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; e3eV@ Sl | npquéuT 62/ 3008 2 6 NOV 2002 DESCRI PTI ON METHOD AND DEVI CE
FOR | I\FFERLEAWW\%\\M&TH@ AND DEVI CE FOR DE- | NTERLEAVI NG Techni cal
Field This i ' ates to a nethod for interleaving and Bt 88Vie¢ f or
10 interleaving use®*in transmtters for digital teleconmunications systens
and digital recording devices for recording digital data in recordi n@
medi a, and this.i ntion also relates t9 a nethod for de-in and
a device for%ﬁ#@é?l eaving used in recei?vers for digital \\\&\N\&\m\\\\\%\\\

t el econmuni cati ons systens and devices for reproducing digi *%\@yfrom
recordi ng nedia. 15 Background Art In digital telecomrunications systens
that transmt digital data, signal BES&FYPIdANoe generated in digital data
in the process of transm ssion, so 20 encoding is carried out through the
use of error-correcting codes for the digital data to be sent. If the

nunber of erroneous bi tméwaAngﬁggsﬁéﬁhﬁﬂiﬁ@%mmspeci fied val ue

when creating these error-correcti hen I's poSsible to correct
all of the errors at the time of error-gQprecting decoding on the 25
receiving side. The nunber of bits that can be corrected per code word is
knoswn as the error cor MEHHOD ANPLEYICEFOQRE®EINOERCEANENG ng code.

Al t hough the average code error rate itself is low in tel ecommunications
envi ronnments such as nobile tel econmuni cations, burst errors readily occur.
Consequently, even if data is transgiéteg &QHQ error 2 6 NO V 2002
F0262/ 3008 correction encodi ng, bur t QW % d®Bften occur with the nunber of
consecutive bits exceeding the error correcting capacity. For this reason,
the use of error-correcting codes in nobile tel econmunications environnents

i s |ess effectiveThibanvenidneleaesnona cacinots i&r eergaemEeand altavice fardom
code errors are generated. Accordingly, interleaving is used to solve this
prihl em | ntistarieavinggused i trapsmitifiie fProdigdal teletamegunications eystems asidt

sequence that s to be sent, sp as tqg transmt{ . the bits in a,sequence that
di T1ers frofiohd iBroEaiovseR or aerraing A Rt [Srod PEaVSHg. AAd dbScr i bed
here with o i S I bit Sya
consi sting gﬁvgmgdﬁokg& !ILéZérn]thftG >a 2%%&2'08 Rr RIdintGRARMHEL aRl ANdévidePidr Sae
interleaving used in receivers for digital telecommunications systems and
devices for reproducing digital data from recording media.
15

Background Art

In digital telecommunications systems that transmit digital data, signal

errors can be generated in digital data in the process of transmission, so
20 encoding is carried out through the use of error-correcting codes for the digital
data to be sent.

If the number of erroneous bits in one code word is kept below a
specified value when creating these error-correcting codes, then it is possible
to correct all of the errors at the time of error-correcting decoding on the

25 receiving side. The number of bits that can be corrected per code word is
known as the error correcting capacity of the error-correcting code.

Although the average code error rate itself is low in
telecommunications environments such as mobile telecommunications, burst

errors readily occur. Consequently, even if data is transmitted with error



words formed fromn bits. It should be noted that for the sake of

conveni ence, a bit sequence for one instance of interleaving shall be
referred to as a frane. Generally speaking, interleaving utilizes zrﬁaWrgﬂ(]Z
In this exanple, 15 interleaving is carried out through the use of a
continuous storage area of mx n in nenory. FIG 20 shows this interleaving
storage area expressed as a two di nensional nenory space. The storage areas
inthis nerm‘?%zﬁg/ﬁﬁg% are specified by address data with a specified nunber
of bits forned froma |ower 20 address that can take n conbi nation of

val ues and an upper address that can take m conbi nation of values. In FIG
20) storage gyremsom dntodihgnibueslendpd @fteAdstRs Wt tieen@hbangedofssuutiveft to
right in Power address sequence, and storage areas with identical |ower
addr esses arhitseexcending the@mar cprrectimmcapaniiyn upper address sequence. |t
shoul d be noted that hereinafter, for the sake 25 of conveni ence, a_series
of storage areas W't HNiSdE9EeRl hBpisCadir EBLAEIRLHING hEOEES | &Y MARYE and a

series of st reas,. Wi th i t I K r hal |l be.cal |l ed

col urms. | v SERETARERRIA PapERRlssi? yBF BirefE FERTR IR0 prin@ieices i n
guegstion ar e it q i i i pechi n
orage - ARREBIToNMel, (BNYREE R, &y e P AR Al
carrying outintefleavingiié used té belvehis iphgblegdr esses are generated by an
address-generating circuit such as shown in FIG 21, for exanple. This

addr ess- gener at i rigtesieayingt isi & téahniene for @erambling tha erdssaitaepitlsdqugndean

m scal e counter. 12. Here, the n-scale couynter 1 conducts, g count of the
b ¢ el ock. syhahisABE-SaTh 5O ARdS MapRI L NRIEG 16 SaRLe et HRe B e
interl eaved.or@ﬂ;@alr&(?ﬁal e counter y2 increases the count value by "1 " for
each nth change i n € count value of the n-scale counter 11. In addition,
the witing addr effe aABOS of Meddavireiscassdribeal ke okith BRe ex@eRlle, geHgt er 17
as the | ower address and the count value of the mscale counter '12 as the
upper 10 adddsessurisahibsedeenaeoot e xneinits ycatsistingi of Ficdleion ahah thdse are

[ . Co |y, in Fl 22, d d of th
'hi L2l bR (PREoR T8 s e BF Dt Ietiordhe shs of BRrvaEeE moror y
Sk Bl ceNITPP (1o e
Rt u i ey SORREn AR pb® MAA B hfer iSRRI Bl T 320 S “The

various bits thatGen&allhkpeukitg titieAealihg OBIFREYm@htoryeath ithisaBxam@ery, t hat
differs fromwhen they were witten. In this reading operation, a reading

addr ess i s Jeiedeaviod ipyatried cuddhrovgh dea asatdf egcaritingaus sigheg@marea #1/8. % 23. I n
the configuration showmn in 20 FIG 23, a count of bit blocks is conducted
by an m scal’®dBGMEY: 22, and this mscale counter 22 increases the count

yal ue by 1 for achogtdhohange ihRrbBngoUhade s UirdedicPaa! & GRIN

2y. In addition, the reading address conSistin t he | ower ress with

the count valimenefonahengmsegakpacnuter sidPage dirédre iniprermeshdrgspavktdret he
count value of the mscale counter 22 is 25 sugpl ied to the nmenory for
i nt er| eavi ngregifieArmnaddess gatnwith@ snacifigcopunbangf blé%mﬁddforﬁ@réwwfi s

S} age. ar o R BROTEA FEBY A P RE NI O ERIES 20 AtelRRRE ks I heupper
dd ; | [ . 2
address sedugpes, coigm A o8 UL T RERIEIosh, AoRARNBLeLAIPcRRERIUpoche

6 N OV 200 secon um are read I'n the upper a
sequence, arghdresded bfe as@ngeatfrerntlefrefoetight theowerbatdrets aipiedceénagach

storage area of the n colum are read in the upper address sequence.
storage areas with identical lower addresses are arranged from top to bottom
in upper address sequence. It should be noted that hereinafter, for the sake
25 of convenience, a series of storage areas with identical upper addresses shall
be called rows, and a series of storage areas with identical lower addresses
shall be called columns.
When implementing interleaving, first of all, the bit sequences in

guestion are each to be written sequentially in their respective m x n storage



Accordingly, the bits formng the code words are distributed over the 5
entire area within the frane by virtue of the fact that the code ﬂﬁI@n
forming the frane are witten into nmenory, and by virtue of the f LAY
the bits formng the code words are read in a sequence that differs from
when they were witten. In further detail, as a result of interleaving, the
n bits form'gg é?ﬁ cstde words are scattered and arranged within the frane
in such a stare°?R%E 10 they are separate'%j by inserting them between the
m 1 bits belonging to other code words. After inplenenting such
interleaving, the frame is delivered to the transm ssion pathway. Wen the
recei vi ng si éeea,cuw biéat artimer ieevicarrying autdhisnviiin g ihd svrpingrardresses
scranbling operation is executed which is the reverse of inter|eavin

t her eby recoE® 9rGetRed Py Areadfrens-ORBCIALINISWEHE SEEN ES SV Githa? T ,d‘%’aer .
L eco : _ et s e

dor i ntor | oaviengmPeWials Ardiess dergPPla Gt ETBERA T h PSP B B RE L nod
that depl oys 430, fii&M ni-BERE | BAKIN Y 2aNGkECHIH-BELBARYURGr 11 cARRRIBE RRARY O

correct signal errors on the receiving side, even if the burst errors occur

i n Bhe franesfdus ibitgcibble synamenbesivith freopess timingwfahddiiai ihed sdesorbgt i on
is given below First, suppose that a burst error with a bit length of mx
k occurs in #tegeavad efhearechle cawrtedd2ingeases theagriit ysiugrbypridderseactHer e,

ode wor ;- S BANGE r HerP it CGIHE RBAER. 3B r ey ol T el
affected by iR SLGEScHRLN OF HRTE HRCAR SANST e R Ll B NS

26NOV?00? FO are on I'ts per code wo I'S to say, said

code error besesraderesanRMIRPEsURN Valie fobrthé he-scarMBo@itber20ss it eppeavi ng.
Therefore, in cases where error correction encoding of code words is

periOor ned t heddgsstib@roddedto the meruuy isbowinny F[6d &9, enddiese afe watterdoi ng 5
errors nunbering nmore than k bits, it beconmes possible to correct all
si gnal error $"YA%he receiving side even if burst errors occur with a bit

| ength of mx k. | t " i ence,
the effect which idsor%'?ggéﬁttlﬁgabsor%{o%ymﬁ@ér%%téb/? fﬁg%@”@%?"i?ﬁ%ﬁ*‘?%qﬂéﬁbw as
randoni zat i om@bitRebEENES FsOWBiterPin hiefPsHroRsin tABAAEINGA} EPdce, tRe INexE 8688
where the nunmber m of code words nmaking up a frane is |large, the nunber of
erroneous bi Morges wriitkn iwbthe saeonsk rewdanddso évdn $d thadryimetalyr theamgh
generated that have hi %{{r] bit |en Ehs. In this sense, it may well be the
cade that, tFQIGMRIHd: WiHen iy MW code words making up the frame, the

O oL L 1e T onSOSStRaFLEy WL Y BTNl B AR
order that differs from when they were written.

In this reading operation, a reading address is generated by the

address-generating circuit shown in FIG. 23. In the configuration shown in

20 FIG. 283, a count of bit blocks is conducted by an m-scale counter 22, and this

m-scale counter 22 increases the count value by “1” for each mth change in

the count value of an n-scale counter 27. In addition, the reading address

consisting of the lower address with the count value of the n-scale counter 21

and the upper address with the count value of the m-scale counter 22 is

25 supplied to the memory for interleaving synchronously with the hit block, and

readout of memory is implemented.
Consequently, as shown in FIG. 24, the m bits recorded in each

storage area of the first column of the memory space are read in the upper

address sequence, then the m bits recorded in each storage area of the



bits in order to deploy interleaving on the transm ssion side and

dei nterleaving on the receiving side, respectively, a del ay UnaVO?@QMN?m2
occurs. Accordingly, the frame length for interleaving nust be selected I'n
such a way as to reduce the delay. To this end, it is considered desirable
to set a frame 20 length as an interleaving processing unit that is equal
to the frame Qﬁﬂgﬁ@ set by the CODEC and,the like. Incidentally, in the
case of digif ﬁsnission of data suchli as voice and inages, there are

i nstances where the bit sequence form ng one frame that serves as the unit
of transmi ssion is conposed of a header that has 25 undergone error
correction edResuidnep!wnd aiepead inihe Heperradsre’s SeqRN o RBdaT iorthc 8o tledtt i on
encodi ng. When said interleaving, is exeﬁuted with rg;gect to the entire bit

sequence for WA@Y icthednKitsgreoried B CaChSIPRAEARICAP JRB N EAMHE o8 nce

random zat i o LS so carried out on portions that have not
under gone erﬁgﬁ@%ﬁ%ﬁ%&i%ﬁggﬁg%%?%_ 2 6 NOV 2002 F0262/3008 6 (1 )

Problem 1 In the gasqdRily tkEDRE foRRing Medbsge dadras THE idBbURIcCevaghet he
| i ke, when errors are predicted to occur in portions that have not

und®r gone er emdtirecarea edthintheefraodi iog viraue optheafacbthat shexedetweaotdshfatming known
as conceal ment, 5 whereby said portion is substituted into a non-sound
sector. It ithenfr@edars vaitles imatmemensi gndlbyerirtesobéne daeleiat dhedbitsso

o i nierl eaI BTG Mo oUS I GEILS TRAR Bl & oM T55HBr FBIRe TRER WEbUms
under gone er ¢afe GARGAC i APRAERMINGS ol3s(ifks PRARRMC thél ndidabrhAgiRk! M ze
¥V ran g) It s fe tgo

the effect o om zation due tb interleavin desira epl oy

i nterl eavi ngcadd Werdes arg sesttered tamaidantah ddiewithin thenfgdrmern auchhe sepdenhawor ds
t hat have undergone error correction encoding, and wdely scattering the n
bi & f or nmi ngthes e seperated dyvinzerting dhemibeiween Hoaw-drbitsi belonging tasther
practice, different types of error correction encoding are execut ed,
dependi ng onc?cﬁ"ewpﬁ?e of data to be transnmitted, and there are many cases

where one frane i 1 m-a r:ad.| : code: (v error
correction codes)gﬁ%ﬁlgﬁ%ﬁ%@s s?@%wéﬂe¥|%§ylg§1 ttar%ﬁ%orﬁ‘lézlgt ?@W‘%‘%‘?Z&’t@‘&n be
realized w thafiggRedntpgatawapeci fied error correction code when interleaving
is 20 deployed across an entire frame using as a standard the code |ength

of said specifi edWhenothe deegieingomideodecaivashitihe tfi@mer aige theurangraiseioar i ses

the problemthat a sufificient random zation effect is not,realized wth
FofBrd o ot PRIVED: of SRTLENR oAPESIBE. i (ReaRITE IR o BadhP cFURSE o)
Probl em 3 25 L B8y FQbvefinghed Red AIHRE BRI:ANehSe RANBNSRARYUS O
not does notlng%%gggbg?l@;ggﬁr%ethgwor not tEere ?s gtg t%at has “under gone
error correcoiden ghisositramblifigaiperatidroosayring onfthameseitiogreide fs krnovioh tas
sequences that have undergone error correction encoding and bit sequences

t hat have nofeiiedeaydm@ error connection encoding, there are cases where

When frames are transmitted using a transmission method that deploys
20 such interleaving and de-interleaving, it becomes easy to correct signal errors
on the receiving side, even if the burst errors occur in the frames during the
transmission process.
A more detailed description is given below.
First, suppose that a burst error with a bit length of m x k occurs in an
25 interleaved frame during the transmission process.
Here, a burst error occurring with a bit length of m x k contains k bits
each per code word, said bits forming m code words. Accordingly, bits that

are affected by burst errors in the m code words recovered by de-interleaving



2 6 NOV 2002 F0262/ 3008 7 those bit sequences that have not undergone error
correction encoding are, by their nature, either formed in respons?BtNgvggl?a
whi ch shoul d be random zed, or formed in response to data which shoul

be random zed. For each datumformng a frame, it would be advantageous to
determ ne whether or not 5 random zation is appropriate by seeking an
approach thatFO%%{{i@Othe nature of the data in question, but until now, no

t echnol ogi cal %ave been provi ded f this purpose. Disclosure of

I nvention 10 The present invention was devised in light of the

above-descri bed state of affairs, and has as its object to provide an

i nt erl eavi ng aretdnbdk biist pen eade wprdevi bat isdie- bay,esdidanodaegemnet hedomaad

de-interl eaving device which make it possible to transmt bits that form
data in a sui'da¥e cegamrylifet therranse a8y deWitreean®y executing separate

random zation for at. form r .n_order,.to Leve this
obj ect, the pr eseﬁ%fﬁegent'#o@ﬁsgé g\/}‘{%g}récgatﬁﬁegbPgagndcﬁglqge?ﬁg%deawg rcéls 1S
correspondin i i I teri

At . he D D B e e ooPaBl! S ORB
coniai ned i n earoks ammbarinbi motdighdni k B, dielemmess poesieipandongcett all sighiar St

datum contained within said frane to be transmtted or recorded. In
accor dance wieriors he thi serebdrg sidewaveni ibiurst errpes graskiviinea bib length abimyx k.

ont'y oxt ends. o t RSB RE BaletneBs e GF aaekeptt BAT BT TRSw IO STl |
Firat enbodi MR B pROL S B0TAeAaahO B gm0 BB T IRsHE el ' 'S
a bl ock di agmaratsren st siipRxadieireioffizaiosonf i guration of the witing
address supply part of said interleaving device. FIG 3 is a block diagram
shd®@ ng an exanpl én chseas vdmdregiheaniimhenfn tdiecodeadprds addkires sipsagEmge part  of
said interl e?a\{rigggthdeexiu%%'er of erroneous bits per code word can be reduced, even if
burst errors are generated that have high bit lengths. In this sense, it may
well be the case that, the greater the number m of code words making up the
frame, the greater the randomization effect imparted by interleaving.
15 However, since it is necessary to store at least one frame’s worth of
bits in order to deploy interleaving on the transmission side and de-
interleaving on the receiving side, respectively, a delay unavoidably occurs.
Accordingly, the frame length for interleaving must be selected in such a way
as to reduce the delay. To this end, it is considered desirable to set a frame
20 length as an interleaving processing unit that is equal to the frame iength set
by the CODEC and the like.
Incidentally, in the case of digital transmission of data such as voice
and images, there are instances where the bit sequence forming one frame
that serves as the unit of transmission is composed of a header that has
25 undergone error correction encoding and a portion that has not undergone
error correction encoding. When said interieaving is executed with respect to
the entire bit sequence forming such a single frame, the following problems

occur since randomization of burst errors is also carried out on portions that

have not undergone error correction encoding.



5 FIG 4 is a diagramshow ng the sequence of witing the bits formng a
frame at the time of interleaving into the various storage areas of 0
operating nenory, and the sequence of reading the bits form ng a fr%\ﬁg !\12002
the time of de-interleaving fromthe various storage areas of operating
menory in said enbodinent. 10 FIG 5 is a diagram show ng the sequence of
reading the bits formng a frane at the tine of interleaving fromthe

vari ous stora%?@ &968s of operating nenor§, and the sequence of witing the
bits formng a frane at the tine of de-interleaving into the various
storage areas of operating nmenory in said enbodinent. 15 FIG 6 is a block
di agram show ng a(1¢®&ndblgor &iti on of a de-interleaving device relating to
said enbodinent. FIGS. 7A-7D are tinme charts showi ng the operation of said
embodi mrent. FIG 18 the C@saqu@C@[&@Gdhabh@wlﬁ@dat%w: garv@uqeoand)ﬁh%hke
two-stage 20 [nterleavin relatin eseco nbodi ment_of this
i nventi on. bien SI1OLS ér%%&‘ﬁ ﬁgﬁr%?%ﬁba?rh‘&nﬁ %%H’%%Paft HRFPTEPNE FUS- st age
de |nterleav [ in are time
charts show %gg?%'gxoe&g:roaﬁ (’)tl’? o(?p(%gtll(aﬂsn%%%mgém g@:ogﬁ 3%9;323%5 ng

di agram ShOV‘WHQre%yQ%IGV ébrt@ﬁ”fs' gub&titied Pho & Mntéosiaasciont enl ravidig
device relating t0 said enbodinent. FIG 12. |Is a block diagram show ng a

general conf degiredte thathhﬁe aigmal eirost hgeodeentrated) savhatgsubbvarc epeedtianiing t o
sai d enbodi nent . 2 6 NO V 2002 F0262/3008 9 FIG 13 ijs a djiagram
descri bi ng tww%@@@r@wr@@mr&.% Eterdsan lugnie 'aéﬁr@admgaw.rwt

Ci e char t o SRl it iteleplr G PRTRRe Bar dvRo hAY SEKERpec P SHSRET, Mok

di agram ShOV\éﬁ]&)cﬁh%Onfl guration of an interleaving device relating to said
enbodi ment. FIG is a block diagram show ng a configuration of a
det@nterl eaving d@yiPeeblesi 2ting to said enbodiment. FIGS. 17A-17C are

di agram descri bing the interleaving method in 10 Conparative Exanple 1
presented in conthadet i eplimizenbe &fieshet ram@rmh%tl%éw%t%&%rlqaylrsq dinial

errors of Saagmr%fbles% geﬂgy w?terleavmg while using as a standard the bit length n of

the code words that have undergone error correction encoding, and widely
scattering the n bits forming each code word within one frame. However, in

15 actual practice, different types of error correction encoding are executed,
depending on the type of data to be transmitted, and there are many cases
where one frame is formed from a plurality of types of code words (or error
correction codes). In such cases, a sufficient randomization effect can be
realized with regard to a specified error correction code when interleaving is

20 deployed across an entire frame using as a standard the code length of said
specified error correction code within the frame, but there arises the problem
that a sufficient randomization effect is not realized with regard to other error
correction codes with different code lengths.

(3) Problem 3

25 The determination of whether randomization is advantageous or not
does not depend only on whether or not there is data that has undergone
error correction encoding. That is to say, in frames formed from bit
sequences that have undergone error correction encoding and bit sequences

that have not undergone error connection encoding, there are cases where



FI GS. 18A-18C are diagrans describing the interleaving nethod in
Conparative Exanple 2 presented in contrast to said enbodi nent, and)ghgy 200
resi stance to signal errors of said of said nethod. 15 FIGS. 19A and 19B
are diagrans describing the resistance to signal errors of the interleaving
met hod of said enbodinent. FIG 20 is a two-dinensional draw ng
illustrating the storage area of nenory used in interleaving. FIG 21 is

bl ock di agr am0862/@P3fy an exanpl e of the configuration of a 20 device that
generates witing addresses to nmenory during interleaving. FIG 22 is a

di agram showi ng the witing sequence of bits formng a frame into the
storage ar ea tidsd"BiRYustEdsthalt Ha@b! edMintiergdreGerrdd cofreatidd eakodlhgdram
showi ng a configuration of a device that generates readi ng addresses to
menory duri ndpyitheienbtae, either 2anfeddn r2dporsseatodiadg vehic!s Bbouid et laadeeipeshce
for reading bits formng a frame fromthe storage area of nenory during

i nt er | eavi ng.or BegRe iy de$RANSEADr Jatdgwoiah shruld mpd e mndomized. foneagn2
F0262/ 3008 10, Fol l.owi.ng is a descriptiaon of enbodiments of the presen
nvent ton. pREEIRIGATIRE A Bref WLt bs v aeREo0E i SRl kg Rt 1)
Theg) nter! eathilhE46R i©afbiSbriid by 20BAG farfh AILATh AR MR/ L1 o

of an interleaving device ovli to a vice on the transm ssion side
of a digital thel®aanauguesiononsuts yatie rowhireh tecnridiegitalr sleaegbpgdiaresderpf
this invention. As shown in FIG 1, this interleaving device conprises a
separ ati ng parovigedfordhid purprsscessi ng part 200. 10 The franes that are to
be transmtted to the receiving side device are sequentially transmtted to
the interleaving device 1. Each frame is a bit sequence forned froma

plurality of bits, and these bi tsl?i@El%s@r%%qﬂ\t/%rﬁHny supplied to the
habitc

i nterl eaving device 1 synchronousTy w ock CLK. Wen the data
foqpei ng the franes are divided by category, it is 15 possible to

di stingui sh between the header H and the data D which follows it. In the
exanpl e descri bed Thel pasenthinvendiatevasidedsédimiight fof dme pbbve-described state

of affairs, and has as its object to provide an interleaving method, interleaving

device, de-interleaving method, and de-interleaving device which make it

possible to transmit bits that form data in a suitable configuration for said data
15 by executing separate randomization for each datum forming a frame.

In order to achieve this object, the present invention provides an
interleaving method and a corresponding de-interieaving method,
characterized by scattering and arranging the bits forming bit sequences
corresponding to a second datum contained in a frame within the bit

20 sequence corresponding to a first datum contained within said frame to be
transmitted or recorded.

In accordance with the disclosed invention, it is possible to suitably
transmit various data, since the randomization effect due to interleaving only
extends to the second datum.

25

Brief Description of Drawings

FIG. 1 is a block diagram showing a configuration of an interleaving

device of the first embodiment of this invention.



and the data Dis forned frommx p bits. Furthernore, the header H
undergoes error correction encoding. By contrast, the data D doeSIT§NUV2m2
undergo error correction encoding. 20 The separating part 100, is a device
for separating each of the franes that are supplied sequentially into the
header H and the data D, and outputting them This separation can be
carried out Fg?éﬁﬁgkdance with a nethod gs described, for exanple, as

foll ows. Tha say, the number of bits supplied synchronously with the
bit clock CLK are counted, and the 25 portion fromthe initial bit to the p
bit is taken as the header H and the subsequent parts are taken as the
data D. The procebK#ingispaptockmiagramashewingeant By mpieced & esnfigisatiengéihed and
the data D fr0n1thg separatiq%gpaét.%OO" scattering and arranging the bits
form ng the WOHBGAIASFSHPRM PRIt ALald MteRRRUNG O8MEESi ng part 200 has as its
princi pal 2's 2 - e 1 ddr ess
supply part 210,hgﬁa%%g%%Eﬁﬁg%ﬁ%%§3§$%ﬁgﬁ5§ﬁﬁ835W§gh$ﬁgkéﬁﬁ¥£%§6@§g y part

230. Here, tF&dﬂ{gﬁé@@ﬂegg_SUFﬁfgrdértZ&Qdidsirﬁerﬁﬁr@geﬂgé(_i ce for recording bits
formng the frang to be intefleaved. In the present enbodinent, a

congi nuous 5 pl urBlG.t4isé ddgramoshawingthaisehuadck e seitinaities bits éomedgfeor use
fromall of the storage areas of the pﬁgrati ng nenory 220, and the various
bi ts forni ngfreme &t theetimeeoisiniariegving ke the yraeHs stwage aredeof OReraling

consists of the proce of sequentjal witing,of bits formng.frames to
TS oper ati METENoRGS a0 selfidhe fiashia i ko o PR 4h BB 2b°c i s
operati ng negmpr ol : If r ;
witten. Theaﬁgvr”?{tfﬁ%g}”g Jﬁ’e"igﬂgﬁﬁgﬁﬁé '&g&;}c[a‘é'zel%r%{aé éj gtg%vr}é{g@@tnh%f%rxec%tags a
speci fi ed addmbsgingemter ati ng programin order to generate synchronously
with the time clock CLK a witing address WADh that specifies the witing
151@est i nation of FiGed Isi a diaasamishgwing theeaekuensge efiraadingrthe ibitg fertiring<ss WAD
t hat specifigs the iting.destinatiqn of the bits formng the datg D, and
Suppl i 65 ¢ helfT Frbedyar At RGN RERBAYTOB NS MEERUD FIOBOP TR EP A Sp Rt ame
are witten nat i 2 rd: ER |yt OF:

writing addrg%éﬁa@hgggéﬁéfs%guw%?ﬁaﬁ%ﬁg tgg tﬁﬂlg,‘[afrg%(r)rfgmang o%%ltftl}lgr'[r'éﬁ%]ﬁ{ o the
oper ati ng nededinteA@dviag entaotheonaresusb elonggeg eneasitof chperid=M2raognil said

i ndi cating tQ;n%oidismgrlnjthl ied to the readi ng address
15 FIG. 6 is a block diagram showing a configuration of a de-interleaving
device relating to said embodiment.
FIGS. 7A-7D are time charts showing the operation of said
embodiment.
FIG. 8 is a block diagram showing a configuration of a two-stage
20 interleaving device relating to the second embodiment of this invention.
FIG. 9 is a block diagram showing a configuration of a two-stage de-
interleaving device relating to said embodiment.
FIGS. 10A-10F are time charts showing the operation of said
embodiment.
25 FIG. 11 is a block diagram showing a general configuration of a multi-
stage interleaving device relating to said embodiment.

FIG. 12. Is a block diagram showing a general configuration of a multi-

stage de-interleaving device relating to said embodiment.



supply part 230. The readi ng address supply part 230 is a device that
generates the reading address RAD for reading the bits recorded in té;@v
operating nenory 25 220, generating it synchronously with the bit czl @( &k
according to a specified address-generating programwhen the END synbol is
recei ved, and supplies the reading address RAD to the operating nenory 22D.
FIG 2 is a block diagram show ng the address-generating algorithnms of the
writing addrer%%g/@BB‘Py part 210 fromthe 8tandpoi nt of hardware. Z s ~ov
?002 F0262/ 3008 12 The address-generating algorithmof this witing address
supply part 210 is fornmed froma p-scale counter 210A, a p-scale counter
210B, an m scal e dd@nti@ris 214iegraam dabrilgag ¢he poidesard geneesadigr caidEsser e,
the p scale counter 210A counts the bit clock CLK. The witing address WADh
for 5 the bi tgnadsitagt audo sigaals used ky Ha bikdemrrii@est af tis iaveslieit-er val ue

of the p scale co nd an. uppe ddress. designated.as "0". .The
p-scal e counter Zi%gé%tﬁégﬁ‘}é %@u:}lm%gcé"f‘ﬁ? h@“%'?gcm%koﬁrﬂt'%eﬁpt?‘ﬂégcount
val ue changes AR 8&%@.{2 of tinmes, yielding a count-over. The AND gate 210D
supplies the %IP clock CLK to the mscale counter 10 270C, after the

p-sgal e counter 2104 viselsds bfockodlAgrapY Bhowiitp anidrfiglatiofust & iddéagRgri es
out counting of the bit clock CLK Supplied via this AND gate 210D. The

count val ue vielicsrefathguntsaalembotiemnentt changes mtinmes, but after that, as

long as the bit clock CLK is supplied, the count is repeated again fromthe
i tial value *0".Fifnd6s acalpek BGarTBIShOTOn sroRday a0 e VERIRRNG " a

a tinme each tjne t I 0C counts over. The addi ng machi ne
210E adds " 1é%{}gcﬁ%zat@}§3§%a\%a§'ﬁ§géﬁ%ﬁe m scal e counter 270C. The writing
address WADd that megsi {74570 @rdv dibhien AsSchiBAlg @b HhtehBAVIRYT Meliidning the
data D is such that the count value of the p-counter 210B is a 20 | ower
addmess and tQempatgiive Examplef 1 tireserddd g coathsint 2didEembodimampendabdr ess.
FIG 3 is a block diagramshow ng the address-generating algorithnms of the
readi ng addr €&§iSENEEI) sial errats hsaid phealdmaelipdi nt of hardware. The

FIGS. 18A-18C are diagrams describing the interleaving method in
Comparative Example 2 presented in contrast to said embodiment, and the
resistance to signal errors of said of said method.
15 FIGS. 19A and 19B are diagrams describing the resistance to signal
errors of the interleaving method of said embodiment.
FIG. 20 is a two-dimensional drawing illustrating the storage area of
memory used in interleaving.
FIG. 21 is block diagram showing an example of the configuration of a
20 device that generates writing addresses to memory during interleaving.
FIG. 22 is a diagram showing the writing sequence of bits forming a
frame into the storage area of memory during interleaving.
FIG. 23 is a block diagram showing a configuration of a device that
generates reading addresses to memory during interleaving.
25 FIG. 24 is a diagram showing the sequence for reading bits forming a

frame from the storage area of memory during interleaving.

Best Mode for Carrying Out the Invention



address-generating algorithmof this reading address supply part 230 is 25
formed by a p-scale counter 230A and an (m+l )-scal e counter 230B. ZKN@{] 00
(mtl) -scal e counter 230B carries out counting for the bit clock 2}
count of the p-scale counter 230A is increased by one when the count of the
(m+l) -scal e count er 230B changes mtl tines and is initialized to the
initial value 2 6 NO V 2002 F0262/ 3008 13 The read address RAD is
such t hat the:O@Q%/HPOQ/aI ue of this p- scal d0counter 230A is a | ower address,
and the count value of the (mtl)-scale counter 230B is an upper address.
The above is a detailed description of the configuration of the 5

interl eaving devi d®ll@wingoisl awdesgriptioa afesmbpgiments off fhet eréssaviimegention,

i npl enented by this interleaving device 7, with reference to FIG 4 and
FIG 5. In tRsespdsemitharipienareiotdramings.| eaving is inpl emented by using
(ml ) xp cohlgv\j: ggs Stcﬁ i areas in the operating nenory 220. 10 FIG 4
and FIG 5 s rea of the operating nenory 220 for

i nterl eavi ng expr 9l Astefel i onal menory space. The various
i ndi vi dual addr esgi): co?r esp \Wﬁgto the storage areas in this nenory space.

An gddress is forrmmg, firigm @lddkmgeﬁaa;iﬁrmmlacboﬁmwa%@waipn%emwémgﬁs of
val ues, and an upper address which can take (mtl) conbinations of val ues.

15 In FIG 4@v’cteF|1Gpr5vide<H1etosta)r@@\ecarelasthahn(amsmlesnon hislee of dandigital

upper addresses are arr ed fromleft to ri ower . address order, and
the storage a@@aemmﬂr&w@%@%teﬁaw@'qm'éﬁh?é qel”b@%’r‘mﬁﬂﬁl%g%%@vﬁ%orhrranged

fromtop to botto dr f
storage areas vvitpua‘é g%ﬁ&"ﬁ)i@lﬁépperﬁés Jﬁg@%ae@?gsﬁé?‘tcgbe C§%/§ %édrggr}rcg a 20
series of stoyROfoRIPR Wokgséﬁglbtah(‘éﬂo | ower addresses shal I be cal | ed
colums. In inplengnting interleaving, first of all, the bit sequences that
ardot o be interl eanedframnes \rhiattarertosm]mtsmtéqmo ﬁrmcfeaemm@elde dedpeate ve m

X n storage areas, one bit at a tinme, Wien this witing is executed, the
writing addr &8sEgNtally kg@m!ge@d%m rféexhﬁ\tmmgieatr&r éss EaGBpirgmBalst ayib

descri bed abov c I t he
header H are 56l %ﬂaégtjé%‘%cgé'%ﬁnq éﬁr%@ %bﬁts % &V %289% ?é%@?@mﬂh
the bit clockgplfed fd‘tﬁet?htbrléé\ﬂﬁdjd@biéecp%dhﬂﬁwd@hﬁ@fth'aeélt QBEk eggerding to
the p-scale counter 270A in the witing address supply part 2i0. The
writing address WARhen sthgedﬁaafcmmmg tBerrarr@sVam)(tﬁwEGQGiZ)lmsgcbry4 it is
cont aining the count value of the p-scal e count %{t@ as a.lower address,

510" as amospiv toLdengsish agtwerD the Neggsr He aa)whmfﬁ&ow%ry 220
synchr onously wit Wn ttﬁg e%ﬁﬂp‘f’é %%gcr%&i below, the header H is formed from p bits,

and the data D is formed from m x p bits.
Furthermore, the header H undergoes error correction encoding. By
contrast, the data D does not undergo error correction encoding.
20 The separating part 700, is a device for separating each of the frames
that are supplied sequentially into the header H and the data D, and
outputting them. This separation can be carried out in accordance with a
method as described, for example, as follows. That is to say, the number of
bits supplied synchronously with the bit clock CLK are counted, and the
25 portion from the initial bit to the p bit is taken as the header H, and the
subsequent parts are taken as the data D.
The processing part 200 is a device that receives the header H and the
data D from the separating part 100,, scattering and arranging the bits forming

the header H within the data D. This processing part 200 has as its principal



Consequently, as shown in FIG 4, the p bits formng the header H are 5
witten into the initial rowwthin the storage area of the operat N0V 2002
menory 220 for interleaving. Next, following the header H the mx p bits
formng the data D are supplied to the operating nmenory 220 synchronously
with the bit clock CLK. In the neantinme, the counting of the bit clock CLK
is carried out by the '10 mscal e counter 210C in the witing address
supply part F0P62/3008 i n addition, a countiival ue increnent of the p-scale
counter 210B is executed each tine the mscale counter 210C yields a
count-over. Mreover, a witing address UVADd is generated that contains a
| ower addres I i i i a
upper addres?oﬁﬁ?gﬁngieggﬁgfﬁe tg¥?§gﬁ?§%S%gﬁ¥ﬁ§§g%hﬁfﬁeg?%gﬁ8§$ﬁﬁg%ﬂfscaIe
counter 210C220! ndaeeading atiiressvaupplyngara@doess is supplied to the
operating menory 220 synchronously with the bit clock CLK. Consequently, as
shown in FIG 4, Heeeithetdpgratindomemenyo?@Gisodglarage eexioe fior recdrding kitp t he
data D are witten into each stor%gg area corres ond'n8,20 to the (m1)th
fow, from thiSHEHME FaMede erbiarieavedc il tinpresRat FHPB RNt B SPRHNMRHSrenor y

220) and then,th It r Lkten, | e r di ng
O e e B R e WA B G B s SRR BB TSRS N
until the figglags Bidas éﬂth@-rgfetrmgommrwzzv, QA thi o8 tits §8MAINgtSHeage
area corresponding to the (mrl)th tow, fromthe second colum of the pth 25
col um. Next fratriecare dtsrediathaesmrapeistgaswitten i nto the operating nmenory
220 are read in a sequence that differs fromwhen they were witten, In
this readi ng oper Hitedeavineaensigts £idhe pseeessrdd sganential dyiting efitsferaingg

dd I d i bed wi f , ~
R02657 3008 S B orTER o620 ER1d Mt st S FE BrndeRe o trading eadolie HEl , P4
ouygby the (gd &pe%m'gem%ﬁﬁl};ew;qfeq?grp%s&\mnk@ tﬁgﬁgﬁfe%froﬁw%éﬁth | Were

increnent with a count” va only of the p-scale counter 230A iIs
execut ed eaclkwrittene the (mtl )-scal e counter 230B yields a count-over.
Moreover, a reading address 5 that contains the count value of the p-scale
count er 230A as aThewsritingicRdassess ppPbhdasloddf igaludediret at (eerpiescd e
counter 230B as .ﬁm upper _address, and this i ﬁgp Ii:ag to the operating
memory 220 SYREHIGhBANETSHE R ahe REraT HER' & 0 SBBRERR sUnTnoteY Hiban i n
FIG 5, firsihofiingd '@loéH’Q,‘lﬁmé_) whtihg a&GrecdewAmh 1€ ciicar age i of
the first colum in the operating nenory 220 are read, and then the (mtl)
bi 15 r ecor dedestnati@olof she bag éorariea thef headerdd cantla owitingraddress BadiDdahat so
forth, until finall¥, the (mtl) bits recorded in each storage area of the
pth col unm afBegiber theweting desinaliRin et s bits hraningttee |dsdg ith@and sHRRISSar e

B ranged at o e ebdrBodhemen” eR BrbH s BRI A HE A, |
desor i bed | n Aea T oAb ] P erence Lo the drawi ngs. (2) The .
De- | nt er | eavi ng D&urtbermore, when all of the writing addresses needed for writing the
20 bits forming one frame into the operating memory 220 are no longer being
generated, the END signal indicating this is supplied to the reading address
supply part 230.
The reading address supply part 230 is a device that generates the
reading address RAD for reading the bits recorded in the operating memory
25 220, generating it synchronously with the bit clock CLK according to a
specified address-generating program when the END symbol is received, and
supplies the reading address RAD to the operating memory 220.
FIG. 2 is a block diagram showing the address-generating algorithms

of the writing address supply part 270 from the standpoint of hardware.



20 The franmes that are interleaved in the transm ssion side device are
transmtted to the receiving side device. FIG 6 is a block diagram show ng
a configuration of the de-interleaving device 2 provided to said Zéd@ﬂ/v?ﬂﬂﬁg
side device. This de-interleaving device 2 conprises a witing address
supply part 25 370, an operating nmenory 320, and a readi ng address supply
part 330. Here, the operating nenory 320 is a storage device simlar to the
operating nmehB262/3028 in the interleavingl2levice 1. The (mrl) x p bits
formng the franes received via the transm ssion pathway are supplied to
the operating menory 320 synchronously with the bit clock CLK 26 NOV

2002 F0262/ 3008 1¢h@eadd'ﬂéﬁ-b@ﬁ’é/riaﬂﬂgC%Pgﬁ'itﬁhsopfhié W@ritﬁfgo‘a‘%ri%s@fsdﬁd& ip'&& these
bits to the operating nmenory 320, and the process of reading these bits

fromthe ope#diinformutdfrgm3adp-stale crmiEN2HA hatp-dedlé exatinfera@modean niney
were witten. While the bits formng the received franme are being supplied

to the 5 opeB@dlemeunarAiPC2an SN2 taesd @19Dy aRick an taeislepid? 0Bl oblereLike phe
iti dd t 31 lies t iting.add th
oper at ng meReAly 508l 1B sibts B Rl el T BRREaR R WARA g
dd : ' Qi ical f th
eaiing adar e B bt REHREEEPH 8 0er BEReh ST pEE vl b S

3). Moreover gcdl8 cblftef 230A0EnE BhupWer bl sRdlRffatedpply’. part 3i0) the
counting of the bit clock is carried out by the (mtl)-scale counter, and in

addi ti on, a count Thaptecalencowntent 7@A tshops thewnountiag wé thaf bit dlocko GLK whenhe
p-scale counter is executed each tinme the (mtl)-scale counter yields a
count - over. 1% ¢dyelbie changes o mynbeiaefdisacs. Nigdinga ceyHt¥ehs t he count

val ue of the p-sc ddx nt,.val of the
(mtl) -scal e count ibgﬁ@q%%Z?D}dJ&%ﬁ%s ”?%SE%E% ié@&%%ﬁ?’%ﬁé‘%&%gernermry
324 synchr ongygyattérithe phecdhd EoGhieE B10849NA88IHIBUhY.ov@s shown in FIG 5, the
initial (mtl) bits fromanong the 20 (mfl ) x p bits form ng the received

frame are wittenThe eachlestamdge20€a cafrigsheutf cowttingodiutime bih ctock @PKr at i ng

menory 320, and then the (m+l) bits are witten into each storage area of
the second c8YRRHSH Vimthis ANDyERIe 21RR IThewount valke viglds aoust-pyerewhe ffe pt h

bit) are wri Eﬁgﬁgeisnﬁv%rﬁgsc,}btﬁta(}{e?%at?rag%% ag lilﬁ“e %lithclc?&! ek is supplied, the
count is repeated again from the initial value “0”. The p-scale counter 2708
15 adds counting values “1” at a time each time the m-scale counter 270C counts
over. The adding machine 270E adds “1” to the count value of the m-scale

counter 210C.

The writing address WADd that specifies the writing destination of the
bits forming the data D is such that the count value of the p-counter 270B is a

20 lower address and the output data of the adding machine 270E is an upper
address.

FIG. 3 is a block diagram showing the address-generating algorithms
of the reading address supply part 230 from the standpoint of hardware. The
address-generating algorithm of this reading address supply part 230 is

25 formed by a p-scale counter 230A and an (m+1)-scale counter 230B. The
(m+1)-scale counter 230B carries out counting for the bit clock CLK. The
count of the p-scale counter 230A is increased by one when the count of the
(m+1)-scale counter 230B changes m+1 times and is initialized to the initial

value “0",



25 The pl acenent of each bit in the operating nmenory 320 at this tine is in
agreenent with the position of these bits when they are witten t?EtNIW
operating nenory 220 of the interleaving device 7 prior to being 2002
transmtted fromthe transm ssion side device. z~NOv?002 F0262/ 3008 17
When the process of witing all of the bits formng the received frane to

the operatin 320 is conpleted, t END signal indicating this is
supplied to ?R%%l ng address supply pgft 330 fromthe witing address

supply part 310. 5 This reading address supply part 330 possesses a
configuration identical to that of the witing address supply part 270 in
the interleaving dBeitcadiaqaress HAD ig)sudbitedibe cqunt tuaue 8§ dhist p1skale

readi ng address suppl art. 330, e counting of the bit, clock Kis

Corri og au Boinipe 0%, B HeR: aloss, 4t &1’ coynk VELBUPh e A TS RIRDN

that contain t. I -scal e counter as a | ower address,
' DholEasouAs KRB EgiiSaP “

and "0" as a €ss'rs ted, and supplied to the operating

menory 320 synchr gpgughyven shat Rgtdieli eb8&totioko s etee ohiigudSioghemnien FI G
4, the p bits formng the header H are read from each stofage area

corpespondi niptériedvirey devNité dl row in the operating 15 nenory 310. Next, in
the case of the readi ng address supply part 330, the counting of the bit
clock CLK is carrFelpwog iy ehéescdptigine efoumteseaviaad impleaarntedomy dhisount

val ue increnent wth count | ue of th - scal ter is executed each
tinme the msﬁﬁ?r@eaé’&ﬂ%‘?%‘fm%/?ev’é@r%fgﬁ%l?ﬁt@gﬂ@raq%&e'%«gr], a reading 20
address RADd t hat i ; re LGRA ﬁfghpé ; t he
p- scal e counter, gﬁgﬂgﬁprgﬁ%@r E%@é@%’“ﬁhﬁ@ﬁ%éﬁﬂgt %i Lrﬂ@e y (Eld%@glﬂt%h count
val ue of the(msrabecontiHobes siordde afkasiis tgeossrating nedrdosusgo.i ed to the

operating nmenory 32D synchronously with the bit clock CLK. Consequently, as
shtdn in FIG 4, FKe 4andiFG. , shiovsther garageagat dfdhmapsrating miensory 24 ng

e e D o e et L SRS SR k2, S SRS "
e o oo Al By 16 S L 08 88 N TTIRNE) 28t
menory 320, Ancaddresd Bl baweddrom bi ibveptbdicsadvtiicR@araske p combinations of
values, and an upper address which can take (m+1) combinations of values.
15 In FIG. 4 and FIG. 5, the storage areas which are to have identical
upper addresses are arranged from left to right in lower address order, and
the storage areas which are to have identical lower addresses are arranged
from top to bottom in upper address order. As stated above, a series of
storage areas with identical upper addresses shall be called rows, and a
20 series of storage areas with identical lower addresses shall be called columns.

In implementing interleaving, first of all, the bit sequences that are to be
interleaved are written sequentially, each in their respective m x n storage
areas, one bit at a time. When this writing is executed, the writing addresses
are generated by the writing address supply part 270 described above with

25 reference to FIG. 2.

While the p bits forming the header H are being supplied to the

operating memory 220 synchronously with the bit clock CLK, the bit clock

CLK counting is carried out according to the p-scale counter 270A in the

writing address supply part 270. The writing address WADh is generated,



Z 6 NOY z002 F0262/3008 18 storage area corresponding to the (mtl)th row
fromthe second row of the third colum, and so forth, until the fZﬁlﬁDV?’Gz
bits (i.e., the pth bit) are read from each storage area correspondl ng (9
the (mtl)th row fromthe second row of the pth colum. 5 Accordingly, the
de-interl eaving device 2 perfornms an operation that is conpletely the
reverse of tp§ ég’-?é@@' eaving perfornmed in,{he case of the interleaving
device 1 and % ores the original un-interleaved frane. (3) Advantageous
Ef fects of the Present Enbodi nent Following is a description of the
advant ageous effects of the present 10 enbodinment, with reference to FIGS.
7A- 7D. Fi r st CORRBRING K& Bowd \taiee obihe guscale audier 270Aage & leaveri address,
interleaved in the transm ssion side device. . this figure shows, the
rame to be FRHCPl ahaBaHRer FuRfRss. ARE reriniaaeh B phaltRBLMamIS G5he
error Cmmc&%ﬁéf‘]ﬁﬁ@&%{?}ﬁh@é{e Hﬁ%fb%k%LR‘.n error correction code, and the
as no un

data D which ergone error correction encoding. In this

exanpl e, the headepnbbgashilyshs sRbwklin Fade 4MHeds bitdReiRgG the¥Rakensk fredf
each code word is m1 bits. Also, the header His a bit sequence consisting

of p (= k1 xwnttén)intbithe inifidheow atithimthvéhstohadearaaotf the dpecaiing eenwry 220
correction encoding is a bit 20 sequence consisting of q (= mx p) bits.
When this fr@mntedeavid@r | eaved by neans of the interleaving device 7 shown

in FIG 1, f i d i the bits. ged h in FIG
78, That |5 to capexadBIRERAI0E TR 15, e § ABIS PaNHEny S Reekagsr i
are soatter ed G0 6 REBBErathg FAbry FBEEYRTONbIAY MR BiloSaMERCe

form ng 25 the 'data nt’erva ter rli'eavi ng p bits

form ng the heademn tHei raeantimt, thengiumtingrof ese@bindlonlt COKtiheadigr 6 mf thehange
in the upper address of the witing address when the each bit of the data D
i s1Qritten, arsealechentesddPCaidineswrityig address isupply Redo? E&sandincadoiiend in

B i e B SR A
bit. It ShOU{P%r Bes&hd eduher @ 1o ieYH%SQ d@%@o!éc%}. FMared\Rer, Epﬁgiﬁﬁe)@faﬁa@s@ I on

is that of a ane after interleavin w | us consi de case where a

burst error WeADHds gareseiMthat @olams ZTowsr gedresaingich i3 theecquntvake of
transmtting a frame after the 5 interleaving shown in FIG 7B. In the

exanpl e shows prSFRlG cqupter ALOR @rsha urperiatddrers whichsisidaicedsior addigdt he
negger H AL ot iR b bl TR R ot Byl e, O
Such bur st eFrars e ey o 0o g e Bl 22l TR RRcRel AR B oA T
FIG 7D. As cho@La FIG 7D, as regards the header Hin the recovered
franme, only the second bit is affected by the burst error. In an enbodi nent
such as this one, Congemeaniyr agishewndh Feadi the iitiebat bids fipmi apiang therior |
even i f sai d DUESL (SEGQY o0 GHLD' Shetwhli il Toib ot &i8/a88 55 2a Uorkd BRI O
20 to the (m+1)th row, from the second row of the first column, and into the
operating memory 220, and then the m bits are written into each storage area
corresponding to the (m+1)th row, from the second row of the second column,
and so forth, until the final m bits (i.e., the pth bit) are written into each storage
area corresponding to the (m+1)th row, from the second column of the pth
25 column.
Next, the bits that are thusly written into the operating memory 220 are
read in a sequence that differs from when they were written.
In this reading operation, reading addresses are generated by the

reading address supply part 230 described with reference to FIG. 3.



15 affected, the result would be nothing nore than a randomerror in the
header H after de-interleaving. In other words, the interleaving perforned
in the present enbodi ment brings about the advantageous effect of 26NOV 200
random zation of burst errors with respect to the header H Here, if the
nunber of erroneous bits in the header His within the error 20 correcting
capacity of the error-correcting code, then the signal error can be
corrected inFPﬂ%NWE@eiving side device. B contrast, as regards the data D
in the recovered frame, the continuous bits fromthe 8" to the 15" bits
are affected by the burst error. Thus, in the present enbodi nent, when a
burst error occur Fhanhisaof saythe couhin@bf theobie stoakf CLKaisscargsd aut biyhigebur st
error appears in the data D unchanged after de-interleaving. That is to
say, in the fineikacalemeuniarsdd0B,i anein @dditing, @oedumorals imgeatsotitwitrhe

26NOV2002 FoBBITAGHE 501 o ORISR RBRE -t P 2D Rl A
) | e o °f t
the | bre havi? BAEREAREP LA, PROBF DR £ pRERER of el L e R o

t ogst her. Astesohtddth®t villieasians Pt vbliMet PSOATRSE MwaRRHEsENt
even 5 if a burst error occurs in the process of transm ssion of data D

such as voi candrthe maget valuatnfche has+ 1)emaleadoedet 280Beasien kppdradddrass,
undergone error correction encoding, the signal error is random zed only
with respect apg thigdsiseipaiqd 19 thenapetaingdpamory R8¢ syashimoughdwigdhe kit r or
correction en@)ogi is not random zed, so advant ageous effects are realized
in that errof9° ing to 10 the header H are readily corrected on the

receiving side, apgdpnl b HEE|E a5 i gpoﬁampltfﬁérsﬁg CORCeRL inand
the like on the rggg:s\%?&n%ﬁlgi %e?H%BQlVa}i ati ons on' t he Prys@ntrpe% odi Ment
Foltbowi ng ar eastast@byerseof tHeefigt eskemin entredopeatingimehona22dess reaed
above. 15 OIn the interleaving device and the de-interl eaving device, the

writing addr 889 tagn the en+ BabitshEeandrbisseagh atoraggparea pbthenseesr calvumg

o o SRR oS L0 B RGPS B Bl St vere
addr ess- genegadd 8l A0EbR &@relpt erl eaving is not limted to 20 that of
t he above-descre} ggg %odi ment. It can, for exanple, be the reverse of that

of the above-descDuketd #ebatdovenescribeciomentddavary, wWirddnes hereupipeiucad dsuehises
and | ower addresses, or in connection with the rows and colums in the
opéPat i ng neHidtythe gnditeeleringninechpadembh atsh ecaiéerger anth@rangegagthcadd be

|t er oavi no R a5 AR FBF il fleRER AGdo e A B o Bk Bl ROl ™
accordi ng toyf st4te! & 1Rt ﬁ%ek%rﬁn%léaﬁﬁ]gﬁlst BESHWin GRE bewW Qith

single-bit reading of the bits form ng the header and mbit reading of the
bi t s form ngrefaeemtatta the davBndOv 2002 F0262/ 3008 21 O In the

above-descri bed present enbodi nent, all bits of the header H are witten to
the storage area (9 kfeD8pRieEedYingheviciy in the operating nmenory 220 at the

(LBoh T Lol i et SRR P Bl 0 S PR
can have di f {ranemittdPdAhBTeceiving side device. FIG. 6 is a block diagram showing a
configuration of the de-interleaving device 2 provided to said receiving side
device.
This de-interleaving device 2 comprises a writing address supply part
25 310, an operating memory 320, and a reading address supply part 330.
Here, the operating memory 320 is a storage device similar to the
operating memory 220 in the interleaving device 1. The (m+1) x p bits
forming the frames received via the transmission pathway are supplied to the

operating memory 320 synchronously with the bit clock CLK.



for each frame. OO In the above-described present enbodi ment, the bits
formng the header are scattered and arranged wthin data possessi [?gﬁ m\{)?@z
|l ength that is greater by a factor of several integers-fold, but tHe ra

of the 10 header length and data | ength does not need to be in terns of
integers. In cases where the ratio of the header length and the data | ength
cannot be expressed in integers, it is possible to enploy a nethod such as
perform ng i AP2§3/Bi ng by adding a dunmmiBbit to the data, with the length
of the header being expressed in ternms of integers, and then 15 renoving
the dummy bit. Also, the bits form ng the header do not necessarily have to
be scattered and @eripfrgedvingt borsistyeofdiier ppdceR8Uat wWritingr tdse: bitd teNde

al ready knows on the receiving side the nmethod whereby the bits form ng the
header wi || bpesatiagt meetbrand82@r eadgihe, pracess pbssadihg thespebitorfrom the
de-interleaving on the receiving side, even if the 20 scattering and
arrangi ng i s BerRiNaMeBANUPAG Br FrEeaYIcRhat difersssemnehendivay were Wiiten. 8 i s
a bl ock diagram shqw_n .confiquration aof e two-stage interleagvin

devi ce 3 servi g Wi unid HrenPesved Jaund rd, o Hisbied o
relating to S ntg%b Ol b | a8y I 25
thegconfi gurgp ?Bdﬁhgfﬁgho\%-s aﬁﬂé@f’ ﬁht@?alylvélgﬁ/itﬁg gg% ?:%u zﬂé’g’ﬂlﬁ@nwg@an
exanpl e of aaau&e‘sb-w%epmamtgrdpﬁ@yitm virinigcgddrebatwa® tdend bpekiling
enbodi ment. FIGS. 10A- I0F are di agrans showi ng the operation of the present
embodi ment . MeEoryB330ssymchiansiistyi wigh the kihoack&Lld.confi gurati on of an

r-stage interl eavi device 5 serving as a generalized exanple of the 2 6
N 0 V2002 F0262/ 3608 V‘Q’E'”SréQQFﬁSSeﬁHgaﬁyn@ﬁft. o HOPEPSSey @ afigyrafionl ock

di agram show the ¢ i tj.an. of - - l.eav] ice
erving a. ol BENERTITOR) 98 eatrt hdist SipRH" el 2 B RO fhRAeRNL]
di sgussed i ngeligefT 688 bgdi nent, interleaving devices are provided in
transm ssion devices of 5 digital tel ecomunications systens, and
de-interl eavi ng ddldreaeraire the mdsgedf ithist Wetirgydideness sopplyhpant e2#, viheg
side. The present enbodi nment i s descriped pel ﬂw al\ll th se(ﬂuenti al reference
to FIG 8 toCRying of the pitieipcksisigariast avi 8%fRg $@IFicPentes, AB-18t age

i nterl eavi ng_devi.ce i S i i QO i e i bed
wth refor engaatihis ob% Fd bRl el VBN °F. SV RIERENEES o
a separ at i ngcaaiter iPeRecired 2@ASHHBGhE AR+ BARale 3bGhtar RIS 3SedthtRAet. 200z.
The configuration of the frame that is to be processed by the two-stage

i ni®%r| eavi ngMbgedear, 8 wrilingrasigiessh WA B thatopentaiss the chentataive ofithecgpisbale fi r st
enbodi ment, the header H of the frape to be interleaved was configured by a
code wor d | hSPUHER S0 AIRVEOREVERS e BYr QTS UAILBIRIGHS NG *BY SCAPOURET Epe. of
error-correctin ; i i i r nt
embodi ment 1 S FRPSLAEHeS S ST i obpratfig S BRRP R C A RRELBL WAL, | on
encodi ng i n tHebisaek20 manner as in the first enbodi ment, and the data D
that has not undergone error correction encoding, but the header H consists
of the header H, &odsetueriyadeshern iMHEIG, 5tthe intalder+ 1 bitarfton ke dngather HZ
haye undergone error, correcti gn encodi according to different types, of
er¥§r -corr ect(’f’ﬁg) Eé’d%"gs. Trol”?“'rghg\.ﬁ WCS@eHS?%He@ﬁ%ert%F readhLriorage %’é’i\/‘éfni ence
in the descr it kQn, i ; i g d4.S.10 be
63 bits, thetf § ecr?égﬂngé %?ﬁ?pﬁ%‘a‘ei Hﬁ”%’é’ %?Jb%%qﬁ?rﬁ Eﬁe 3@*56‘2 h%étlsb?%e

l'ength of theriteadato blcli Storagd@réda b tise sébénd ephmai agd parforthO0Atl e
simlar to the separating part 100, relating to the first enmbodiment in the
sense that ifindi i-dgditshigebithe pdybidnate wolten myotereh starmgd ateg ohtbeethder H
t hat has undg(r)l%(r)nnne error correction encoding, 2 G NOv 2002 F0262/ 3008 23
25 The placement of each bit in the operating memory 320 at this time is
in agreement with the position of these bits when they are written to the
operating memory 220 of the interleaving device 7 prior to being transmitted

from the transmission side device.



and the data D that has not undergone error correction encodi ng. However,
the separating part 1002 relating to the present enbodi nent perform; the
addi tional function of further separating the header H that was sep rCHNde?UOZ
fromthe data D, separating it into the header H, that has undergone error
5 correction encoding by a primary error-correcting code, and the header HZ
t hat has undergone error correction encoding by a secondary
error-correct?2fg/¥98e. FI G 10B shows tht7 header HZ and the header H, and
the data D resulting from separation by the separating part y002. 10 In
addition, the separating part 7002 supplies the data D and the header H, to
the processing paWhe%Qﬂepr@é’éés%#l@ﬂhi‘n@sallt&Qhé%ﬂg%rrﬂﬂﬁgttﬁeTré@ei%d)ﬁﬁm%'tag part
2002. The processing results of the processing part 200, are al so delivered
to the proceths ngefading Aefyry 82 votipldibe, treadND H2gnalhedicatogshisnig part
200, and the processing part 20D2 both possess 15 al nost the sane

confi gur at i opURRiedht® Preoceadng@dssess 30pPI¥f PAhe33h from dhd oMitiishaddi@sseover ,
t he processi nlgqpﬁart 2‘,'% performs interleaving, which scatters and arranges
the 9 bits tPBSRPINRRE gy'the header H, in the bit sequence of the data D.

The- confi gur ati onygnad t r ] ' [ .~al ready
bee% descri bed i nT?‘%er I rsq?l %%8%?%@3; %ﬂ@g%rdg%%géézfa%@ﬁ%ﬁ%’e@o@l G 5.
FIG 10C shopenfcdlifo sREUSNBe AHimyadyedheupplocessiavw pathe 3MQriehlinghe
process of interleaving. As shown in FIG 10C, the 9 bits naking up the

header H, ardevgeddaee&l@d2)and arranged at equal intervals in the but
sequence maki ng u& the data D, said bit sequence consisting of 72 (= 8 x 9)

(
bits output by th&loFeReEsEl MRE Faee dois repting adqressSUePIVCBAk Fbubeni t s

in the data [ o] i t a The
bi t sequenceg%“?ﬁtﬁge&aﬁé%ﬁ%@%ﬁé‘g@@%%@ﬁ{éﬁeéﬁ %e{}? £ gﬁgf%@ﬁg&r hcekgérégra| VIerS 7
bijg. 2 6 NeNadiRfaddPeizhARBthat cDRiins fHREcURGRARR HOthR-EcABLBURKGCUL es
i nterleaving, thereby scattering and arranging the 3 bits naking up the
header H2 at agqulawer mderassl, andi“Ohas arhepgar- dddress is generatek andt pupplied t he
processing part 200,. The details of the Br ocessing involved in the

i nt er | eavi ng!pBEIRSHBINDP AN 3P SYBSRY ﬁ'é{r"t/'”ztﬁt?%“BC'ng-i dentical to that

of e i nter | eavi Ag 864 (8Jeds BHohie FIECSHA st ANG e Febuetfbyahove a

bit sequence as it "pas he 6rocéss of” aving per med by
the processi pehdPRbi 24 stofsges BdcdriedpdadinkPie tHennfiBPrdw tin Seslepakgingf t er

interleaving, 24 (_ 72/3) continuous bits in the bit sequence output by the
prttessi ng paema@yB70.

Next, in the case of the reading address supply part 330, the counting
of the bit clock CLK is carried out by the m-scale counter, and in addition, a
count value increment with a count value of the p-scale counter is executed
each time the m-scale counter yields a count-over. Moreover, a reading
20 address RADd that contains a lower address which is the count value of the
p-scale counter, and an upper address which is obtained by adding the count

value of the m-scale counter with “1” is generated and supplied to the
operating memory 320 synchronously with the bit clock CLK.

Consequently, as shown in FIG. 4, the initial m bits from among the m

25 x p bits forming the data D are read from each storage area corresponding to

the (m+1)th row from the second row of the first column in the operating

memory 320. Then, the following m bits are read from each storage area

corresponding to the (m+1)th row from the second row of the second column

in the operating memory 320, and the following m bits are read from each



10 are inserted anong the 3 bits form ng the header H2. The bit sequence
produced by the processing part 2002 is sent to the receiving side pgwnvqmz
via the transm ssion pathway as a frane that has undergone two-stage
interleaving. (2) Two-Stage De-Interleaving Device 15 Following is a
description of the two-stage de-interleaving device 4 provided to the

recei ving side device. As shown in FIG 9, the two-stage de-interl eaving
devi ce 4 con§P28243%98 a processing part 3092, a processing part 30D,, and a
synt hesi zi ng part 4002. The processing parts 300, and 3002 both possess a
configuration 20 simlar to the de-interleaving device 2 in the first
enbodi nent ( seade @red corrébponpdiog és thagnpd)th AMDZrope thosesode rowt ef theavi ng
on the franes received fromthe transm ssion pathway, by an operation that

i s the conpl third edvmns endfsotfieehi netdthedinang Bitsr §i.er,be pby bitharepregdelsenng
part 2002. For exa in the case wher e content shown in

| e, C e frame with t
PrG 55 10D PacERTBEs BT SOMREPTIBRG La R, Tpad AN gaH O HESRACOaqaEn el
shown in FI Gg}e[l/g)@dj&;urﬂ%ai ned by the de-interleaving perforned by the

processing p is bit sequence consists of the bit sequence of 3
bitg formng the h%é&%‘fndﬂz,,thé%-ihﬂﬂle%hgs&élﬁ’&i‘.?%éﬁdr%stﬂ?oBértaﬁioﬁQFEI)Q! |’@9~t geN

header H, scattered and arranged in the bit sequence of the data

0 V 2002 FO26a@impra8ly2fheOrevdreseof thee imteddaving2perforangaplin etlet cagehef the

synt hesi zi ng_ part 4002. On the other hand, the bit sequence of bits formng
the header Hnteteaving deviegd, and srrje@sithe CHeING undgieanad t@Mehe data D is

l'ied h [ 5 dh ' 300, f
e It or | eavi ng, AR A e ETRe LS FESeRLETBRAARCn rom tne
. | eavi . . \
| nterleaving per Pﬁg&gggﬁste{‘%eEér%@ﬁséﬁ‘&epﬁﬂxﬁar@é’%eous%eé@ dththe npgreg?nt7 bits

de-interleaving, t D, tor fromthe header H, consisti

pl 48 the 63 biritddihent)with refdienddB FIGS.raxglered fromthe bit sequence of
the bits form ng the header H, scattered and 10 arranged in the bit

sequence of the dhiral, BIGTRA shawshtei eonfigupriion aioa iragymthrdds iderieaechivader
HZ d the head H w.tht, t.a D, t.put t.i t iginal f h
2 and e iy oo (e date 0 AU L0 e o phnal Lo how
de-inter| eaVlr{i'Tgr %’ﬁ’\ﬁgﬁ? BrrRB@Wn thdh&adé HiRaf Rhs AP vBRIRReOYS: EbFEGIs Of

|
the Present Enbodi
encoding by means of an error correction code, and the data D which has not

15 undergone error correction encoding.

In this example, the header H consists of k7 code words, and the code
length of each code word is m1 bits. Also, the header H is a bit sequence
consisting of p (= k1 x m1) bits.

The data D which has not undergone error correction encoding is a bit

20 sequence consisting of g (= m x p) bits.

When this frame is interleaved by means of the interleaving device 7
shown in FIG. 1, a frame is produced which has the bits arranged as shown in
FIG. 7B. That is to say, due to interleaving, the p bits forming the header H
are scattered and arranged at equal intervals within the bit sequence forming

25 the data D. Here, the interval after interleaving the p bits forming the header
H is a bit length corresponding to the degree of change in the upper address
of the writing address when the each bit of the data D is written, after the
lower address of the writing address is changed in the interleaving device 71,

while writing each bit of the header H into the operating memory 220, in other



Following is a description of the advantageous effects of the present
enbodi nent, with reference to FIGS. 10A-10F. First, let us supposemtzgz\{ t he
burst error shown in FIG 10E is generated in the process of transni 04002
of the interleaved frame shown in 20 FIG 10D. In the exanple shown in FIG
10D, 1 bit in the bit sequence formng the header H, 1 bit in the bit
sequence form ng the header H2, and several continuous bits formng the
data D are 059%‘?%%@0@% by the burst errof® Wen the frame that has been
affected by such a burst error is received by the receiving side device,
and then de-interleaved by the two 25 stage de-interl eaving device 4, the

frame is recoxgdgdhenmt bie 4t aheuldmwnoied Fére thE@whdmnt® ineEl erBdtife ane,
the effect of the burst error is manifested in the header H that has
under gone er configratienisi tbat ehe famegaltsr intedepyvingary error correcting code

and in the header H2 that has.undergone error correction 2 6 NO V, 20p2
R0960] 3005 26 oncbih!BG B d6h Aa5s whiarara Soiek BHET A8 BB48 SR 1N noi
a random si o} it . , h of th S r i's
mani f est ed ?Whgf%d%ag%]%ﬁg%& Hﬁgﬁgof)%t}%éér g%ﬁgrﬁsﬁ”éﬁ‘gct& ?rggr%i[ oér}ctegn?: di ng,

resgl ting injfeSedMid sBEWA"IN FfIGS?B?VIﬁHhé@Réh?%’gﬁo@htiﬁ-FlG.h?_C, kife E8cHRY, 1N
the present enbodi nent, the 5 advantageous effect of random zation by

i nt er| eavi ngbifif ¢icé bitwsquenbe fdvesidg thédheaddr Hhandhézal 8 tH125™kits ihhtae bit
advant ageous effect of random zation due to interl eaving does not affect
the data D. Pefdencs formnctineisiata & arerGmrionysed Py the b eRekders H, and H2
gdes, t he

erroneous bits. 10 A D6 TABIFEHRaa) PEPEnal ok 9 R REeaN Op aRITH B
conceal ment i uph ATBBHBnSA B Ca WA | WSS 00F HlvchRriche ok L baL has

not undergone error rrection enco As descri bed above, 1 n accordance

W 1D t he presenfragescieretdveradesabown ih FGabDve- descri bed first

enbodi nent, errors are random zed only with 15 respect to the headers H,
and H2, even if bdéssthawn ibrBlIGrd,fen@gardsdthenhearer gy bt thesrespverieshisamet i ng
t he added headers H,_ and HZ that have undergone error correctiqgn encodi ng
by two d 11 POl erSesPRaIY St e LBale POraar o8 deREOFAHE Hhll Farmges.
but errors aygsNple, HREGRALEEH W hb: [P Hrtdcfed Eg éj%h?st[érrc-ﬁb%@ﬁ% Saicfr T or
correction for the headers Is readily acconplished on 20 the recelving

si de, and theuestigral ceutdin adremnd drg o prafebeadf ttdmmission e dvenif itawdrd he
like is readily inplenented on the receiving side with respect to the data

D. 1fur t her noaffecigdnthe 1asuliveddibegnqtiingxeein B airardyy estitin dhe hgadad
arranging the, bi.ts jn the header H, and inth resent enbodinent, it i
pose bl ot o ELRIE, G AL EaYEG aqpoladereily BF MY RetBRr et foler or 25
each header, physdredndlinent BHRES e®BLN ! BE@AinthHBo@P BB of MY dMi®AFor! OF
each head. (4) Ceneral Configuration of a Miulti-Stage Interleaving Device

and a Ml ti - 8f hgest Berotswigh Irespaab ¢p Devhieasder 2 G NOV 27002 F0262/ 3008 27 The
above describes the case where the header that has undergone error

correction encodi AtPredhiiesRumBer eL@TenaaysRiiS '8, taZwansr Hindvithaatg errpr t hat
"3RI SO Bl BRBASHL a0 ST Beh® SRBLERR LY o
corrected in the receiving side device.
By contrast, as regards the data D in the recovered frame, the
continuous bits from the 8" to the 15" bits are affected by the burst error.
Thus, in the present embodiment, when a burst error occurs in a frame in the
25 process of transmission, the burst error appears in the data D unchanged
after de-interleaving. That is to say, in the present embodiment, interleaving
does not bring about the effect of randomization of burst errors with respect to

the data D.



5 secondary error-correcting code, but the present enbodi nent is not
limted to this case, and can, of course, be applied also to the ca3§ Nohenp
the frame possesses 3 or nore headers that have undergone error correction
encoding by different error-correcting codes. FIG 11 shows the
configuration of the r-stage interleaving device 5 10 which interl eaves
frames that contain r nunber of headers that have undergone error
correction er’f@gﬁ?/ﬁao%y different error-cé8Precti ng codes. As shown in the
figure, the r-stage interleaving device 5 consists of the separating part
100r, and the r nunber of processing parts 200, -200r. The separating part
"1 00, divides thelf isaaneeptabte fdrehe datati2nobto hexdemsieidgortd, erroHcomactiarhe
data D. The processing part 200, executes interleaving which scatters and
arranges t he 8codinBoihiqages hwhaieadiee $RidaconrgRMenintsr e dkenhave hren

form th ta D d tputs th | ti it . Th
o1 a0essi g pAPPISSUReCReT e 1o A RS PR AN N At and 26 ar  anges
the bits f ' t ’ t: ' ; i 1 At
out put by the prodoetigoad Aoy S Blaark IR plepferbbarRy e

progessi ng pard pupst aMrlocclhiitfih the Précssryof fasvidsiopUs duie CEsatMmaspaidess 200k
(where k =1 tor) in FIG 11 execute interleaving which scatters and

arranges t he dniitnegeotonivhight fress heerl exdsieikthat helesdddhatl hagwndlesgane etrer bits
out put by the processi art 200k.,. Then ce obtajned from

the final st §Qére{3fi‘?fé eﬂggdiggab@) Siﬁf‘%’c:@@@f f&;i%‘g&eﬁig% Oisngfqty"ﬁgan?%@ & t he
recei ving side deyipenyA. Lae bARSILS LA RRLENEL B 8oL PEES RS ] F ane.

~6NOV?. OO F rf'eaving o € received Tfrane 1S % or med

in the recei WoRGarfddizE8 V4 SdvaNadiARSefictaBrd rélliase irfifral Bhord patimptodevi ce
6 shown in FIG 12. This r-stage de-interleaving device 6 possesses an r

nurtBer of ' prioedssdey Haares r&ik {avtated korr the t receivirgn dideh earsy rid hibat 4t ng

part 400,. 5 The processing parts 300k (where k = 1 to r) execute,
de- i nt er | eaviP8§OmMASi qasYite 'raaémeéttéppceﬁ@%@@ﬁiéee iR PR FEIE YR Sisle.

i nterl eaving perf : t h [ ' 00k (where k =1 tor). In
further detail, tR@n%g%@é&?iOﬁgﬁsgﬁgggmggéﬁ%ﬁm de-interleaving, which is
the reverse of theqplRig %@%. OQrieﬂ%"nEObﬁ?@hé’bﬂé@_@n@?@ﬁ@é@im&tpWh‘icfh 3Pa 00K,

on the franes received in the process of transmi ssion, and it al so outputs
t he header H, for medcfibexhalbore i nuous bits, and a bit sequence with the bits

form ng other headers scattered and arranged within the data D In
addPtion, the pro@&?%'%%rﬁaé"“:ﬂ)@%v'%ﬁﬂaghe nT‘?é@él‘é'r”Q Vige thRavriting

oy et oo Par st R AR L LG (b BOYBLEB B oy

de-interleaving orahh® BeheraRAHBNAAVINg the processor execute specified software,
and dedicated software can be used for this purpose.

® The address-generating algorithm for interleaving is not limited to

20 that of the above-described embodiment. It can, for example, be the

reverse of that of the above-described embodiment in connection with

the upper addresses and lower addresses, or in connection with the

rows and columns in the operating memory. Another example is that

the header and the data can be temporarily stored in separate areas

25 within the operating memory, and interleaving can be performed in

connection with the present invention according to a simple method

involving the alternating repetition of single-bit reading of the bits

forming the header and m-bit reading of the bits forming the data.



out put by the processing part 300" the reverse of the interleaving
performed by the processing part 200k _,, and outputs the header H, —Z’SNWW
fromcontinuous bits, and a bit sequence with the bits form ng ot her
headers scattered and arranged within the data D. Furthernore, the
processing part 20 300, _, delivers the header H,_, to the synthesizing part
400r and delivers the latter bit sequence to the processing part 300r_ 2.
The various pP88¥3&Brg parts 300k fol | owkhg this processing part 300, z
al so performthe sane operation. Then) the processing part 300, of the
final stage performs de-interleaving) which is the reverse of the
i nterleaving perf @ meghebabdveedgronbes prasemamtb@dhent, 28! itd of thespeder b t he
bit sequence output by the processing part 3002, and delivers both the
header H, and theagawattentto théatosgge Beas ini the space A@DE. rothie Hgmaessing ng
part 400r synthesizes th eaders H -. H output by the vario rocessi ng
parts and the dat Qwowﬁgsgﬂ?%ﬁﬁ\%% interiaqy ibgjil?htalls EF%%IPQ.SS'BFGZP%WNI@/ 2002
F0262/ 3008 29 It i e (ption that the present

g e Hored Bt o BNE BLBE R

i nvention can be €re a frame has two types

of Beaders, but algpns hibheavedSshdIBES RefedVcstiPaads cAnHaveldifelehPRAIgs
headers. C. Third Enmbodinent 5 In the first and second enbodi nents, the

frane to be transifortdaeth framseparated into the part that has undergone error
correction encoding and the part that has not undergone error correction
encodi ng, and i nt & Idbe rapave-qascrivedradessntse@mboeimery, dfel kitsr Bnging thee
bits making up the forner across,the entire range, of the bit s nce of
the latter. 10 EmBBAMTOREsSGHEIs ar SLrgs: WEiH &t pogresng &t GRS o not
limted to the abgyg.s -grg%rgg%&a_&hgé@erhﬁm& rSA518, piekfe dalRof i has

not undergone error correctl encodi ng contaln Types of data strings that,
bedguse of their hahdecengimaniddamdength ddes natnded todid iorteah et inteders.
interleaving. 15 The present enbodi nent assunes this type of case. In the
present enbodi nentn ceges gderet gt raties ohdine Uirnsegdaagter poe Wber date: lepgth
encoding is divided ir}ts a)%art fdor whi ch me. randogi zation, effect,of
interleaving i s d&EMTALPR, SXBREFSEd LY {NeQersylli BhPPTSRIE RoPMikY PaBiedo%ng
interleaving is p i ; } i dhatyipke up
the fornmer part i%Gé'gégﬁ%rﬁgr?ﬁggfﬁgﬁggﬂggy%@l'ﬁg?gdgrmrggﬁs@C%\r%rpr es’s\’ggﬁi

signal data of authelepigiinel thedieadetbtinhl exppbseat in tbons appitegatsi and diert he
present enbodi nent. Before describing the process of interleaving in the
prdBent enmbodi mentempwagetneofYBY B eX¥R0arBEi BF HIMing thetrRfer oo not

gener a1, Such CREag i e I RSB0 ol G alid il
transformation, i B&&{Or MBGRNaResd) Kndwis' BRBHRUHIEhG "aHe SRBPhRtHdd 024
sanples in this exanple), thereby converting the audio Signal to paraneters
on the frequency atieseliynthenbits fdvCIg tdoeheaderwllisbe sc@ttdieN dhd/aZz@n@ed, it
is possible to perform de-interleaving on the receiving side, even if the
20 scattering and arranging is done at non-uniform intervals.
B. Second Embodiment
FIG. 8 is a block diagram showing a configuration of the two-stage
interleaving device 3 serving as an example of a multi-stage interleaving
device relating to the present embodiment. FIG. 9 is a block diagram showing
25 the configuration of a two-stage de-interleaving device 4 serving as an
example of a multi-stage de-interleaving device relating the present
embodiment. FIGS. 10A-10F are diagrams showing the operation of the
present embodiment. FIG. 11 is a block diagram showing a configuration of

an r-stage interleaving device 5 serving as a generalized example of the



F0262/ 3008 30 Next, the MDCT coefficients are divided into

previ ousl y-determ ned frequency band (scale factor band) units. Si nrczes N‘dva
frequency resolution is typically narrower than the band wi dth of thi 2002
scale factor band, a plurality of MDCT coefficients will be present in each
scal e factor band. 5 Next, for each of the scale factor bands, the scale
factor SF and the spectral data M. are derived fromthe plurality of NDCT
coefficientsFRR6ARI08 the scale factor F2corresponds to an indicator when
the MDCT coefficient is discript as a floating point, and the spectral data
M. corresponds to a paraneter. 10 A plurality of MDCT coefficients bel ong
to each scal prdszat @mtizaienbutMorepvecaFiG f d2tisra Hodks dgenamasiesiviogethat a
time for each scale factor band. On the other hand, the spectral data M
are gener at edonfiguratipsont tha o-stage darintedsawngreyving se0irdnes X dsekbmiigedg t o

said scal e factor bands. The rel ationshi p anong, t he ahove-descri bed, MDCT
Coel T 1o ont | BXAMAle 18 Be aPoeRL ISP ERMeThg ARodEetK soraed KL IR T5tven by

the follow n r - .= . . . . .

e ((absM) STERRRaR, 8Retind, devioes, prs ARAFed OnEERISSON YRS Slever
in ghe formuljitabRKRorirEnibaiteid systams( Xhd HenhrseRingldsicdd aksabuibedval ue
of the variable X. Al so, OFFSET and MAG C NUMBER are constants, e.g.,
OFFSET=100 afmdthehegumreNBERH® #@BWingtsider dhagreseambbadimeb} js deddribpbe
conbi nati ons of the scale factor SF and the sPectraI data M. can be

obt ai ned wi t Relousyil segersibrajerencedefGeBéafI&. 1%Fhus, there is sone

freedomin the selﬁclti ogtof Iinhéa scal eDf a%tor 25 SF. Accordingly, the scale
factor SF is sel eé ed'&p'ad® r}e&w@e £¥ % mi ni num the amount of data of

the spectral dat ag%t &%6-%&%“9&&%&&95%%\&9%&6 Iy %Pésé?ﬁ'irﬂféguﬁﬂﬁyt 0

the scale factor band 1 n question. T act SF i's obtailne

itepation, thrdemghibeepithatretbrentetd AIG.@s of Forrmula (1 ). 26NOV2002
F0262/ 3008 31 Next, differential encoding of each scale factor SF
correspondi ng to éhishwecsinge fnietervingAavics Sceansisds obarseperating panh 70As case

e e SRS o M gl el BB SRR el and L (2 Pan o the
5L 0, 2 LTI LLRAPAIEA IRREIR 18t hackorey e bt
interleaving device 3 is shown in FIG. 10A.
15 In the above-described first embodiment, the header H of the frame to
be interleaved was configured by a code word that had undergone error
correction encoding by only one type of error-correcting code.
A frame that is to be interleaved in the present embodiment is formed
from the header H that has undergone error correction encoding in the same
20 manner as in the first embodiment, and the data D that has not undergene
error correction encoding, but the header H consists of the header H, and the
header H,. Here, the header H, and the header H, have undergone error
correction encoding according to different types of error-correcting codes. |t
should be noted that for the sake of convenience in the description,
25 hereinafter, the bit length of the data D is to be 63 bits, the bit length of the
header H, is to be 9 bits, and the bit length of the header H, is to be 3 bits.
The separating part 700, is similar to the separating part 700, relating

to the first embodiment in the sense that it divides the bit sequence forming

the frame into the header H that has undergone error correction encoding,



the differential of the scale factor of band n-1 and the scale factor SF of
band n is determ ned. Next, the resulting differentials are enfg?ﬁv using a
Reversible 10 Variable Length Code (RVLC). This RVLC is a reve
variable length code fromthe front as well as fromthe back. An exanple of
this RVLC is a variable Iength code containing a fixed nunber of "1 ". For
exanpl e, }@S #&EFr of "1 "s is determ.ned in advance to be "3" then it
is p055|ble G& ate a serles of RVLC<Such as "111", "1011 ", 15 "1101
", "11001 ", and "10101 ". In another exanple, variable |ength codes
containing an equal nunber of "0" and "1" can forma RVLC (e.g., "01 ",

"10", "0011 ‘and"theQEta D' et dag rot ungieoddre errot ¢a0eQ®n) ercading. Hmvevdrs al so

t he exanpl e of RVLC where the code js conpletely symretrical right/| eft
(e.g., "0, theseparatipgipart 70fpgelating: o) gie presexy empggiment @%oryns the

R R T M B e et

|t is possibk l?etcﬁaetErBV%Fa%tfn M Ht@”y'»%r Peadat I3 1Rt hg@ &n&@r BF\edéﬁSﬂ' “9

25 Next, using t resulting data, a frame i s assenbl ed consi t| ng of

header H th@od@tt@on:bnwm@Er@gﬁlmyt@rdrk@rmﬁhgcbdé,taﬁd%h@atﬂartlﬂethdﬁta D2
corresponding to the spectra ata M. In this franme, the header H includes

a code word thhat uhdergore rercdst edmediony enaeding nly cutsespndarycerrpecoireeting
encodi ng on inportant information 2 6 NOV Z002 F0262J3008 32 such as
effective sc&PH®factor bands and various scale factors SF in band 1 and n.

Here, the varlous d ild

initial scal e gai nfl;%agg%\%@ﬁ%ﬁﬁgrﬁ?éﬁéaﬁ’cgﬁg?@% ﬁ%%a%e%d%dncg% %tgltﬁéqucal e
factor SF of reagthdred dep até}@;nr@cmevsg@rgmbepmvogg The reason why this 5
initial scale gain data and error-correcting encodi ng for the nunber of
scdPe factor banddn aac@lthmclthdeﬁiapauatlm@ prrb d@0, uppliehdhei flafat O andnpussi bl e

to correctly decode these data i.n the receivi si de device, codi ng
of all scal e"P8geo t@,ﬁﬁﬁeweﬁaw@g Rt 4 Of’r%l@%b@%ﬁ"%é ¢ r"ﬁ%@@r B’ﬁeto dat a

Factors S oP (sl 2ot it Madees L RIS SR e ISR TR AT PORLR |
spectral dat addddiRerddn@deans prscddéirigTpert 2009 @idy WEh Ve heagertiyf f man code

scranbling. It should be noted that the data D, and D2 have not undergone
error correction aneqmrpngssnrr@ pstn2Qh arm@tm)omq@@lngt part f208pexoth rmssa$se

sui.tabl e for us t he 15 sent ., enbodi ment are .as

oBact Fon' eAlBaEH T RIS RO HicE) ReAne HePRScias aPey et el tas) Bl
factors SF in n%bﬁ’né and n) Effective nunber of scale factor bands b. Error
correction unencoded data D, 20 RVLC encoded with differentials between the

scal e factors SF Oforebger, the processing part 200, performs interleaving, which
scatters and arranges the 9 bits that make up the header H, in the bit
sequence of the data D. The configuration and operation for performing
20 interleaving have already been described in the first embodiment, with
reference to FIG. 1 to FIG. 5.
FIG. 10C shows a bit sequence output by the processing part 200, in
the process of interleaving.
As shown in FIG. 10C, the 9 bits making up the header H, are
25 scattered and arranged at equal intervals in the but sequence making up the
data D, said bit sequence consisting of 72 (= 8 x 9) bits output by the
processing part 200,. Here, 7 (= 63/9) continuous bits in the data D are
inserted between the bits making up the header H,. The bit sequence of the

data D inserted between the bits of the header is 7 bits.



vari ous bands c. Error correction unencoded data D2 Data w th Huffman
encoded spectral data M. and that has undergone Huffnan code scra %W%
The nunber of bits of the header H, and the data D, and D2 varies fo 002
frame to frame, but, under conditions such as a sanpling rate of 40 kbps/ 48
kHz, for exanmple, the number of bits will be on the order of 320 bits, 80
bits) and 1, %8%5(%‘% the order shown in_FI G 14A 2 6 NOv 2002

F0262/ 3008 3 ove is a detailed deS&ri ption of the object to be
transmitted in the present enbodinent. FIG 15 is a bl ock di agram show ng
the configuration of an interleaving device relating to the present

enbodi ment wher e Nexttheatdaegsing peet 280 nexecotestiniuieviag, tisireloyt scaiersigown in

the figure, the interl eavi n devi ce rel at to the present enbodj nent
consi sts of angéwfnatﬂ%@ S MEHNI Bp e bﬁgd%ﬁz Bt wtﬁ@%b%}‘vﬂﬁ'nztbés and

"00. 10 of ¢ RE BE; ﬁéﬁ%ﬁsﬁé 'é?@ﬁ%“'?afw i BrecsisBorhat 2one e BERRE HMg.a
into the hea?ﬁfoe‘é‘sr% Bakvdiasd eS8 afihh YeroPea By I &@eegélﬁggaﬁ%oiata

whi ch has not undergone error correction encodi ng.” However separati ng

pars y003 relsatientca o thae opthesinterieaningdierontnesdpeathatpescédsinglpaa 20bat  has
not undergone error correction encoding further into the data D,
corresponding to FK& é@@l@oﬂﬁ Rt éeqwceaﬂa it paserst Hromit dre Pspeassi ol t o

t he spectral rﬁ he se t part 1003 delivers the
header H to t %r‘?jarv&%@ %Jaw eﬁﬂﬂ a%a D, and D2 to the
processing part ZRQS%QCME.M&' %roat.hgtﬁa O sehigeRiOcREr iMigubats, 3998 and

2004 are al nost ide to that of pr ocessi n art i rst

enbodi nent . 29/3VoRaNEsus bif@;rprr@m%que@@é buﬁfo@&ynﬁéfmbmsﬂ%péh@w,ng by
scattering and arranging the bits formng the data D, in th It sequence

of 10he data B& |n§erte<h‘|amqrtgetheéislut&ion@lrlg thedwpdiendb. i s out put. The
processing parl 2008 dliRite i stierul i el o ngoand. aLidnalng he
1 ) aRRSRARYS USIPRRE SRS p PRy B RS B e
transm ssi onup@ényony two-stage interleaving.
(2) Two-Stage De-Interleaving Device
15 Following is a description of the two-stage de-interleaving device 4
provided to the receiving side device.
As shown in FIG. 9, the two-stage de-interleaving device 4 consists of
a processing part 300,, a processing part 300,, and a synthesizing part 400,
The processing parts 300, and 300, both possess a configuration
20 similar to the de-interleaving device 2 in the first embodiment (see FIG. 6).
The processing part 300, performs de-interleaving on the frames
received from the transmission pathway, by an operation that is the complete
reverse of the interleaving performed by the processing part 200,.
For example, in the case where a frame with the content shown in FIG.
25 10D is delivered to the processing part 300,, the bit sequence shown in FIG.
10C is obtained by the de-interleaving performed by the processing part 300,.
This bit sequence consists of the bit sequence of 3 hits forming the

header H,, and the bit sequence with the bits forming the header H, scattered

and arranged in the bit sequence of the data D.



2 6 NO V 2002 FO0262/ 3008 34 Next, a specific exanple of the operation of
an interleaving device relating to the present enbodi nent is expl ‘?ifﬂﬁw xmt h
reference to FIGS. 14A 14E. First, the content of the franme to be
transmtted is as already seen for 5 reference in FIG 14A. As shown in
FIG 14B, this frame is separated into the header H the data D,, and the
data D2. In this exanple, the header has 320 bits, the data D, has 80 bits,
and the data f926H3908 200 bits. As shown2Pn FI G 14C, interleaving is
performed by the processing part 10 2003 by scattering and arranging the 80
bits formng the data D, at equal intervals in the bit sequence of 1,200
(15 x 80) bits forofthgsé hhedadaaicdd, isSupglied tothe syathesisingrpge4a0gaGf 80 X
(15+1) bits in the operating nenory. This storage area for interleaving is
represent ed tthe-otherdrasidotae ggt sequencs of hits famipg ke headersHowaaitered and 14C,
the 80 bits form n%,the g)tata D, are g/written t.o a s&%c;ag area of 80 units
cor r espondi nG"RHIERdN e it segiienee Oh % PRI iR FURRIRS P tNERICCePHRIIRAM i al
15 bits int ata D2 are witten in the 15-unit storage area
corresponding t& rows 2-16 of the first columm of the operating nenory, 20

andgthe next 15 bit 3iScedsid Hart BOD, 1peHbinks Sél@—'irftgﬁeew‘n‘?g'i, Q\fPﬂér?SBOWét ng to
| e

rows 2-16 of the second columm, and so forth, until the final (i.e.,

80" ") 15 bit zoardetsty trtegarden apetdtiami fromt dhagétareaviegr pesoomell ngy t the ows
2-16 of the 80" columm. Then, 16 bits are read from each storage area
cor r espondi n@reesssEwEPa 2004 sDee to His derigterigavingnthsr datad),dpenat Moy Meror v,

T 0 R P SIS B B ST iR, e
S Soon SPGB, SR, skl 1002
D, 1are arranged in the bit sequence of the data D.
The synthesizing part 400, synthesizes the header H, and the header
H, with the data D, outputting the original frame shown in FIG. 10A.
The above is a detailed description of the two-stage de-interleaving
device 4 shown in FIG. 9.
15 (3) Advantageous Effects of the Present Embodiment
Following is a description of the advantageous effects of the present
embodiment, with reference to FIGS. 10A-10F.
First, let us suppose that the burst error shown in FIG. 10E is
generated in the process of transmission of the interleaved frame shown in
20 FIG. 10D. In the example shown in FIG. 10D, 1 bit in the bit sequence
forming the header H,, 1 bit in the bit sequence forming the header H,, and
several continuous bits forming the data D are compromised by the burst error.
When the frame that has been affected by such a burst error is
received by the receiving side device, and then de-interleaved by the two-
25 stage de-interleaving device 4, the frame is recovered in the state shown in
FIG. 10F.
In the recovered frame, the effect of the burst error is manifested in the

header H, that has undergone error correction encoding by the primary error-

correcting code and in the header H, that has undergone error correction



scattered and arranged in equal intervals in the bit sequence of the data
D2, yielding a bit sequence of 1,280 bits, which is output to the

processi ng part 2004. 5 The processing part 2004 perforns interleavi ,ZQBWZOUZ
scattering and arranging the 320 bits form ng the header H at equal
intervals within the 1,280 (4 x 320) bits output by the processing part
2D03. Interl %avi r}g %y the processing part 2004 yields the bit sequence of
1,600 bits sh8aF P8I G 14E. 10 This bi ?Gsequence is transmtted to the
receiving side device as a franme after interleaving. The above is a

detail ed description of an interleaving device relating to the present
enbodi nent . Beebddihghydheisegondary erwirvoedreltisgresde sresxifingtiead rapdommesigealei vi ng
side 15 device, using the de-interleaving device shown in FIG 16. This
de-i nt er | eavieRg" @éVibtleeachnand e effeetf thabupit eres s maniasted indoa datD3003,

and the synthesizing.,part 4003. The B cessing parts, 3003 and 3004 each
Possess the SAASGIH PTG ErE SHEoHan FRERR B Ao N ad0 Auaasa S & o)
f the first ki i i Z] ;

function as SRecieyROpiaals b2 THELBE T8 1od)] IR aDe bt St dimeAtethe

De-gnter| ?aViaﬂGa@tbﬁéB@s Ef6& Madntiomitation HeteamRihduifédts DrfletHy red@svi ng
device, yielding the header H the data D,, and the data D2 wth their bits

arranged i n Hhend the headdr Hgdudribe .adranEgeone mftedt of iremdahizatidn alusi tmal s
is also carried out based on%{_% he header_H, the data D,, and the data D2.
Speci fi cal | yInteiigaming gegs ek affacbeddied?- decodi ng, such as the initial

cfective scale f BETbn! R gt Bl R ntedlS Rlaly P Biing 1o
U 7002 F0262}1308foP o ddicly 01 o€ BhicklooheLIRPBOME 16 RorkaRLass SF of

t he various bands is determ ned fromthe various LC contained in the data
D, 10and t he saal béef annected: f drurtdetmobandhé - mforenmtetioded, coaceamemnes &
differentials and the initial scale factor rg}ai n data. In this case, since

u

decodi ng f r ofNPI§HEN R EITE LYt SMRIgRCFYEY Redptartd taalcBas net HPERIATEn
frequency toehﬁwgéﬁ%é%iﬁéé’\@gg‘@bmh possi ble, the scale factor SF of a

| ar ge nunber “0 coded, even when signal errors occur in

ei ther type of RVIAG deHeAbedi sibbe SiaYacdotdarc® wiv 3@ pfesdrt @nbddimepntdri
needed to determ ne the scale factor SF for the high-frequency bands n-1

cannot be obtaiingde dibeve-oeacriedsiingh@mberdiroent, tenens teine randdrizedodrdy wiih of
band 2 is determ ned by adding the differential between the scale factors

fol®bands 1 EPRPOSI{Q thhbeagaceHt 20E e L) ihiburel| ereral A egagneraadaly ¥ band
L oatter bt lbdie acoh B dREKEIeSEReL) WaAes, SR Th AT RSkt 0,

af orenenti on sum e scafe factors o and 3,

and so forthersp cagreboflehessingeby BRo s@ifibent agtpcdr@cting dodesatol détar pal |
bands, fromthe | owfrequency side to the high-frequency side. By contrast,

i n cases whesech fasrvaiseaand énages hiitfermre sre alot nawtivdized vdtit easpentta the scal e
error. the dRFFePertiesF OB gk FoTREISR T AnF BEROPS 1o SHINAROTRAReN o
o 2ched, | IRRAEOUE, SRR ok e Bl R OB o R
subtracting the the like is readily implemented on the receiving side with respect to the
data D. Furthermore, since interleaving is executed twice by scattering and
arranging the bits in the header H, and H, in the present embodiment, it is
possible to achieve the advantageous effect of maximum randomization for
25 each header, by performing interleaving under the optimal conditions for each
head.
(4) General Configuration of a Multi-Stage Interleaving Device and a

Multi-Stage De-Interleaving Device



differential between the scale factors of band n-3 and n-2 fromthe

af orenenti oned result of subtraction, and so forth, so as to deter?g\ﬁm} Hﬁ
scale factors SF for all bands, fromthe high-frequency side to th !
| owf requency side. 25 Next, the scale factors SF for the various bands and
the spectral data M. for the various MDCT coefficients of the bands
included in the data D2) are substituted into Fornula (1) above, so as to
regener at e t f@262(89@us MDCT coeffici ent s2X bel onging to the bands. 2 6
NOvV 2002 F0262/ 3008 37 Moreover, in cases where the scale factor SF cannot
be decoded due to a signal error, concealnent is inplenmented on the band
correspondi ng to tThe Ss@leedéatives thE.cdse WhEeY tHaoksiadert Rt SRS Aridthgslad @ M
is set at "0" in relation to said band. 5 Next, in addition to i nplenenting
rever se NDCT ecroncerrstiion encddieg MBS stsoftivol @inemdnetts t emalydittoe segoed Hj s
regenerated based on the results of the reverse MDCT conversion and the
header dat a. tatdasoendergene egws cormgelion eoroding Ryp®eapimarberreneorreet#iavi ng

ide device. 1Q A d i pti f dvant ffects of th t
onbodi mont 7 GPREVEIT e hedsr Hahab REs BREBRTS Strarisaiananeodicait Recous
ffgcts of t if i sty of - ' . il
be B ovi ded. JESINERY XL bodo, Bt Blorében: EIbRRE| M IFREDLE, T
met hod of thénid TaBeespatcapiod TR, beragpid 8kl taNAkI b eOvhERS s &RGR t O

signal errors is provided for the case where this nethod i s enployed. After
that, a conp@obsesseaid br horedgaders that have uasergonendrod oeregtioanehading

expl anation of resistance to signal, errors is provided for the case where
the present & rRBhETPCUTRAIBELEIES0 First is given Conparative Exanpl e

1, whichis an in | gqvj . . ept. .

enbodi ment. As | nt':‘t?%'eq_zb%ﬁ\;@fd _%%SB@@J}}%{'?@[b?gﬂ%%%tﬁ@%t'ﬁ{é{?,ﬁg(’@;sgé\{'%e 5

congi dered Wagiéh tihRriehlss fPambaotHAlecHaRer Rukitlr BASHAMMIRE OBRe BAVOT
correction encoding are scattered in the bit sequence corresponding to both

the data D, andei@netatorltavechon encoking opaliffareor er2d-corediogi antiesncodi ng. |t
shoul d be noted that for the sake of convenjence |n naking a conparison
with the present &sRAWRERtheiighrsdaa&rstapainigreayngedaVies P ¢AISHtH obihes20

nave a bit | ShgRRIS0 e el RS oo TRl 8o S PR s 28 Shown 1

FIG 17A interl egyengpafating farE POG divide@etHeorame imditA8 rdqueMsdr dHlagiefd Or age
area of 320 x (1200 + ) units in the operating nenory. FIG 17A is a

t wd5di nensi olgl— Hegndthendateilbn of the storage area used for interleaving. 5

First, as shown ig FIG 17A, the 320 bits form ng the header Hare witten
{0 the 320 units QhesPIACESRNG BRIt 90 CRESHIAT dPASF VIR0 WIS SERIS® A

operating ne Nextt i 0t 4. 0bit,s_ | r i to
the 4 units %Prra}sﬁggragebli%lﬂg”;r{e”gé E:%?b%%%%n’gi %{;Q?%Q?ggg}ags@%h% @(t) ua_ﬁqi‘lér%%of t he
operating nef@ing thetatal®, Aekbuthuly the rasating bitsequémdé® the 4 units of
storage area corresponding to rows 25 of colum 2, and so forth, until the

final 4 bits are Vihet prosesnghears 206,t exasutes ditageaving awkichr ecgitangliangl t o
ro 2-5 of colum 20.,Accordi ngl once, wjiting.of the, 80 bits form ng the
Coll b i et PieDAB T BS TG thel heRdS Hoabe s itenias KhMenet SS0dHE |
t hen execut eg,uw'[n%g thégp&e%@%goﬁé}pzb@i tial 4 bits in the data D2 are
St r

witten to eac orage area responding to rows 2-5 of colum 21, the
next 4 bits are WThet®iiné appifsttoSthelciger proedssieg bagperdvald TRatigws sdyS of
colum 22, and so forth, until the final 4 bits are witten to each Storage
area correspdmiivagous proegssing paftsc20Qmiwize. k 20 1Thaig) ionicks.t he ewectiteng of
the bits formng the header H the data D,, and the data D2 to, the

oper ati ng ner‘ﬁi?@e?‘éngi ‘g'héﬁjatt?rﬁea ?gaﬁgﬁ?é’%ﬁ%ﬁsgﬁgn‘ﬁﬁeﬁh%b‘f'@d%%«r?t are

re in an or t hat_di fi.far iften. That is to say,
5 gigts are rggg%lf'btcz)e?hvaélg(l:%hs?te%r&a%@;lgertggﬁc%dégggé%smﬁ%éﬁ%@k‘f'om 1-5 of col umm
1 of the operatinghBRMHe bitl StRuenchi ditaire8 FEAGNE fHBIZNage Fheshﬂ_rétgge)ar ea
corresponding to rows 1-5 of colum 2, and so forth, until the finall 5 bits
are read fropresassingt @asgl08y éa tamsnedpdndi g treceiong 3idé akvicel vemtHz20.
Accordingly, the 320 bits formng the header H are scattered and arranged
at equal i nt &@paMission padwayEsoabintelsavesdtaredice forning the data D,



2 6 NO V 72002 FO0262/3008 39 and the data D2, resulting in a bit sequence
of 1,600 bits, which is transmtted to the receiving side device vtg We
transm ssi on pathway. Let us suppose that a burst error occurs in 0V 2002
process of transm ssion, as showmn in FIG 17B. In the exanple depicted in
FIG 17B, the 5 bits from5 the 9'" to the 13" bit of the 320 bits formng
the header H,_ plus several continuous bits formng the data D, are
conproni sed B5\W282B80%t error. Here, in c88nection with the header H,
random zation is inplenented through interleaving, and the effect of the
burst error is manifest in the formof random signal errors. Therefore, as
| ong as the nunberDeihtataaaimepofsthbireseildd ffAma isparfortiee iexhapéesighgwide n
FIG 17B] is within the error correcting capacity, the signal error can be
corrected i ndenige; by @eansgpfArdesigagidseintesearving dsyine € shewniimHGel2xanpl e
shown in FIG 17B,_the cgata (5) , ,Which includes the RVLC needed t
sequential |y det erihd-SiAeE sdeieHeR\ing vk G RATSBENRE 35 cHHBFSH SEd by

a burst error, l\@ﬁl ef fi.Ci f ¢ act or band

i S generat ed,Pr%%%eSMaﬁ%‘?%p ct rr% _diltt(glhle\?ﬁdatﬁgs ggfegsw%@ﬁ%h%g "recovered
by &he receiving sidepdeyisifg pHARISI0) Muhetb &= 8 RUPSéxIUE® deR@Eaving,
either the data D, or in the data D2, it becones inpossible to decodé the
scal e fact or viradd iscoomplepein dih @ geterse lopeeationnfemnshpadnterieavieg perfdrimedebyar e no
errors in the other. 20 Mdrreover, in the exanple depicted in FIG 17B, an
error has ocdt® PERFesaingRartsi300; dwherrck =of tahe data D,, that is to say, in

Sequence of the RIR COHHEn R e BsrREng s 3B et EeinBrealiopand
Thus, the enty igh ggﬂ@ réﬁérg@rofbm@dinté}@avn@egéfm;% Y Qh‘éhﬁr’o%etsg!ﬁgsﬁ&'f?'

error occurre ecoding 25 the scale factor conmes an undecodabl e
sedpor. As slzoep bn theGrahéB, resetedaim ¢he @rocessunt tiamsenissiogeandnbedsof bit
sequences anong the RVLC bit sequence, a decodabl e period arises that

i ncl udes a | ugUtadR®&eader Baderanediognsaptinueus) ks, Bnd a bitxsegugnce Wwiitn02

F0262/ 008 40\ AR SR HESPHRLrE el BRI M B By o
B R o e e e LR
i nterl eavi ng part 400,, and deliver the latter bit sequence to the processing part 300,,.
15 Next, the processing part 300,., performs de-interleaving on the bit sequence
output by the processing part 300,, the reverse of the interleaving performed
by the processing part 200,,, and outputs the header H,, formed from
continuous bits, and a bit sequence with the bits forming other headers
scattered and arranged within the data D. Furthermore, the processing part
20 300,., delivers the header H,, to the synthesizing part 400, and delivers the
latter bit sequence to the processing part 300,,. The various processing parts
300, following this processing part 300,, also perform the same operation.
Then, the processing part 300, of the final stage performs de-interleaving,
which is the reverse of the interleaving performed by the processing part 200,
25 with respect to the bit sequence output by the processing part 300,, and
delivers both the header H, and the data D to the synthesizing part 400,.
The synthesizing part 400, synthesizes the headers H, — H, output by

the various processing parts and the data D, thereby recovering the original

frame.



5 perfornmed according to the present enbodinent. In this Conparative
Exanple 2, as shown in FIG 18A, the processing part 2003 wites t?gNW 00
bits formng the data D, needed to decode the scale factor SF, divlding
theminto 40 bits each for row 1 and row 2 of the operating nmenory. Next,

t he processing part 2003 wites the initial 30 bits of the 1,200 10 bits
formng the data D2 to each storage area covering row 3 to row 32 of colum
1 of the opef8283/800%enory, and then writ28 the next 30 bits to each storage
area covering row 3 to row 32 of colum 2, and so forth, until witing the
final 30 bits to each storage area covering row 3 to row 32 of colum 40.
Then, once this wWtij§ichgrifont e kbbes debbribtiohanas HegreBant inY8Akor eall He32
bits 15 fromeach storage area fromrows 1-32 of columm 1, then reads the
32 bits fromappldd sotorrdy éo Hreecader whereadramesRas fwe bipasmofdeaaleds, swit fateat h,
until the final 30 bits are read fromeach storage area fromrows 1-32 of
col umm 40. THeHe ¢ase Wieress iRy has ¢ ozmewqw?@eap@r%-he processi ng part

200 a bit se en%ﬁ.gf tg)egi 280 bits that were read in the descri bed
manner. 20 t, H %'in (o '?leﬂ part 2004 perforns interleaving by

scagtering and aryaal festdify 3ol bhdQAAbAQ, the RRRIRH U Flnghitfld is
intervals in the bit sequence of the 1,280 bits output fromthe processing
part 2003. Fkeparkidl phowse phe tkarniagunadrigone ehro doiriectien eaoedingesidl theng
fromthis interleaving. 25 This bit sequence is transmtted to the

recei vi ng si gertdinal d@sarotaungergene esverdcenregien encadied.proddsterigpving is
transmtting this fri)me, %@burst error .oc%urg, as_shown iB@ﬂG 18B. 2 6
NOV 2002 F028871etDed By §GtteARg &ndhairangiegtae Bisimakng UPL Bis Tormer SChoss ¢
4th bit, 43 Ly 44 4 I needed for decoding the

scal e factor %%ﬁtgsggg%erré;%‘r%%%ﬁuy&{&%e&%%lgﬁegrror. The scal e factor bands
t hap cannot decodenidriimentscofl iAtdrRavivly itlURe Peddit S8vdntionedredic lihiitad &N

undecodabl e sector. 5 Incidentally, an RVLC is used to encode the scale
factor SF, athe abevescal e factor SF corresponding to band 1 with the | owest

frequency and the _scale factor SE corresponding to g’g?r:ld n wth the highest
frequency are incFQH&S@ ?‘?’h eﬁ%éﬂzpel-?aaf’g Wﬁ?"ﬁ gptas Feric hag ng i%dg’éﬂ%ﬂeg

Ther ef or e, LGa 2 S 4, ) 4 ; p i -hi gh
frequency b\gﬁr% , r%8ﬁgecodfaﬁ%6$ég %%ﬁ%’ié”%&%%%ﬁ% E@Ugﬁ%@o%} I'hhi gh
frequency, andtrenstsukelivdergbane sagigrhizatisroeffectasf iite8ayfvg.C cor r espondi ng
to | owfrequency bands, the scale factor SF of a very w de range of bands
caibbe recovered Bhedueseningmbpdimentggsgumsiu e iyRe®acaseownf thegpmsent

However, when interleavjng,is perfornmed as, descri bed above out by 15,
hiting the. BrEOdBeRs Hhe A B8R has i) Bsrdieegk Srestegnsdbitiing t o
a plurality ; Lnat oRer @thi~ng i (o] 3¢ F : ML C
needed to deg]é/| eéatl\?lrgbsga grtf%gt@blchtﬁqtgﬁ%Gﬂ%ﬁ%Ha%ﬁeeét ?mlikrgflgﬁ\@ﬁ%gagappear
as 2 continuaesirdbies dnsea phafd fABRhickAdt ds diatgkygsirdihier eands isterieagngaise i n
the nunber of bits conprom sed by the burst error anpng the bit needed to
20 decode t h@egerned pyccatterdrg angeaneing the bits thatgnpie ppdbakpanemiart ime
vapjous RVL correspondi t or._nore bands that are separated on the
fréguency agi%@e g'ﬁﬁﬁﬁu?r}% %gﬂﬁg%ﬁeﬁtpaﬁﬁ‘ts of the various RVLCs needed to
decode the scal e (ol bssEd Widhal PEaOBPr AMHis ot LR RUfabieCbbREts bk
addition, when a signal error occurs in the conponent bits of the 2
vari ous RVLCapplidatiespontiegrésent erhbodihidny. oBefoas ddestepmigatred pascdsBeof
frequency axis, the sector fromthe band with the |owest frequency to the
band with théthilegdng in thepeessnt rrokerimeah st ity ansegiaatioasoistiean in
FIG 18C. ~ ~~).0d V D02 F0262/ 3008 42 . In cantrast to Co rative
Exanmpl es 1 amﬁtﬁ?élﬁ?{e@e&e&m S%@?ﬁoﬁéﬁité}t@ rgglrlggtrgfsegg%q T@r'glgﬁef%conponent
bi of the RVLC . i ng ep at
b : 'F?rtgﬂeéj NIEGifiES PI8crehe ﬁeeTF%'gs?&{ma?%nthQ@at'lg, % typRest

equal intervals in e frame, since al ts mng t

cor r espondi n@inieRfrefgerisatranéfaphatiorfHsap@rforridd en 4 @iﬁdp]@fr%hféfauﬁmNs@haB the
operating nenory, when'interleaving is perforned in the processing part
200. Furt her samgle (h624 sappiesiin Biis ©xampid)e tiRvely wosdertingdhdexwittesighel scal e
factor SF of each band have the sane sequence as_the sequence of each band
on the frequédBarameters apakpadency e KReWn ssdhRldeceaiti@entisnt er | eavi ng.
Therefore, even if a burst error such as showmn in FIG 19A 10 occurs in a
frame during transm ssion, nothing nore will happen than that it wll be

i npossi ble to decode the scale factor SF corresponding to the neighboring
band on the frequency axis. It is therefore possible to shorten undecodabl e
sectors acconpanying a | oss of the scale factor SF, as shown in FIG 19B.
15 I n accordance with the present enbodinment, in cases where there is a
header H that has undergone error correction encoding, and the data D, and

e T e . e r



20 arranged in the resulting bit sequence, so that even if a burst error
occurs, it is possible to reduce the probability that the scale f?cﬁtm @fl
wi | | becone undecodabl e, thereby enhancing the quality of the reproduce
audi o signals. Mreover, since the various bits are witten only into the
first row of the operating nmenory when the bits needed for decoding the
scale factor SF are 25 scattered and arranged, the bits needed to decode
the scal e fac0862/808f the various bands38re scattered and arranged in the
frame in an order identical to the order of the bands on the frequency
axis. Therefore, even if a burst error occurs, it is possible to
concentrate on theydk efeeMICTX cSeffiientCale dinasorindr ptdladuhpdegenih&st -
Thus, undecodabl e 2 6 NOV 2002 F0262/ 3008 43 bands can be concentrated
into a very ffaquency aagd.(séaledackes idand) uhis.quaihce yheffreguence pesduted isaudi o
signal s can be enhanced. D. Variations on the Above-Descri bed Enbodi nents
The i nt er | eatimiealdevarcavemidandhe hand wigih of thievrale fasloatiang, eoplgrality of

enbodi nents 1]- an be.realized with the depicted hardware configuration,
or with a soﬂvﬂ[ﬁgrﬁr&o@%m? ﬁr‘"ﬁﬁ%ﬁrﬁﬂm&%%%l ?géegacﬁpro %&1 for am operation
sinmglar to the on [ i iLbed
rbSdi ment bi te RS g The DendercdT riad Ratuire it B sFraf e
correction erpeeirfHaeNL seatbRVaHrofmOharglargtyne MDOT toeficiBhis Xeqysace of
data that had not undergone error correction encoding, but the present

i nvention istmscélerfacted SFocergspongado taneindisatas-wieert tepWdDC hiceeffigharnitigy and
de-interleaving can, of course, ,also be applied to rts that have not
under gone er A5CNPb A% & if|8ﬁt'ré91&9mtn@”dAﬁ%%,ﬁﬁeﬁtr?hgafﬁﬂw{i EHFBRRIACHSt [0 &h

exanpl e was %i K&ﬂe%f the case where 15 the present invention was applied to
3 paraneters eha ré‘present 1 signal, but the present invention is not
liApted thereto, angiurdiity of MDCTWoekiceritd Hepsy id 88cH gEald fat@rdandd bbe
represented by 4 or nore paraneters. In this case, interleaving can be
per f ormed by thee acalerfactgr Sirdis generajedgneha aoiims fooeads poaldifagtor basdmOn
paraneters in a bit sequence correstpondi ng to one of 20 the remaini nl?s

par anet ers, oy hePRi Hig SRACtEpHRle Mb e P1aepREaIee N FRSPOBEste dhe Mgrio
correspondi n%@ﬁg%%ﬁ%mg& ?‘Ee'gb?'iﬁg%ggid o Cgﬁgc afR. 2.6 N DV 2002 44

CLAIMS 1. A or inter salr d net ho aracterized in that into
a bit sequence cormesimdnggipt @nanfithstabeie-dscebéd@ MDOTatswHlcibAt X, tigne to
be transmtted or stored are scattered and arranged the bits formng a bit
sedbence cor sesledadionF, and thespactra slataMLldiatgiveroby tienetowinosfermuta: anme
wherein said bit sequence corresponding to said first set of data have not
undergone error correction coding and said bit sequence corresponding to
sai d second set at. 7 I | I QO 1RE nmet hod
for interleavi r%ﬁ%%(ﬂé@ﬁ(%ﬁ%ﬂvl%ggﬁ%ﬂﬁfbgﬁsﬁﬁm&3};}4&9@@?%{ "?gjye%%g ce
corresponding to the said second set otHQaQ? are scattered and arranged at
equal intervals within the bit sequence corresponding to said first set of
data. 3. A nethod rinterleavi f i , i I f 1 ng t he
bit sequence corr5&%8%§$h§{gﬁgggﬂﬂugeggéﬂagg% gpﬂﬁéﬁdgggg?gggt é?@%qh%d
arpgnged 1 bighsafuté vhiugEoiMHehiadohe X0 a2 QUERSETCAHd SHRQIT!IINVOMBEFS 2irdl
first set of data. 4. A nethod for interleaving of Caim1l, wherein the

bi ts for m ng cbhstabitd, esgqOFRSE TolGtampbNAGIE NOYMBEB=805dd set of data are

scattered and arranged several bHs' at a Bé me within the bit sequence
correspondi ng to AECArding 4 Fesnusr (lgatyltiie rempnpticss of ihe scalefastProsr d ai m

1, wherein t pt.oce S tari [ t [ f ' bi t
sequence cor %Z'gp@ﬁegl%gcﬁgl ﬁ%r@!ﬁa?%nra]tg? %é\'ﬁ%gn%hi n s%cgﬁ& &:‘g‘egﬂjeq—ge i's
repeat ed iter@biiedtX Wihii§ tREE BGonherealemahhre sdriclioh of the sBAlb fag@kence
that was scattered and arranged as recited above.
25 SF. Accordingly, the scale factor SF is selected so as to reduce to a minimum
the amount of data of the spectral data ML corresponding to each MDCT
coefficient belonging to the scale factor band in question. This scale factor SF

is obtained by iteration, through repeated calculations of Formula (1).



? 6 NOV 2002 45 6. arranging the bits formng a code word that has
undergone error correction encoding at a code length that differs Bmt he
data already contained in said bit A nethod for interleaving of C 2002
wherein the process of scattering and sequence is repeated iteratively,

whi l e adding said other data to the bit sequence that was scattered and
arranged. 7 thod for interl eaving of aiml, wherein said first set of
data is inf o?ﬂg%/gqp%to be treated with c%??ceal ment processing if signal
errors occur in the process of transm ssion, and the bits formng the bit
sequence corresponding to -the- said first set of data is not scattered and
arranged within t Nexhidiffseemptiehesceding exfpeauii agaleofaotaiesF darrespandingntst hod
for interleaving of Claiml1l, wherein said first set of data are data

cor r espondi n§3€d SEWE Tactpr Brrghis cATiedS8Hi ng that is performed on signals

oo used an t he T Tan i 4f€ HosobRE R ind REaBR BRI i€ 3o SralBEFEH Ui g
said differ eBéh&!1Stocl9£i§c?ﬁUEHeVSilﬂ)érebr?itaﬁ‘btgﬁxfae{lé?ﬂthfeoécéﬂé‘féd%regFecﬁ"d 1.5

met hod characterized in that the ave been scattered and arranged

in ghe bit seguesde thctobSFleF bavicep| day diffepdrtial Bamueh fhcospasaifabtbl BF of
sequence, so as to recover 2 bit sequences corresponding to different data
wher ei n sai dbBnd Zsangithececalefactop Siidoineand3 saieddetersineseandfsodarth, hiatie not

under gone error correctipon coding and said biit seqguenc orrespondi ng, to
sai d second g@dl%]ereagtpgo t&\?es%%%n@ﬁt@rr\do?qc%?fgﬁ?@ﬁe %&6‘%%’.9 O?%’%Q%rret hod
for de-inter I aim9 , wherein 3 or nore bit sequences
correspondi anggb%q?‘?iﬁognt data are recovered, by performng the

consecutive repet Neikpntid reeiBMpndiffdrentiid Sarehaincbaye Bs8g acFHdwiregeand
arranged fromthe said bit sequence. 26NOV2002 46 11. A device for

i nl@r | eavi ngVasiabld dewvitbeCotiar(EMLsr)i zdtist RMLG tis scravessibleavatriatie dageth i nt o
a bit sequence cgrre&g&ndi ng to a first set of data contained in a frane to
be transnitt §89%fro8t Biediont@savell 88 et hierAS- bit sequence corresponding to

a second set of dg@f‘eﬁﬁﬂ%i &etﬂié' AvE a@ é%ﬂ&ble"?’@ﬁgﬂ Qoo%ai:&wtgirﬁrﬁ%qﬁ%?ébce

corresponding to rst se a havée not undergone err correction

codi ng and salghdelr bf SPAURIIEKabIé asrNsliBet 6f ‘924 & sReMNAc8dt aglatad & have
undergone error correction coding. 1 2. A device for interleaving,

conprising: &a “8pérentit isgpossilie o generajarceserias of MELECisuchfap“riovis™ 19 1k

colums; a wjling, ress sppply,part that supplies the operating nenory
wi t# (a) a plt}%ﬂl i tﬁggﬁ &g e@@@ﬁ ‘correspondi ng col unmm by colum to the

matrix, excludinga fhsh ek pld&/aR8bte 1ERGtH Edddstbrithihfg S LSRRG, Lo 2
of “0” and “1” can form a RVLC (e.g., “01”, “10”, “0011”, “1100”, “001011”,
‘0001117, “110100", etc.). There is also the example of RVLC where the code
is completely symmetrical right/left (e.g., “0”, “101”, “111”, “1001”, “11011",

20 “10001”, etc.).

Regarding the spectral data ML, Huffman encoding is performed, and
Huffman code scrambling is executed. When this Huffman code scrambling is
executed, it is possible to prevent errors from propagating at the time of
decoding.

25 Next, using the resulting data, a frame is assembled consisting of the
header H, the data D, corresponding to the scale factor SF, and the data D,
corresponding to the spectral data ML.

In this frame, the header H includes a code word that has been

obtained by carrying out error correction encoding on important information



first set of data contained in a gane to be transmtted to or stored in the
operating nenory, and (b) a plurality of addresses correspondi ng togb?ﬁ
first row of the matrix for witing bits corresponding to a second QM?%Z
data contained in the frane in the operating nenory; and a readi ng address
supply part that supplies the operating menory with a plurality of
addresses corresponding row by rowto the matrix for reading bits form ng
the frame to Hdee2BaPEMi tted fromor stor@d in the operating menory. 2 6
NOV 70p2 47 13. A device for de-interleaving, said device characterized in
that it renoves the bits that have been scattered and arranged in the bit
sequence 10 BecAANbREURBVELId FRMSBAD Bhd YAAYASGRalS Richs |OF TP paYErt 2 bi
sequences corresponding to erent data wherein said bit sequence

cor r espondi n@nidon.s #efle f thestari®as sehledfactord ®Feinnsdndinderdye aes etiizad aothect i on
coding ,and said bit sequence corresponding to said second set of data have
under gone er riytialcerale @airodatioaihey. undertaking: chosedLdivei deeadirgof nge ofcal® ai m
1, wherein sald bit sequence corresponding to, said second set of data are
di vi ded i nt o f&ct Bl raPf egcbfo %idtms&esfe%ea{' Sidsr g?Y'F? of N§ireasAt ¥yeliy

di sgretel [ r ' t uence
cor Peaponi ng 4 S o8l Bl G BpPsaitoMid Snbsiigl P i nBfiy e
are scatter e@a&ﬂﬂbéﬁcﬂ@ﬁﬁ@ﬁwdﬂd@ﬁ'lﬁ thé Rehbér AESIYRNGE @l?ﬁ&ﬁﬁé%@%‘%ﬁ@cﬁﬁ' d
first set of data. .A A y. A AS. AS. A& Auy. A . ANS. A;

CAy. AU A, . A{ .dicods. mhlye/éla%m Amlfre@en@mg(&éé daafceA(thégAlecAding@Aall Akal. A&Q
A{ A&h. Ayl . ASR. AU A. AF. A#& MuNHs 7

R5} xsni d_Z] céqi@ia]%ﬁfcba]mr&]%ta]acf@arca]o@a?@af¢rapéa$l€@} ca] ca] ca] ca] ca] ca]cal ¢

a%%g;%;:gg][)g] TR AEP. cPbE %%F@é{?%saf@a?%éﬂ A ET L o
] }f(ns!ﬂnl d] _Z] ]c] ?}af f&hfé]? (frat]-]% 4]}?&"]% ?@%sjccg[]q?a]e%%] ﬂj?]‘%:dﬁica ca cZﬁéca] ca]

ca] ca] ca] ca] wt]lda]tba]sm]ctra] calx dMlcalas’ UAd€rigbre ) HYfffah* éraddiyg ,ag well- 46 (/ UOO
1h1} xsni d_z] djWtmaaceds &aT %@P@aq c #] ehquidpeataf dhpt HiecdptealPe andaPs Bpva] caj c

a] ca] ca] ca] ca,]QQ % J£cal(£1f51222

3i 3334744444 ggbé?ﬂog I%%Oé @o gy l%’F’J}xsnl d_Z]c]ca]ca]ca]lca]ca]ca]ca]c
a] cal ca] ca ca] ca] o] sahcap 1R wrbysl saheahierlarifalael aaker 3 6ad kel cal c
al 3:x: 0 <<<X<<5=Y===>P

?AB?@ @A@}amntcénﬂ:}adtmahtaﬂecaﬂ] fndi]awa] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

ca] ca] ca] ca] ca] ca] cal]_:ca] ca] ca] ca]ca] ca]ca]c }‘_,caI AA1B] Bl BzBBBB| CCC. D3D8DNDSD
D2EwE| EE rror correction encoded header

A1 cav] cal caV] cal o) e eea o aptE PR KRB ER) SEIEBRR ERATR )T\ 1T 551 S
4JVI[ JJJI?KeK] KKKKIEfdskdd ALY BKEcAIMfaetdtbasdd caV] ca) ca] caV] ca] ca] ca] ca] caV

] ca] ca] ca] ca] caV] ca] caV] ca] caV]ca] ca] ca]c a]caV]ca]ca]caV]ca] ca]caV]ca]ca
LLLL- M<MARMAM MVMVNE NG INCOIvetidNNencoded data D,

0740 10400000000 ZUid Z
caPa] cav] cal ca] o e|aTEpaRs oH ﬂcha?é/]sq%?%nn%%f)v&m%] DA Roupmcirs BF GThie °2

OP/ P3PBPPPPPPQYCX W R( R5R;
RHRVR] RoRURR~ysni C | d['CaV] ca] caV] ca] ca] caV] ca] caV] ca] caV] ca] ca] caV] ca] caV

] ca] caV] ca] ca] ca] ¢f aEgal sayberhamdrzabeakasl paVl cal caV] ca RRRRRR
S4S9S] SaSf SSSSSSSSSTT) T=TBThTI TTTTTTU~ysnhc"X251 d] caV] ca] ca] caV] ca] caV] ca] ca
V] ca] ca] caV] ca] ca\Datalwit] tlatihea] emdddeal spdatra) daid b amd/tee] ey oaddrgahea] ca]
EJI%\LG]UEJ?JUUUWVBVXVZ\VWWVWVNWMWWWXXX xsnhc] XS] d] ca] caV]ca] caV]ca]calc
U\\;}%g} gg} gg}/jcg?/} ga%h@a] \%@? &%e%ead ﬁl] SATHS %]5 and D, varies from

X" XI XNXo Xt XXX AN SN

] ca] ca] 2a] calJ ca ca(])ca ca] ca] ér S rlcdz!lt]bca] cabi ca]\é{ré%%“céj}ééé}dgﬁ Q@]ﬁ%ﬁgf‘z
aV] ca] caV] ca kHz, fof exargple, the hum@aa%b bhs bdibbb birbtrebediert of BoohssVoasig, d] ca
WV] ca] ca] caV] ca] caV] ca] caV] ca] caV] ca] ca] caV] ca] caV] ca] caV] ca] ca] cal ca] caV]c
a] caV] ca] ca] @] tape &\t cthp cufiersshovosecidés déd~ ddddee) e. eef f $f GgRggg6h: hahnh
| hh~ysnhc”YTmhc”Yj d] ] ca] ca] ca] caV] ca] caV] ca] ca] ca] caV] ca] ca] ca] caV]ca] caV]c
aJjcaljca W]calca W]ca]ca UV]ca]ca



caj ca
&/]/Jca]caU]ca]cahhhhm SiCGliriwiiiii"j,jJAj)]]2k}kkk/ T U W{IlIl mnm{vgkf %‘Z]a
c] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca\/] ca] ca] ca] caV] ca] ca] caV] ca] (2
] ca] caV] ca] ca] caV] ca] ca] caV] ca 1nPmm®Bn; nnnnnnnnoo o;
0>0Qoo00000>pOpTpppppq| wal ga\ Wd] ] c] ca] ca\/] cal] ca] caV] ca] ca] ca] ca] ca] caV] ca]
ca] ca] caV] cal.caV] ca] ca] caV] ca] caV] ca] ca\/:] ca] ca] ca] ca] ca] ca]ca]ca
q' g+q] qqquqq%ﬂ%‘gflfrmgr LrPrdr~rrrr 3
s]ssssssG | ttzuoi d_ZTj d] V] ca] ca] ca] caV] caV] ca] ca] ca] ca] ca] caV] ca] ca] ca] caV]
ca] ca] caV] ca] caV] ca] caV] ca] ca] caV] ca] caV] ca] ca] caV] ca] ca
tttt<ueuj u. vcvgvwWikiedaewk vievanvdsieiisd xddscrpticn ek xhxy bisjery bd Xedir dhohitelcial caV] c
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15 First, as shown in FIG. 14C, the 80 bits forming the data D, are written

to a storage area of 80 units corresponding to the first row of the operating
memory.
Next, the initial 15 bits in the data D, are written in the 15-unit storage
area corresponding to rows 2-16 of the first column of the operating memory,
20 and the next 15 bits are written in a 15-unit storage area corresponding to
rows 2-16 of the second column, and so forth, until the final (i.e., the 80" 15
bits are written in a 15-unit storage area corresponding to rows 2-16 of the
80" column.
Then, 16 bits are read from each storage area corresponding to rows
25 1-16 of the first column of the operating memory, and 16 bits are read from
each storage area corresponding to rows 1-16 of the second column, and so
forth, until the final 16 bits are read from each storage area corresponding to

rows 1-16 of the 80" column.
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5 The processing part 200, performs interleaving by scattering and
arranging the 320 bits forming the header H at equal intervals within the 1,280
(4 x 320) bits output by the processing part 200,.
Interleaving by the processing part 200, yields the bit sequence of
1,600 bits shown in FIG. 14E.
10 This bit sequence is transmitted to the receiving side device as a frame
after interleaving.
The above is a detailed description of an interleaving device relating to
the present embodiment.
De-interleaving of received frames is executed by the receiving side
15 device, using the de-interleaving device shown in FIG. 16.
This de-interleaving device consists of the two processing parts 300,
and 300,, and the synthesizing part 400,.
The processing parts 300, and 300, each possess the same
configuration as the de-interleaving device 2 (see FIG. 6) of the first
20 embodiment. The synthesizing part 400, has the same function as the
synthesizing part 400, of the second embodiment.

De-interleaving of the received frame is performed by this de-
interleaving device, yielding the header H, the data D,, and the data D, with
their bits arranged in their original sequence.

25 The reproduction of audio signals is also carried out based on the
header H, the data D,, and the data D,.

Specifically, first, the data needed for decoding, such as the initial scale

factor gain data (scale factors SF of bands 1 and n) and the effective scale

factor band number, are taken from the header H.
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differential between the scale factors for bands 1 and 2 to the scale factor SF
(initial scale gain data) of band 1, after which the scale factor SF of band 3 is
determined by adding to the aforementioned sum the differential of the scale
factors of band 2 and 3, and so forth, so as to determine the scale factors SF
15 for all for all bands, from the low-frequency side to the high-frequency side.
By contrast, in cases where, for example, the differential needed to determine
the scale factor SF of the low-frequency band 2 cannot be obtained due to a
signal error, the differential between the scale factors of band n-1 and n is
subtracted from the scale factor SF (initial scale gain data) of band n, after
20 which the scale factor SF of the band n-3 is determined by subftracting the
differential between the scale factors of band n-3 and n-2 from the
aforementioned result of subtraction, and so forth, so as to determine the
scale factors SF for all bands, from the high-frequency side to the low-
frequency side.
25 Next, the scale factors SF for the various bands and the spectral data
ML for the various MDCT coefficients of the bands included in the data D,, are
substituted into Formula (1) above, so as to regenerate the various MDCT

coefficients X belonging to the bands.
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follows.

In order to more properly understand the advantageous effects of the
present embodiment, first of all, a comparative example will be provided
describing an interleaving method other than the interleaving method of the

15 present embodiment, and an explanation of resistance to signal errors is
provided for the case where this method is employed. After that, a
comparison will be made with the present embodiment, and an explanation of
resistance to signal errors is provided for the case where the present
embodiment is employed.

20 First is given Comparative Example 1, which is an interleaving method
other than that of the present embodiment. As in the above-described first
embodiment, the case is considered where the bits forming the header H that
has undergone error correction encoding are scattered in the bit sequence
corresponding to both the data D, and D, that have not undergone error

25 correction encoding. It should be noted that for the sake of convenience in
making a comparison with the present embodiment, the header H shall have a

bit length of 320 bits, the data D, shall have a bit length of 80 bits, and the
data D, shall have a bit length of 1,200 bits.
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First, as shown in FIG. 17A, the 320 bits forming the header H are

written to the 320 units of storage area corresponding to the first row of the
operating memory.
Next, the initial 4 bits in the data D, are written to the 4 units of storage

10 area corresponding to rows 2-5 of column 1 of the operating memory, then the
next 4 bits are written into the 4 units of storage area corresponding to rows 2-
5 of column 2, and so forth, until the final 4 bits are written to the 4 units of
storage area corresponding to rows 2-5 of column 20.

Accordingly, once writing of the 80 bits forming the data D, is finished,

15 writing of the 1,200 bits forming the data D, is then executed. That is to say,
the initial 4 bits in the data D, are written to each storage area corresponding
to rows 2-5 of column 21, the next 4 bits are written to each storage area
corresponding to rows 2-5 of column 22, and so forth, until the final 4 bits are
written to each storage area corresponding to rows 2-5 of column 320.

20 Thus, once the writing of the bits forming the header H, the data D,
and the data D, to the operating memory is finished, the bits stored in the
operating memory are read in an order that differs from when they were
written. That is to say, 5 bits are read from each storage area corresponding
to rows 1-5 of column 1 of the operating memory, then 5 bits are read from

25 each storage area corresponding to rows 1-5 of column 2, and so forth, until
the final 5 bits are read from each storage area corresponding to rows 1-5 of
column 320.

Accordingly, the 320 bits forming the header H are scattered and

arranged at equal intervals in the 1,280-bit bit sequence forming the data D,
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random signal errors. Therefore, as long as the number of erroneous bits [4

10 bits in the example shown in FIG. 17B] is within the error correcting capacity,
the signal error can be corrected in the receiving side device.

At the same time, in the example shown in FIG. 17B, the data D,,
which includes the RVLC needed to sequentially determine the scale factor
SF of each band, is compromised by a burst error.

15 Here, the MDCT coefficient X for each scale factor band is generated,
based on the spectral data ML and scale factor SF recovered by the receiving
side device. Therefore, when a burst error occurs in either the data D, or in
the data D,, it becomes impossible to decode the scale factor band
corresponding to the erroneous part, even if there are no errors in the other.

20 Moreover, in the example depicted in FIG. 17B, an error has occurred
in the bit sequence of the data D,, that is to say, in the continuous bit
sequence from the 19" bit to the 38" bit of the bit sequence of the RVLC
needed to determine the scale factor SF of each band. Thus, the entire scale
factor band that needs the RVLC where the signal error occurred for decoding

25 the scale factor SF becomes an undecodable sector. As shown in FIG. 17B,
when an error occurs in a large number of bit sequences among the RVLC bit
sequence, a decodable period arises that includes a large number of bands,

as shown in FIG. 17C.
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109%& ()-3 Example 2, interleaving is performed on a frame by means of an interleaving
device of the type shown in FIG. 15. However, the interleaving performed
according to this Comparative Example 2, differs from the interleaving

5 performed according to the present embodiment.

In this Comparative Example 2, as shown in FIG. 18A, the processing
part 200, writes the 80 bits forming the data D, needed to decode the scale
factor SF, dividing them into 40 bits each for row 1 and row 2 of the operating
memory. Next, the processing part 200, writes the initial 30 bits of the 1,200

10 bits forming the data D, to each storage area covering row 3 to row 32 of
column 1 of the operating memory, and then writes the next 30 bits to each
storage area covering row 3 to row 32 of column 2, and so forth, until writing
the final 30 bits to each storage area covering row 3 to row 32 of column 40.
Then, once this writing is completed, the processing part 200, reads 32 bits

15 from each storage area from rows 1-32 of column 1, then reads the 32 bits
from each storage area from rows 1-32 of column 2, and so forth, until the
final 30 bits are read from each storage area from rows 1-32 of column 40.
Then, the processing part 200, delivers to the processing part 200, a bit
sequence of the 1,280 bits that were read in the described manner.

20 Next, the processing part 200, performs interleaving by scattering and
arranging the 320 bits forming the header H at equal intervals in the bit
sequence of the 1,280 bits output from the processing part 200,.

FIG. 18B shows the configuration of a bit sequence resulting from this
interleaving.

25 This bit sequence is transmitted to the receiving side device as an
interleaved frame.

In the process of transmitting this frame, a burst error occurs as shown

in FIG. 18B.
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5 Incidentally, an RVLC is used to encode the scale factor SF, and the
scale factor SF corresponding to band 1 with the lowest frequency and the
scale factor SF corresponding to band n with the highest frequency are
included in the header H as initial spectral gain data. Therefore, when a
signal error occurs in the RVLC corresponding to a high frequency band,
10 decoding is carried out from low frequency toward high frequency, and
conversely, when signal errors occur in RVLC corresponding to low-frequency
bands, the scale factor SF of a very wide range of bands can be recovered by
decoding from high frequency toward low frequency.
However, when interleaving is performed as described above out by
15 writing the bits forming the data D, to each storage area corresponding to a
plurality of rows in the operating memory, the bits forming each RVLC needed
to decode the scale factor SF in the frame after interleaving appear as 2
continuous bits [see FIG. 18B]. Accordingly, there is an increase in the
number of bits compromised by the burst error among the bit needed to
20 decode the scale factor SF. Moreover, it is highly probable that the various
RVLCs corresponding to 2 or more bands that are separated on the frequency
axis among the component bits of the various RVLCs needed to decode the
scale factor SF will be compromised by the burst error.
In addition, when a signal error occurs in the component bits of the
25 various RVLCs corresponding to a plurality of bands separated on the
frequency axis, the sector from the band with the lowest frequency to the

band with the highest frequency becomes an undecodable sector, as shown
in FIG. 18C.
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the data D, corresponding to the scale factor SF are written to the first row of
5 the operating memory, when interleaving is performed in the processing part
200, Furthermore, the component bits of the RVLC needed to decode the
scale factor SF of each band have the same sequence as the sequence of
each band on the frequency axis, appearing in the bit sequence after
interleaving.  Therefore, even if a burst error such as shown in FIG. 19A
10 occurs in a frame during transmission, nothing more will happen than that it
will be impossible to decode the scale factor SF corresponding to the
neighboring band on the frequency axis. It is therefore possible to shorten
undecodable sectors accompanying a loss of the scale factor SF, as shown in
FIG. 19B.
15 In accordance with the present embodiment, in cases where there is a
header H that has undergone error correction encoding, and the data D, and
D, that have not undergone error correction encoding, the bits for decoding
the scale factor SF contained in the data D, are scattered and arranged in the
data D,, and moreover, the bits forming the header H are scattered and
20 arranged in the resulting bit sequence, so that even if a burst error occurs, it is
possible to reduce the probability that the scale factor SF will become
undecodable, thereby enhancing the quality of the reproduced audio signals.
Moreover, since the various bits are written only into the first row of the
operating memory when the bits needed for decoding the scale factor SF are
25 scattered and arranged, the bits needed to decode the scale factor SF of the
various bands are scattered and arranged in the frame in an order identical to
the order of the bands on the frequency axis.
Therefore, even if a burst error occurs, it is possible to concentrate on

the frequency axis the scale factor SF that can get lost. Thus, undecodable
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D. Variations on the Above-Described Embodiments

The interleaving device and de-interleaving device relating to
embodiments 1-3 can be realized with the depicted hardware configuration, or
with a software configuration for executing a program for am operation similar
to the one described above.

Furthermore, in the above-described embodiment, bits forming the
header H that had not undergone error correction encoding were scattered,
arranging them in a bit sequence of data that had not undergone error
correction encoding, but the present invention is not limited to this, and the
above-described interleaving and de-interleaving can, of course, also be
applied to parts that have not undergone error correction encoding.

Also, in the third embodiment, an example was given of the case where
the present invention was applied to 3 parameters that represent 1 signal, but
the present invention is not limited thereto, and it is of course also permitted
for 1 signal to be represented by 4 or more parameters. In this case,
interleaving can be performed by scattering and arranging the bits
corresponding to some parameters in a bit sequence corresponding to one of
the remaining parameters, and performing multiple repetitions of this

scattering corresponding to the number of types of parameters.
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1010%“& @o‘rrésé@r@?ﬂg(t}) a 38Indl&8t\of data contained in  said frame wherein said bit
sequence corresponding to said first set of data have not undergone error

correction coding and said bit sequence corresponding to said second set of data

have undergone error correction coding.

2. A method for interleaving of Claim 1, wherein the bits forming the bit
sequence corresponding to the said second set of data are scattered and
arranged at equal intervals within the bit sequence corresponding to said first

set of data.
3. A method for interleaving of Claim 1, wherein the bits forming the bit
sequence corresponding to said second set of data are scattered and

arranged 1 bit at a time within the bit sequence corresponding to said first set

of data.
4. A method for interleaving of Claim 1, wherein the bits forming the bit
sequence corresponding to said second set of data are scattered and

arranged several bits at a time within the bit sequence corresponding to said

first set of data.

5. A method for interleaving of Claim 1, wherein the process of scattering and
arranging the bits forming a bit sequence corresponding to other data not
contained in said bit sequence is repeated iteratively, while adding the said other

data to the bit sequence that was scattered and arranged as recited above.
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6. A method for interleaving of Claim 1, wherein the process of scattering and
arranging the bits forming a code word that has undergone error correction
encoding at a code length that differs from the data already contained in said bit
sequence is repeated iteratively, while adding said other data to the bit
sequence that was scattered and arranged.

: A method for interleaving of Claim 1, wherein said first set of data is
information to be treated with concealment processing if signal errors occur in the
process of transmission, and the bits forming the bit sequence corresponding to
+{he-said first set of data is not scattered and arranged within the bit sequence
corresponding to other data.

8. A method for interleaving of Claim 1, wherein said first set of data are
data corresponding to the differential encoding that is performed on signals that
are to be transmitted or stored, and said second set of data are data to be
used as the initial values when the said signals are decoded by using said
differentials consecutively.

9.

A method for de-interleaving, said method characterized in that the bits that
have been scattered and arranged in the bit sequence to be de-interleaved are
removed from said bit sequence, so as to recover 2 bit sequences corresponding
to different data wherein said bit sequence corresponding to said first set of data
have not undergone error correction coding and said bit sequence corresponding
to said second set of data have undergone error correction coding.

10. A method for de-interleaving of Claim 9 , wherein 3 or more bit sequences

corresponding to different data are recovered, by performing the consecutive
repetition of removing the bits that have been scattered and arranged from the

said bit sequence.
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and said bit sequence corresponding to said second set of data have undergone

error correction coding.

12, A device for interleaving, comprising:

an operating memory configured as a matrix of p rows by m
columns;

a writing address supply part that supplies the operating memory
with (a) a plurality of addresses corresponding column by column to the
matrix, excluding a first row thereof, for writing bits corresponding to a
first set of data contained in a frame to be transmitted to or stored in the
operating memory, and (b) a plurality of addresses corresponding to the
first row of the matrix for writing bits corresponding to a second set of data
contained in the frame in the operating memory; and

a reading address supply part that supplies the operating memory
with a plurality of addresses corresponding row by row to the matrix for
reading bits forming the frame to be transmitted from or stored in the

operating memory.
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13. A device for de-interleaving, said device characterized in that it removes the
bits that have been scattered and arranged in the bit sequence to be de-
interleaved from said bit sequence, so as to recover 2 bit sequences

corresponding to different data wherein said bit sequence corresponding to said
first set of data have not undergone error correction coding ,and said bit sequence
corresponding to said second set of data have undergone error correction coding.

14. A method for interleaving of Claim 1, wherein said bit sequence
corresponding to said second set of data are divided into a plurality of bit sets, said
plurality of bit sets being discretely positioned at a predetermined bits interval in
said bit sequence corresponding to said second set of data, and said plurality of bit
sets are scattered and arranged within the bit sequence corresponding to said first
set of data.



