IV ! DCT 52 X+

X (M) = (Zx(n) (2”+1)(2m+1)" . m=0,12,...N I

20 S RIS o il A9 SCHIH B (R8s 5 sORBE ] 25 LEATH 4
IS5 2o — e, SL AU Mo, WERAEFERZ TR, M ks AT
H) )RR AEE. N2 2 BB, R iflE X IV 8 DCT HIASHAZHFE N -
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cv :\/% §os((m +%)(n +%)n/ N)E m.n =0,1,..,N -1 (3—7)

I H IV 8 DCT AR A% 50 B 1R 30t a2 L R
ey ' =Cy (3—8)
Chen et al. 175G 7ESCHR[8] 45 H T CY 140 fi#,  H1 WangZhongde $2 Hi & 1EP,
SR SCRRIOT I R hsoe SO T- 2B, R bRz 50 73
4 J=log,N
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EEPUE SRR Gt 45 B2, B R H T LA 43 A0 F EE i 2%
f(n)=p-p)" (E4—5 5L, HHZ2%p 40.038. NEHRTUEH, £
L W IS R IntMDCT FR B A5 Al T LA 40 A1, BRI K H] Golomb-Rice
A LUK BT () G AV fE

uls

~ FEREESREST
anss| | L1510 R 3

oM -

-
0055
g
5 gos |-
E L |
3

oz

DS -

)
oo "II'I.

"“'\_
L

0 50 100 150 X0 =0 30 -] 400

e
K42 Lo A (52D SR R BRI A (LD

Figure 4-2 Geometry distributions(real line) and probability distributions of coefficient (dashed)
Golomb-Riceld 5 —S4s, X T 1IEHEHn, Wik =5, m>>s)M
R “0”, —ANRE “17 MR, n T HEHIRORIMRsEOR . #ln: s=2, n
=131 405 R (13>>2) FET3ANHER: “07, AN “17, 13 IR R K
2tk A “01”, EI000101.
AT I AR BRI AR 35 R G Re e, — T v 2
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s=log,(log.(2)E(le(n)))) (4—
2)
o, Blg e
G HUE V8 BLE B A 1E M gmis 2 5s, N T IR4ERCR A EE ) 2m . #an
T 10003 T gt , K4 — 125 T ANE IR g i S 205 43 F 1) 2 b L AR
F4—1 AIFGRYIS S HUNE DT H I kR

Table 4-1 Codeword lengths of different GR parameter

s=1 s=2 |s=3 s=4 |s=5 |s=6 |s=7 |s=8 |s=9 |s=10 |s=11|s=12

502 | 253|129 |67 37 22 15 12 11 11 12 13

Hi AT DUE A 2 8 =984 10, AJ DU de /b 1) U AR B R 7R B
1000, WERIEFINSHOAGIE, Keid b hd LR BTR 2% o DR eI 4538 1) i
2 00t T A e 4 SR AT LR R

P 5 A 5 DA v (s 2 DL A R (s B e v, 4 =3, K
FRTAE R, ARSI 7> (0—4KHz) FREW R i K, BT shis LK,
B 7 (4—8KHz) M4, WECPR wiliiats)y (8KHzPL L) Hfi i ik
Bohe By TR S TERE, ASORIEE 5 G R 2=, AR BN

FFRIF D 250
s | PR o 46
st 4 | B4 A

-

)
i P
Eal

B 05 TR

L 5
r

8 22 05
% (KHz)

Bl 43 SQAM i i H Track66 (¥t & 4545 1) IntMDCT 3%

Figure 4-3 Absolute values of IntMDCT spectrum ,length 1024 , Track66 in SQAM
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4.1.2 CRC #&I1&

M BB GRSk LU B, kbSO B s AR Rl
SHE L GR iS40 B TR AT 8 M, AR A i S B R I
RBEE BB 5%, A543 3 BOEA S MR RS AT 15 o DRI U2 R 4 ) v ok
X LESCREAE AR — Lo Ry o AT MR A 7 vk 2 B B F R R U AR AR
ity “CRC—16", MR ILHEA CRC &K%, k5 B RIPAET “07,
I HLAE B S Sl i B RO T CRC R 7

CRC—16 KA #2 Wi h:

G(X)=X"+X" +X* +1
4—4“CRC £ 7 i T 5% AL 25 A7 as IR AEARAS g “ 1111 1111 1111
11117, Gty ISR BT 5 ZE T CRC— AL 56 (1 LUAR S N 2l 4—4 “CRC K50 K
TR . SN LLRE, B A A sh L. fERJE — MR
SERUG S HirtH b15..b0 41— KX FE NIRRT RIS, B
KGR, [RFEEAT CRC MR JF A 2R 7, 5 HRRA ¥ CRC R4 LR .
WA EATANE, U ECRE R OR Y (1 DG5R A L

Data bits

Y
O

by b, b, b

K 4-4 CRC 5%

Figure 4-4 CRC check
i H] CRC Iy 1SR Bl AEAS il 2 4 40 0 o 245 B AR I, fE i
SR — W BRI 12, 6 G b T R A R ) R B

4.1.3 IKEYRES

CLESTR st b SRR T T S 5 AR OCPEREAT [k 4, JEmT L%
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R P 75 00 AT X 2 P 2 e e B S A P ), AR T LA RROR ] MU/
SEARFERT, A AT B IS B AT I R (mid) R AT I 2
(side) SR, 6t F WA P MUBUBE B I UL, 74 7 4 1 5k i LU e A
NOBH R IO .
ﬁ%%ﬁ%gmﬁwm%%ﬂui%%ﬁ%MBE%%%MO

BRSNS 1 s S VAT

4.2 fERBEE

SERIIN % v o U} 3 T o S S T U e R TP ULN v S S T I e d R L
AR 12 MRS 0 1 1117, RBIFSF R, SRR akE R .
MR SRR, B E RS . AR TS AR A5 B P i A5 B
ALV N AR A A s, w) DL E S BEED Uy i) o kAR B AR A
PAET 1407, i3k BE B —A 16 HRFI CRC K% 7. Bt T8 H 5 B
T RHE RS EHE R X OCHAE BAE CRC RS IT 5 3t RS A EL R,
R SRR 15 e . AR 1 Rl A Sk SRR el N S A 2
S HUE R E Tl WA EE S Golomb-Rice f4ifiB 250 s, ot R, AR
FEAFRN IS5 s, AT Golomb-Rice i X FREAUMAGAE, 1 m M HEE “07,
—ANRE L, s BRI S A, BTRAA (GR FRESIFE R ER nem X 2% +d. R
JE AP ) &5 SRAE S ST

_[e[n172 e, [N s %L

TOGe /2 e ] A (4—

e[n]

3)
XS ISR i R ZR EE R MDCT 30, P53 H I 1 35 A

4.3 tb¥pRiErsit

EWA LR SR, BRELR, AR A AR . e
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AR (FBHAER, T oA BEMSEE R BLARHERR.

M3k  |CRC Fr i H KA aiiE R |BEUE R FEAAE B (BN Fi
(40 EbERO[(16 e |(5 bR (KX5 W) | (KX4 kR

K 4-5 JE T IntMDCT Jo# o S 5 S5 5 et i oK (D)
Figure 4-5 Bit stream syntax of lossless audio compression algorithm based on IntMDCT

T AR, T D AR s B 45 44 1 e

4.3.1 F5FF

audio sequence()

{
while (nextbits() = = syncword )
frame()
}
4.3.2 4

T A 1024 MRESGE R, BRET AT, LEFFARST,
W AEEC FATALSG TR AR 2 R R A 0 BT B
frame()

{
header()

error —check()
audio_data()

ancillary-data()

433 %KIiER

header()

{
syncword 16bit
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version
frame len

protection-bit

sampling-frequency

mode

word-length

2 bit
13bit
1 bit
3 bit
2 bit
3 bit

}

PrA W s 40bit (5 595 2k fm AR R SR B

@25 | (syneword): 16bit, ELAFER “0111 1111 1111 11117 & b Wil TF 44

A | (version): 2bit, ARUIEFHNBA CHLEH TR

it (frame_len): 13bit, &5 AR HEF7 5L, BIATRGGE b — R kA

B, MBS BERLVS

T4 — 4L (protection-bit): 1bit, HIZKHR W] 2 ih 53 1 1700 G HEAH B fE CRC
B, ST 17 RRLRR: FT “0” RRmA
TR

KHFENNZ (sampling-frequency): 3bit, Fi§ M0 RAEMIR

AR (kHz)
‘000’ 44.1
‘001’ 48
‘010 32
‘011’ 192
‘100’ 96
‘1017 ‘110° “111° N
T (word-length): 3bit, i B JUan &40 1 AL LU 2L
FK(bit)
‘000’ 16
‘001° 20
‘010° 24
‘011° 8
‘100’ ‘101 “110° e
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‘111°

B3 (mode): 2bit, F5IHZmIY i

[N
‘00 SR
‘o1 WEE5 SEAA S (5B ST AR B MYS AR )
‘10° R T
‘1 FALFE

434 CRC W58

% — K & (error-check):  16bit, {75 CRC KR S . BORP 12 Sis 4 LE s
e SR ERUSE 31 2139 ok, TArBHAER, TARIaME R, GRZEUER.

error-check()

{
if (protection-bit = = 0)
crc-check 16bit
}
4.3.5 EERE

audio-data()

{
for (ch=0; ch<nch; ch++)
{
subband-number[ch] Sbit
for (sb=0; sb<subband-number; sb++)
{
subband-division[ch][sb] Shit
parameter|[ch][sb] 4bit
}
}
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for (ch=0; ch<nch; ch++)
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for (s=0; s<M; samp++)

{
sample[ch][s]

}

EHHHE O E T B HEE . FHRAER . GRSBEUEE. EUFERE R

Tl HA5 B (subband-number[ch]): —MWiRE kI3 4 A 3L

Tkl 5 B (subband-division[ch][sb]): 45 HIFI{E B IE T ch FIE sb AT
w IR gy, 32 AN R — A 2R,
HFRLH ch FEH sb Nrah &4
JUAEE

Z40{5 K. (paremeter[ch][sb]): ch FIE sb 77 1) Golomb-Rice NS4 5

FERUEE (sample[ch][s]:  ch FIEE s MFE K Golomb-Rice [)4i#5 K7~

MR TRl o5 B S HUE B, 43 H ch P IE 28 s KU Golomb-Rice ) 2 4

4.3.6 WHENEUE
i Bh&dE (ancillary-data): -4l Bh &A1 % B § e
4.4 KBk

AR FNRPEE MDCT DY T Je i UL 4, TR ik & A5 5 2 MDCT
ARG S )RR A A R (I AT T AN ) B A0 AR VR 3 7ty BN Falr bR
HHMIFE GR it 2 406#4T Golomb-Rice 4ify, B 7%t A5 R TaRIME
B iS00 BAGR AR 5 DG B4t G o 45 HAR N o 50k,
B G i G A S0 1) LR A 45 4
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ERE FESSIMAMERES

R B SLAY AR SOOI A0 R R SR I ARSI, AEDE SRR B, AR
BAFTEREER, o SRS Gi e . SRS HIE LR A E R T
55 H iR R e B R A T B S BT

5.1 E3XSLm

GBI, G A wavICH, - Hiway SCHFIRISKR AR B 79 21 R A6 A R
B PR E R H o AR A S BCE A A U Y Sk £ B b ) SRS A
7 W 45 5 38 N IntMDCT 42 b S BE 4T R B A e . AR 4 )5 (19 R BOE A
Golomb-RiceZfth it o 5 Kudifith J5 (RS 745 5 7 Xl o (i B g S H=5 015 R
TR A bttt o 1 T4 SR SN Fy B RE N L )

5.1.1 i RITRTE

BEAT BRI, TN & AUE MR AR, DI T HCA e S e .|l
W, S EE TSR T RE A RS, I T 5 B S 5 i o SR TR
Rk s & 51 LA FERFER AR R AR 7 K AT 21 0 R 47 L LG
. IH H & SQAM  (Sound Quality Assessment Material —F 1 W0 1) 7%
SRIED i Track69, RAEZR 44.1kHz. MR RIBEREE, 521420 32kHz
A1 48kHz 545 H M

MR 5—1, WL, KWK 1024 7] LIS 85 K0 R 45 . R f 4
FLREHR AL 1024 sl

5.1.2 R3NATIEE

HIBETT A LU A A, b xn] L2 BRI L 07 TE AN L AR 7 G
25Ty e 3 B G E M XS TR, ) LUR A8 W) (AR D PRt — D 4 s
AGLEER IS AR R gty o 28 5—2 20 1 SRR 38 55 32 A4 P i it 5 (A5 21
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[ R4 . Track69 /& SQAM A H, Track L=R J&H Track69 ()47
R, A A e A A . R AR SR RN, AR A
X A A G S5 (0 SRR, 5 8 e i v e P A A 5 1) S KD,
AT T AT LAE BN F Track69 WAk 7 UM 4 LAl 22 6 L. i+ 40 47
PR OCHEAR K Track L=R, SZAR PGt i) 77 XX A0 T X0 AL

— R, PR IE SR B e MAT, H T IO S, LU T
EURGR . HORFISIAR P i e, vHRRAEE RGN, FHAFERZ 3 R
HERE, WP R 1S OBUCRERAE o DRI T A a0 A2 oA At T A7 A4
PR

BRSNS 1 s S VAT

R 51 ANFERFER DKL S

Table 5-1 Selection of frame length for various sampling frequency

KFER R | RSO RN | i Ja SR B4t
(kHz) (D (7
512 2,414,262 2.0656
441 1024 4,987,124 2,378,672 2.0966
2048 2,413,383 2.0664
512 1,914,390 1.8903
32 1024 3,618,716 1,903,111 1.9015
2048 1,950,603 1.8552
512 2,509,058 2.1634
48 1024 5,428,160 2,470,644 2.1971
2048 2,496,520 2.1743
52 XU IE 5 AR G i T 46 45 R
Table 5-2 Compression result of dual and stereo mode
JESCHERAN | RO EAR | SR AR
(9D (9D (9D
Track L=R 4,987,124 2,367,348 1,645,435
Track 69 4,987,124 2,378,672 2,378,363
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5.1.3 ¥ MDCT By

AT T S TR 2 42T . SE T I PR [
FTE, AHNAPIMSIEEEMDCTI 5 385 — 345 T PR 2 T 5 1 5 I 4
HMDCTIH VAN E— . R 2 32 i T4 S T SEIL A EMDC T ) 45 Ff
Fabr, AR T Z YR TSI HMDCT I & FIaFR, 58 DS X £
MDCTA e 55 AU S 45 R & FhRbR, e TMIEH. R A%
A SPIGREAPE RO HE R ChmEFIge i oRO T 7R %= (5
V7 R MDCTAR 4 5550 H B ICHE 5 (R 465 AR L) R KR 22 I 6 {E

TOA B RO A0 S0 (R S e oy SR T 22 U5 T 10 36 % MIDCT A1l
T2 YeFTI RS MDCT, 5 JLEAE SR, MK 1024, AR SLAR 75 4
PREIE DL R, e bR S B R A 2 400bite. SQAM i) Track69
JRSCAE RN 4,987,124 777, Gl T A MR THI IR R 5, 48 30K R
2,493,562 71 BT 2RI EE R4 S5, R 4i SR/ A 2,378,672
Fo o PSR # T MDCT IR A T2 4E 4 TH R B R i 5k

R5—3 PRI K IMDCT I HL

Table 5-3 Comparison of two lifting methods for IntMDCT implementation

ST | ZHEHRTE | HEHCE (FBD
L e RE 3/ € 225 4 1
LD (R 45 32 20
) R 1.97 0.48 0
L ON S IR 8 4 0
5.1.4 F&Xla

H 2R DY B S e vk e o, ANRIIRBEN (45 5 SRR IR A AR KX, A
WEAN [RIAUBE PYR AN [ (¥ 2 2 B LA B i o AS SRS 8 By 22 73 0 32
A, RS ARERINECAI R, ha@-2) i SRR T e i S A
£ R R TS > BE AR PR 5 T R AT AR R S 200 AR AT s LU 20 9 65 2 Ko
HIEERE, — M3y 4T o — AW S Es R0, B emz, &4
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T AR R i 2 E . 9 A5 BRI Tl R e SR e e AR 124
T NSH, AL 4bitdity, DU/ HRFEIE T S8 s 240,
(CENE D) IR Py S

5.1.5 CRC %8 By

AN RS HORHICRORL S, CRCALSS (S nl LRI & &%, BT —A
FATAE8bit, JT LARERAL I — ANy, A28 =256, il A A TIB L,
RR$E T A HE S, AR Z BN TR o AL Tl T IR CRCEZ B A
PR
B 5—1) A 5—2 2t S Sk AR I o

THR

-
/
TEWAV A B R, $RIFD T
prew | NG |
&
' B G
IntMDCT v &
| it B
; v
AW 2T HEAFCROR S
v ' x
G 9
TR &ﬁfig
i
J RO AE S, e TRl oy
T 1 W Golomb-Rice 4w i ¢
fi#i%5Golomb —Rice $(#
\J
it 4R LA v
i ‘ HEHMDCTI A e ‘
N N
KbF5E A 5E
Y Y
sl AR
K 5—1 Jott e Mg inire K K 5—2 ot M A ]
Fig 5-1 Flow chart of lossless audio encoder Fig 5-2 Flow chart of lossless audio decoder
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G SRR 4 LE LR I 46 i i H 0P8 LU o

gobooo

E%tt:DDDDDDD

B4R AR

LR =
-3 HRF A I

16

5.2.1 BERIESRME

ARSCHE SR RS 1024, BIZY 23ms — WU THE SR e . JIf HAAE
PR SR FE i . SE3 8 SQAM (Sound Quality Assessment Material —
T MR S AR ) th 2 R RIS A5 5, KAE% 44.1KHz, FASKFF
{ELH 16bit Tk,

R5— 445 HSQAM MK H & 1 A SCHE R 4 Ja i g k. Kb is 1412
SQAM Y &AM H A Fk, 5524145 AN il H 5 s 5 Mk, 535050 H T
TR i H 1SRN, BATIR T (M Bytes), 545000 it H 10 FFgEm i),
PiFb (sec), EB5FHIH IS AL LA IS SO RN, BALIE-5 (M Bytes),
56+ TH 2tz i KA 4 LU 24 LR A

K54 i gR
Tabl¢ 5-4 Simulation result

ittt H Eiiba J SO Fe: Is#ESCEE B4 | T
PNGN I} [ K b || ERRRL
(M (sec) (M (bit)

bytes) bytes)
TrackO1 | [F5%3% (1KHz) | 16.8 99.91 3.75 4.48 3.57
Track02 | 5 [ {0 1 7 7.66 45568 | 3.69 2.07 | 7.70
Track03 | & /& HL 7 48 [3.72 22.163 | 0.64 577 | 2.76

(100Hz)

Track04 | & /% HL 7 48 | 4.26 25.355 | 0.704 6.05 | 2.64
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AT LR
(400Hz)

Track05 | & /% W F 4 |3.75 22331 |0.724 517 | 3.08
(5KHz)

Track06 | & /% H F 4 |3.15 18.763 | 0.454 6.94 | 2.30
(500Hz)

Track07 | & (s 5 5.25 31219 | 1.03 509 | 3.13

Track08 | 'f#% (/NREE) [ 11.3 67.402 | 5.11 221 | 723

Track09 | k4% (rp#isE) | 8.81 52393 [3.96 222 | 7.19

Track10 | 'R#% (AIEE) [ 11.9 71223 | 4.47 2.66 | 6.01

Trackl1] | I} %% (€ 3% #2104 62.055 | 3.67 2.83 | 5.64
)

Track12 | B3 () 3.96 23.566 | 1.48 2.67 | 597

Track13 | JRds (5D 7.02 41.781 | 2.52 278 | 5.74

Trackl4 | R8s CWFHE) | 7.55 44.935 |[2.99 252 | 6.33

Track15 | Ge8e (ulyl) 3.41 20.309 | 1.45 235 | 6.80

Track16 | 'J#% (FE45) | 5.88 34998 | 2.1 2.8 5.71

Track17 | JR58 (3% %% [ 3.43 20443 | 1.45 236 | 6.76
D)

Track18 | fR 8% (ARG  |/5.65 33.605 /| 1.91 295 | 5.40

Track19 | bR 4% (i35 LA | 3.17 18.890 [1.17 271 | 5.90
(=3

Track20 | 5f 2% ( g% 35 4t | 5.95 35386 | 2.1 2.83 | 5.64
=9

Track21 | 8% (/hE) 5.39 32.088 | 1.57 343 | 4.66

Track22 | 4% (K2) 6.01 35.751 | 1.54 390 | 4.09

Track23 | Gt (=) 6.76 40214 | 1.68 4.03 | 3.97

Track24 | G382 (K2 7.56 44986 | 1.67 452 | 3.53

Track25 | 8% (IX3E) 10.7 64.170 | 2.75 3.89 | 4.11

Track26 | 5 %% ( 71§y 4k | 6.07 36.058 | 1.44 422 | 3.79
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A K A 1
i)
Track27 | 'Ras C(WAR) 2.67 15.800 | 1.28 208 | 7.67
Track28 | 8% (/i) 12.54 74.541 | 3.71 338 | 4.73
Track29 | k4% (k&) 3.4 20.189 | 0.658 516 | 3.09
Track30 | Jo8% CE&s) | 3.93 23358 | 0.8 491 | 3.25
Track31 | 'R2% (8D 20.22 120.214 |5.82 347 | 4.60
Track32 | Je8® (k=41) |11.9 70.758 | 3.59 331 | 482
Track33 | 'k#s (4) 44.29 263.302 | 10 4.43 3.61
Track34 | ‘Ras CEFED 3.85 16.099 | 1.1 3.50 | 4.57
Track35 | FR8e (fh3E) 9.24 54918 | 2.35 3.93 | 4.06
Track36 | f:8% (ARZE) 7.76 46.109 | 2.19 3.54 | 451
Track37 | 3% (Higr3s) | 1.99 11.815  ]0.55 3.61 | 442
Track38 | 'k 2% ( # fk [ | 2.94 17.446 | 0.563 522 | 3.06
)
Track39 | 4 2% ( = ff 41 | 22.55 134.018 |5.99 376 | 4.25
)
Track40 | fese (hgkss) | 8.27 49.166 | 3.05 271 | 5.90
Track41 | JR3e (HiHEE) | 10.65 63.313 /| 272 3.92 | 4.08
Track42 | fRse (FR3E) |3.23 19.178 / [ 1.33 242 | 6.8
Track43 | 3t (P 3E) | 144 85.673 | 6.48 2.22 72
Trackd4 | &3 4.42 26286 | 1.59 278 | 5.75
Track45 | &% &% 4.49 26712 | 1.69 266 | 6.02
Track46 | B &7 428 25459 155 276 | 5.79
Track47 | %% 4.69 27.866 | 1.69 278 | 5.76
Track48 | Py Zs 4.15 24.688 | 1.74 239 | 6.70
Track49 | &G, g | 3.27 19.430 | 1.5 218 | 733
Track50 | B FiE 2, H#iE | 3.61 21.457 | 145 249 | 6.42
Track51 | L AiE, Wi | 2.95 17.559 | 1.47 249 | 797
Track52 | B, 1LiE | 3.44 20.430 | 1.52 226 | 7.06
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Tracks3 | a5, flis | 2.81 16.696 | 1.28 220 | 7.28
Track54 | Bl faiE 5, fiis | 2.84 16.894 | 1.28 221 | 721
Track55 | fhZE (/) 4.86 28.906 | 1.79 271 | 5.89
Track56 | JliZe (GAFR3E) | 5.12 30406 | 2.56 2.00 | 8.00
Track57 | fhZe CEREE) | 2.71 16.109 | 1.15 235 | 6.78
Track58 | JiZE () 2.02 12.011 | 0.858 235 | 6.79
Tracks9 | fhiZe (/REE) | 4.21 25.007 | 1.77 237 | 672
Track60 | MhZE (4N55) 14.88 83.479 | 3.7 402 | 3.97
Track6l | 54k (L) | 29.51 295394 | 12.1 243 | 656
Track62 | 5ok (Limiis) | 4.63 27.508 | 1.58 293 | 546
Track63 | 5 5 CHilE)) 8.92 53.049 | 3.84 232 | 6.88
Track6d | 55 (2 E) 456 27.087 |2.54 1.80 | 8.91
Track65 | %% 18.23 108.388 | 7.14 255 | 6.26
Track66 | 4587 5 (&08) | 2.36 14.057 | 1.16 2.03 | 7.86
Track67 | &% 5 (4IE) | 13.1 77.882 | 4.69 279 | 5.72
Track68 | /%% T 27 280.489 | 8.22 3.28 | 4.87
Track69, | 7 4.76 28271 |2.26 2.11] | 7.59
Track70 | 5 2071 16.099 /] 1:36 1.99 | 8.02
ST 3117 | 5.57

b1 AN Rl g St F AL s 45 EL AR 2218k ol , 28 5-1 5t T+ Track60
JE4E LT PUIA R 4.02, 1] Track64 HIEZtEHAA 1.8, X2 HIF Track6d H&FH
AR FIAZ W SRS (K0, [ SR EZ, S oEE, K 53 A

FIFTR, ARG, AR, AT Track60, s 5 LT
b, MBS 5 B R R TSRS, BRI, 55 4,

O K0 MDD O D MO (MDD SR
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14 b A%
S = N W bk O O N 0 ©

a2 L PN R e VAT

K 5—3 Track64 Hl Track60 RIS 4>
Figure 5-3 the specturm of Track64 and Track60
MEFX T SQAM 70 AN H 44 2R, ARSI T3 s 4 L oy
317, “PILLRFECK 5.57bit, BAT RIUFHIRAE30% .
WAk 5—4 mH K 5—4, BERKRRREASTEVE L% )5 1 ith H 725 Hoky
.

—
(@)

—

o

TR

| | | | |
5 10 15 20 25 30 35 40 45 50 55 60 65

=
=]

iz S|

Bl 5—4 22 A SCEL S i fth F T B

Figure 5-4 average bit number of compressed test track

5.2.2 EEEEN

G RS S FOR I 23t Ak B AR e v ) e BT i 4, A4S — BB A A Y
BUR, BURSPIRBIE N MIEIN, 38 TR =104k, AN Iglm oAy Bt
MIE R FAH R OCHEE B 1F CRC £, fRUE T OCHAS R AR e, Ha s,
4 Mt gt AE RO 1 LERFiRAS D RAS R 3.36X 10 ° (G OL 1, il s Jm 13
fF SNR {524 73dB, AEZMIBRWISIR . 28 Bz H gt ae R . & 5—5
FEE 5—6 43 4 M ANAELE LS AAAE RIS I A 20 0, w3 FURTESE — .
AN SRR U (AT AR SR
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Figure 5-5 wave profile without bit error
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Table 5-5 Comparison of various algorithms — compression ratio and average bits

UREY Js 4 EE P2 HR e (LB

ith H APE | Shorten | LTAC | A APE | Shorten | LTAC AL

TrackO1 | 10.31 2.62 2.76 4.48 1.55 6.11 5.8 3.57

Track02 | 2.16 1.92 2.03 2.07 7.41 8.31 7.85 7.70

Track03 | 16.9 7.91 7.15 5.77 0.94 2.02 2.23 2.76

Track04 | 11.83 7.34 5.85 6.05 1.35 2.17 2.73 2.64

Track05 | 6.46 1.86 2.97 5.17 2.47 8.57 5.37 3.08

Track06 | 16.57 8.51 6.7 6.94 0.96 1.87 2.38 2.30

Track07 | /6.25 441 4.2 5.09 2.56 3.62 3.80 3.13

Track08 | 2.20 2.04 2.25 221 7.26 7.83 7.10 7.23

Track09 | 2.26 2.14 2R 222 7.06 7.46 7.04 7.19

Track10 | 2,73 2:52 2.75 2.66 5.84 6.36 5.80 6.01

Track1l | 3.06 2.90 2.90 2.83 5.21 5.50 5.50 5.64

Track12 | 2.57 2.23 2.62 2.67 6.22 7.15 6.10 5.97

Track13 | 2.81 2.56 2.81 2.78 5.67 6.24 5.67 5.74

Trackl4 | 2.47 2.22 2.49 2.52 6.46 7.20 6.42 6.33

Trackl5 | 2.33 2.11 243 2.35 6.85 7.55 6.56 6.80

Trackle | 2.74 2.54 2.88 2.8 5.82 6.28 5.55 5.71

Trackl7 | 2.36 2.18 2.45 2.36 6.76 7.32 6.53 6.76

Track18 | 3.13 2.89 3.00 2.95 5.09 5.52 5.32 5.40

Track19 | 2.96 2.73 2.78 2.71 5.40 5.85 5.75 5.90

61-



Q0 64134703

a2 L PN R e VAT

Track20 | 2.96 2.69 2975 | 2.83 5.40 5.94 5.37 5.64
Track21 | 3.56 3.13 3.66 3.43 4.48 5.10 4.36 4.66
Track22 | 4.41 4.00 4.03 3.90 3.62 3.99 3.96 4.09
Track23 | 4.41 4.09 3.86 4.03 3.62 3.90 4.14 3.97
Track24 | 5.17 4.81 4.39 4.52 3.08 3.32 3.64 3.53
Track25 | 4.28 4.00 4.06 3.89 3.73 3.99 3.93 4.11
Track26 | 4.70 4.07 4.89 4.22 3.40 3.92 3.26 3.79
Track27 | 2.34 1.99 2.18 2.08 6.83 8.02 7.31 7.67
Track28 | 3.77 3.60 3.85 3.38 4.23 4.44 4.14 4.73
Track29 | 6.53 7.55 7.32 5.16 2.44 2.11 2.18 3.09
Track30 | ~ 6.14 5.45 6.43 4.91 2.60 2.93 2.48 3.25
Track31 | 3.86 3.39 4.00 3.47 4.13 4.70 3.99 4.60
Track32 |  3.26 2.69 3.45 3.31 4.89 5.94 4.62 4.82
Track33 |  5.19 4.54 5.16 4.43 3.08 3.53 3.09 3.61
Track34 | 4.05 3.53 3.85 3.50 3.94 4.52 4.15 4.57
Track35 | 4.00 2.60 3.54 3.93 4.00 6.14 4.51 4.06
Track36 | 3.93 3.37 4.04 3.54 4.06 4.74 3.95 4.51
Track37 | 3.90 3.55 3.55 3.61 4.10 4.50 4.50 4.42
Track38 | 6.39 6 6.75 5.22 2.50 2.66 2.36 3.06
Track39 | 4:12 3.74 3.98 3776 3.88 4.27 4.01 4.25
Track40 |/ 2.70 2.54 2.89 271 5.92 6.28 5.58 5.90
Track41 | 4.16 3.79 3.92 3.92 3.84 4.22 4.08 4.08
Track42 | 2.35 216 2.88 242 6.78 7.30 5.54 6.58
Track43 | 2.15 1.97 2.31 222 7.43 8.08 6.91 7.2
Track44 | 2.92 2.55 2.82 2.78 5.46 6.26 5.68 5.75
Track45 | 2.79 242 2.68 2.66 5.73 6.59 5.95 6.02
Track46 | 2.85 2.37 2.71 2.76 5.60 6.72 5.90 5.79
Track47 | 3.05 2.62 2.84 2.78 5.28 6.10 5.62 5.76
Track48 | 2.45 2.24 242 2.39 6.51 7.13 6.59 6.70
Track49 | 3.14 2.12 2.19 2.18 5.08 7.53 7.29 7.33
Track50 | 3.47 2.47 2.56 2.49 4.60 6.47 6.24 6.42
Track51 | 2.61 1.96 2.25 2.49 6.12 8.13 7.10 7.97
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Track52 | 2.99 2.24 2.26 2.26 5.34 7.11 7.06 7.06

Track53 | 3.12 2.17 2.21 2.20 5.12 7.34 7.23 7.28

Track54 | 3.19 2.20 2.23 2.21 5.01 7.26 7.15 7.21

Track55 | 2.87 2.54 2.73 2.71 5.56 6.28 5.86 5.89

Track56 | 1.99 1.68 1.99 2.00 8.03 9.5 8.03 8.00

Track57 | 2.33 1.79 241 2.35 6.84 8.915 6.61 6.78

Track58 | 2.65 2.37 2.38 2.35 6.01 6.73 6.71 6.79

Track59 | 2.40 2.14 2.39 2.37 6.65 7.44 6.68 6.72

Track60 | 4.59 4.07 431 4.02 3.48 3.92 3.70 3.97

Track61l | 2.52 2.21 2.45 243 6.35 7.25 6.50 6.56

Track62 | < 3.14 2.69 2.94 2.93 5.07 5.94 5.42 5.46

Track63 | 2.49 2.16 2.34 2.32 6.40 7.39 6.90 6.88

Track64 | 1.81 1.66 1.80 1.80 8.80 9.61 8.84 8.91

Track65 |  2.73 2.44 2.68 2.55 5.85 6.54 5.95 6.26

Track66 | 2.12 1.91 2.03 2.03 7.52 8.33 7.86 7.86

Track67 | 2.90 2.67 2.80 2.79 5.50 5.97 5.70 5.72

Track68 | 3.59 3.29 3.35 3.28 4.45 4.85 4.77 4.87

Track69 | 2.18 1.95 2.10 2.11 7.32 8.16 7.59 7.59

Track70 | 2.25 1.93 2.00 1.99 7.08 8.26 7.97 8.02

@S] 3.94 3.08 3.27 3417 5.05 5:99 546 5.57

3K 5—2 WTLUE S, B Ml AT 19 APE ks X IR 40 A — Lo %
PE, SR R AR TR U S S R R BOR RN TR AR
Hit (Track08—Track43) 1 HIFHE 7> =t il H 8 4 R H A T APE. B4R
T A T B R A T AT HR B

5.4 KF/NGE

AREESN T IS WA R LB, WS 4R b, LS
IS, R I IR RO . IWIRARRCR . WWEREORE . BA SIS s
AT ATIRIVERE T o B0 m K AN BE S BUAT HLAR S50 APE. Shorten A1
LTAC IAAPEREEAT LLAL, 3 tH 418 AR 1 5 Fh S SR A 1) FAT [
KIS AEPERE, 52X I fe 8 S s 4 80 B 0 T H AT mAT () APE %

-63-



QQ 64134703

BN S R e VAT

TR
QQBH34T0




Q0 64134703

BRSNS 1 s S VAT

6.1 ARITIERSGE

ARV SO SR RS 2 3850 MDCT AR b AT TR ANIFSY, I F Tk

P B P A BT T RIS AR o S A AR SO AR, AR LA Uy T

H—, WICUEW T MDCT 43Mi# 4 Givens k6 Al DCT (S RIRE, | 7E0bE
fili FAT AP TE T % — — “EERF” < Z4ERT” B IntMDCT. [R] I
W3O IntMDCT H1 52 2% O Meaz S8R L T AH N i vk, FRAIR T S sk &2
P

W, RSN ARG AR BGIAT T WS AL B, I AE KB SR T i il
E, RIMEE WU S IntMDCT SR A i T U 3 A, BRIk
KHT Golomb-Rice gt HiA, I HiL B LF g vEfE. B TA RSB
A AR B B 72 5, AR SO0 T AN IB ) A2 R BOR T T AR Golomb-
Rice % it 2 K LA1G 2 e 0 ) Hs 4 0%

W, ASCIRIIFSEIL T MO R e E g AR S, ot TS T
ToA S ARSI BT RO R T AT AL, SR B SIS (A Reihid o 3B 17 R s
FETHIZIL IntMDCT AR T3 R A e g R IR v 22, DSOS T AN S0 H 4 1k

G TN

S0, RSO AT IR B SR AE R R AT, IR
A TPFIEA R o AT &M P B B B IR i BOR | )2
RTINS S A He 4 L 42 L T APE.

—STIERRE

ARSCI ARLE LR J5 TS AT A 56 35 -

B, ATHEE MDCT mf DL — R NS, 1, WF5 MDCT HIEK
RN, ERE CEIITZAR, &R/ D)

B T ARSCER I OB S g AL A RS, W AN R] R G

-65-



Q0 64134703

BN S R e VAT

R B AR A R i 65 53, I 0 D HAE U

F=, RTASCR IS A AR DT, R A, 2t
OB PR RR IS SR I, T ST A RE (K SR R LA T AL,
Y AT I 18] _E DL

0, RS AW N AN MR AT s A N, g B S e i
SRR 4 (1 A AN 2 N

-66-



Q0 64134703

BRSNS 1 s S VAT

Bt

EOG, BB I S B B . AN SO A iR LA A R AR B2
MG RTINSt b ) SRR S AR o B R
JraAs PRGN B A K AR B N TARZIIEN S, AR ANE
T BN AT IR LT A 25, W B S T 4 A S B R
TEZAERIWT TN T, W12 B R &S T T RGMA BRI, | G
MO (R AN i, AR 2 HEER, AN IR SCIRMA 58 i 55 IX LA 502 7 ANTTF I o
BT O s, B B C ALy, EATREIN AR . MESE 3, A
FABERAE S B50 A, XN BRI R R RAT AL e AEIE, 1 2
P IR A !

[l I R B B 8%, 407 T RVFZ RS e A S AN Bh o Sl S
(RS A A GBI [R5, AATIAE AR P 4y 7 1 VP2 AT sk (4 3 A0
g

ST S0 5 A 0 S TR ) 2 Dy BB T R G AR ARHT 250 LR g bR 1 A= 3 34
8550 R BA B RS R[] 2 S5 A S0 R 8 A

i ALK 52 (S BE 0 A AR 16 ARl 25 T TSR IR SR L
sl AT A B e T s AT SOl SRR 2, ST A B SCE
g T A A AT A LU PR S Co A 2 4

-67-



Q0 64134703

Eatis SN 2 T e A7

BUZEAR L A0 A (8] & 3R ATIE 3L

1. KRB SO, Rk, “EETIEASRE I AR 7, AR, 2005
R 4, KR 238 1, P51-54

2. Jut, WISNE, REEE, “IETE S DSP T AT IR A P Sk,
PR, 2006 55 2 )

-68-



Q0 64134703

a2 L PN R e VAT

[1]

[4]

B2 3R

http://flac.sourceforge.net/

A.Wegener, “MUSICompress: Lossless, low-MIPS audio compression in software and
hardware,” in Proc. Int, Conf. Signal Processing Applications and Technology, 1997,
Availabel:http://members,aol.com/sndspace

A.Bruekers, A.Oomen, and R.van der Vleuten, “Lossless coding for DVD audio,” in Proc.
101 AES Conv.,Los Angeles, CA, Nov. 1996, prprint 4358

Se Yil Park, Se Hyoung Park, Dae Sik Lim and Jaeho Shin: “A Lossless and Lossy Audio
Compression using Prediction Model and Wavelet Transform” The 2002 International
Technical Conference On Circuits/Systems, Computes and Communications

Tilman liebchen, Marcus Purat, and Peter Noll: “Improved Lossless Transform Coding of
Audio Signals” In: Impulse und Antworten - Festschrift fiir Manfred Krause, Wissenschaft
& Technik Verlag, Berlin, 1999

Sweldens. W. The lifting scheme: A construction of second generation wavelets. IMI
Technical Report 1995, 06, Industrial Mathematics Initiative, Department of Mathematics,
University-of South Carolina, 1995

INGRID DAUBECHIES /AND ‘WIM SWELDENS : “/FACTORING WAVELET
TRANSFORMI|INTO LIFING STEPS ™.J. Fourier Analysis and Applications, 4(3):247-269,
1998

W. H. Chen, C. H. Smith, and S. C. Fralick, “A fast computational algorithm for the discrete
cosine transform,” IEEE Trans. Commun, vol. COM-25, pp. 1004-1009, 1977
“Reconsideration of ‘A fast computational algorithm for the discrete cosine transform.’”,
IEEE Trans, Commun., vol. COM-31, pp. 121-123, 1983

7. Wang, “Fast algorithms for the discrete w transform and for the discrete fourier
transform,” IEEE Trans. ASSP, vol. ASSP-32, no. 4, pp. 803-816, 1984

Ralf Geiger, Yoshikazu Yokotani, Gerald Schuller, Jurgen Herre, “Improved integer
transforms using mutli-dimensional lifting”, Acoustics, Speech, and Signal Processing,
2004. Proceedings. (ICASSP '04). IEEE International Conference on, Volume 2, 17-21

-69-



Q0 64134703

a2 L PN R e VAT

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

May 2004 Page(s):ii - 1005-8 vol.2

Ralf Geiger, Jurgen Herre, Jurgen Koller, karlheinz Brandenburg: “INTMDCT—A LINK
BETWEEN PERCEPTUAL AND LOSSLESS AUDIO CODING” Acoustics, Speech, and
Signal Processing, 2002. Proceedings.(ICASSP °02). IEEE International Conference on,
Volume: 2, 2002 Pages: 1813~1816

Peter Fenwick: “Punctured Elias Codes for variable-length coding of the integers”
Technical Report 137 ISSN 1173-3500 December 5, 1996

R. Geiger, Y. Yokotani, and G. Schuller, “Improved integer transforms for lossless audio
coding”, Proc. of the Asilomar Conf. on Signals, Systems, and Computers, 2003

R. Geiger, T. Sporer, J. Koller, and K. Brandenburg, “Audio coding based on integer
transforms,” in 111th. AES Convention, New York, 2001

Mat Hans and Ronald W. Schafer, “Lossless Compression of digital audio ”, IEEE SIGNAL
PROCESSING MAGAZINE, JULY 2001

Golomb S, “Run-length encodings”, Information Theroy, IEEE Transactions on Volume 12,
Issue 3, Jul 1966 Pages:399-401

Sound Quality Assessment Material — Recordings for subjective Tests. Technical |Centre of
the European Broading Union(EBU) , 1988

Tilman liebchen, -Marcus Purat, and Peter’Nolls“ Improved-Lossless Transform Coding of
Audio Signals” ' In: Impulse und Antworten - Festschrift fiir Manfred Krause, Wissenschaft
& Technik Verlag, Berlin, 1999

ISO/IEC International Standard, IS 11172-3. Information Technology-Coding of Moving
Pictures and“Associated Audio for Digital Storage Media at up to About 1.5Mbit/s-Part
3:Audio, 1992

Lin Xiao, Tan Wee Hong, Gee Chein Woei, Li Gang, “A Lossless Audio Compression
Software for Windows Application”, Signal Processing Proceedings, 1998, ICSP’98 1998
Fourth International Conference on Volume 2, 12-16 Oct. 1998 Pages: 1162-1165 vol.2
Digital Object Identifier 10.1109 COSP. 1998. 770824

Liebchen, T., Reznik, Y.A.. MPEG-4 ALS: an emerging standard for lossless audio coding.
Data Compression Conference, 2004, Proceedings(DCC’04). March: 439 — 448.

M. Hans and R.W. Schafer, “AudioPak—An integer arithmetic lossless audio coedec,” in

-70-



Q0 64134703

a2 L PN R e VAT

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

Proc. Data Compression Conf, Snowbird, UT, 1998, p.550

Tony Robinson: “SHORTEN:Simple lossless and near-lossless waveform compression”

Technical report CUED/F-INFENG/TR.156 ,Cambridge University Engineering

Department, Trumpington Street, Cambridge, CB2 1PZ, UK, December 1994

Tilman liebchen, Marcus Purat, and Peter Noll: “Improved Lossless Transform Coding of

Audio Signals 7 In: Impulse und Antworten - Festschrift fir Manfred Krause,

Wissenschaft & Technik Verlag, Berlin, 1999

ISO/IEC JTC1/SC29/WG1 (1997). JPEG_LS:emerging lossless/near-lossless compression

stansard for continuous-tone images JPEG Lossless

P. Craven, M.Law, and J.Stuart, “Lossless compression using IIR prediction filters,” in

Proc. 102" AES Conv, Munich, Germany, 1997, preprint 4415

P. Craven, M. Gerzon, “Lossless coding for audio discs,” J. Audio Eng. Soc, vol. 44, no.
9,,706-720, 1996

D.Lee, Personal communications on waveform archiver, Aug. 1997

C. Montgomery, Personal communication on OggSquish, Aug 1997 http:/www.xiph.com

R. Sprague, Private communication on Sonarc, Aug. 1997.

http://www.monkeysaudio.com

http://www.nue.tu=berlin.de/wer/liebchen/lpac.html

A./Bruekers, A. Oomen, and R. van der Vleuten, ‘‘Lossless coding for DVD,audio,” in
Proc. 101st AES Conv., Los Angeles;-CA, Nov. 1996;preprint 4358.
C. Cellier, P. Chenes, and M. Rossi, “Lossless audio data compression for real time
applications,” in Proc. 95th AES Conv., New York, 1993, preprint 3780.
M. Hans, “Optimization of digital audio for Internet transmission,” Ph.D. dissertation,
School Elect. Comp. Eng., Georgia Inst. Technol., Atlanta, 1998.
D. Wu, E.C.Tan. “Comparison of lossless image compression algorithms”, 1999 IEEE
Tencon: 718-721
Howard, P.G; Vitter, J.S ,“Arithmetic coding for data compression”, Proceedings of the
IEEE Volume 82, Issue 6, June 1994 Page(s):857 — 865
Yu R, Ko C C, Rahardja S, Lin X. “Bit- plane Golomb Coding for Sources with Laplacian
Distributions”. Acoustics, Speech, and Signal Processing, Proceedings. (ICASSP'03). 2003

-71-



A KA 15

IEEE International Conference 2003, 4: 277- 280.
[40] WG, ESE SR GBITHRO, MR TR AR A
[41] KRS, EURGHUEAFEAIEITT, Aba TR 22718 30, 2001.5

\ t Jﬂp\ /“)1‘4

Q64134

-72-



QQ 64134703

BRSNS 1 s S VAT

DCT
MDCT
IntMDCT
LPC
CRC
SQAM

RIS WA

Discrete Cosine Transform 2 4% 5% 48 it

Modified Discrete Cosine Transform $(i3E 7 B9 i 4% 5% 7% #e

Integer Modified Discrete Cosine Transform F&%{ ot Y B 4% 5% AL
Linear Prediction Coding £& "t Y9l 4 i)

Cyclic Redundancy Check fifi ¥ TU R B K

Sound Quality Assessment Material FJ- 3= Mt 12 5k

-73-



Q0 64134703

a2 L PN R e VAT

B %

SEIN CRC A5 TR F 20
crc_table [256] =

{

0x0000, 0x8005, 0x800f, 0x000a, 0x801b, 0x001e, 0x0014, 0x8011,
0x8033, 0x0036, 0x003c, 0x8039, 0x0028, 0x802d, 0x8027, 0x0022,
0x8063, 0x0066, 0x006c, 0x8069, 0x0078, 0x807d, 0x8077, 0x0072,
0x0050, 0x8055, 0x805f, 0x005a, 0x804b, 0x004e, 0x0044, 0x8041,
0x80c3, 0x00c6, 0x00cc, 0x80c9, 0x00d8, 0x80dd, 0x80d7, 0x00d2,
0x0010, 0x80f5, 0x80ff, 0x00fa, 0x80eb, 0x00ee, 0x00e4, 0x80el,
0x00a0, 0x80a5, 0x80af, 0x00aa, 0x80bb, 0x00be, 0x00b4, 0x80b1,
0x8093, 0x0096, 0x009c, 0x8099, 0x0088, 0x808d, 0x8087, 0x0082,
0x8183, 0x0186, 0x018¢c, 0x8189, 0x0198, 0x819d, 0x8197, 0x0192,
0x01b0, 0x81b5, 0x81bf, 0x01ba, 0x81ab, 0x01ae, 0x01a4, Ox81al,
0x01e0, 0x81e5, 0x8lef, Ox0lea, 0x81fb, 0x01fe, 0x01{4, 0x81f1,
0x81d3, 0x01d6, 0x01dc, 0x81d9, 0x01c8, 0x81cd, 0x81c7, 0x01c2,
0x0140, 0x8145, 0x814f, 0x014a, 0x815b, 0x015e, 0x0154, 0x8151,
0x8173, 0x0176, 0x017c, 0x8179, 0x0168, 0x816d, 0x8167, 0x0162,
0x8123, 0x0126, 0x012c, 0x8129, 0x0138, 0x813d, 0x8137, 0x0132,
0x0110, 0x8115, 0x811f, 0x011a, 0x810b, 0x010e, 0x0104, 0x8101,
0x8303, 0x0306, 0x030c, 0x8309, 0x0318, 0x831d, 0x8317, 0x0312,
0x0330, 0x8335, 0x833f, 0x033a, 0x832b, 0x032e, 0x0324, 0x8321,
0x0360, 0x8365; 0x836f, 0x036a, 0x837b, 0x037e, 0x0374, 0x8371,
0x8353, 0x0356, 0x035c, 0x8359, 0x0348, 0x834d, 0x8347, 0x0342,
0x03¢0, 0x83¢5, 0x83cf, 0x03ca, 0x83db, 0x03de, 0x03d4, 0x83d1,
0x8313, 0x03f6, 0x03fc, 0x8319, 0x03e8, 0x83ed, 0x83¢7, 0x03¢2,
0x83a3, 0x03a6, 0x03ac, 0x83a9, 0x03b8, 0x83bd, 0x83b7, 0x03b2,
0x0390, 0x8395, 0x839f, 0x039a, 0x838b, 0x038e, 0x0384, 0x8381,
0x0280, 0x8285, 0x828f, 0x028a, 0x829b, 0x029e, 0x0294, 0x8291,
0x82b3,.0x02b6, 0x02bc, 0x82b9, 0x02a8, 0x82ad, 0x82a7, 0x02a2,
0x82e3, 0x02e6, 0x02ec, 0x82¢e9, 0x0218, 0x82fd, 0x82f7, 0x0212,
0x02d0, 0x82d5, 0x82df, 0x02da, 0x82cb, 0x02ce, 0x02c4, 0x82cl,
0x8243, 0x0246, 0x024c, 0x8249, 0x0258, 0x825d, 0x8257, 0x0252,
0x0270, 0x8275, 0x827f, 0x027a, 0x826b, 0x026e, 0x0264, 0x8261,
0x0220, 0x8225, 0x822f, 0x022a, 0x823b, 0x023e, 0x0234, 0x8231,

0x8213, 0x0216, 0x021c, 0x8219, 0x0208, 0x820d, 0x8207, 0x0202
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