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F. G. 2 
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WRITE ROW 

215: ROWVECTOR 
210 

72x 16 INTERLEAVER 
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(COLUMNVECTOR) 
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AND WRITE IT TO EACH 9x8 INTERLEAVEREVERY ROW 

9 x 8 INTERLEAVER 
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F. G. 3 
200 DATACONTAINED IN ONE FRAME (1152BITS) 

Z-Z44-44444 as 
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READ DATAEVERY COLUMN 9x8 INTERLEAVER 
AND WRITE IT TO EACH 9x8 INTERLEAVER 
EVERY ROW > - 8 

Y444442 172,132 
145 

N 1137 

AND WRITE IT TO EACH3x3 INTERLEAVER 9 x 8 
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DATAEVERY COLUMN 

É. 768 128 512-16 400 - 136 1385-2386----- 5399-1151 
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F. G. 4 
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72x 16 INTERLEAVEREVERY ROW 

340 6as 3248.64 80-136,420-324-1228-13-1531-115 
INTERLEAVED DATA CONTAINED IN ONE FRAME 

REFERENCE: INTERLEAVED DATACONTAINED IN ONE FRAME FROM 
350 CONVENTIONAL INTERLEAVER(72x 16 INTERLEAVER ) 

06 3248.64 80-1361.17-2118-1319-4-1531-1151 
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8 || 9 || 10 11 
/ READ DATAEVERY COLUMNAND WRITE IT TO 
415 || 6 || 7 |EACH 333 NERLEAVEREVERYROW 
12413, 1415 s 

READ DATAFROMEACH 2x2 INTER LEAVER 
- EVERY COLUMNAND WRITETTO 

4x4 INTERLEAVEREVERY ROW 

INTERLEAVED DATA CONTAINED IN ONE FRAME 
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490 CONVENTIONAL INTERLEAVER(4x4 INTERLEAVER) 
O48 12159 1326 10 1437 15 
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F. G. 7 

DATACONTAINED IN ONE FRAME (1152BITS) 

CARRYING OUT 
PSEUDORANDOMINTERLEAVING 

ZZ/7ZZZ777 NEACH BLOCKDIVIDED FROM 
24,1572121' N, SERIES 

700: 72x 16 INTERLEAVER 

READ DATAEVERY COLUMN 
AND WRITE IT TO EACH 9x8 INTERLEAVEREVERY ROW 

9x8 INTERLEAVER 

8 N. 

0.41 259 392 522 17 149 - 146428-5139 ----- 134-1139 
INTERLEAVED DATA CONTAINED NONE FRAME 
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1ST BIT 
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READ 
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INTERLEAVING 
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SERIESTO BEINTERLEAVED (16 BITS) (2) INTERLEAVED SERIES (16BITS) 
0,1,2,3,4, - a - 0 14,15 He- 0,8.4,12,2, 7,15 

670 
REFERENCE 
17 

READ 
INTERLEAVING 
PATTERNTABLEA O, 2, 1, 3, 

8, 10, 9, 11, 
4, 6, 5, 7, 
12, 14, 13, 15, 

INTERLEAVING 
WRITE PATTERNTABLE C 

680 
REFERENCE 

INTERLEAVING 
PATTERNTABLEB 
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F. G. 14 

SERIESTOBE INTERLEAVED (16 BITS) INTERLEAVED SERIES (16 BITS) 

|0,1234, 1415) - 670 
REFERENCE 

INTERLEAVING READ1 
PATTERNTABLEA WRITE 0, 2, 1, 3, 

8, 10, 9, 11, 680 
4, 6, 5, 7, 
12, 14, 13, 15, OPERATION 

INTERLEAVING 
PATTERNABLEB INTERLEAVING 

PATTERNTABLE C 
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F. G. 15 

SERIESTOBEINTERLEAVED (15BITS) (2) INTERLEAVED SERIES (15BITS) 
0,1,2,3,4,' ' ' ' ' 14 --> 0,8.4,12,2,. . . . 7 

690 
INTERLEAVING 
PATTERNTABLEA 

0.2.13 NREFERENCE 
700 

CD 
OPERATION INTERLEAVING OPERATION 

PATTERNTABLEB INTERLEAVING 
WRITE PATTERNTABLE C 
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FG 16 
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0,1,2,3,4,' ' ' ' ' 14,15 - - O,8.4,12,2, 7,15 

INTERLEAVING 
PATTERNTABLEA 

iTH BT 

| 
j(4B1%4+ Ail 4) TH 

OPERATION 
INTERLEAVING 
PATTERNTABLEB 

REFERENCE 
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F. G. 1 7 

SERIESTOBEINTERLEAVED (16 BITS) (2) INTERLEAVED SERIES (16 BITS) 
0,8.4,12,2, 7,15 

INTERLEAVING 
PATTERNEQUATION 
a (0<ia< 4) 
ja = 2 (ia%2)+(ial 2) 

710 

iTHBIT 

jTHBIT 

INTERLEAVING 
PATTERNEQUATION 720 
b(O<ib< 4) 
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F. G. 18 

SERIESTO BEINTERLEAVED (16BITS) (3) INTERLEAVED SERIES (16 BITS) 
0,1,2,3,4,U P 8 14,15 Hamme- 0,8.4,12,2, 7,15 

INTERLEAVING 
PATTERNTABLED REFERENCE 

Yn 

OPERATION 

INTERLEAVING 
PATTERNTABLEA 

740 

INTERLEAVING 
INTERLEAVING 

PATTERNTABLEB WRITE PATTERNTABLE E 
INTERLEAVING 
PATTERNTABLEC 
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F. G. 19 

SERIESTO BEINTERLEAVED (16BITS) INTERLEAVED SERIES (16BITS) 
0,1,2,3,4, . . . . 14,15 - I - O,8.4,12,2,.. 7, 15 

INTERLEAVING 750 REFERENCE 
PATTERN TABLEA 

id TH es 
id (=2Aid%2) 
+BidI2)TH 

INTERLEAVING 
PATTERNTABLEB 

iTHBIT (Osk16) 
y 

j=4xjd+C/4TH 
WHEREINjd ISINTERLEAVED 

OPERATION 

DESTINATION OFid = %4 
INTERLEAVING 
PATTERNTABLEC 
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F. G. 20 

SERIESTO BEINTERLEAVED (16 BITS) INTERLEAVED SERIES (16 BITS) 

0,1,2,3,4,a O 14,15 - - 0,8,4,12,2, 7,15 
INTERLEAVINGPATTERN CARRYING OUT 
EQUATION a (lak2) INTERLEAVINGPATTERN 

INTERLEAVING PATTERN 
EQUATION e (ik16) 

INTERLEAVING PATTERN iTH BIT 
EQUATION b (b<2) 

A A OPERATION jTHBIT 

jc=2(ic%2)+(ic/2) j= 8(%4%2)+4(%4)/2) 
+2(1/4)%2)+(il4)/2) INTERLEAVING PATTERN 

EQUATION C (ick4) 
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F. G. 21 

SERIESTOBE INTERLEAVED (16BITS) INTERLEAVED SERIES (16 BITS) 

0,1,2,3,4,' ' ' ' ' 14,15 - - O,8.4,12,2, 7,15 
INTERLEAVING PATTERN REFERENCE 
EQUATION a (lak2) INTERLEAVING PATTERN 

OPERATION 
EQUATION d(idK4) 
jd=2(id%2)+(id/2) 760 

READ 

0, 2, 1, 3, INTERLEAVING 
PATTERNTABLEB 8, 10, 9, 11 

OPERATION WRITE w w OPERATION 4, 6, 5, 7, 

12, 14, 13, 15, 
INTEREAVING 
PATTERNTABLEC INTERLEAVING 

PATTERNTABLE E 
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F. G.22 

SERIESTOBE INTERLEAVED (16BITS) INTERLEAVED SERIES (16 BITS) 
0,1,2,3,4,' ' ' ' ' 14,15 --- O,8.4,12,2, 7,15 

INTERLEAVING REFERENCE 
PATTERNTABLE AO 17 

READ 

INTERLEAVING 
PATTERNTABLE A1 770 

INTERLEAVING INTERLEAVING 
PATTERNTABLE A2 WRITE PATTERNTABLE C OPERATION 

INTERLEAVING 
PATTERNTABLE A3 

INTERLEAVING 
PATTERNTABLE B 
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F. G. 23 

DEFINITION 1; L (NXM). CARRYING OUT FOLLOWING INTERLEAVING WITH 
NXMBLOCKINTERLEAVER 

LINXM . . . . . 
EXAMPLE Nix MBLOCKINTERLEAVER 

WRITE 
LBITS 

O, M, ... (N-1)M, 1, M+1 
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F. G. 24 

DEFINITION 2; R {A} .REARRANGING IN INVERSE ORDER 

EXAMPLE 

0,1,2,3,4,5 - rts - 5, 4,3,2,1,0) 

F. G. 25 

DEFINITION3; LN1 xM1, N2x M2... ... INTERLEAVING WITH INTERLEAVER 
CORRESPONDING TO EACH OF A PLURALITY OF SERIES 
(EACH SERIESISL BITS) 

EXAMPLE 

0, 1, 2, 3, 4, 5 0, 2, 4, 1, 3, 5 
anomas a wri warm in 

6, 7, 8, 9, 10, 11 6, 9, 7, 10, 8, 11 

IPR2023-01272 Page 26



U.S. Patent Oct. 7, 2003 Sheet 25 0f 49 US 6,631,491 B1 

F. G. 26 

EXAMPLE; 164 (2x2x4 
DEFINITION 4:LN1N2x M2)xM1). AFTER INTERLEAVING 

SERIESTOBEINTERLEAVED (16BTS) ANLBITSERIES BY ANNixM1 BLOCKINTERLEAVER, 
0,1,2,3,4,. . . . . . . . 14,15780. EACHOF M1 COLUMN ARRAYS (N1 BITS) IS INTERLEAVED 

BYANN2XM2NTERLEAVER. 
OR, LN1xM1 (N2XM2). AFTER INTERLEAVING ANLBIT 

WRE SERIES BY ANN1 xM1 BLOCKINTERLEAVER, 
O. 1, 2, 3 NEAR EACHOFN1 ROWARRAYS (M1 BITS) IS INTERLEAVED 
4, 5.6.7. BYANN2XM2INTERLEAVER. 
8, 9, 10, 11, 
12, 13, 14, 15 

READ 

790 

WRITE 
O. 4 800 

INTERLEAVERB 8. 12 READ 
0, 1, 2, 3, 

REA READ 
— 

INTERLEAVERD i. E. REA 12, 13, 14, 15, INTERLEAVED SERIES (16 BITS) 
3, 7 NTERLEAVERF O,8.4,12,1, 7,15 

INTERLEAVERE 1 1, 1 5 READ 

1, 5 sy D 8, 9, 10, 11, INTERLEAVERC a WRITE 4, 5, 6, 7 
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F. G. 27 

GENERATED 
SERIESTO BEINTERLEAVED (16 BITS) NTERLEAVING PATTERN 

0,1,2,3,4,-- 14,15810 0, 2, 1, 3, 
8, 10, 9, 11, WRITE 
4, 6, 5, 7, 
12, 14, 13, 15, 

O, 2, 1, 3, 
8, 10, 9, 11, 
4, 6, 5, 7, 
12, 14, 13, 15, 

INTERLEAVERA 840 (5) 

820 

WRITE WRITE 

On 1 9- WRITE 0, 4, READ || |READ-be INTERLEAVERB (; ). (4) . INTERLEAVERG 
2, 6, 

READ 10, 1 
1, 5, 
9, 1 INTERLEAVER 

8, 10, 9, 11, 
4, 6, 5, 7, 

INTERLEAVERH 

INTERLEAVERD | 12, 14, 13, 15, 
INTERLEAVERF 

12, 13, 3, 7, 
INTERLEAVERE is 11, 1 NTERLEAVER 
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F. G. 28 

SERIESTO BEINTERLEAVED (16BITS) INTERLEAVED SERIES (16 BITS) 
0,1,2,3,4,. . . . . . . . . 14,15 O,8.4,12,2,... . . . . . . . . 7,15 

REFERENCE 

WRITE 

O, 1, 2, 3, 
4, 5, 6, 7, INTERLEAVERA 2, 1, 3, 
8, 9, 10, 11, 10, 9, 11, 
12, 13, 14, 15 850 6, 5, 7, 

12, 14, 13, 15, 

8, 10, 9, 11, 
12, 14, 13, 15, 
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F. G. 29 

SERIESTOBE INTERLEAVED (16 BITS) (4) INTERLEAVED SERIES (16 BITS) 
0,1,2,3,4,' ' ' ' ' 14,15 - I - 0,8.4,12,2,. . . . 7, 15 

REFERENCE 

INTERLEAVING 
PATTERNTABLEA 

(D 
WRITE 

INTERLEAVING 
PATTERN 

rR TABLE E 
INTERLEAVING READ 
PATTERNTABLE B 

0, 2, 
8 

1 

10, 9 
4, 6, 5, 7, 

INTERLEAVING 
PATTERNTABLEC (3) WRITE 

(2) 12, 14, 13, 15, 
OPERATION WRITE INTERLEAVING INTERLEAVING 

0,2,13 PATTERN PATTERNTABLE G 
P TABLE F 

INTERLEAVING READ 
PATTERNTABLED 
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F. G. 30 

SERIESTO BEINTERLEAVED (16 BITS) (5) INTERLEAVED SERIES (16 BITS) 
0,1,2,3,4, . . . . 14,15 0,8.4,12,2,. . . . 7,15 

CARRYING OUT 

INTERLEAVING PATTERN 
EQUATION aca-2) INTERLEAVINGPATTERN 

EQUATION e (ie.<4 

iTH BIT 
INTERLEAVINGPATTERN V 
EQUATIONb(b<2) jTHBIT 
INTERLEAVING PATTERN 
EQUATIONC(C2) INTERLEAVINGPATTERN +2(1/4)%2), 4(14)/2) 
c=ic i EQUATION f(if-4 CFC 
JCF (2) jf=2(if%2)+(ifI2) INTERLEAVINGPATTERN 
id=id (4) EQUATION g(g<16) jd=id 

INTERLEAVING PATTERN 
EQUATION d(id<2) 
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F. G. 31 

SERIESTO BEINTERLEAVED (16 BITS) INTERLEAVED SERIES (16 BITS) 
0,1,2,3,4, 14,15 - - 0,8.4,12,2,. . . . 7,15 

REFERENCE 

WRITE 
INTERLEAVING 

0,2,1,3 PATTERNTABLE A 

READ 

O 
READ 

0, 2, 1, 3, 
8, 10, 9, 11, 

WRITE 4, 6, 5, 7, 
WRITE 12, 14, 13, 15, 

INTERLEAVING 
0.2.13 EATERNASEB SEASE 6 
READ 
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F. G. 32 

INTERLEAVINGLENGTHL BITS (ORSYMBOLUNIT) 

FIRST STAGE INTERLEAVING PATTERN NIxM1 S102 
IS DETERMINED. 

S104 

PATTERN OF SECOND STAGE INTERLEAVERA PATTERN OF SECOND STAGE INTERLEAVERB 
CORRESPONDING TO ROWARRAY OF FIRST CORRESPONDING TO COLUMNARRAY OF FIRST 

STAGE INTERLEAVERS DETERMINED. STAGE INTERLEAVERIS DETERMINED. 

S106 

PATTERN OF THIRD 
STAGE INTERLEAVER 
D CORRESPONDING TO 

PATTERN OF THIRD 
STAGE INTERLEAVER 
C CORRESPONDING TO 

PATTERN OF THIRD 
STAGE INTERLEAVER 
BCORRESPONDING TO 

PATTERN OF THIRD 
STAGE INTERLEAVER 
A CORRESPONDING TO 

ROWARRAY OF COLUMN ARRAY OF ROWARRAY OF ROWARRAY OF 
SECOND STAGE SECOND STAGE SECOND STAGE SECOND STAGE 
INTERLEAVERA INTERLEAVERA INTERLEAVER B INTERLEAVERB 

ISDETERMINED. 

REPEAT UNTIL INTERLEAVING IS NOTAVAILABLE ANYMORE OR 
STOP THE OPERATION AT ANY STAGE. 

Uy S108 
GENERATE INTERLEAVING PATTERN BASED ON PATTERNS DETERMINED 
ATEACH STAGE GENERATE INTERLEAVING PATTERN DESCRIPTION 

LANGUAGE, OR PERFORMINTERLEAVE. 

ISDETERMINED. ISDETERMINED. ISDETERMINED. 

S110 
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F. G. 33 

INTERLEAVING 
PATTERN GENERATING 
REQUEST 

INTERLEAVING 

PATTERN GENERATION 

S 206 

S2O2 

1S204 

INTERLEAVING 
PATTERN CHECKING 

SUCCESSFUL 

DETERMING INTERLEAVING PATTERN 
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At AC 34A 
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F. G. 35 

- 21 - 22 -23 
CHANNEL CHANNEL SS 

INFORMATION 
SERIES ENCODER INTERLEAVER TRANSMITTER 

27 26 25 

CHANNEL CHANNEL RAKE 

DECODER DENTERLEAVER RECEIVER 
RECEWING 
SERIES 
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INTERLEAVE JAMPLE OF 12 BITS (=L) (LA x LB = 12) 
12 BITS 12 BITS 
-- -- 

INTERLEAVE 
INPUT 

1. A WRITE LB 
DEFINE (LA-3 BITS) -N- 
WERTICAL 
DIRECTION 0, 2, 1 3 
OF TABLE C 8, 10, 9, 11 

11ABLE B oPERATION-READ " " " ' 
ENE, (LB-4 BITS) 4, 6, 5, 7 HORIZONTAL 

DIRECTION 0, 2, 1 3 TABLE C 
OF TABLE C 

i = 0-0-- CONVERT Oth BIT OF 
INPUT TO Oth BIT 

Ci) = LBX AiLA) + Bi/LA) - i = 1-8- CONVERT 8th BIT OF 
INPUT TO 1st BIT 

AAC. 364 i = 3-2 

DEINTERLEAVE EXAMPLE OF 12 BITS (FL) (LA x LB = 12) 
DEINTERLEAVE 

INPUT 0 1 2 ---- 11 Ho 0, 6, 3, 9, 2, ----10 
ONLY EXCHANGE 
TABLE A AND B 

1st A 
DEFINE READ 
vic (BIS) 
DIRECTION 0, 2, 1 3 
OF TABLE C 

11ABLEB OPERATION - WRITE LA 
Botional B-3 BITS) 
DIRECTION 
OF TABLE C 

870 

TABLE C 
Ci) = LBX AiLA) + Bi/LA) 

AAC. 36A 
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INTERLEAVE EXAMPLE OF 11 BITS (=L) (LA X B > L) 

INTERLEAVE 
INPUT 0, 1, 2 ---- 11 HD 0, 8, 4, 2, ---- 7 

ABLE A N T READ LB 
(LA=3 BITS) NOT READING A 

WALUE EQUAL TO 
, , N. OR LARGER THAN I 

LA OR 
TABLE B NO WRITING A 

(LB=4 BITS) WALUE EQUAL TO 
OR LARGER THAN I. 

(THIS PROCESS IS THE TABLE C (WHEN GENERATING 

SAMEAS BEFORE) A.s 24 TABLE C') 

DEINTERLEAVE EXAMPLE OF 11 BITS (=L) (LAX LBX L) 

DEINTERLEAVE 
INPUT 0, 1, 2, 11 O O 6, 3, 9, 2, 8, 5, 10, l, 7, 4 

TABLE A 
(LA=4 BITS) 

TABLE B OPERATION -- WRITE LA FOLLOWING 
(LB=3 BITS) OPERATION 

BELOW 
(SAME AS BEFORE) 

C(i) = LBX AiLA) + Bi/LA) - a 
(OSiS (L - 1)) 

O FOLLOWS FOLLOWING RULE 

O = 0 
for (j = 0, j < (LAX LB - L), j++) { 
if C(i) >= LB x A (L - 1 - j) &LA) 

+ B (L - 1- j) /LA) 
ath; 
} AAC. 32A 
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F G 38 

L BITS (INTERLEAVINGLENGTH OF TURBOCODE) 

FIRST STAGE (REFERTO FIG.34) 
M(NUMBER OF COLUMN OF FIRST STAGE ) = LL/7 
WHEREN A ISMNIMUM NTEGER 
EOUAL TO ORLARGER THANA 

N (NUMBER OF ROWS OF FIRST STAGE) IS 7 WHEN 
CONSTRANT LENGTH OF TURBO CODE K=3. 
THE PIP REPRESENTATION IS R73x32x2))). 

S302 

SECOND STAG (REFERTFG34 US304 EACH My2(Y=1,2,...,7) IS DEFINED AS 7,13,1729,3743,59 
(L>3000 BITS) OR 5,7,11,13,17,3743 (3000>L2301 BITS). Ny' = LM/My2) 
IFNy’IS DEFINED IN PIPLIST (THE TABLE IN FIG.10),THE 
OPERATION OF BRANCH #YIS COMPLETED. IFNOT, 
THE PROCESS MOVESTO THE NEXT STAGE (S806) 
IN THE BRANCHiY. 

S306 
HIGHER STAGE (REFERTO FIG.34) 
My7 (Z23) IS DEFINED TO BEA NUMBER WHICH IS EQUAL 
TO OR SMALLER THAN THE SQUARE ROOT OF Ny(Z-1) 
OF THE PREVIOUS STAGE AND SA MAXIMUM NUMBER NPP 
(EXCEPT FOR4AND 6). 

IFNISDEFINED INPPLIST, PROCEED TO THE OTHER 
BRANCHES. THE PROCESS WILL BE PERFORMED UNT THE OPERATION OF 
Ny ISDEFINED IN THE PIPLISTIN THE OTHER CASES, PROCEED TO ALL BRANCHES 
Ny(Z-1).THE PROCESS WILL BE PERFORMED UNTIL Ny. IS COMPLETE 
DEFINED IN THE PIPLIST 

INTERLEAVING PATTERNIS GENERATED FROM THE INTERLEAVRES 
OBTANED IN FNAL STAGE AS SHOWN INFIG.36 

S3O8 

THE GENERATED INTERLEAVING PATTERNIS CHECKED AS SHOWN INFIG.40. 
IF INTERLEAVING PATTERNIS REJECTED, THE INTERLEAVING PATTERNIS 
REGENERATED BY CHANGING NTO N=7(RE7 (3 x R{3}}), AND 
A BETTER INTERLEAVING PATTERNIS SELECTED BY COMPARING THE 
REGENERATED PATTERN WITH THE FORMER INTERLEAVING PATTERN. 

S310 

  

    

    

  

  

  

  

IPR2023-01272 Page 39



U.S. Patent Oct. 7, 2003 Sheet 38 of 49 US 6,631,491 B1 

F. G. 39 

L BITS (INTERLEAVINGLENGTH OF TURBOCODE) 

BRANCH #1 
FIRST STAGE 7x M1 BRANCH #2 

(PIP) BRANCH7 
R{7(3x32x2) 11 

SECOND STAGE N12xM12 N22x M2 ... Nix M 
\ PP \ PP \ PP 

THRD STAGE Nix M N3x M3 N73x M3 
\ PIP \ PP \ PIP 

FOURTH STAGE N“x M Nax M N7 XM/ 
\ PP PIP PIP 

FFTH STAGE N15XM-5 
f PIP 

FINAL STAGE Nix M 

BRANCH#YTERMINATES WHENNY IS DEFINED 
INTABLE SHOWN INFIG.10 

LN(PIP) x M'N EN12.x M2(PIP)x M (PIP), 
N2: . ) X M21(PIP), p N7. X M7(PIP) 
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A 7G 4 O 
INDEX EXPRESSION INTERLEAVING PATTERN 
T7 R73x32x2) 4,15,2,6,30 
T71 6,3,0, 4,1,5, 2 
2 R{2} 1,0 
3 R312x2) 1,2,0 
4 42xR2 13,02 
5 5(2x3 0,3,142 
6 63x2 0,2,4,1,3,5, 

73x32x2 0,3,6,2,5,1,4 
8 842x2x2 0,4,2,6,1,5,3, arra 
9 9(R(2x5(2x3) 5.0, 8,3,6, 1,4,7,2 

1 113x5(3x2 0,5,10,2,7,4,9,1,6,3,8 
132x73x32x2) 

13 3(2x2,2xR{2},2xR{2}) 0, 9,3,12,6,2,11,5,8,1,10,4,7 

174 (2x2, 4x1,4x1 
7 4x1 x53x2) 0,105,15,2,7,12,49,1416, 1116,3,813 

2O 204 (2xR(2) 5, 15,010, 8, 18,313,616,111,919, 14, 
x52x3) 172,12 

29 295 (3x2) 0,1428, 1,213,1710,246.20, 13,272,169 
x73x32x2))) 23,5,19,12,26,115,8,22,418,11,25 
377 (3x3) 0, 1836,624,12,30, 2,20,826, 14,32,422, 10, 

37 x63x2 28, 1634,119,725, 13,313,219,2715,335, 
23, 1129, 1735 

43(42x2 0.22, 11,335,2716,38, 10,32,212,2413,35, 7, 
43 xll 3x53x2))) 29, 1840,426, 15,379,31120,42,123,12,346, 

28,1739,3,25,1436, 8,30, 19,41 
0,2142,728, 14,353,2443, 10,31,1738,627, 
13,34, 20, 41,122,438,29, 15,364,2546, ll, 

47 32, 1839,223,44930, 16,375,26, 12,33, 1940 
0,33,1144, 22,538,16,49,27, 10,43,2132,2, 

53 53.52x3) 35, 13,4624,740, 1851,29,437,1548,269, 
xll (3x53x2) 42,20,31,1,3412,45,23, 6,39, 17, 50,28,3, 

36,14,47,258,41, 1952,30 
35,0,5621,42, 7,28,49,1438,324, 45,10,31 

59 al 52, 1741, 6,27,48, 13,34,55,20,361,5722,43, 
x73x3) 8,29, 50,15, 39,425,46,1132,53,1837,258, 

23,449,30,5116,405,26,47,12,33,54, 19 
0.39,1352,269,48,22,353,42,1655,2912, 

615 (2x3) 51,25,38, 6,4519,58,322,4115,54,28,1150, 
61 x1352x3 24,375, 44, 1857,318, 47,2160,341,40,14, 

x32x2))) 53,27, 10,49,23,36, 4,43,1756,30,746, 20, 59,33 

  

IPR2023-01272 Page 41



U.S. Patent Oct. 7, 2003 Sheet 40 of 49 US 6,631,491 B1 

L BITS P 

FIRST STAGE R(7(3x3(2x2} M BITS IP MBITS P - - - MBTSIP 
(PIP) / FOR 1ST ROW FOR2ND ROW \/ FOR 7THROW 

OF 1ST STAGE OF 1ST STAGE H OF 1ST STAGE ) 
INTERLEAVENGW V INTERLEAVENG/ V INTERLEAVEING 

SECOND STAGE - V / V / V 
N2 M12 N22 M2 2 N2 M2 

BITS P BITS P BITS P BITS P BITS P BITS P 

THIRD STAGE N3 M3 N28 M23 N3 M3 
BITS P BITS P BITS P BITS P BITS P BITS IP 

BTS P BITS P 
A. Y. ------ 

FOURTH STAGE 

N. (2-1) Miz-1) 
BITS P BITS P 

N17 MZ 
BITS P BITS P 

FINAL STAGE 
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F. G. 4 3 

EXAMPLE: 

15 BITSIP. C={0,8,4,12,2,10,6, 14, 1,9,5,13,3,117) 

16 BITS P C 

OPERATION C"il=4Ai%4+Bi/4 

4. BITS IP 4. BITS P 
A={0,2,1,3} B={0,2,1,3} 
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L. BITS P 

N Mo M1 M(N-1) 
BITS IP BITS P BITS P BITS IP 

CORRESPONDING CORRESPONDING 
TO COLUMN TO ROW 

LBITSIP (C) 

READ 
WRITE 

OPERATIONJ C'[i]=MA(i%N)+Bi4ni/N) 

N M M2 - - - - - - MN 
BITS IP BITS P BITS P BITS IP 

(A) (Bo) (B1) (B(N-1)) 
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FG. 45 

INTERLEAVING 
- - L BITS 
23 965, L- e o v 0 L-20, . . . , 7, I-2 

- 
30 BITS 30 BTS 
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F. G. 46 

TRANSMISSION LINE INTERLEAVER 
LBITS (INTERLEAVINGLENGTH OF CHANNELINTERLEAVER) 

FIRST STAGE (REFERTO FIG.17) 
M'(THENUMBER OF COLUMNS INFIRST STAGE) ISSELECTED AMONG 16, 
32,64,128, AND IS THE SAME AS THE NUMBER OF SLOTS (CORRESPONDING | S402 
TO INTERLEAVINGLENGTH) IN ONE FRAME. 
N'(NUMBER OF ROWS OF FIRST STAGE) = LLIM 

SECOND STAGE (REFERTO FIG.17) 
MISSELECTED AMONG NUMBERS IN THE PIPLIST (EXCLUDING "13" AND S404 
"17"). ASA NUMBER WHICH CAN DIVIDEN AND IS A MAXIMUMINTEGER 
WHICH IS EQUAL TO OR SMALLER THAN THE SQUARE ROOT OF N'. 
IF THE INTEGER IS SMALLER THAN (N'4 (THE SQUARE ROOT OF N' 
14) ORIF THERE IS NODIVISIBLE CANDIDATE IN THE PIPLIST, A 
MAXIMUMINTEGER WHICH IS EQUAL TO OR SMALLER THAN THE SOUARE 
ROOT OF NIS SELECTED IN THE PIPLIST (EXCLUDING"13" AND "17"). 
N (SECOND STAGE INTERLEAVER)=LN/M 
IFN IS DEFINED IN THE PIPLIST, THE OPERATION OF THIS BRANCH 
ISTERMINATED, AND THE PROCESS GOES TO FINAL STEP (S408). 
IFN IS NOTDEFINED, THE PROCESS MOVESTO THENEXT STAGE (S406). 

HIGHER STAGE (REFERTO FIG.17) 
MISSELECTED AMONG NUMBERS IN THE PIPLIST (EXCLUDING 
"13" AND "17") ASA NUMBER WHICH CAN DIVIDEN(Z-1) AND ISA 
MAXIMUMINTEGER WHICH IS EQUAL TO OR SMALLER THAN THE SOUARE 
ROOT OF N'. 
IF THE INTEGER IS SMALLER THANN'4 ORIF THERE IS NODIVISIBLE 
CANDIDATE IN THE PIPLIST, A MAXIMUMINTEGER WHICH IS EQUAL TO 
OR SMALLER THAN THE SQUARE ROOT OF NIS SELECTED IN THE PIP 
LIST (EXCLUDING"13" AND "17") 

IFN IS DEFINED IN THE PIPLIST, THE PROCESS MOVES TO THE FINAL 
STEP (S408 

AN INTERLEAVING PATTERNIS GENERATED FROM THE INTERLEAVERS 
OBTAINED IN THE FINAL STAGE AS SHOWN INFIG.19 
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F. G. 47 

LBTS 
(INTERLEAVING LENGTH 

OF CHANNELINTERLEAVER) 
y 

FIRST STAGE Nix M(M=16,32,64,128) 
\ PP 

SECOND STAGE N2XM2 
PP 

THIRD STAGE Nix M 
PIP 

FOURTH STAGE N“x M 
\ PIP 

FIFTH STAGE N5x M5 
. Yat PIP 

FINAL STAGE PIP 

THIS BRANCH IS TERMINATED 
IFNZIS DEFINED IN PIP LIST 
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A ZO. 45 
INDEX INTERLEAVING PATTERN 

2 0,1 
3 0,1,2 
4 0,2,1,3 
5 0, 3, 1,42 
6 0,2,4,1,3,5 

73x32x2 0,3,6,2,5,14 
8 0,4,2,6,1,5,3,7 
9 0,3,6,1,4,7,2,5,8 

10 1053x2)x2) 0.4, 8, 2,6,1,5, 9,3,7 
11 ll 3x53x2) 0,5,10,2,7,4,9,1,6,3,8 

132x73x32x2) 

6 s: 0.8, 4,12,210,6,1419,513,311,715 
174 (2x2, 4x1 

17 4x1,4x1,4xl 0,105,15,2,7,12, 4,914, 1,6,11,16,38,13 
x53x2) 

20 204 (2x2) 0,105,15,2,12, 7, 17, 4,14, 9, 19,111, 6, 16,3, 
x53x2) 13, 8, 18 

32(8.4(2x2x2) 0,16,824,420,12,28, 2, 1810,26, 6,22,1430, 
x4 (2x2) 1,179,255,2113,29, 3, 19,1127, 7, 23, 15,31 

0,3216,488, 40,2456,436,20, 52,1244, 28, 
60,234, 1850, 10,42,26,58, 6,38,22,54,1446, 

64 30,62,133,3,3,355,553, x84 (2x2x2) 45,29,613,35,19,5111,43,27,59,739,23,55, 
l5,4731, 63 
0, 64,32, 96,16,80,48,112,8,72,40,104,2488, 
56,120,4,68,36,100,20,8452,116,12,76, 44, 
108,28,92, 60,124, 2,66,34,98, 18, 82,50,114, 10, 
74,42,106,26,90,58,122,6,70,38,102,22, 86,54, 

"E" iii.33.55: 
x822 8,9,113,3,31,105.25,89,57,125,693. 101,2185,53,117, 13,77, 45,109,29,93, 61,125, 

3, 67,35,99, 19, 83,51,115,1175,43,107,27,91, 
59,123,7,7139,103,23, 87,55,119, 15,79,47, 
11131,95, 63,127 
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F. G. 49 

LBITS IP 

/ S. 
FIRST STAGE N1 BITS IP M1 BITS IP 

/N 
SECOND STAGE N2 BITS IP M2 BITS P 

/S 
THIRD STAGE N3 BITS IP M3 BITS P 

/ S. 
FOURTH STAGE N4 BITS IP M4 BITS P 

N(Z-1) BITs P Miz.) BITS P 

/N 
FINAL STAGE NZ BITS P MZ BITS P - - - - - 
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FIG 50 

INPUT OUTPUT 

BUFFER BUFFER 

MEMORY 
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1 

INTERLEAVING METHOD, INTERLEAVING 
APPARATUS, AND RECORDING MEDIUM IN 

WHICH INTERLEAVE PATTERN 
GENERATING PROGRAM IS RECORDED 

This application is a 371 of PCT/JP98/05027 filed on 
Nov. 09, 1998. 

TECHNICAL FIELD 

The present invention generally relates to an interleaving 
technology for improving error correction ability of an error 
correction code for burst error. More particularly, the present 
invention relates to an interleaving method, an interleaving 
device, and a medium which Stores an interleaving pattern 
generating program for improving the effect of the inter 
leaving by increasing the degree of data randomizing. 

BACKGROUND ART 

In digital transmissions of Such as a mobile communica 
tions System, the level of received signals varies largely over 
time by a multipath fading caused by reflections from a 
building and the like. Therefore, a digital error, Such as a 
burst error, may occur. In addition, in a Storing medium of 
digital Systems, Such as a compact disc or a hard disk, a 
digital error Such as a burst error may occur due to a Scratch, 
dust or the like on the reading Surface of the medium. Thus, 
various error correction codes are used by various Systems. 
In Such an error correction code, for improving the correc 
tion ability with respect to the burst error, an interleaving 
technology is used in concert with the error correction code. 
The correction ability of the error correction code when a 
burst error exists depends on the interleaving technology. 

In addition, a turbo encoder which uses a high-ability 
error correction code which has been proposed in recent 
years includes a plurality of encoders, and each encoder is 
connected to each other through an interleaver (which 
carries out interleaving processing), for decreasing the 
degree of correlation of redundancy System between the 
encoders. The interleaver is very important for determining 
the ability of the turbo code. 

Therefore, an interleaving method applicable for turbo 
encoding and transmission Systems. Such as the above 
mentioned mobile communication Systems using the above 
mentioned interleaver are required. 
AS is well known to a perSon Skilled in the art, the purpose 

of the interleaving method is to randomize the bit Sequence 
of an input bit Series and the bit Sequence of an out put bit 
Series. The following viewpoint can be used as criteria for 
evaluating the ability of the interleaving method. 

(1) How far apart two Successive input bits can be 
Separated in the output Series. 

(2) How far apart two Successive output bits are separated 
in the input Series. 

FIG. 1 shows a block interleaving method as a conven 
tional interleaving method. 
As shown in FIG. 1, data 100 of one frame includes 1152 

bits. A matrix 110 has a buffer of NXM (N. rows and M 
columns). The interleaving method is realized such that M 
bit data is written in the direction of the row, for example, 
like a vector 115 shown as a diagonally shaded area A, and 
N bit data is read out in the direction of the column shown 
as a diagonally shaded area B. By evaluating the interleaving 
method in terms of the above mentioned criteria, it is 
recognized that 

(1) two Successive input bits can not be separated farther 
apart than N bits in an interleaved output series 130, 
and 
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2 
interleavers generated by repeating the Second Step once or 
a plurality of times or from each of interleavers generated by 
the first Step, and outputting a data Series. 
The above-mentioned invention may be configured Such 

that an interleaving method for inputting a data Series of a 
unit length and outputting an interleaved Series of the unit 
length, includes: 

a first Step of writing the data Series to a first interleaver 
in one direction; 

a Second step of reading out column data or row data from 
the first interleaver, writing the read out data to a 
Second interleaver, which has a size different from a 
Size of the first interleaver, in one direction, and repeat 
ing the reading out column data or row data and the 
Writing the read out data column by column or row by 
rOW, 

repeating a third Step of performing the Second Step 
wherein each of a plurality of the Second interleavers 
generated by the Second step is regarded as the first 
interleaver, and reading out data from each of inter 
leavers generated by repeating the third Step or by 
performing the Second step, and outputting a data 
Series. 

The above-mentioned interleaving method may be con 
figured Such that an interleaving method for inputting a data 
Series of a unit length and outputting an interleaved Series of 
the unit length, includes: 

a first Step of writing the data Series to a first interleaver 
in one direction; 

a Second step of reading out column data or row data from 
the first interleaver, writing the read out data to a 
Second interleaver, which has a size different from a 
size of the first interleaver, 
(2) two Successive output bits are separated as far apart 

as at least M bits in the input Series. 
However, in the above-mentioned interleaving method, an 

input bit series is written in the row direction in order of time 
in the input bit Series, and the written data is read out in the 
column direction also in order of time in the input bit Series. 
Therefore, data is written/read only once in order of time in 
each of the processes. Therefore, the effect of the interleav 
ing is low, and the performance of the randomizing is limited 
to the above-mentioned degree even with the NxM buffer. 

DISCLOSURE OF THE INVENTION 

The present invention is achieved in view of the above 
mentioned points. A first objective of the present invention 
is to provide an interleaving method for improving the effect 
of the interleaving, comparing with the case of reading and 
Writing one by one in order of time, by applying a proceSS 
of changing a Sequence repeatedly after carrying out a 
process of reading or writing to a buffer once. 
To achieve the above-mentioned objective, according to 

the present invention, an interleaving method for inputting a 
data Series of a unit length and outputting an interleaved 
Series of the unit length, includes: 

a first Step of writing data of the data Series to a first 
interleaver, reading out the data column by column or 
row by row from the first interleaver, and writing the 
data to a plurality of Second interleavers, 

a Second step of reading out the data from each of the 
Second interleavers, and writing the data to one or a 
plurality of third interleavers as necessary, and 

reading out the data from each of in one direction, and 
repeating the reading out column data or row data and 
the writing the read out data column by column or row 
by row; 
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a third step of reading out data column by column or row 
by row from each of interleavers generated by the 
Second Step, and writing the data to an interleaver 
which has a size the same as the Size of the first 
interleaver, and 

reading out data from the interleaver generated by the 
third Step, and outputting a data Series. 

In the above configuration, the interleaving method 
includes: 

a fourth Step of performing the Second step and the third 
Step wherein the interleaver generated by the third Step 
is regarded as the first interleaver, reading out data from 
an interleaver generated by repeating the fourth Step 
once or a plurality of times, and outputting a data Series. 

The interleaving method may be configured Such that an 
interleaving method for inputting a data Series of a unit 
length and outputting an interleaved data Series of the unit 
length, includes: 

Storing a plurality of interleaving patterns in a table 
beforehand; 

applying one of the interleaving patterns to the input data 
Series by referring to the table and outputting data, and 

repeating a step of applying one of the interleaving 
patterns to the output data, and outputting the inter 
leaved data Series. 

In the above mentioned configuration, an interleaving 
pattern is Stored in the table according to the interleaving 
method as claimed in one of claims 1-4. 

According to the above mentioned invention, because a 
process of changing Sequence is applied repeatedly after 
carrying out a process of reading or writing to a buffer once, 
the effect of interleaving can be improved comparing with 
the case of reading and writing one by one in order of time. 

The Second objective of the present invention is to pro 
vide an interleaving method for Supporting various inter 
leaving flexibly with decreased data amount necessary for 
the interleaving. 

To achieve the above mentioned objectives, according to 
the present invention, a method for generating an interleav 
ing pattern description of an interleaving pattern for inter 
leaving an input data Series of a unit length and outputting 
an interleaved data Series of the unit length, includes: 

generating the interleaving pattern description of a third 
unit by using an interleaving pattern description of a 
first unit and an interleaving pattern description of a 
Second unit. 

The present invention generates an interleaving pattern 
description of a predetermined length unit by using the 
interleaving pattern description generation method as 
claimed in claim 7. 

In the above configuration, the interleaving pattern 
description is an interleaving pattern table or an interleaving 
pattern equation which describes an interleaving pattern. 

The interleaving method of the present invention may be 
configured Such that an interleaving method for inputting a 
data Series of a unit length and outputting an interleaved data 
Series of the unit length, includes: 

generating an interleaving pattern description of a third 
unit by using an interleaving pattern description of a 
first unit and an interleaving pattern description of a 
Second unit, and 

interleaving with the generated interleaving pattern 
description. 

Further, the interleaving method of the present invention 
may be configured Such that an interleaving method for 
inputting a data Series of a unit length and outputting an 
interleaved data Series of the unit length, includes: 
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calculating interleaving destinations in a Series of a third 

unit with an interleaving pattern description of a first 
unit and an interleaving pattern description of a Second 
unit, and 

interleaving with the result of the calculation. 
Further, the interleaving method includes: 
generating an interleaving pattern description of a first 

unit and an interleaving pattern description of a Second 
unit by using the interleaving pattern description gen 
erated by the method, 

interleaving a data Series of a third unit by calculating 
from the interleaving pattern description of a first unit 
and the interleaving pattern description of a Second 
unit. 

Further, that the interleaving pattern description is an 
interleaving pattern table or an interleaving pattern equation 
which describes an interleaving pattern. 

According to the above mentioned present invention, by 
generating the interleaving pattern description, for example, 
from one interleaving pattern table (in the case of A=B), or 
from two interleaving pattern tables, an interleaving pattern 
table which has a larger interleaving length can be gener 
ated. Thus, a pattern of a certain interleaving length can be 
represented by a combination of a plurality of patterns of 
Smaller interleaving lengths. Therefore, memory amount for 
fixed length patterns can be decreased. For example, 
conventionally, in the case of using an interleaving pattern 
table for 1000 bits, a memory for 1000 bits is necessary. 
According to the present invention, by representing the 
interleaving pattern table for 1000 bits with a 20 bit inter 
leaving pattern table and a 50 bit interleaving pattern table, 
the memory can be decreased to an amount for 70 (=20+50) 
bits. In addition, by representing an interleaving pattern 
table 900 bits with a 20bit interleaving pattern tablexa 50 bit 
interleaving pattern table, interleaving for 1000 bits and 900 
bits are possible without enlarging the fixed length inter 
leaving pattern table. 
A method according to the present invention may be 

configured Such that a method for generating an interleaving 
pattern description of an interleaving pattern for interleaving 
an input data Series of a unit length and outputting an 
interleaved data Series of the unit length, includes: 

interpreting an interleaving pattern description language 
which defines an interleaving pattern, and 

generating an interleaving pattern description by using the 
method as claimed in claim 9 on the basis of the 
interpretation. 

In the above configuration, if an interleaving pattern 
description corresponding to a part of the interleaving pat 
tern description language is Stored, the interleaving pattern 
description is generated with reference to the Stored inter 
leaving pattern description without performing a process 
corresponding to the part of the interleaving pattern descrip 
tion language, when generating an interleaving pattern. 

Further, the interleaving method includes: 
interpreting an interleaving pattern description language 

which defines an interleaving pattern, and 
interleaving by the method as claimed in claim 13 on the 

basis of the interpretation. 
In the above configured interleaving method, if an inter 

leaving pattern description corresponding to a part of the 
interleaving pattern description language is Stored, the inter 
leaving pattern description is generated with reference to the 
Stored interleaving pattern without performing a process 
corresponding to the part of the interleaving pattern descrip 
tion language, when interleaving. 
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The present invention may be configured Such that a 
method for generating an interleaving pattern description of 
an interleaving pattern for interleaving an input data Series 
of a unit length and outputting an interleaved data Series of 
the unit length, includes: 

determining an interleaving pattern description of a first 
Stage when a unit length is given, and 

generating an interleaving pattern description by repeat 
ing a process of determining interleaving patterns cor 
responding to interleavers of a column and a row of a 
Stage after the first stage until reaching any stage or 
until becoming unable to interleave. 

Further, the present invention may be configured Such that 
a method for generating an interleaving pattern description 
of an interleaving pattern for interleaving an input data 
Series of a unit length and outputting an interleaved data 
Series of the unit length, includes: 

checking an interleaving pattern description which is 
generated; 

generating an interleaving pattern description again after 
changing all or a part of parameters if the result of the 
checking is unsuccessful, and 

repeating the checking and the generation until the result 
of the checking becomes Successful So as to generate an 
interleaving pattern description which passed the 
checking. 

In the above configured interleaving pattern description 
generation method, the interleaving pattern description 
which is generated is an interleaving pattern table or an 
interleaving pattern equation or an interleaving pattern 
description language. 

According to the above mentioned present invention, 
Various interleaving can be Supported flexibly with 
decreased data amount necessary for the interleaving. 

The third objective of the present invention is to provide 
a method for applying the interleaving method to a trans 
mission System device, a turbo encoder, or the like, and to 
provide the devices Such as the transmission System device 
and the encoder, and a medium Storing an interleaving 
pattern generating program Suitable for a target. 
To achieve the above objectives, the present invention 

may be configured Such that a method for generating an 
interleaving pattern description of an interleaving pattern for 
interleaving an input data Series of a unit length and out 
putting an interleaved data Series of the unit length, includes: 

a step of determining, when a unit length is given, the 
number of rows or columns of a block interleaver 
corresponding to the unit length by using an interleav 
ing pattern list Suitable for a predefined application 
target and defining the number of columns or rows from 
the determined number of rows or columns, and 

generating an interleaving pattern of the unit length from 
interleaving patterns obtained by repeating the Step 
until the defined number of columns or the defined 
number of rows is defined in the interleaving pattern 
list. 

In the above configuration, the method includes: 
a first Step, which is a process of a first Stage, of deter 

mining the number of rows or the number of columns 
of a block interleaver corresponding to a unit length 
which is given beforehandby a defined number, assum 
ing an interleaving pattern corresponding the defined 
number as a predefined interleaving pattern, and defin 
ing the number of rows by using the determined 
number of columns or defining the number of columns 
by using the determined number of rows, 
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a Second Step of determining the number of rows or the 
number of columns of a block interleaver correspond 
ing to the defined number of rows or the defined 
number of columns by using an interleaving pattern list 
Suitable for predefined application target, and defining 
the number of columns from the determined number of 
rows or defining the number of rows from the deter 
mined number of columns, 

a third Step of repeating the Second Step until an inter 
leaving pattern corresponding to the number of rows or 
columns exists in the predefined interleaving pattern 
list; 

performing the third Step a number of times equal to the 
number of rows or columns corresponding to the pre 
defined interleaving pattern in the first Step, and 

generating an interleaving pattern corresponding to the 
row or the column of a former Stage Sequentially from 
an interleaving pattern corresponding to the row and 
the column which is generated in a final Stage. 

Further, in the above configuration, the generated inter 
leaving pattern of the unit length is checked and an inter 
leaving pattern of the unit length is generated again accord 
ing to the result of the checking. 

Further, in the above configuration, the application target 
is turbo code and the number of rows of the first stage is 7. 

Further, in the above configuration, the application target 
is transmission and the number of columns of the first stage 
is the number of slots of one frame. 

According to the above mentioned invention, an inter 
leaving pattern Suitable for turbo encoding and a transmis 
Sion System, and the like. 
To achieve the above mentioned objectives, an interleav 

ing device for inputting a data Series of a unit length and 
outputting interleaved data Series of the unit length, 
includes: 
means which Stores one or a plurality of interleaving 

patterns in a table beforehand; 
means which outputs data by applying one of the plurality 

of interleaving patterns, and 
means which outputs the output data by further applying 

one of the plurality of interleaving patterns as neces 
Sary. 

In the above configuration, the table Stores an interleaving 
pattern by the interleaving method as claimed in one of 
claims 1-4. 

Further, in the above configuration, the interleaving pat 
tern is generated by the interleaving pattern generating 
method as claimed in claim 21. 

Further, in the interleaving device, interleaving destina 
tions of an input data Series are calculated, and the inter 
leaving is performed on the basis of the calculation and data 
is output instead of using an interleaving pattern. 

According to the above mentioned invention, a device for 
carrying out interleaving processes can be provided, 
particularly, a device Suitable for turbo encoding and 
transmission, and the like. 
To achieve the above mentioned objectives, according to 

the present invention, a computer readable medium Storing 
a program for description and generation of an interleaving 
pattern in an interleaving method for inputting a data Series 
of a unit length and outputting an interleaved Series of the 
unit length, includes: 

a step of determining the number of rows or columns of 
a block interleaver corresponding to a unit length which 
is given beforehandby using an interleaving pattern list 
Suitable for a predefined application target and defining 
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the number of columns from the determined number of 
rows or the number of rows from the determined 
number of columns, and 

generating an interleaving pattern of the unit length from 
interleaving patterns obtained by repeating the Step 
until the defined number of columns or the defined 
number of row is defined in the interleaving pattern list. 

Further, in the above configuration, the program includes: 
a first Step, which is a process of a first Stage, of deter 

mining the number of rows or the number of columns 
of a block interleaver corresponding to a unit length 
which is given beforehandby a defined number, assum 
ing an interleaving pattern corresponding the defined 
number as a predefined interleaving pattern, and defin 
ing the number of rows by using the determined 
number of columns or defining the number of columns 
by using the determined number of rows, 

a Second Step of determining the number of rows or the 
number of columns of a block interleaver correspond 
ing to the defined number of rows or the defined 
number of columns by using an interleaving pattern list 
Suitable for a predefined application target, and defin 
ing the number of columns from the determined num 
ber of rows or defining the number of rows from the 
determined number of columns, 

a third Step of repeating the Second step until an inter 
leaving pattern corresponding to the number of rows or 
columns exists in the predefined interleaving pattern 
list; 

performing the third Step a number of times equal to the 
number of rows or columns corresponding to the pre 
defined interleaving pattern in the first step, and 

generating an interleaving pattern corresponding to the 
row or the column of a former Stage Sequentially from 
an interleaving pattern corresponding to the row and 
the column which is generated in a final Stage. 

In the above configuration, in the computer readable 
medium Storing a program for generation of an interleaving 
pattern of the present invention, the generated interleaving 
pattern of the unit length is checked and an interleaving 
pattern of the unit length is generated again according to the 
result of the checking. 

Further, in the computer readable medium Storing a 
program for generation of an interleaving pattern of the 
present invention, the application target is turbo code and the 
number of rows of the first stage is 7. 

Further, in the computer readable medium Storing a 
program for generation of an interleaving pattern of the 
present invention, the application target is transmission and 
the number of columns of the first stage is the number of 
Slots of one frame. 

According to the above mentioned invention, a medium 
Storing a program for generating an interleaving pattern can 
be provided, particularly, a medium Storing a program for 
generating an interleaving pattern Suitable for turbo 
encoding, transmission and the like can be provided. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagram showing a conventional interleaving 
method. 

FIG. 2 is a diagram showing an interleaving method 
according to a first embodiment of the present invention. 

FIG. 3 is a diagram showing the interleaving method 
according to the first embodiment of the present invention. 

FIG. 4 is a diagram showing the interleaving method 
according to a Second embodiment of the present invention. 
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FIG. 5 is a diagram showing the interleaving method 

according to a third embodiment of the present invention. 
FIG. 6 is a diagram showing the interleaving method 

according to a fourth embodiment of the present invention. 
FIG. 7 is a diagram showing the interleaving method 

according to a fifth embodiment of the present invention. 
FIG. 8 is a diagram showing that L=64-bit length data is 

written in a block interleaver of 8 bitsx8 bits. 

FIG. 9 is a diagram showing a first case of interleaving by 
a symbol unit. 

FIG. 10 is a diagram showing a Second case of interleav 
ing by a Symbol unit. 

FIG. 11 is a diagram showing a third case of interleaving 
by a symbol unit. 

FIG. 12 is a diagram for explaining an interleaving 
proceSS. 

FIG. 13 is a diagram for explaining an interleaving 
process according to a Seventh embodiment of the present 
invention. 

FIG. 14 is a diagram for explaining an interleaving 
process according to the Seventh embodiment of the present 
invention. 

FIG. 15 is a diagram for explaining an interleaving 
process according to the Seventh embodiment of the present 
invention. 

FIG. 16 is a diagram for explaining an interleaving 
process according to an eighth embodiment of the present 
invention. 

FIG. 17 is a diagram for explaining an interleaving 
process according to the eighth embodiment of the present 
invention. 

FIG. 18 is a diagram for explaining an interleaving 
process according to a ninth embodiment of the present 
invention. 

FIG. 19 is a diagram for explaining an interleaving 
process according to the ninth embodiment of the present 
invention. 

FIG. 20 is a diagram for explaining an interleaving 
process according to the ninth embodiment of the present 
invention. 

FIG. 21 is a diagram for explaining an interleaving 
process according to the ninth embodiment of the present 
invention. 

FIG. 22 is a diagram for explaining an interleaving 
process according to the ninth embodiment of the present 
invention. 

FIG. 23 is a diagram for explaining an example of 
definition of an interleaving pattern description language. 

FIG. 24 is a diagram for explaining an example of 
definition of the interleaving pattern description language. 

FIG. 25 is a diagram for explaining an example of 
definition of the interleaving pattern description language. 

FIG. 26 is a diagram for explaining an example of 
definition of the interleaving pattern description language. 

FIG. 27 is a diagram for explaining an example of 
realizing interleaving in the case of using the interleaving 
pattern description language. 

FIG. 28 is a diagram for explaining an example of 
realizing interleaving in the case of using the interleaving 
pattern description language. 

FIG. 29 is a diagram for explaining an example of 
realizing interleaving in the case of using the interleaving 
pattern description language. 
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FIG. 30 is a diagram for explaining an example of 
realizing interleaving in the case of using the interleaving 
pattern description language. 

FIG. 31 is a diagram for explaining an example of 
realizing interleaving in the case of using the interleaving 
pattern description language. 

FIG. 32 is a diagram showing a proceSS flow for gener 
ating an interleaving pattern. 
FIG.33 is a flowchart showing a process for determining 

the generated interleaving pattern. 
FIG.34(a) and FIG.34(b) are block diagram for explain 

ing an example of a configuration of a turbo encoder. 
FIG. 35 is a block diagram for explaining an example of 

a configuration of a mobile radio transmitter-receiver. 
FIG. 36(a) and FIG. 36(b) are a diagram showing an 

example of deinterleaving. 
FIG. 37(a) and FIG. 37(b) are a diagram showing an 

example of deinterleaving. 
FIG. 38 is a flowchart for explaining generation of an 

interleaving pattern Suitable for turbo code. 
FIG. 39 is a diagram showing details of the determining 

process of the interleaving pattern. 
FIG. 40 is a table showing a list of predetermined inter 

leaving patterns used for the determining process of the 
interleaving pattern. 

FIG. 41 is a diagram showing details of a generation 
process of an interleaving pattern by a multistage interleav 
ing method. 

FIG. 42 is a diagram for explaining a first Stage of the 
generation process of the interleaving pattern. 

FIG. 43 shows a specific example of the generation 
process shown in FIG. 42. 

FIG. 44 is a diagram for explaining another example of 
the generation process of the interleaving pattern. 

FIG. 45 is a diagram for explaining a check of the 
generated interleaving pattern. 

FIG. 46 is a flowchart for explaining a generation proceSS 
of the interleaving pattern Suitable for a transmission line 
interleaver. 

FIG. 47 is a diagram showing details of a determining 
process of the interleaving pattern. 

FIG. 48 is a table showing a list of the predetermined 
interleaving patterns used for generating an interleaving 
pattern. 

FIG. 49 is a diagram showing details of a generation 
process of an interleaving pattern by a multistage interleav 
ing method. 

FIG. 50 is a diagram showing an example of a device for 
interleaving. 

PREFERRED EMBODIMENTS FOR CARRYING 
OUT THE INVENTION 

In the following, a detailed description of embodiments of 
the present invention will be given with reference to figures. 
Although an interleaver is described as a two-dimensional 
array in the figures in the following description, it is only as 
a matter of convenience. It is needless to Say that the present 
invention can be carried out with a one-dimensional array 
instead of the two-dimensional array. 

The interleaving processes described in the following are 
carried out by a processing device for Signal processing of 
an input bit Series and the like. 

First, a first embodiment of the present invention will be 
described. 
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FIG. 2 and FIG. 3 show the interleaving method of the 

first embodiment of the present invention. As shown in FIG. 
2, 1152-bit data as single frame data 200 is input, as in the 
case of the conventional method, and a row vector 215 is 
written to a buffer of an interleaver 210 of 72x16 (= 1152) in 
the direction of the row. It is needless to say that the 
interleaving method of the present invention can be applied 
to a general NxM interleaver instead of the 72x16 inter 
leaver. In the 72x16 interleaver 210, each of 16 column 
vectors, including a vector 220 which has 72 bits, is read out, 
and is interleaved by a 9x8 (=72) interleaver 230, 235, ..., 
or 240 which corresponds to each of 16 column vectors. That 
is to Say, for example, the column vector 220 is written in the 
buffer of the 9x8 (=72) interleaver 230 in the direction of the 
row. Finally, data in each of the 169x8 interleavers is read 
out in the direction of the column Successively, and, then, the 
interleaved data 245 is output, in other words, extracted. 
The interleaved data shown in FIG. 1 is arranged orderly 

in order of time in terms of the column part. In contrast, the 
data arrangement in FIG. 2 is more complex. Here, to 
evaluate quantitatively the performance of the interleaving, 
the performance of the interleaving is evaluated from the 
viewpoint of the criterion (2) described in the related art. 

In the output 130 in FIG. 1, the number adjacent to “0” is 
“16”. Therefore, in the input data, the two bits are separated 
by at least 16 bits. When all bits are examined, it is 
recognized that two Successive bits of output are separated 
by at least 16 bits in the input series. That is to say, the 
above-mentioned evaluation according to the criterion (2) is 
16 bits. 

The result of an evaluation according to the criterion (2) 
of the method shown in FIG. 2 is 128 bits. Therefore, it is 
understood that the performance of interleaving is improved. 

FIG. 3 shows a method in which an additional interleav 
ing is performed. AS shown in FIG. 3, each column data in 
each of the 9x8 interleavers such as the interleaver 230 
shown in FIG. 2 is interleaved by each of 3x3 (=9) block 
interleavers. At the end Stage of the interleaving, interleaved 
data 295 is output or extracted by reading out data Sequen 
tially in the column direction from the 3x3 block interleav 
erS Such as the interleaver 285. 

According to the method shown in FIG. 3, since the result 
of the evaluation by the above-mentioned criterion (2) is 384 
bits, it can be understood that the performance of interleav 
ing will improve by repeating the interleaving process. 

In the following, a Second embodiment of the present 
invention will be described. FIG. 4 shows an interleaving 
method according to the Second embodiment of the present 
invention. 

Different from the method shown in FIG. 3 in which data 
in the 72x16 interleaver 210 is read in the column direction, 
in the method according to the Second embodiment, 16 bits 
in row vectors in an 72x16 interleaver 310 are read and 
written to each of 4x4 interleavers such as an interleaver 320 
in the row direction. Next, each column of each of the 4x4 
interleavers such as the interleaver 320 is read in the column 
direction Sequentially and is written back to each row in the 
72x16 interleaver 310. In this case, another interleaver 335 
can be used instead of the 72x16 interleaver 310. After all 
data in the 4x4 interleavers are written back to the 72x16 
interleaver 310, interleaved data 340 is extracted by reading 
a buffer of the 72x16 interleaver 310 in the column direction. 

Compared with the output result 350 according to the 
conventional interleaving method, data alignment in each 
column in the 72x16 interleaver 310 is the same as that of 
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the conventional method, however, it can be recognized that 
column alignment is different. This interleaving method will 
be evaluated from the viewpoint of the criterion (1) in the 
following. According to the conventional method, the input 
data “0” and “1” are interleaved to be 72 bits apart. Similarly 
evaluating all bits in terms of the criterion (1), the result is 
72 bits. In the second embodiment, since the result is 288 
bits, it can be understood that the performance of the 
interleaving is improved. 

In the following, a third embodiment of the present 
invention will be described. FIG. 5 shows an interleaving 
method of the third embodiment of the present invention. 
The embodiment is a method in which methods of the first 
and Second embodiments are utilized in combination and 
each of the interleaving methods is repeated. 

In FIG. 5, single frame data 400 of 16 bits is input and 
written to a buffer of a 4x4 (=16) interleaver 410 in the row 
direction. Each of the 4 columns consists of 4 bits and is 
interleaved by one of four 2x2 (=4) interleavers 420, 425, 
430, 435 as shown in FIG. 5. That is, each of the columns 
is written into the buffer of the 2x2 (=4) interleavers such as 
the interleaver 420 in the row direction. 

Next, the 2 bits of each column of each 2x2 (=4) inter 
leaver are read Successively and returned to each column of 
the 4x4 interleaver 410. In this case, another 4x4 interleaver 
440 can be used instead of the 4x4 interleaver 410. 

Each row data is read from the interleaver 410 or 440 and 
is interleaved by a corresponding one of four 2x2 (=4) 
interleavers 445, 450, 455, and 460. That is, the row data of 
the interleaver 410 or 440 is written to the buffer of the 2x2 
(=4) interleaver in the row direction. 

Next, 2 bits of each column of every 2x2 interleaver Such 
as the interleaver 445 are successively read and returned to 
each row of the 4x4 interleaver 410 or 440. In this case, 
another 4x4 interleaver 470 can be used instead of the 4x4 
interleaver 410 or 440. After all column data of the 2x2 
interleavers 445-460 are returned, the buffer of the 4x4 
interleaver 410, 440, or 470 is read in the column direction 
and interleaved data 480 is extracted. 

According to the above-mentioned method, Since the 
performances in terms of the criteria (1) and (2) are 
improved Simultaneously, the interleaving performance can 
be further improved. 

Therefore, according to the present invention, in an inter 
leaving of an NxM buffer size, two successive input bits can 
be separated Such that the distance between the two bits 
becomes more than 2N bits in the output series after inter 
leaving is repeated enough times, and two Successive two 
output bits can be separated in the input Series Such that the 
distance between the two bits is more than 2M bits. For 
example, in the case of 8x8 buffer size interleaving, two 
Successive input bits can be separated farther apart than 2x8 
bits in the output Series after three times of repeated inter 
leaving and two Successive output bits can be separated 
farther apart than 2x8 bits in the input Series. 

Further, the present invention can be used for random 
ization of burst error arising in a burst error transmission line 
or a burst error recording medium, and also can be used for 
an interleaving method applied to turbo encoding. 

In the following, a fourth embodiment of the present 
invention will be described. FIG. 6 shows the embodiment. 

It is not necessary to use the same interleaverS repeatedly 
for the same interleaving Step as in the above-mentioned first 
to third embodiments. As shown in FIG. 6, after writing an 
input series to a 72x16 interleaver 600, each row of the 
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interleaver 600 is read by 16 bits. In this case, the interleav 
er's shape can be varied such that the first row is written to 
a 4x4 interleaver 610, the second row is written to a 6x3 
interleaver 620, and the third row is written to a 8x2 
interleaver 630, and the like. It is also not necessary to fill 
an interleaver buffer with input data, for example, a 6x3 
interleaver may be used for the 16-bit input series. 
A fifth embodiment of the present invention will be 

described in the following. FIG. 7 shows the fifth embodi 
ment. 

FIG. 7 shows an example of interleaving similar to that 
shown in FIG. 2. In the case of the example shown in FIG. 
2, an input Series is divided into a plurality of 16 bit blocks, 
wherein the Sequence of the bits in each block remains in the 
Same order of time in the first interleaving Step. On the other 
hand, in the case of the example shown in FIG. 7, pseudo 
random interleaving is performed on each block and the data 
in the block is written to a 72x16 interleaver 700. Thus, 
interleaving repeating processes of the present invention can 
be combined with interchanging processes of a bit Sequence 
Such as that used for a pseudo-random interleaving method. 
FIG. 7 shows an example of such an interleaving method. 

Next, a sixth embodiment of the present invention will be 
described. In the above-mentioned embodiments, interleav 
ing methods by a bit unit are described. Interleaving by a 
symbol unit is also possible. In the following, the sixth 
embodiment will be described as an example of the inter 
leaving by a Symbol unit. 

First, L-bit length data is written to an NxM (Ls NxM) 
block interleaver. 

Here, one symbol will be considered to be K bits here 
inafter. That is, in an NxM block interleaver, Successive 
(adjacent) K bits will be considered to be one symbol. 

In a first case in which K Successive bits in the vertical 
direction are assumed to be one Symbol, a block interleaver 
can be considered to be an (N/K) symbolxM symbol block 
interleaver. Therefore, symbol interleaving is possible by 
performing multiple Stage interleaving in the vertical direc 
tion and in the horizontal direction in the way mentioned 
above and by converting the symbol to bits, which are read 
out. In a Second case in which K bits in the horizontal 
direction are assumed to be one Symbol, the block inter 
leaver can be considered to be an N symbolx(M/K) symbol 
block interleaver. Therefore, symbol interleaving is also 
possible. Further, in a third case in which Kadjacent bits are 
considered to be one symbol where K is N1xM1, the block 
interleaver can be considered to be an (N/N1) symbolx(M/ 
M1) symbol block interleaver, thereby symbol interleaving 
is also possible. 

Concrete examples of the above-mentioned methods will 
be described with reference to figures. FIG. 8 shows L=64 
bit length data written to an (N=) 8 bitx(M=) 8 bit block 
interleaver. The following processes will be described with 
reference to FIG. 9-FIG. 11 corresponding the above men 
tioned first case to third case respectively. 

FIG. 9 shows the first case in which K equals 2. A 4 
symbolx8 symbol block interleaver shown in FIG. 9 is 
interleaved in the above-mentioned way of a bit unit, and 
symbols in an interleaver 650 are converted into bits, 
thereby an interleaver 660 is generated, and, then, the bits 
are read out. 

In the Second case in which K equals 2, interleaving is 
performed as shown in FIG. 10, and, in the third case in 
which K equals 4, interleaving is performed as shown in 
FIG. 11. The precise description of these methods will be 
omitted because it is obvious from these figures and above 
descriptions. 
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AS mentioned above, according to the interleaving 
method in the first to sixth embodiments of the present 
invention, the aforementioned first objective is achieved. 
That is, by applying an interchanging process on a data 
Sequence repeatedly after writing to or reading from a buffer 
once, the performance of interleaving will improve as com 
pared with the conventional method in which reading and 
Writing is performed in order of time one by one. 

The interleaving method of the present invention will be 
called a multiple interleaving method hereinafter. 
AS mentioned above, in the case of a digital System, 

permutation in interleaving is performed by the bit or the 
symbol. The above-mentioned methods show the way of 
Writing data in a buffer and reading out the data. It is also 
possible to use a pattern (which will be called an interleaving 
pattern hereinafter) as sequence permutation information in 
interleaving which will be referred to when interleaving 
data. Although, interleaving can be performed by the bit or 
by the symbol, or the like, an example by the bit will be 
shown in the following for the sake of simplicity. 

FIG. 12 shows an example of interleaving of a 16-bit 
series. As shown in FIG. 12, bit-by-bit interleaving is carried 
out by referring to an interleaving pattern table. In FIG. 12, 
as for an input 16-bit series 670 which will be interleaved, 
the sequence of the bits (or the symbols and the like) in the 
input Series are altered according to the Sequence Stored in 
the interleaving pattern table 680. 
AS shown in FIG. 12, the Sequence in the interleaving 

pattern table 680 is read out in order of the vertical direction, 
as indicated by an arrow, as 0, 8, 4, 12, 2, . . . . Then, the bits 
of the 16-bit Series are interchanged according to the read 
out Sequence Such that the 0th bit of the input Series is 
interchanged to the 0th bit of the output series and the first 
bit is interchanged to the eighth bit and the like. After that, 
an interleaved bit Series is output. 

Next, embodiments of the present invention for achieving 
the second objectives will be described starting from a 
Seventh embodiment. 

FIG. 13-FIG. 15 show the Seventh embodiment of the 
present invention. 

In FIG. 13 and FIG. 14, an example of interleaving a 
16-bit series 670 is shown. That is, an interleaving pattern 
table A and an interleaving pattern table B, both of which 
describe a 4 bit Series conversion, are provided, and an 
interleaving pattern table C 680 for 16 (4x4) bit series 
conversion is generated by the two 4 bit interleaving pattern 
tables. Then, interleaving of the input 16 bit series 670 is 
performed with the generated 16 bit Series interleaving 
pattern table. 

In FIG. 13, the prepared table A defines the writing 
direction to the interleaving pattern table C and the table B 
defines the direction perpendicular to the writing direction. 
When carrying out interleaving of L=16 bits, the interleav 
ing pattern table C which describes an L (sLAxLB) bit 
interleaving pattern is generated by using the interleaving 
pattern table A which describes an LA=4 bit interleaving 
pattern and the interleaving pattern table B which describes 
an LB=4 bit interleaving pattern. (1 in FIG. 13) 

According to the example shown in FIG. 13, an operation 
for generating Ci of the interleaving pattern table which 
means ith bit of the bit series C is 

wherein LA=4, and i is an address indicating a bit location 
of the bit Series and is an integer equal to or larger than 0. 
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An address indicating a bit location of a Series will be 
represented by one of i,j,k, each of which is an integer equal 
to or more than 0 hereinafter. Ai means ith element of the 
table A. “%' is a modulo operator and “i%LA” means 
remainder of i divided by LA. “i/LA' means the integer part 
(in which a fractional portion is dropped) of the result of i 
divided by LA. The meanings of these operators are the 
Same hereinafter. The table A defines the pattern in a 
horizontal direction of the table C and the table B defines the 
pattern in a vertical direction. 
The interleaving pattern table C 680 is generated by 

writing the result to the interleaving pattern table C 680 in 
the horizontal direction. 
When interleaving, bits in the table C are read sequen 

tially in the vertical direction and interleaving of the input 
series is performed by referring to the bits. (2 in FIG. 13) 
That is, permutation of the Sequence of the bits in the Series 
is performed according to the Sequence Stored in the inter 
leaving pattern table C 680. 

In this case, it is not necessary to read out data downward, 
nor is it necessary to write rightward. Instead, those direc 
tions can be reverse to that shown in the figure. For example, 
reading out may be upward. 

Further, in FIG. 13, although it is mentioned that the 
prepared table A defines the writing direction to an inter 
leaving pattern table C and the table B defines the direction 
perpendicular to the writing direction, the relationship 
between table A and B can be interchanged. In addition, the 
interleaving pattern table A and B can be the same or 
different patterns. 

If the table A and the table B are the same, it is necessary 
to use only one of the tables. For example, Ci can be 
represented as 

These features are the same in FIG. 13-FIG. 21. 
FIG. 14 shows another operation in which the same result 

as that shown in FIG. 13 can be obtained. The interleaving 
pattern C 680 in FIG. 14 is generated by 

(1 in FIG. 14) which is different from the case shown in FIG. 
13. In this case, the table A defines a pattern of a horizontal 
direction of the table C, and the table B defines a pattern of 
a vertical direction of the table C. The result is written to the 
table C in the vertical direction. 
The relationship between tables A and B can be inter 

changed. Also, the interleaving pattern tables A and B can be 
the same or different patterns. If the table A and the table B 
are the Same, it is necessary to use only one of the tables. 
When interleaving, the bits in the table C are read out in 

the same (vertical) direction sequentially, thereby the input 
series is interleaved by referring to the bits (2 in FIG. 14). 

Thus, it is possible to change the operation for-the inter 
leaving pattern table C 680. In addition, the reading direc 
tion is not necessarily the same as the writing direction, and 
both directions are not necessarily the same as those shown 
in FIG. 14. That is, the writing direction and reading 
direction can be set freely. 

FIG. 15 shows an example of 15-bit interleaving instead 
of the 16 bit interleaving shown in FIG. 13 or FIG. 14. 
As shown in FIG. 15, when interleaving L=15 bit input 

data, the interleaving pattern table C 700 which describes an 
L (SLAXLB) bit interleaving pattern is generated by using 
the interleaving pattern table A which has the LA=4 bit 
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interleaving pattern and the interleaving pattern table B 
which has the LB=4 bit interleaving pattern (1 in FIG. 15). 
In the same way as shown in FIG. 13, the method for 
generating the interleaving pattern table C 700 is 

wherein LA=4. The table A defines the pattern in the 
horizontal direction of the table C and the table B defines the 
pattern in the vertical direction. 

The result is written to the table C in a horizontal 
direction. Since the table C has the 16 bit interleaving 
pattern, the 15 bit interleaving is performed by reading out 
the table C sequentially in the vertical direction and by 
discarding a number equal to or larger than 15 when the 
number is read. (2 in FIG. 15). 
As shown in FIG. 15, the 15 bit interleaving is available 

by Skipping the number equal to or larger than 15. Also, the 
table C which includes the 15 bit interleaving pattern can be 
generated to perform the 15 bit interleaving by inhibiting 
data equal to or larger than 15 from being written when 
writing data to the table C. That is, as shown in FIG. 15, in 
the case of generating the 15 (<4x4) bit interleaving pattern 
table C with the table Astoring the 4 bit interleaving pattern 
and the table B Storing the 4 bit interleaving pattern, it is 
possible to generate the 15 bit interleaving pattern table C by 
not writing a number larger than 14 (=15-1). 

According to the Seventh embodiment, from one inter 
leaving pattern table (in the case of A=B), or from two 
interleaving pattern tables, for example, an interleaving 
pattern table which has a larger interleaving length is gen 
erated. Thus, a pattern of a certain interleaving length can be 
represented by a plurality of patterns of a Smaller interleav 
ing length. Therefore, a memory amount for fixed length 
patterns can be decreased. 

For example, conventionally, in the case of using a 1000 
bit interleaving pattern table, memory for the 1000 bit 
interleaving pattern table is necessary. According to the 
seventh embodiment, by representing a 1000 bit interleaving 
pattern table with a 20 bit interleaving pattern table and a 50 
bit interleaving pattern table, the memory can be decreased 
to an amount for 70 (=20+50) bits. 

In addition, by representing a 900 bit interleaving pattern 
table with a 20 bit interleaving pattern table and a 50 bit 
interleaving pattern table, interleaving for 1000 bits and 900 
bits is possible without enlarging the fixed length interleav 
ing pattern table. 

Next, an eighth embodiment will be described. According 
to the eighth embodiment of the present invention, the same 
result as that of the seventh embodiment shown in FIG. 
13-FIG. 15 is obtained. However, the interleaving pattern 
table C is not generated for interleaving, instead of that, an 
interleaving destination is directly obtained by calculating it 
from the table A and the table B. FIG. 16 and FIG. 17 show 
the eighth embodiment. 

In FIG. 16, an example of a 16 bit input series in which 
the same result as that of FIG. 13 can be obtained is shown. 
As shown in FIG. 16, the interleaving pattern table C is 

not generated, unlike the example of FIG. 13. Each desti 
nation for interchanging a bit in the input Series is calculated 
(1 in FIG. 16) from the table Astoring the 4 bit interleaving 
pattern and the table B Storing the 4 bit interleaving pattern, 
thereby the input series is interleaved on the basis of the 
result of the calculation (2 in FIG. 16). 
A formula for calculating directly the interleaving desti 

nation which is a jth element corresponding to an ith element 
in the input series from the table A and the table B is 
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The relationship between the table A and B can be 

interchanged. And, the interleaving pattern tables A and B 
can be the same or different patterns. If the table A and the 
table B are the Same, it is necessary to use only one of the 
tables. That is, 

In FIG. 17, interleaving pattern equations (710, 720) are 
used for defining interleaving instead of preparing for the 
interleaving pattern tables A and B. Also, interleaving is 
performed by calculating the interleaving pattern equation 
(1, 2 in FIG. 17). 
The equation a 710 and the equation b 720 each of which 

equations represents a 4 bit interleaving pattern, are 
expressed as 

wherein Osibs4. 
An interleaving destination which is a jth element corre 

sponding to an ith element in the 16 bit input Series is 
calculated by using both of the equation a and the equation 
b Sequentially, which is the same as calculating 

thereby performing interleaving. 
The relationship between the equation a and b can be 

interchanged. Also, the interleaving pattern equations a and 
b can be the same or different equations. If the equation A 
and the equation B are the same, it is necessary to use only 
one of the equations. 

In the interleaving shown in FIG. 17, it is also possible to 
perform interleaving after generating an interleaving pattern 
table by calculating a 16 bit interleaving pattern from the 
prepared 4 bit equations and writing the result of the 
calculation in the table, which is the same as the case of the 
Seventh embodiment in which an interleaving pattern is 
defined by formulas instead of a pattern table. 

According to the eighth embodiment, from one interleav 
ing pattern table (when A=B), or from two interleaving 
pattern tables, interleaving of a larger interleaving length is 
performed. Therefore, it is characterized there is no need to 
generate another interleaving pattern table. 

Further, from one interleaving pattern equation (when 
a=b), or from two interleaving pattern equations, interleav 
ing of a larger interleaving length can be performed. In this 
case, it is unnecessary to generate another interleaving 
pattern table. However, it is possible to generate an inter 
leaving pattern table. 
A ninth embodiment will be described in the following. 

The ninth embodiment is an example in which a process 
shown in the seventh embodiment or the eighth embodiment 
is applied repeatedly a plurality of times. The ninth embodi 
ment will be described with reference to FIG. 18-FIG. 22. 

FIG. 18 shows an example in which a 16 bit interleaving 
pattern table is generated from two 2 bit interleaving pattern 
tables A, B and a 4 bit interleaving pattern table C by 
applying a proceSS shown in the Seventh embodiment in 
FIG. 13 repeatedly a plurality of times. 
As shown in FIG. 18, when interleaving L=16 bit input 

data, an interleaving pattern table D 730 which has an 
L=4(sLAXLB) bit interleaving pattern is generated by 
using the interleaving pattern table A which has an LA=2 bit 
interleaving pattern and the interleaving pattern table B 
which has an LB=2 bit interleaving pattern (1 in FIG. 18). 
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An operation for generating the interleaving pattern table 
D 730 is, for example, 

(when the table A defines a writing direction of the table D 
and the table B defines a direction perpendicular to the 
writing direction of the table D.) 

Next, an interleaving pattern table E 740 which has 
LE=16(sLCxLD) bit interleaving pattern is generated by 
referring to the generated interleaving pattern table D and 
the interleaving pattern table C which has an LD=4 bit 
interleaving pattern (2 in FIG. 18). 
An operation for generating the interleaving pattern table 

E 740 is, for example, 

(in the case that the table D defines a horizontal direction of 
the table E and the table C defines a vertical direction of the 
table E.) 

By referring to the interleaving pattern table E which was 
thus generated, interleaving of the 16 bit Series is performed 
(3 in FIG. 18). 

The relationship between the table A and B can be 
interchanged. Also, the interleaving pattern tables A and B 
can be the same or different patterns. If the tables A and B 
are the same, it is necessary to use only one of the tables can 
be used. That is, 

In addition, the reading direction is not necessarily the same 
as the writing direction, and the both directions are not 
necessarily the same as shown in FIG. 18. 

FIG. 19 shows an example in which 16 bit interleaving is 
performed with two 2 bit interleaving pattern tables A, B and 
a 4 bit interleaving pattern table C by assembling processes 
shown in the eighth embodiment in FIG. 16 repeatedly a 
plurality of times. 
As shown in FIG. 19, the interchanging destination which 

is a jdth bit corresponding to an idth (Osid-4) bit in a 4 bit 
Series is calculated by referring to the table A and the table 
B. The operation is, for example, 

in a case where the table A defines a writing direction of the 
table C and the table B defines a direction perpendicular to 
the writing direction of the table C. 

Next, the interchanging destination which is a jth bit from 
a ith (Osiz16) bit in a 16 bit input series 750 is calculated 
by referring to the result of the above mentioned operation 
and the interleaving pattern table C (2 in FIG. 19). The 
operation is, for example, 

wherein id is a interchanging destination of id=l764. 
Finally, interleaving is performed by interchanging the bit 

sequence of the 16 bit series on the basis of the result of the 
above mentioned operations (3 in FIG. 19). 
The relationship between the table A and B can be 

interchanged. Also, the interleaving pattern tables A and B 
can be the same or different patterns. If the tables A and B 
are the Same, it is necessary to use only one of the tables. In 
Such a case, 

can be applied. 
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Also, an interleaving pattern table can be generated by 

Storing the result of the calculation in a table. 
FIG. 20 shows an example in which a process shown in 

FIG. 17, which shows the eighth embodiment which defines 
interleaving by equations, is repeated. 
As shown in FIG. 20, first, an equation d for describing a 

4 bit interleaving pattern, which is 

is generated from an equation a (ja=ia) and an equation b 
(b=ib), each of which equations describes a 2 bit interleav 
ing pattern (1 in FIG. 20). 

Next, a 16 bit interleaving equation e, which is 

is calculated from the 4 bit equation c and the equation d (2 
in FIG. 20). Then, interleaving is performed with the cal 
culated equation e (a in FIG. 20). 

It is also possible to perform interleaving after generating 
an interleaving pattern table by writing the result of the 
above mentioned calculation to a table. 

FIG. 21 shows an example in which interleaving is 
performed by defining an interleave with an equation and a 
table and generating an interleaving pattern table on the 
basis of the interleave. 
AS shown in FIG. 21, a 4 bit interleaving equation d, 

which is 

is generated from an equation a describing a 2 bit interleav 
ing pattern and a 2 bit interleaving pattern table B (1 in FIG. 
21). 

Next, a 16 bit interleaving pattern table E 760 is generated 
by 

from the equation d and a 4 bit interleaving pattern table C 
(2 in FIG. 21). Then, interleaving is performed with refer 
ence to the table E 760 (3 in FIG. 21). 

FIG. 22 shows an example, which is a modification of 
FIG. 13, in which example a 16 bit interleaving pattern table 
is generated from a plurality of 4 bit tables. 
As shown in FIG. 22, a 16 bit interleaving pattern table C 

770 is generated by 

(in the case that the table A0-A3 defines the writing direc 
tion of the table C and the table B defines the perpendicular 
direction to the writing direction of the table C) with a 
plurality of 4 bit tables A0-A3 and a 4 bit table B (1 in FIG. 
22). Then, interleaving is performed by referring to the table 
C (2 in FIG.22). 
The relationship between the tables A0-A3 and B can be 

interchanged. Also, the interleaving pattern tables A0-A3 
and B can be the same or different patterns. The reading 
direction is not necessarily downward and the writing direc 
tion is not necessarily rightward. 

Next, an tenth embodiment will be described. The tenth 
embodiment shows a method in which interleaving is 
defined by an interleaving pattern description language, 
which is recognized So that an interleaving pattern is gen 
erated or interleaving is performed as was described in the 
above mentioned seventh-ninth embodiments. 

FIG. 23-FIG. 26 are figures for explaining the definition 
of the interleaving pattern description language. FIG. 
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27-FIG. 31 shows examples in which a formula described 
by the interleaving pattern description language which is 
defined by FIG. 23-FIG. 26 is recognized and an interleav 
ing pattern is generated according to one of the methods or 
a combination of the methods shown in the above mentioned 
Seventh-ninth embodiments So as to perform interleaving. 
FIG. 32 is a diagram for explaining automatic generation of 
an interleaving pattern. FIG. 33 shows a flowchart for 
explaining a flow of determining the interleaving pattern. 

First, the interleaving pattern description language will be 
described with reference to FIGS. 23-26. 

FIG. 23 describes definition 1 of an interleaving pattern 
description language LNxM. L.NxM) means an NXM 
block interleaver. This interleaver means performing inter 
leaving of an L bit series with the NxM block interleaver. 
FIG.23 shows interleaving of the Lbit series by the LNXM 
block interleaver as an example. 

FIG. 24 describes a definition 2 of R{A}. R{A} means 
that A bits are rearranged in inverse order. FIG. 24 shows 
R{6} as an example in which 6 bit series are rearranged in 
inverse order. 

FIG. 25 describes a definition 3 of LN1xM1, N2x 
M2 . . . ). LIN1xM1, N2xM2 . . . ) means interleaving of a 
plurality of Series (each Series is Lbit length) by correspond 
ing interleavers. FIG. 25 shows 63x2, 2x3 as an example 
in which each of two 6 bit series is interleaved. 

FIG. 26 describes a definition 4 of LN1N2xM2xM1). 
LN1N2xM2xM1 means that after interleaving an L bit 
series by an N1xM1 block interleaver, each of M1 column 
arrays (N1 bits) is interleaved by an N2xM2 interleaver. 
LN1xM1 N2xM2 means that after interleaving an L 

bit series by an N1xM1 block interleaver, each of N1 row 
arrays (M1 bits) is interleaved by an N2xM2 interleaver. 

FIG. 26 shows 1642x2x4) as an example in which a 16 
bit Series 780 is written to a 4x4 block interleaver A790 and 
each column array is read and interleaved by one of four 2x2 
interleavers B-E. An interleaver F 800 is used for getting 
together the results by the interleavers B-E. 

The above mentioned interleaving description language 
can be used for generating an interleaving pattern and 
performing interleaving of an input Series by referring an 
interleaving pattern. 

In the following, embodiments of interleaving by the 
above mentioned interleaving pattern description language 
will be described. 

FIG. 27 shows an example in which generation of an 
interleaving pattern described as 1642x2x42x2 by the 
interleaving pattern description language is realized. 

The meaning of the interleaving pattern described as 
1642x2x42x2 is as follows: 

(a) First stage interleaver which is a 4x4 block interleaver 
performs 16 bit interleaving. 

(b) Each of row arrays (4 bits) of the first stage interleaver 
is interleaved by a 2x2 interleaver. 

(c) Each of the column arrays (4 bits) of the first stage 
interleaver is interleaved by a 2x2 interleaver. 

FIG. 27 describes how the above process is realized. As 
shown in FIG. 27, an input 16 bit series 810 is written to a 
4x4 block interleaver A820 (1 in FIG. 27). Next, each of 
row data is read from the interleaver A820 and interleaved 
by one of 2x2 interleavers B–E (2 in FIG. 27). The inter 
leaved data is written to a interleaver F 830 (3 in FIG. 27). 
Then, each of column data is read and interleaved by one 
2x2 interleaver G-J (4 in FIG. 27). 

Finally, a described interleaving pattern is generated by 
writing the interleaved data to a table 840 (5 in FIG. 27). 

FIG. 28 shows an example in which an interleaving 
process represented as 1642x2x42x2), which is the 

15 

25 

35 

40 

45 

50 

55 

60 

65 

20 
same description as shown in FIG. 27, is realized by the 
above mentioned interleaving method. In FIG. 28, the 
description of 1–5 for generating an interleave patter will be 
omitted since it has been described with FIG. 27. After that, 
interleaving can be realized by referring to the generated 
interleaving pattern table 850 (6 in FIG. 28). 

FIG. 29 and FIG. 30 shows examples in which a formula 
described by the above mentioned interleaving pattern 
description language is recognized and an interleaving pat 
tern is generated according to one of the methods or a 
combination of the methods shown in the above mentioned 
Seventh ninth embodiments So as to perform interleaving. 

FIG. 29 shows that generation of an interleaving pattern 
or an interleaving process described as 1642x2x42x2 is 
performed by applying interleaving processes shown, for 
example, in the above FIG. 13 repeatedly. 

In order to use an interleaving pattern described by the 
interleaving pattern description language according to FIG. 
29, first, interleaving pattern tables E and F are generated 
with interleaving pattern tables A-D (1 and 2). Second, an 
interleaving pattern table G 860 is generated by calculating 
with the interleaving pattern tables E and F (3 in FIG. 29). 
When interleaving is required, it is performed with the 
interleaving pattern table G860 (4 in FIG. 29). 

FIG. 30 shows that generation of an interleaving pattern 
or an interleaving process described as 1642x2x42x2 is 
performed by applying interleaving processes shown, for 
example, in the above FIG. 17 repeatedly. 
As shown in FIG. 30, 4 bit interleaving pattern equations 

e and f is generated from 2 bit interleaving pattern equations 
a-d (1 and 2 in FIG. 30). Next, a 16 bit interleaving pattern 
equation g is generated from the 4 bit interleaving pattern 
equations e and f (1 and 1 in FIG. 30) and interleaving is 
performed with the interleaving pattern equation g (5 in FIG. 
30). 

After the generated interleaving pattern is Stored, Same 
interleaving process can be done only by reading the pattern 
table without generating the pattern once again at the time of 
next interleaving or other interleaving. FIG. 31 shows as 
example of Such an effect. 

FIG. 31 shows a case interleaving described as 1642x 
2x42x2 is required assuming that a 4 bit interleaving 
pattern 42x2 is already Stored. 

For example, the case shown in FIG. 31 takes the same 
method as that shown in FIG. 29. As shown in FIG. 31, a 
System has an interleaving pattern 42x2 as interleaving 
pattern tables A and B. Therefore, a 16 bit interleaving 
pattern can be generated by referring to the 4 bit interleaving 
patterns (1 in FIG. 31) without performing a process corre 
sponding to 42x2 (1 and 2 in FIG. 29). Then interleaving 
is performed by referring to the generated interleaving 
pattern table C (2 in FIG.31). 

Thus, 1642>2x42x2 can be generated from the 
stored 42x2 interleavers. 
The method for realizing interleaving patterns described 

by interleaving pattern description languages shown in FIG. 
27-FIG. 31 is not limited to the methods shown here, for 
example, those methods can be combined. Therefore, for 
getting an interleaving pattern, either of an interleaving 
pattern table or an interleaving pattern equation can be used. 

In the following, the generation method of the above 
mentioned interleaving pattern will be described by a flow 
chart shown in FIG. 32. 
As shown in FIG. 32, when data of interleaving length L 

bits is given, first stage interleaving pattern N1xM1 which 
is equal to or larger than L bits is determined in Step 102. 
Next, in Step 104, a plurality of Second Stage interleaving 
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patterns are determined each of which pattern corresponds to 
row array and column array of the first Stage interleaver. 
Then, in Step 106, interleaving patterns of third Stage inter 
leavers corresponds to each of the Second Stage interleavers 
in the same way as step 104. In step 108, the above process 
will be repeated until interleaving is not available anymore 
or until any Stage, finally, in Step 110, an interleaving pattern 
which can be described by an interleaving pattern descrip 
tion language is generated. 
AS the method for determining the interleaving pattern of 

the interleaver of each Stage, methods of using factoring, 
referring to a list, and using a real number near the result of 
Squaring the interleaving length of each Stage, and Selecting 
an odd number or a prime number for N or M in the NXM 
interleaver of each Stage in the above each methods can be 
used. 

The above mentioned method will be called a multi stage 
interleaving method. 

FIG.33 is a flowchart for selecting a feasible interleaving 
pattern among the generated interleaving patterns. 
AS shown in FIG. 33, an interleaving pattern correspond 

ing to an interleaving length is generated in Step 204 as 
described with FIG. 32, and the generated interleaving 
pattern is tested in step 206. 

If the test is unsuccessful, all or a part of the patterns of 
each Stage interleaver shown in FIG.32 are changed and the 
interleaving pattern is regenerated in Step 204. The above 
proceSS will be repeated until the test becomes Successful in 
order to determine an eventually generated interleaving 
pattern. 

Items of the test may be intensity of resistance to burst 
error, intensity of randomneSS of interleaved bits, and the 
like. In particular, if the interleaver is assumed to be used as 
a turbo code interleaver, a code weight test, a code weight 
test assuming trellis termination and the like may be used for 
the test. 

According to the above description, it is obvious that the 
methods of the present invention can be applied to any 
interleaving unit Such as a Symbol other than a bit. Further, 
the length of interleaved Series may change over time. 

According to the method for generating an interleaving 
pattern of the present invention described in the Seventh-t- 
enth embodiment, memory capacity can be reduced and an 
interleaving length without a corresponding interleaving 
pattern can be processed flexibly. That is, when interleaving 
1000 bit series without using the method of the present 
invention, a table which includes interleaving pattern for the 
1000 bits is necessary. Therefore, the longer the interleaving 
length, the more the memory amount for Storing an inter 
leaving pattern table, in which the interleaving length means 
the total number of interleaved units Such as bits, Symbol, 
and the like. Further, without the present invention, when the 
interleaving length changes, Sufficient interleaving patterns 
need to be prepared Such that each interleaving pattern 
corresponds to a changed interleaving length. Thus, the 
more the kinds of the interleaving length, the more the 
memory amount for Storing the interleaving pattern tables 
corresponding to each interleaving length. For example, for 
4 kinds of interleavers of 10 bits, 100 bits, 1000 bits, 10000 
bits interleaving length, memory amount for 

10(log(10-1)+1)+100(log(100-1)+1)+1000(log(1000-1)+1)+ 
10000(log(10000-1)+1) 

bits is necessary in order to Store the every interleaving 
patterns, in which log XI means that the logarithmxto the 
base 2 is taken and the fractional portion of the number is 
dropped, therefore, log (X-1)+1 means the number of 
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digits of the integerxin binary notation. According to the 
present invention, Such a problem will nor arise. Further, 
according to the present invention, an interleaving pattern 
can be generated as a description by an interleaving pattern 
description language. The characteristics of the generated 
interleaving pattern can be checked, and, it is possible to add 
a System in which an interleaving pattern of good charac 
teristics is regenerated automatically if the checked charac 
teristics is bad. 

Next, embodiments of the present invention for achieving 
the third objectives will be described. In the following, an 
interleaving method for a turbo encoder, a transmission 
System of a transmitter-receiver in mobile communication 
and the like will be described. Before describing the 
embodiments, the configurations of the turbo encoder and 
the transmitter-receiver in mobile communication will be 
described. 

FIG. 34(a) is a diagram showing a configuration of the 
turbo encoder. The turbo encoder is formed by including 
recursive systematic convolutional encoders (RSC 12, RSC 
13), in which the recursive Systematic convolutional encoder 
is shown in FIG. 34(b). As shown in FIG. 34(a), input data 
d is processed and output as output data X1-X3. An inter 
leaver 11 is placed before the recursive Systematic convo 
lutional encoder (RSC) 13 in order to reduce interrelation 
ship between the redundant bits X1 and X2. In addition, a 
turbo decoder includes 2 decoders, an interleaver and a 
deinterleaver which performs a reverse process of an inter 
leaver. 

FIG. 35 is a diagram showing a part of the configuration 
of a transmitter-receiver and the like of CDMA in mobile 
communication. In the transmitting end, after a channel 
encoder 21 performs channel encode, a channel interleaver 
22 performs interleaving. Then, SS transmitter 23 time 
division multiplexes modulated Signals and pilot Symbols, 
and performs spread modulation. In the receiving end, a 
RAKE receiver 25 performs despreading, and, then, per 
forms RAKE synthesis by using pilot symbols. A channel 
deinterleaver 26 performs deinterleaving and a channel 
decoder 27 performs decoding. If the turbo code is used for 
a transmission System, a turbo encoder instead of the chan 
nel encoder 21 is used, and a turbo decoder instead of a 
channel decoder 27 is used. 
The table of the interleaver used in these devices is, for 

example, one described in FIG. 12. 
In the following, examples of deinterleaving which is 

performed in the channel deinterleaver 26 and the like are 
described with reference to FIG. 36 and FIG. 37. 

FIG. 36(a) shows an example in which interleaving of 12 
bits is performed with a table A (LA=3 bits) and a table B. 
The operation for generating an interleaving pattern table 
Ci (ith bit of bit sequence C) is 

in which LA=3 and LB=4. In addition, the table A defines 
the pattern in a vertical direction of the table C and the table 
B defines the pattern in a horizontal direction of the table C. 
By calculating the operation, an interleaving pattern table C 
is generated, and an output data is obtained from an input 
data by referring to the interleaving pattern table C. 

FIG. 36(b) shows a deinterleaving process which is a 
reverse process to the above mentioned process. A deinter 
leaving pattern table C 870 can be generated by interchang 
ing the table A and the table B and by performing the same 
operation. If input data is 0, 8,4,2,..., 7 which is the output 
of the above mentioned interleaving, the output becomes 0, 
1, 2, . . . , 11 which is the input of the above mentioned 
interleaving. 
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FIG. 37(a) shows an example of interleaving in the case 
of LAxLB>L, and FIG. 37(b) shows deinterleaving. In FIG. 
37(a), a value which is equal to or larger than L is not read 
out, or, the value is not written when generating a table. The 
operation formula in FIG. 37(c) is 

in which follows the following rule (represented by C 
language). 

=0 
for(j=0.J<(LAXLB-L),J--+){ 
if Ci>=LBxA(L-1-)%LA) 

+B(L-1-j)/LA) 
++, 

The deinterleaving method can be applied to the above 
mentioned interleaving methods and also applied to the 
after-mentioned interleaving methods. 

Next, an eleventh embodiment will be described. In the 
following description, notation for describing an interleav 
ing pattern is the one used in FIG. 23-FIG. 25. 

In the following, a generating method of an interleaving 
pattern Suitable for turbo code with reference to FIG. 
38-FIG. 45. 

FIG.38 is a flowchart for explaining a generating method 
of an interleaving pattern which has an L bit interleaving 
length and is Suitable for turbo code. 
From the first stage (S302) to the higher stage (S306) 

shown in FIG. 38, the interleaving pattern for turbo code 
having L. bit interleaving length is determined by a decision 
process which will be described in detail with FIG. 39. 
Interleave patterns are determined when all processes of 
each decision process branch are completed, and, then, the 
interleaving pattern is generated from the determined final 
results (S308). After that, the generated interleaving pattern 
are checked and the interleaving pattern of the L bit inter 
leaving length which is Suitable for turbo code can be 
obtained. 
Now, the decision process of the interleaving pattern will 

be described. FIG. 39 is a diagram showing the decision 
process of the interleaving pattern in detail. FIG. 40 is a table 
showing a list of predefined interleaving patterns (PIP) 
which are used for the decision process of the interleaving 
pattern. The predefined interleaving pattern list is a list of 
interleaving patterns which is recognized to be Suitable for 
turbo code. 

In the first stage (S302) in FIG. 38, it is necessary to 
determine an interleaving pattern represented by row and 
column of LsN'xM' (the superscript denotes the number of 
the stage). In this eleventh embodiment, N' is fixed to be 7. 
Thus, M' is determined such that if a value of L divided by 
7 is an integer, M' is the value, and, in the other cases, M' 
is a minimum integer larger than the value. The predefined 
interleaving pattern corresponding to N is R{73x32x2))} 
which is shown in FIG. 40 as T7. 

It is necessary to represent each of 7 rows (M-M,') as 
a row and a column in order to determine the row and the 
column of the interleaving pattern of the first Stage. Thus, in 
the Second Stage, a row and a column need to be determined 
in each of 7 branches corresponding to each of the rows 
(refer to FIG. 39). In order to determine the row and the 
column, as shown in the second stage (S304) in FIG.38, the 
number of each of columns M (Y=1,2,..., 7) is selected 
from “7, 13, 17, 29, 37, 43,59 (L&3000 bits)” or “5, 7, 11, 
13, 17, 37, 43 (3000>L2301 bits)” which are shown in PIP 
lists in FIG. 38. The number of the row N is determined 
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24 
such that if a value of M' divided by the selected number of 
M is an integer, N is the value, and, in the other cases, 
N is a minimum integer larger than the value. If an IP 
(interleaving pattern) corresponding to the N is defined in 
the table in FIG. 40, the operation to the branch is com 
pleted. If not, the process moves to the next stage (S306). 

In the next process (S306), the process to determine a row 
and a column until the undetermined rows are determined. 
In the process (S306), each branch is processed as described 
below and as shown in FIG. 39. The number of a column 
M, (Z23) is defined to be a number which is equal to or 
smaller than the square root of the undefined number of row 
N', of previous stage and is a maximum number in PIP 
(except for 4 and 6) in FIG. 40. The reason for excluding 4 
and 6 is that it is known empirically that an odd number or 
a large number is suitable for the column number for turbo 
code. The number of the row N, is determined such that if 
a value of N^' divided by the above defined Mf is an 
integer, N, is the value, and, in the other cases, N, is a 
minimum integer larger than the value. If PIP is defined for 
the row number N, in FIG. 40, the process of the branch is 
completed. The process will be performed until every branch 
of every Stage is completed. 

In addition, other than interleaving patterns shown in FIG. 
40, an interleaving pattern corresponding to other number 
can be defined. In this case, the interleaving pattern corre 
sponding to the other number is generated by the same 
method as that in higher stage shown in FIG. 38. The more 
the interleaving patterns defined in FIG. 40, the fast a 
process is completed. Even when the number of the inter 
leaving patterns shown in FIG. 40 is increased in Such away, 
M? (Z23) will be selected among “2, 3, 5, 7, 8, 9, 11, 13, 
17, 20, 29, 37, 43, 47, 53, 59, 61 shown in FIG. 40. 

After all interleaving patterns of the row and the column 
are defined, the interleaving pattern is generated from the 
defined interleavers of the row and the column (S308). The 
process will be described with reference to FIG. 41-FIG. 44 
in detail. 

FIG. 41 is a diagram showing a detailed generating 
process of the interleaving pattern by the above mentioned 
multistage interleaving method. AS is understood from this 
figure, the interleaving pattern (IP) corresponding to the row 
or the column of the upper Stage is determined from the 
interleaving pattern (IP) corresponding to the row or the 
column defined in the lower Stage, which is reverse of the 
procedure of each branch in FIG. 39. Then, the L bit 
interleaving pattern (IP) can be generated finally. 
The way in which the interleaving pattern (IP) is gener 

ated by the interleaving patterns of the row and the column 
will be described in detail with reference to FIG. 42-FIG. 
44. FIG. 42 is a diagram for explaining one stage of the 
generating process of the interleaving pattern. FIG. 43 is an 
example of the generating proceSS shown in FIG. 42. FIG. 
44 is a diagram for explaining the final Stage of the gener 
ating process of the interleaving pattern. 

FIG. 42 shows how the interleaving pattern of N, 
(=N', ''xM, "') bits of each branch is generated by using 
an N^* bit interleaving pattern (IP) corresponding to the 
column which is determined in the lower Stage and an 
M^*' bit interleaving pattern corresponding to the row 
which is determined in the lower Stage. 

In FIG. 42, by the operation to the N', 'bit interleaving 
pattern (IP) corresponding to the column and the M', 'bit 
interleaving pattern (IP) corresponding to the low, a pattern 
Ci) of N bits is generated in each branch. The Ci 
represents an ith element of the pattern C". The operation is 

IPR2023-01272 Page 63



US 6,631,491 B1 
25 

wherein A represents an interleaving pattern corresponding 
to N^* of the column, B represents an interleaving 
pattern corresponding to M^* of the row, “%” is a 
modulo operator which takes a remainder of division, and 
“f” means an integer part (in which fractional portion is 
dropped) of division. 

The pattern C" by the operation is written to a memory 
which has a capacity of vertical N^*xhorizontal M^* 
in a vertical direction. Then, N, bit interleaving pattern C 
is obtained by reading out the memory in a vertical direction. 
At the time, the interleaving pattern C can be obtained 
without writing a number which is equal to or larger than 
N, to the memory when N, is smaller than N^*''xM' 
^*. Also, the interleaving pattern can be obtained by 
Writing all data in the memory and skipping a number larger 
than N, when reading. 

FIG. 43 shows a concrete example of the process. FIG. 43 
shows an example in which a 15 bit interleaving pattern (IP) 
C which is Smaller than 4x4=16 is obtained from a 4 bit 
interleaving pattern (IP) A and a 4 bit interleaving pattern 
(IP) B. 
As shown in FIG. 43, an 16 bit interleaving pattern C" is 

obtained by an operation with a 4 bit interleaving pattern 
A={0,2,1,3} and a 4 bit interleaving pattern B={0,2,1,3}. 
Then, the pattern is written to a 4x4 memory Sequentially in 
a vertical direction. The operation is 

At this time, “15” obtained by the operation is not written to 
the memory. A 15 bit interleaving pattern C can be obtained 
by reading out data from the memory in the same direction 
as writing Sequentially. 

Thus, interleaving patterns (IP) corresponding to each 
row and each column from the final Stage to the Second 
Stage, and, then, interleaving patterns corresponding to the 
first row-the seventh row-of the first stage can be obtained. 
Finally, the L bit interleaving pattern is obtained from the 
interleaving patterns of the first row the-Seventh row. 

FIG. 44 is a diagram for explaining how the L bit 
interleaving pattern is generated from a plurality of rows in 
the first stage. As shown in FIG. 44, the L bit pattern C is 
generated from an N bit interleaving pattern (IP) corre 
sponding to the column and N interleaving patterns corre 
sponding to each row. 

In FIG. 44, assuming that N which is the column as A, and 
assuming each of Mo-M, which is the row as Bo-B, 
the operation is represented as 

Which is different from that in FIG. 43 and B is changed. 
The Lbit interleaving pattern C can be generated by writing 
to a memory Sequentially in a vertical direction and reading 
out Sequentially in a vertical direction. The proceSS when 
L-MxN is the same as that described in FIG. 43. 
AS mentioned above, the L bit length interleaving pattern 

can be generated (S308 in FIG. 38). In FIG. 38, the gener 
ated interleaving pattern is checked next (S310). If the 
generated interleaving pattern is rejected according to the 
check, an interleaving pattern is regenerated by changing N 
to 7 represented by R(73xR{3})), and a better interleaving 
pattern is Selected by comparing the regenerated pattern with 
the former interleaving pattern. 

The checking method of the generated interleaving pat 
tern will be described with reference to FIG. 45. As shown 
in FIG. 45, interleaved L. bit series is compared with L. bit 
series which is not interleaved, and, if all bits or a part of bits 
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within 30 bits from the last bit of the bit series which is not 
interleaved are interleaved within 30 bits from the last bit of 
the interleaved bit Series, the interleaving pattern which 
performs the interleaving is rejected. 
The interleaving pattern obtained by the flowchart shown 

in FIG. 38 is suitable for turbo coding. The turbo code is 
assumed to be turbo code of constraint length 3. That is, it 
means there are two delay elements D such as (16) and (17) 
(constraint length-1). When assuming turbo code of con 
straint length 4, N' of the first stage in FIG.38 can be set as 
8 represented by R{842x2x2)}. That is, M' becomes L/8 
and the number of the branches shown in FIG. 41 increases 
to 8 from 7. 

Next, a twelfth embodiment will be described. 
In the following, a generating method of an interleaving 

pattern Suitable for transmission line interleaver with refer 
ence to FIG. 46-FIG. 49. 

FIG. 46 is a flowchart for explaining a generating method 
of an interleaving pattern which is Suitable for transmission 
System. 
From the first stage (S402) to the higher stage (S406) 

shown in FIG. 46, the interleaving pattern for transmission 
line interleaver having L. bit interleaving length is deter 
mined by a decision process which will be described in 
detail with FIG. 47. Interleave patterns are determined when 
all processes of each decision process branch are completed, 
and, then, the interleaving pattern is generated from the 
determined final results (S408). 
Now, the decision process of the interleaving pattern will 

be described. FIG. 47 is a diagram showing the decision 
process of the interleaving pattern in detail. FIG. 48 is a table 
showing a list of predefined interleaving pattern (PIP) which 
is used for the decision process of the interleaving pattern. 
The predefined interleaving pattern list in FIG. 48 is a list of 
interleaving patterns which are recognized to be Suitable for 
transmission System. 

In the first stage (S402) in FIG. 46, it is necessary to 
determine an interleaving pattern represented by a row and 
a column of LsN'xM' (the Superscript denotes the number 
of the stage). M' which is the number of the column in the 
first stage is Selected among 16, 32, 64, 128 according to the 
number of slots (interleaving length) in one frame. N' which 
is the number of row in the first Stage is determined as a 
minimum integer larger than L divided by the selected M'. 

In the second stage (S404), M° is selected among numbers 
corresponding to the list of the predefined interleaving 
patterns shown in FIG. 48 (excluding "13" and “17') as a 
number which can divide N' and is a maximum integer 
which is equal to or smaller than the square root of N'. If the 
integer is smaller than VN/4 (the square root of N/4) or if 
there is no divisible candidate in the PIP list, a maximum 
integer which is equal to or Smaller than the Square root of 
N is selected in the PIP list (excluding “13” and “17”). The 
reason for excluding 13 and 17 is that it is known empiri 
cally that an even number is Suitable for transmission 
system. N is a minimum integer which is equal to or larger 
than N divided by the selected M. In the second stage 
(S404), if N is defined in the PIP list in FIG. 48, all 
interleaving patterns are determined, thereby the process of 
generating the L bit interleaving pattern is performed with 
the determined interleaving pattern (S408). If N is not 
defined in the PIP list, the process moves to the next stage 
(S406). (refer to FIG. 47) 

In the stage (S406), similar to the second stage, M? (“Z” 
represents the number of stage) is selected among numbers 
corresponding to the predefined interleaving patterns shown 
in FIG. 48 (excluding "13" and “17') as a number which can 
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divide N' and is a maximum integer which is equal to or 
smaller than the square root of N'. If the integer is smaller 
than VN/4 (the square root of N/4) or if there is no 
divisible candidate in the PIP list, a maximum integer which 
is equal to or Smaller than the Square root of N' is selected 
in the PIP list (excluding “13” and “17"). N° is a minimum 
number which is equal to or larger than previous stage N, 
divided by the selected M1. Such a process is performed 
until N° is defined in PIP in FIG. 48 (refer to FIG. 47). If it 
is defined, Since all interleaving patterns are defined, the 
proceSS for generating the L bit interleaving pattern is 
performed with the determined interleaving patterns S408). 

In addition, other than interleaving patterns shown in FIG. 
48, an interleaving pattern corresponding to other number 
can be defined. In this case, the interleaving pattern corre 
sponding to the other number is generated by the Same way 
as that in higher stage shown in FIG. 46. The more the 
interleaving patterns defined in FIG. 48, the fast the process 
is completed. Even when the number of the interleaving 
patterns shown in FIG. 48 is increased, M? (Z22) will be 
selected among “2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 16, 20, 32, 64, 
128’ shown in FIG. 48. 
The proceSS for generating the L bit interleaving pattern 

(S408) will be described with reference to FIG. 49 showing 
a detailed generating process of the interleaving pattern by 
the above mentioned multistage interleaving method. 

In FIG. 49, by using interleaving patterns (IP) N° and M?. 
N^' of the former stage will be obtained. The obtaining 
process was described in FIG. 42 and FIG. 43, therefore, the 
description will be omitted. By performing the proceSS 
Sequentially, the L bit interleaving pattern which is Suitable 
for transmission System can be obtained. In the above 
descriptions, bit length is used from interleaving pattern 
length. Different representations will be used as a unit other 
than bit for interleaving. 

In the following, an interleaving device which uses the 
above mentioned interleaving method will be described as a 
thirteenth embodiment. 

The interleaving method described So far can be applied 
to an interleaver and a deinterleaver in devices shown in 
FIG. 34-FIG. 35. However, it is not limited to the devices. 
The multiple interleaving method of the present invention 
can be applied to other devices which perform interleaving. 
The present invention of the eleventh and twelfth embodi 
ments is especially suitable for devices shown in FIG. 
34-FIG. 35, that is, a turbo encoder and a transmission 
System device. 

Since the configurations of an interleaver and a deinter 
leaver are the Same, an example of the interleaver will be 
described. FIG. 50 shows an example of a device for 
performing interleaving or deinterleaving. AS shown in FIG. 
50, the interleaver includes an input buffer 30, an output 
buffer 32, a memory 34, and a CPU 36. Input series data is 
Stored in the input buffer and interleaved output Series data 
is Stored in the output buffer. In the case of deinterleaving, 
interleaved data is stored in the input buffer 30 and deinter 
leaved data which is the data before interleaving. The input 
buffer and the output buffer 32 are realized with a RAM, a 
shift register, and the like. The memory 34 stores the above 
mentioned interleaved pattern tables and/or a program which 
directly calculates interleaved addresses in the output buffer 
32, and is realized by a RAM, a ROM and the like. The CPU 
36 performs instruction of input/output to the buffers, 
address calculation, and So on. The above mentioned con 
figuration can be realized by an integrated circuit Such as an 
LSI and the like. 

Next, the operation in the case that the memory 34 stores 
only interleaving pattern tables will be described. 
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When input series data is input in the input buffer 30, the 

CPU 36 reads out destination addresses in the output buffer 
with reference to an interleaves pattern table in the memory 
34 and outputs the input Series data to the addresses in the 
output buffer 32. 
When calculating the addresses directly, the CPU 36 

calculates the destination addresses by a program from 
addresses of the input series data in the input buffer 30 and 
outputs to the addresses in the output buffer 32. 

In the following, a media according to the present inven 
tion will be described as a fourteenth embodiment. An 
interleaving pattern can be generated automatically and can 
be used as pattern data in the above mentioned RAM and the 
like by performing the interleaving pattern generating 
method, on a computer, which was described with flow 
charts shown in FIG. 38 and FIG. 46 and is Suitable for 
transmission System and turbo code. 
At the time, interleaving patterns defined in FIG. 40 and 

FIG. 48 can be stored in a storage device and referred to by 
a program. Also, only representations may be Stored and 
interleaving pattern may be generated if necessary. Further, 
for example, common processes shown in FIG. 39, FIG. 41, 
and FIG. 47, FIG. 49 can be used as subroutines and used by 
calling from other processes. 
The medium Storing a program of the present invention 

can be realized by an electronic memory, a hard disk, a 
magneto-optical disk, a floppy disk and the like the methods 
of the present invention can be performed and the interleav 
ing pattern can be obtained by loading the program Stored in 
the medium in a computer or incorporating the medium in a 
computer. Further, an encoder/decoder and a transmitter 
receiver can be formed So as to generate an optimal inter 
leaving pattern automatically by loading the program in a 
memory in the encoder/decoder and transmitter-receiver or 
incorporating the medium in the devices. Therefore, the 
devices can perform optimal interleaving processes under 
various conditions in communication. 
AS described above, by using the interleaving pattern 

generating method of the present invention, an interleaving 
pattern Suitable for using purpose. 
The present invention is not limited to the Specifically 

disclosed embodiments, and variations and modifications 
may be made without departing from the Scope of the 
invention. 
What is claimed is: 
1. An interleaving method for inputting a data Series of a 

unit length and outputting an interleaved data Series of the 
unit length, characterized by: 

a first Step of writing data of Said data Series to a first 
interleaver, reading out the data column by column or 
row by row from said first interleaver, and writing the 
data to a plurality of Second interleavers, 

a Second Step of reading out the data from each of Said 
Second interleavers, and writing the data to one or a 
plurality of third interleavers as necessary, and 

reading out the data from each of interleavers generated 
by repeating Said Second step once or a plurality of 
times, or from each of interleavers generated by Said 
first Step, and outputting Said interleaved data Series. 

2. An interleaving method for inputting a data Series of a 
unit length and outputting an interleaved data Series of the 
unit length, characterized by: 

a first Step of writing Said data Series to a first interleaver 
in one direction; 

a Second step of reading out column data or row data from 
Said first interleaver, writing Said read out data to a 
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Second interleaver, which has a size different from a 
Size of Said first interleaver, in one direction, and 
repeating Said reading out column data or row data and 
Said writing read out data column by column or row by 
rOW, 

repeating a third Step of performing Said Second Step 
wherein each of a plurality of Said Second interleavers 
generated by Said Second step is regarded as Said first 
interleaver, and 

reading out data from each of interleavers generated by 
repeating Said third Step or by performing Said Second 
Step, and outputting Said interleaved data Series. 

3. An interleaving method for inputting a data Series of a 
unit length and outputting an interleaved data Series of the 
unit length, characterized by: 

a first Step of writing Said data Series to a first interleaver 
in one direction; 

a Second step of reading out column data or row data from 
Said first interleaver, writing Said read out data to a 
Second interleaver, which has a size different from a 
Size of Said first interleaver, in one direction, and 
repeating Said reading out column data or row data and 
Said writing read out data column by column or row by 
rOW, 

a third step of reading out data column by column or row 
by row from each of interleavers generated by Said 
Second step, and writing Said data to an interleaver 
which has a size the same as the Size of Said first 
interleaver, and 

reading out data. from Said interleaver generated by Said 
third Step, and outputting Said interleaved data Series. 

4. The interleaving method as claimed in claim 3, char 
acterized by: 

a fourth Step of performing Said Second Step and Said third 
Step wherein Said interleaver generated by Said third 
Step is regarded as Said first interleaver, reading out data 
from an interleaver generated by repeating Said fourth 
Step once or a plurality of times, and outputting Said 
interleaved data Series. 

5. An interleaving method for inputting a data Series of a 
unit length and outputting an interleaved data Series of the 
unit length, characterized by: 

Storing a plurality of interleaving patterns in a table 
beforehand; 

applying one of Said interleaving patterns to Said input 
data Series by referring to Said table and outputting 
data, and 

repeating a step of applying one of Said interleaving 
patterns to Said output data, and outputting Said inter 
leaved data Series. 

6. A method for generating an interleaving pattern 
description of an interleaving pattern for interleaving an 
input data Series of a unit length and outputting an inter 
leaved data Series of the unit length, characterized by: 

generating Said interleaving pattern description of a third 
unit by using an interleaving pattern description of a 
first unit and an interleaving pattern description of a 
Second unit. 

7. A method for generating an interleaving pattern 
description of an interleaving pattern for interleaving an 
input data Series of a predetermined length unit and output 
ting an interleaved data Series of the predetermined length 
unit, comprising the Steps of: 

generating Said interleaving pattern description of a third 
unit by using an interleaving pattern description of a 
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first unit and an interleaving pattern description of a 
Second unit, and repeating the generating Step a plu 
rality of times. 

8. The method as claimed in claim 6 or 7, characterized 
in that Said interleaving pattern description is an interleaving 
pattern table or an interleaving pattern equation which 
describes an interleaving pattern. 

9. An interleaving method for inputting a data Series of a 
unit length and outputting an interleaved data Series of the 
unit length, characterized by: 

generating an interleaving pattern description of a third 
unit by using an interleaving pattern description of a 
first unit and an interleaving pattern description of a 
Second unit, and 

interleaving with Said generated interleaving pattern 
description. 

10. An interleaving method for inputting a data Series of 
a unit length and outputting an interleaved data Series of the 
unit length, characterized by: 

calculating interleaving destinations in a Series of a third 
unit with an interleaving pattern description of a first 
unit and an interleaving pattern description of a Second 
unit, and 

interleaving with the result of the calculation. 
11. An interleaving method comprising the Steps of: 
generating an interleaving pattern description of a first 

unit and an interleaving pattern description of a Second 
unit by using an interleaving pattern description of an 
interleaving pattern for interleaving an input data Series 
of a unit length and outputting an interleaved data 
Series of the unit length, 

interleaving a data series of a third unit by calculating 
from Said interleaving pattern description of a first unit 
and Said interleaving pattern description of a Second 
unit. 

12. The interleaving method as claimed in any one of 
claims 9-11, characterized in that Said interleaving pattern 
description is an interleaving pattern table or an interleaving 
pattern equation which describes an interleaving pattern. 

13. A method for generating an interleaving pattern 
description of an interleaving pattern for interleaving an 
input data Series of a unit length and outputting an inter 
leaved data Series of the unit length, comprising the Steps of: 

interpreting an interleaving pattern description language 
which defines an interleaving pattern, and 

generating an interleaving pattern description by gener 
ating Said interleaving pattern description of a third unit 
by using an interleaving pattern description of a first 
unit and an interleaving pattern description of a Second 
unit on the basis of Said interpretation. 

14. The method as claimed in claim 13, characterized in 
that if an interleaving pattern description corresponding to a 
part of Said interleaving pattern description language is 
Stored, said interleaving pattern description is generated 
with reference to Said Stored interleaving pattern description 
without performing a process corresponding to Said part of 
Said interleaving pattern description language, when gener 
ating an interleaving pattern. 

15. An interleaving method comprising the Steps of: 
interpreting an interleaving pattern description language 

which defines an interleaving pattern, and 
interleaving by generating an interleaving pattern descrip 

tion of a third unit by using an interleaving pattern 
description of a first unit and an interleaving pattern 
description of a Second unit, and interleaving with Said 
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generated interleaving pattern description on the basis 
of Said interpretation. 

16. The interleaving method as claimed in claim 15, 
characterized in that if an interleaving pattern description 
corresponding to a part of Said interleaving pattern descrip 
tion language is Stored, Said interleaving pattern description 
is generated with reference to Said Stored interleaving pat 
tern without performing a process corresponding to Said part 
of Said interleaving pattern description language, when 
interleaving. 

17. A method for generating an interleaving pattern 
description of an interleaving pattern for interleaving an 
input data Series of a unit length and outputting an inter 
leaved data Series of the unit length, characterized by: 

determining an interleaving pattern description of a first 
Stage when a unit length is given, and 

generating an interleaving pattern description by repeat 
ing a process of determining interleaving patterns cor 
responding to interleavers of a column and a row of a 
Stage after Said first Stage until reaching any stage or 
until becoming unable to interleave. 

18. A method for generating an interleaving pattern 
description of an interleaving pattern for interleaving an 
input data Series of a unit length and outputting an inter 
leaved data Series of the unit length, characterized by: 

checking an interleaving pattern description which is 
generated; 

generating an interleaving pattern description again after 
changing all or a part of parameters if the result of Said 
checking is unsuccessful, and 

repeating Said checking and Said generation until the 
result of Said checking becomes Successful So as to 
generate an interleaving pattern description which 
passed Said checking. 

19. The method as claimed in claim 17 or 18, character 
ized in that Said interleaving pattern description which is 
generated is an interleaving pattern table or an interleaving 
pattern equation or an interleaving pattern description lan 
guage. 

20. A method for generating an interleaving pattern 
description of an interleaving pattern for interleaving an 
input data Series of a unit length and outputting an inter 
leaved data Series of the unit length, characterized by: 

a step of determining, when a unit length is given, the 
number of rows or columns of a block interleaver 
corresponding to Said unit length by using an interleav 
ing pattern list Suitable for a predefined application 
target and defining the number of columns or rows from 
Said determined number of rows or columns, and 

generating an interleaving pattern of Said unit length from 
interleaving patterns obtained by repeating Said Step 
until said defined number of columns or said defined 
number of rows is defined in Said interleaving pattern 
list. 

21. The method as claimed in claim 20, characterized by: 
a first Step, which is a process of a first Stage, of deter 

mining the number of rows or the number of columns 
of a block interleaver corresponding to a unit length 
which is given beforehandby a defined number, assum 
ing an interleaving pattern corresponding Said defined 
number as a predefined interleaving pattern, and defin 
ing the number of rows by using Said determined 
number of columns or defining the number of columns 
by using Said determined number of rows, 

a Second Step of determining the number of rows or the 
number of columns of a block interleaver correspond 
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32 
ing to Said defined number of rows or said defined 
number of columns by using an interleaving pattern list 
Suitable for a predefined application target, and defin 
ing the number of columns from Said determined 
number of rows or defining the number of rows from 
Said determined number of columns, 

a third Step of repeating Said Second Step until an inter 
leaving pattern corresponding to the number of rows or 
columns exists in Said predefined interleaving pattern 
list; 

performing Said third Step a number of times equal to the 
number of rows or columns corresponding to Said 
predefined interleaving pattern in Said first Step, and 

generating an interleaving pattern corresponding to the 
row or the column of a former Stage Sequentially from 
an interleaving pattern corresponding to the row and 
the column which is generated in a final Stage. 

22. The method as claimed in claim 21, wherein said 
application target is turbo code and the number of rows of 
Said first Stage is 7. 

23. The method as claimed in claim 21, wherein said 
application target is transmission and the number of columns 
of Said first stage is the number of Slots of one frame. 

24. The method as claimed in claim 20 or 21, further 
characterized in that Said generated interleaving pattern of 
Said unit length is checked and an interleaving pattern of Said 
unit length is generated again according to the result of Said 
checking. 

25. The method as claimed in claim 24, wherein said 
application target is turbo code and the number of rows of 
Said first Stage is 7. 

26. The method as claimed in claim 24, wherein said 
application target is transmission and the number of columns 
of said first stage is the number of slots of one frame. 

27. An interleaving device for inputting a data Series of a 
unit length and outputting interleaved data Series of the unit 
length, comprising: 
means for Storing one or a plurality of interleaving 

patterns in a table beforehand; 
means for Outputting data by applying one of Said plu 

rality of interleaving patterns, and 
means for outputting Said output data by further applying 

one of Said plurality of interleaving patterns as neces 
Sary. 

28. The interleaving device as claimed in claim 27, 
characterized in that Said interleaving pattern is generated by 
Said interleaving pattern generating method as claimed in 
claim 20. 

29. The interleaving device as claimed in claim 27, 
wherein the table is configured to Store an interleaving table 
by implementing the Steps of: 

a first Step of writing data of Said data Series to a first 
interleaver, reading out the data column by column or 
row by row from said first interleaver, and writing the 
data to a plurality of Second interleavers, 

a Second Step of reading out the data from each of Said 
Second interleavers, and writing the data to one or a 
plurality of third interleavers as necessary, and 

reading out the data from each of interleavers generated 
by repeating Said Second step once or a plurality of 
times, or from each of interleavers generated by Said 
first Step, and outputting Said interleaved data Series. 

30. The interleaving device as claimed in claim 27, 
wherein the table is configured to Store an interleaving table 
by implementing the Steps of: 

a first Step of writing Said data Series to a first interleaver 
in one direction; 
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a Second step of reading out column data or row data from 
Said first interleaver, writing Said read out data to a 
Second interleaver, which has a size different from a 
Size of Said first interleaver, in one direction, and 
repeating Said reading out column data or row data and 
Said writing read out data column by column or row by 
rOW, 

repeating a third Step of performing Said Second Step 
wherein each of a plurality of Said Second interleavers 
generated by Said Second step is regarded as Said first 
interleaver, and 

reading out data from each of interleavers generated by 
repeating Said third Step or by performing Said Second 
Step, and outputting Said interleaved data Series. 

31. The interleaving device as claimed in claim 27, 
wherein the table is configured to Store an interleaving table 
by implementing the Steps of: 

a first Step of writing Said data Series to a first interleaver 
in one direction; 

a Second step of reading out column data or row data from 
Said first interleaver, writing Said read out data to a 
Second interleaver, which has a size different from a 
Size of Said first interleaver, in one direction, and 
repeating Said reading out column data or row data and 
Said writing read out data column by column or row by 
rOW, 

a third step of reading out data column by column or row 
by row from each of interleavers generated by Said 
Second step, and writing Said data to an interleaver 
which has a size the same as the Size of Said first 
interleaver, and 

reading out data from Said interleaver generated by Said 
third Step, and outputting Said interleaved data Series. 

32. The interleaving device as claimed in claim 31, 
wherein the table is further configured to Store an interleav 
ing table by implementing the Step of: 

a fourth Step of performing Said Second Step and Said third 
Step wherein Said interleaver generated by Said third 
Step is regarded as Said first interleaver, reading out data 
from an interleaver generated by repeating Said fourth 
Step once or a plurality of times, and outputting Said 
interleaved data Series. 

33. An interleaving device for inputting a data Series of a 
unit length and outputting data, comprising: 

means for calculating destinations of each piece of data in 
Said input data Series, 

means for interleaving Said input data Series on the basis 
of Said calculation, and 

means for Outputting interleaved data Series. 
34. A computer readable medium Storing a program for 

description and generation of an interleaving pattern in an 
interleaving method for inputting a data Series of a unit 
length and outputting an interleaved Series of the unit length, 
Said program when interpreted configured to control a 
computer to execute the Steps comprising: 

a step of determining the number of rows or columns of 
a block interleaver corresponding to a unit length which 
is given beforehandby using an interleaving pattern list 
Suitable for a predefined application target and defining 
the number of columns from said determined number 
of rows or the number of rows from said determined 
number of columns, and 

generating an interleaving pattern of Said unit length from 
interleaving patterns obtained by repeating Said Step 
until said defined number of columns or said defined 
number of row is defined in Said interleaving pattern 
list. 
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35. The computer readable medium Storing a program for 

generation of an interleaving pattern as claimed in claim 34, 
Said program when interpreted configured to control the 
computer to further execute the Steps comprising: 

a first Step, which is a process of a first Stage, of deter 
mining the number of rows or the number of columns 
of a block interleaver corresponding to a unit length 
which is given beforehandby a defined number, assum 
ing an interleaving pattern corresponding Said defined 
number as a predefined interleaving pattern, and defin 
ing the number of rows by using Said determined 
number of columns or defining the number of columns 
by using Said determined number of rows, 

a Second Step of determining the number of rows or the 
number of columns of a block interleaver correspond 
ing to Said defined number of rows or said defined 
number of columns by using an interleaving pattern list 
Suitable for a predefined application target, and defin 
ing the number of columns from Said determined 
number of rows or defining the number of rows from 
Said determined number of columns, 

a third Step of repeating Said Second Step until an inter 
leaving pattern corresponding to the number of rows or 
columns exists in Said predefined interleaving pattern 
list; 

performing Said third Step a number of times equal to the 
number of rows or columns corresponding to Said 
predefined interleaving pattern in Said first Step, and 

generating an interleaving pattern corresponding to the 
row or the column of a former Stage Sequentially from 
an interleaving pattern corresponding to the row and 
the column which is generated in a final Stage. 

36. The computer readable medium Storing a program for 
generation of an interleaving pattern as claimed in claim 34 
or 35, further characterized in that Said generated interleav 
ing pattern of Said unit length is checked and an interleaving 
pattern of Said unit length is generated again according to the 
result of Said checking. 

37. The computer readable medium Storing a program for 
generation of an interleaving pattern as claimed in claim 35, 
characterize in that Said application target is turbo code and 
the number of rows of said first stage is 7. 

38. The computer readable medium Storing a program for 
generation of an interleaving pattern as claimed in claim 35, 
characterize in that Said application target is transmission 
and the number of columns of Said first Stage is the number 
of slots of one frame. 

39. An interleaving method for inputting a data Series of 
a unit length and outputting an interleaved data Series of the 
unit length, comprising the Steps of: 

Storing a plurality of interleaving patterns in a table 
beforehand; 

applying one of Said interleaving patterns to Said input 
data Series by referring to Said table and outputting 
data, and 

repeating a Step of applying one of Said interleaving 
patterns to Said output data, and outputting Said inter 
leaved data Series, 

wherein Said repeating Step corresponds to interleaving 
Steps comprising: 
a first Step of writing data of Said data Series to a first 

interleaver, reading out the data column by column 
or row by row from said first interleaver, and writing 
the data to a plurality of Second interleavers, 

a Second Step of reading out the data from each of Said 
Second interleavers, and writing the data to one or a 
plurality of third interleavers as necessary, and 
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reading out the data from each of interleavers generated 
by repeating Said Second Step once or a plurality of 
times, or from each of interleavers generated by Said 
first Step, and 

outputting Said interleaved data Series. 
40. An interleaving method for inputting a data Series of 

a unit length and outputting an interleaved data Series of the 
unit length, comprising the Steps of: 

Storing a plurality of interleaving patterns in a table 
beforehand; 

applying one of Said interleaving patterns to Said input 
data Series by referring to Said table and outputting 
data, and 

repeating a step of applying one of Said interleaving 
patterns to Said output data, and outputting Said inter 
leaved data Series, 

wherein Said repeating Step corresponds to interleaving 
Steps comprising: 
a first Step of writing Said data Series to a first inter 

leaver in one direction; 
a Second Step of reading out column data or row data 
from Said first interleaver, writing Said read out data 
to a Second interleaver, which has a Size different 
from a size of Said first interleaver, in one direction, 
and repeating Said reading out column data or row 
data and Said writing read out data column by 
column or row by row; 

repeating a third Step of performing Said Second Step 
wherein each of a plurality of Said Second interleav 
erS generated by Said Second Step is regarded as Said 
first interleaver, and 

reading out data from each of interleavers generated by 
repeating Said third Step or by performing Said Sec 
ond step, and outputting said interleaved data Series. 

41. An interleaving method for inputting a data Series of 
a unit length and outputting an interleaved data Series of the 
unit length, comprising the Steps of: 

Storing a plurality of interleaving patterns in a table 
beforehand; 

applying one of Said interleaving patterns to Said input 
data Series by referring to Said table and outputting 
data, and 

repeating a step of applying one of Said interleaving 
patterns to Said output data, and outputting Said inter 
leaved data Series, 

wherein Said repeating Step corresponds to interleaving 
Steps comprising: 
a first Step of writing Said data Series to a first inter 

leaver in one direction; 
a Second Step of reading out column data or row data 
from Said first interleaver, writing Said read out data 
to a Second interleaver, which has a Size different 
from a size of Said first interleaver, in one direction, 
and repeating Said reading out column data or row 
data and Said writing read out data column by 
column or row by row; 

a third Step of reading out data column by column or 
row by row from each of interleavers generated by 
Said Second step, and writing Said data to an inter 
leaver which has a size the same as the Size of Said 
first interleaver, and 

reading out data from Said interleaver generated by Said 
third step, and outputting Said interleaved data Series. 

42. The interleaving method of claim 41, wherein said 
interleaving Steps further comprise: 

a fourth Step of performing Said Second Step and Said third 
Step wherein Said interleaver generated by Said third 
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Step is regarded as Said first interleaver, reading out data 
from an interleaver generated by repeating Said fourth 
Step once or a plurality of times, and outputting Said 
interleaved data Series. 

43. An interleaving method comprising the Steps of: 
generating an interleaving pattern description of a first 

unit and an interleaving pattern description of a Second 
unit by using an interleaving pattern description of an 
interleaving pattern for interleaving an input data Series 
of a predetermined length unit and outputting an inter 
leaved data Series of the predetermined length unit, 

interleaving a data Series of a third unit by calculating 
from Said interleaving pattern description of a first unit 
and Said interleaving pattern description of a Second 
unit. 

44. A method for generating an interleaving pattern 
description of an interleaving pattern for interleaving an 
input data Series of a unit length and outputting an inter 
leaved data Series of the unit length, comprising the Steps of: 

interpreting an interleaving pattern description language 
which defines an interleaving pattern, and 

generating an interleaving pattern description by gener 
ating Said interleaving pattern description of a third unit 
by using an interleaving pattern description of a first 
unit and an interleaving pattern description of a Second 
unit and repeating the generating Step a plurality of 
times on the basis of Said interpretation. 

45. An interleaving method comprising the Steps of: 
interpreting an interleaving pattern description language 

which defines an interleaving pattern, and 
interleaving by calculating interleaving destinations in a 

Series of a third unit with an interleaving pattern 
description of a first unit and an interleaving pattern 
description of a Second unit, and interleaving with the 
result of the calculation on the basis of Said interpre 
tation. 

46. An interleaving method comprising the Steps of: 
interpreting an interleaving pattern description language 

which defines an interleaving pattern, and 
interleaving by generating an interleaving pattern descrip 

tion of a first unit and an interleaving pattern descrip 
tion of a Second unit by using an interleaving pattern 
description of an interleaving pattern for interleaving 
an input data Series of a unit length and outputting an 
interleaved data Series of the unit length, and interleav 
ing a data Series of a third unit by calculating from Said 
interleaving pattern description of a first unit and Said 
interleaving pattern description of a Second unit on the 
basis of Said interpretation. 

47. An interleaving method comprising the Steps of: 
interpreting an interleaving pattern description language 

which defines an interleaving pattern, and 
interleaving by generating an interleaving pattern descrip 

tion of a first unit and an interleaving pattern descrip 
tion of a Second unit by using an interleaving pattern 
description of an interleaving pattern for interleaving 
an input data Series of a predetermined length unit and 
outputting an interleaved data Series of the predeter 
mined length unit, and interleaving a data Series of a 
third unit by calculating from Said interleaving pattern 
description of a first unit and Said interleaving pattern 
description of a Second unit on the basis of Said 
interpretation. 
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