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1 DATA DE- ROTATOR AND DE- | NTERLEAVER Technical Field of the
| nventi on The present invention relates to an apparatus and
nmet hod for de-rotating and/or de-interleaving data. Background of the
| nvention WO an 8 VSB terrestrial conmmunication syR{Epe7/12607

I nformation nay be transmitted to a rece|V| ng station over the air. In an
exanpl e of such a system each two bits of' data to be communicated is

converted to a three-bit trellis code which is ”Egped as _a synbol havi ng—
ei ght possible levels so PAER REAPTRAFCE BFD 221N E8ent ed by four

synbol s. The SWWWW of the synbol s are rotated
before they are transmiied In data ranes. A data frane that
is used in an 8 VSBT systhempiresedtsithosediam rteﬂetAESfb[ixgiapnafE&hxsvbsidon
Standard (publ |§gecfl on ?e teng? 6an%/9095) aqd gagtlcyrllarég/ in Annex D,
section 4.1 t HBFRHT A% SUEPEFH AT Y oS i1853° 674 % ta
' Background of the Inventicn
In an 8 VSB terrestrial communication system,
information may be transmitted to a receiving station over
the air. In an example of such a system, each two bits of
data to be communicated is converted to a three-bit trellis
code which is mapped as a symbol having eight possible
levels so that each byte of data is represented by four
symbols. The symbols are interleaved, and some of the
symbols are rotated before they are transmitted in data
frames.
A data frame that is used in an 8 VSBT system is
discloged in the ATSC Digital Television Standard
(published on September 16, 1995} and particularly in Annex
D, section 4.1 thereof. This data frame is comprised of a
plurality of segments (i.e., lines) wherein each segment
contains groups of data and wherein each group of data
includes a plurality of data elements. For example, each
segment may contain sixty-nine groups of data, each group
of data may include twelve data elements, and a data
element may be a symbol of data. The first segment of such
a data frame contains frame synchronization information,
and each subsequent segment in the data frame has an
initial portion containing segment synchronization
information (in the form of four segment sync symbols) and

a succeeding portion containing data.



plurality of segnents (i.e., lines) wherein each segnent contains groups
of data and wherein each group of data includes a plurality of data

el enents. For exanple, each- segnent may contain sixty-nine groups of data,
each group of data may include twelve data el enents, and a data el enent
may be a synboWM0d¥Ba. The first segnent of such a data frBeEUSGNLeY NS
frame synchroni zation information, and each subsequent segnent in the data
frame has an initial portion containing s&gnment synchroni zation )
information (in the formof four segnment sync synbols) and a succeedi ng
portion containi ng dat a.Because of =98/ 7%hd segment Synchronlzatlon

PCT/ US97/ 12607 , ofrzf Because of the
frame and segmeRfOEYHHIbATLALBRS iR rIald JFa®snt tPRefard alements ridhe,

the data el enegéstdin SR QngQHQSmQ{'] Rt pumedden’ 8kgbpdebn order to
facilitate processing of the data b e receiver. This rotation is

described in Aﬁa@;(l{ratsaecnnmsmag5o§nuh¢ rattsaive theotrechiver or erteid | oned
St andar d. Accoggégghgh {é“%escrlbed in Annex D, section 4.2.5 and in

table 2 of the aforementioned Standard. Accordingly, the
rotated and interleaved data received by a receiver must be
de-rotated and de-interleaved.

The present invention is directed to an apparatus
for de-rotating and/or de-interleaving data elements such
as symbols.

Summary of the Invention

In accordance with one aspect of the present
invention, an apparatus-for processing rotated and
interleaved data comprises de-rotating means and de-
interleaving means. The de-rotating means de-rotates the
rotated and interleaved data in order to produce de-~rotated
and interleaved data. The de-interleaving means de-
interleaves the de-rotated and interleaved data in order to
produce de-rotated and de-interleaved data.

In accordance with another aspect of the present
invention, an apparatus for processing rotated and
interleaved data comprises first and second storing means
and first and second addressing means. The first storing
means stores D elements of the rotated and interleaved
data. The first addressing means addresses the first
storing means in order to read de-rotated and interleaved
data out of the first storing means and to write rotated

and interleaved data into the first storing means. The



rotated and interl eaved data received by a receiver nmust be de-rotated and
de-interl eaved. The present invention is directed to an
apparatus for de-rotating and/or de-interleaving data el enents such as
synbols. Sunmary of the Invention In accordance with one aspect
of the present &I on, an apparatus for processing rotat e F 9711260

I nterl eaved data conprises de-rotating neans and de- interleaving neans.
The de-rotating nmeans de-rotates the rot at®d and interleaved data in order
to produce de-rotated and interleaved data. The de-inter| eaving nmeans de-
i nterl eaves theSBEORBt B eANhPSARE FFEATE IR R LTSRS @ér the dpr¥efrted
de-rotated and deal Bhec) faYAth 484 read out of dik 34FREUBRGEIMG R A0PL Ner
aspect of the presen I'nventi on, an apparatus for processing tTotated and

i nterl eaved dat Zheoapeosdsaddresis iagdmeans nakddtardeng tireaseconddstdxizig and

second addressing neaps. The first stqQrin nmeans stores D el enepts of the
rotated and int Egﬁﬁﬁvb’a O’Eé;ﬁra.toTﬁga?ii 8§f rgﬁ%‘feégﬁ dﬁééﬂgeﬁﬁﬁ?‘é‘% eiattane
first- storing BRANSE thOI&orld stezdngems M AtHd 2Rdwk-ater ieavseht datanput

of the first storing means and to wite rotated and interleaved data into
the first stori Agteshesvediidata from the first storing means into the

second storing means.

In accordance with yet another aspect of the
present invention, an apparatus is arranged to de-rotate
rotated data. The rotated data is rotated on the basis of
D data elements. The apparatus comprises storing means and
addressiné means. The storing means stores D data elements
of the rotated data in corresponding D storage locations.
The addressing means addresses the storing means in order
to read de-rotated data out of the D storage locations and
to write rotated data into the D storage locations.

{ef I s ¢ the I .

These and other features and advantages of the
present invention will become more apparent from a detailed
consideration of the invention when taken in conjunction
with the drawings in which:

Figure 1 illustrates an example of data in row
major order and is useful in explaining interleaving of
data to be de-interleaved by the present invention;

Fiqure 2 illustrates an example of data and is
useful in explaining rotation of data to be de-rotated by
the present invention;

Figure 3 illustrates a de-rotating and de-

interleaving apparatus according to the present invention;
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3 second storing neans stores nD el enents of the de-rotated and

i nterl eaved data read out of the first storing nmeans. The second

addr essi ng neans addresses the second storing neans in order to read
de-rot ated anWa#Ber| eaved data out of the second stori nBCHERTHA2@Rd t o
wite de-rotated and interleaved data fromthe first storing neans into
the second storing neans. In &ccordance with yet another aspect
of the present invention, an apparatus is arranged to de-rotate rotated
data. The rotated data Fsguoe at eick @n ttimdngadisgoam frdathe deewnlatodhe
apparatus co r| s%‘s3 stori ng means and addressing neans. The storing neans
stores D data ﬁtlgur?)f the rotated data in corresponding D storage

locations. The addresspigur@ansiaddransag BNQgFART4Y0 HRARSNERCRIMEr tO
read de-rotated data out of the D storage |locations and to wite rotated

data into the3® ofoFagureotations. Brief Description of the Draw ngs

Figure 6 illustrates the address generator 36 of
Figure 3 in additional detail;

Figure 7 illustrates an example of data which is
useful in explaining the operation of the address generator
36 illustrated in Figure 6;

Figure 8 illustrates one embodiment of the
address generator 40 of Figure 3 in additional detail;

Figure 9 represents the memory locations of the
second memory means 38;

Figure 10 illustrates the address segquences
produced by the address generator 40 of Figure 3;

Figures 11A and 11B are timing diagrams for the
address generator 40 of Figure 3;

Figure 12 illustrates a first embodiment of the
seed generator 82 of Figure 8 in additional detail;

Figure 13 illustrates a second embodiment of the
seed generator 82 of Figure B in additional detail;

Fiqure 14 illustrates the multiply by twelve and
modulo forty-seven operator 98 of Figure 13 in additiocnal
detail;

Figure 15 illustrates the modulo forty-seven
correction logic 106 of Figure 14 in additional detail;
and,

* Figure 16 illustrates another embodiment of the

address generator 40 of Figure 3 in additional detail.



These and ot her features and advantages of the present invention wll
‘beconme nore apparent froma detailed consideration of the invention when

taken in conjunction wth the drawi ngs in which: Figure 1
illustrates an of data in row mmjor order and is us '

expl ai ni ng int ﬁ%ﬁg of data to be de-interleaved by thee%&égéégﬂ'lnm
I nventi on; Figure 2 illustrates_an exanple of data and is

useful in explaining rotation of data to bé de-rot at ed by the present

i nventi on; . Figure 3 illustrates a de-rotating and de-
i nterl eaving a&ﬁ&?&%ﬁg—%g%%?éﬁﬁnto the present invention; s)

98/ 04973 ) _ Pigure 1 illustrates a ﬂTQE%H§%§/é36Q¥tes of data
4 Figure 4 is a timng diagramfor the dendbdul ator 30 of Figure
3; Filguents Which thaviengedhigednitan sdeendogt pekteef B4sadndi gure
3 ThaUES,Be | L) USRS ! DSn A S S IYRALON030:%L,, ., a,,

and A;. BEBach of these data symbols may represent, for
example, two bits of data. The first byte of data symbols,
therefore, represents eight bits of data. The second byte
of data contains the data symbols B, - B,, the third byte
of data contains the data symbols C, - C,, . . . and the
twelfrh byte of data contains the data symbols L, - L,.

A symbol interleaver in a transmitter may be
configured to interleave the data symbols of Figure 1,
although any other arrangement of data symbols or data
elements may be interleaved. Accordingly, the symbol
interleaver converts the data symbols illustrated in Figure
1 from row major ordering to column major ordering so that
the data symbols are transmitted as column major ordered
data elements. Consequently, instead of the transmitter
transmitting the data symbol A, after the data symbol A,,
the data symbol A; after the data symbol A,, the data
symbol A, after the data symbol A,, the data symbol B, after
the data symbol A,, and so on, the transmitter (ignoring
other processing which may change the ordering of the data
symbols) transmits in sequence the data symbol A,, the data
symbol B,, . . . the data symbol L,, the data symbol a,,

Thus, each column of data symbols as shown in Figure 1
represents a group of twelve data elements such that the
first column is transmitted first, the second column is

transmitted second, and so on.



Figure 3 in additional detail; Figure 7 illustrates an exanple
of data which is wuseful in explaining the operation of the address
generator 36 illustrated in Figure 6; Figure 8 illustrates one
enbodi ment of the address generator 40 of Figure 3 in additional detail;
Figure 9 repr ®@mesdB3he nenory | ocations of the second nenorgTEEMR63S;

Figure 10 illustrates the address sequences produced by the address
generator 40 of Figure 3; Fi guees 11A and 11B are tinmng _
di agrans for the address generator 40 of Figure 3; - Figure 12
illustrates a first enbaﬂgueﬂtzcﬁhdwmeon&egﬁogﬁnefeﬂauaEﬁ&mbblﬁlgﬂrs 8 1in

addi ti onal detail 13 illustrates a second enbodi ment of

the seed gen&FIFEPtg30 ?fF?chPrt@ &rlaﬁ‘eaddf‘f‘l BhAv it dijgure 2, the gure
14 illustrat egrblg aylaa@éys%dl\@ll\ﬁetﬁng Eaﬁﬂ'&ffﬂéaygﬁ}éﬁﬂsoﬁréégt he

of Figure 13 in additional detail; ure 1 ustrat
modul o forty- $SegBRntcaPrare inet |usfiatedn6 HbWéWQEUEDthbn gradgst bonaatalet ai | ;

and, symggggrfnléhélée Eﬁ&t%ﬁ %Qoggegtﬁggxg¥§32y£soga;hﬁé
rotated. For example, the data symbols in a group of data
symbols in a segment 22 have been rotated by eight, and the
data symbols in a group of data symbols in a segment 24
have been rotated by four (although in the embodiment of
the present invention described hereinafter, it is assumed
that the ﬁransmitter does not rotate data by four). Thus,
the data symbols shown in Figures 1 and 2 are then
transmitted as interleaved and rotated data.

Figure 3 illustrates an apparatus 28 for de-
rotating and de-interleaving interleaved and rotated data.
The apparatus 28 includes a demodulator 30 {such as an ATSC
8 VSB demodulator). The demodulator 30 receives an ATSC
standard 8 VSB terrestrial mode signal and produces the
following four output signals: a frame sync signal, which
occurs at the end of the frame sync segment; a segment
sync signal, which occurs coincident with the first symbol
clock of each data segment; a symbol clock signal; and,
interleaved and rotated data. The interleaved and rotated
data are supplied to a first memory 32. There are 312
segment sync signals produced for every frame, but there is
no segment sync created for the frame sync segment. There
are 828 symbol clocks produced for each data segment, and
each symbol clock is coincident with a corresponding data

symbol. However, there are no symbol clocks created during



address generator 40 of Figure 3 in additional detail. WO 98/ 04973
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illustrates a plurality of bytes of data elenments which have resulted from
scanni ng part _of aﬂ%cene. The first byte of data contains th&%ﬁéa 6so\4rrbol S
Alerr], AlerrWORMH | and Alerr]. Each of these data synbd Nt

represent, for exanple, two bits of data., B The first byte of data synbols,
therefore, represents eight bits of data. "The second byte of data contains
the data synmbols B[err] - Blerr], the third byte of data contains the data
synbol s ( err]eithgpthe time copbrgpRrepding\drr FRepf¥ame foyns Segmens A% t he
data symbol s L{@t rdime ddcBrebponding to thef rAUFDPOLohdUE d RRY &y

transmtter nmay be lrrE:eonf [ gurgantJ()nglT ntoerl eave t he E(}jat a S))rﬁ;%ol g“%%l%i SSre 1,
al t hough any ot eegmentamyacent Thé refatee s\yayinbbd olodes aonlgt exdrsts may be

I nterleaved. Accordingly, the nbol .interleaver converts the data synbols
illustrated i nc‘ﬁrgelﬁ'péj%d%h?r gf‘h 5%5\? rﬁj'“g’rorlﬁr‘de FAYTE o° BT FntWHEP8r ordering

so that diagram illustrating the outputs of the demodulator 30.

The frame sync signal, the segment sync signal,
and the symbol clock signal are supplied to a controller
34, and the controller 34 produces the following five
output signals: a seg count signal; a group count signal;
two reset signals, RESET 1 and RESET 2; and, a byte clock
signal. The seg count signal is the output of a divide by
four counter which is reset to zero by the coincidence of
the frame sync and seqg sync signals. Thereafter, it is
incrementgd by each seg sync signal which causes the seg
count signal to cycle through the counts 0, 1, 2, 3 0, 1,
2, 3 . . . . Because there are 312 segment sync signals
per frame, and because 312 is divisible by four, the value
of seg count corresponding to the last segment of the frame
will be 3. Therefore, the seg count signal cycles through
its four values 78 times (312/4) per frame.

The group count signal is the output of a counter
that counts groups of twelve symbol clocks. The group
count signal is incremented by one when twelve symbol
clocks have occurred. It is reset to zero by the
coincidence of the seg sync signal and the symbol clock
signal. Because there are 828 symbols per segment, and
because 828/12 = 69, the group count signal will cycle from
0 to 68 during each data segment. Thus, the group count

signal output cycles through the counts 0, 1, . . . 68, 0,



the data synbols are transmtted as colum nmajor ordered data elenents.
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segnent 20 of

a data frane. As shown in Figure 2, the group of data

synbol s i n t hP¥tEr sLPChisigRal diigsrerprRet nevese fiRt o gyabelnsioekt at ed.

However, othe

PigheEPs 9§ Halfning diagram illustrating the outputs of
the contrﬁller 34.

The segment count signal, the group count signal,
the symbol clock signal, and the RESET 1 signal are
supplied to a first address generator 36 which supplies
addresses to the first memory 32. Accordingly, in response
to the segment count signal, the group count signal, the
symbol clock signal, and the RESET 1 signal from the
controller 34, the address generator 35 reads out of the
first memory 32 a group of de-rotated and interleaved data
and writes into the first memory 32 a group of rotated and
interleaved data to replace the group of data which was
read out.

+ In the above example where a group of data
includes twelve data symbols and where each data symbol
represents two bits of information, the first memory 32 is
a twelve symbol memory. Thus, in response to the segment
count signal, the group count signal, the symbol clock
signal, and the RESET 1 signal, the address generator 36
reads out of the first memory 32 twelve de-rotated and
interleaved data symbols and writes into the first memory
32 twelve rotated and interleaved data symbols to replace
the twelve data symbols which were read out. More
specifically, in response to a first symbol clock pulse,

the address generator 36 reads out of a first storage



synbols in the segnent 20 or in other segnents nmay be rotated. For
exanpl e, the data synbols in a group of data synbols in a segnent 22 have
been rotated by eight, and the data synbols in a group of data synbols in

a segnent 24 n rotated by four (although in the enbgdi t he
pr esent invent‘?gn %Jégsgri bed hereinafter, it is assuned that ‘}?H}gﬁﬁnﬁ&

transmtter does not rotate data by four)., Thus, the data synbols shown in
Figures 1 and 2 are then transmtted as interleaved and rotated data.

Fi 3ill t t, 28 f - tati d -interl [
nier | eaved antS b IITE ARG BHBArde 28 FAE] G068 SYRROMIGt o 30

(such as an ATgftds SR dlemedyh aberdtoddiR: demadubat 6f Sk LAY ffendyATSC
standard 8 VSB terrestrial node signal and produces the follow ng four

out put si gnal s32 @ fdaffe SIWelstgnaeplags dhe ddegEsdata ¢ frdukeald wifiahhwalsr ane

sync segnent; YRt ' I [ C I Qe it h e
first synbol g?%cgk of’ eal\z%:ggg?gg%ggtn%%;S%goggnggﬁbgfogﬁ&g?%%\ge'art{'gg
i nterl eaved anaddwdsd eferdatsior 3dhindrdneritsavied antpuotaddibsedaiya ofes

supplied to a first rrerm@rfyé 32. Thgre are 312 segnent sync_signals produced
for every franES2Fuiotth&fe 3 secnpd sthfwade svRetirBabedtio i et MearEyYsync
segment. There;; &f &R WaRE! sEhosKSadd qdueed fnfoeard LaldFeerrabe and

location of the first memory 32 a data symbol to replace
the second data symbol which was read out, and so on until
all twelve data symbols in a group have been read ocut and
replaced. The addresses that are supplied by the first
address generator 36 to the first memory 32 are arranged to
de-rotate the rotated data symbols stored in the first
memory 32. The de-rotation of the rotated data stored in
the first memory 32 is explained in more detail in
connection with Figure 6.

Accordingly, the data supplied at the output of
the first memory 32 is de-rotated but is still interleaved.
A second memory 38 and a second address generator 40 are
provided in order to de-interleave the de-rotated, but
still interleaved, data. The symbol clock signal from the
demodulator 30 and the RESET 2 signal from the controller
34 are provided to the address generator 40. In response
to the symbol clock signal, the second address generator 40
generates addresses for the second memory 38 such that each
address causes cne of the data symbols stored in a
corresponding storage location of the second memory 38 to
be read out and causes a data symbol from the first memory

32 to be written into that storage location of the second



each synbol clock is coinecident with a corresponding data synbol. However,
there are no synbol clocks created during WO 98/ 04973

PCT/ US97/ 12607 7 either the tine
corresponding to the frame sync segnent or the tinme corresponding to the
four segnent wWOAMPTDOl s of ~a segnent sync. Therefore, sym®owlusgielrs only
exi st corresponding to data synbols. Figure 4 is a timng diagram
illustrating the outputs of the denodul atér 30. The frame sync
signal, the segnent sync signal, and the synbol clock signal are supplied
to a control | sem3dy 3hda hepdentr bhé edat3d symddicgastheesdl dwowi rind isee

out put signals: a seg gount sign roup count signal; two reset
signals, RESE?"1 éﬁﬁgﬁéﬁﬁ?nZthg GdaEFTé%§34§Qﬁﬁ?te§|b%a?ﬂe count
signal is the;Quitduy ne%a%\fl ds, bt’hef&é”r&t@t@ﬁe%u\@hhﬁ@effeé@éftdatt% zero by
t he coi nci dence of t frame sync and seg sync signals. Thereafter, it is

i ncrenment ed bgtewesdt :seg:r@m@cgngnmmm &P daugeadt hutsag de:omuatagnal to

cycle through ﬁ&“a 1€%f%av£d gat§.0’Tgfs éé f%tatEd andascause there are
312 segnment sync Sig S

1nterleaved data is supplied to a series-to-parallel
converter 42 which receives each two bit data symbol from
the second memory 38, and converts the bits of four data
symbols to a byte of eight parallel bits in response to the
byte clock from the controller 34.

The first address generator 36 of Figure 3 is
shown in more detail in Figure 6. The first address
generator 36 includes an address countexr 50, an offset
generator 52, and a modulo twelve adder 54. The address
counter 50 counts twelve symbol clocks and then resets.
The output of the address counter 50, therefore, varies
from zero to eleven and then resets to zero. The offset
generator 52 responds to the group count signal and the
segment count signal from the controller 34 in order to
generate an offset (which may alternatively be referred to
as a seed.} The modulo twelve adder 54 adds the output
count from the address counter 50 and the offset from the
offset generator 52 in order to generate an address which
is supplied to the first memory 32. The offset generator
52 may be simply a set of standard logic elements which are
configured according to the equations shown in Figure 6.
Alternatively, the offset generator 52 may include a read
only memory and an address decoder which decodes the group

count and segment count signals in order to access certain



per frame, and because 312 is divisible by four, the value of seg count

corresponding to the |l ast segnent of the frane wll be 3. Therefore, the
seg count signal cycles through its four values 78 tines (312/4) per
frame. The group count signal is the output of a counter that

counts groups YPBVREe synbol clocks. The group count signaiCHES97/12607

i ncrenented by one when twel ve synbol clocks have occurred. It is reset to
zero by the coincidence of the seg sync §Pgnal and the synbol cl ock
signal. Because there are 828 synbols per segnent, and because 828/ 12 = 69,

the group coun®Pe¥Pghalowtionsy drethpoRedd tP BB MANOTNg Lok chhe P& SHheift .

Thus, the grouBecoupts sl analerAURBHL1 SYEHESd ghskhe counts 0. 1,
68, O, WO 98/ 04973
PCT/ US97/ 12607 Figure 6 provides an ex@mple of thé8cffsets whichlhe

s a tvelve  sPRBOP CTHERIERapE De ST ERP O I RS2 1 <TRAR OHRB hnyt o
clock signal isrgepgsed v eny EBUL bR sy HHatlodCbrot 5EQUN Bk ithed ti M ng
diagramillustrating the outputs of

aforementioned ATSC Digital Television Standard)

implemented by a transmitter: (i) the data symbols in the

first segment of each set of four segments are not rotated;

(ii) the data symbols in groups 0, 1, and 2 of the second

segment in each set of four segments are rotated by eight

and the other groups of data symbols in this segment are

not rotated; (iii) the data symbols in groups 0 and 1 of

the third segment in each set of four segments are rotated

by eight and the data symbols in the other groups of data

in this segment are not rotated; and {(iv) the data symbols

in group 0 of the fourth segment in each set of four

segments are rotated by eight and the data symbols in the

other groups of data in this segment are not rotated.

Thus, the rotation protoccl is repeated every four

segments, and only certain groups of data in certain

segments are rotated.

Accordingly, because the first segment in each
set of four segments (which corresponds to a segment count
of zero) is not rotated, the offset generator 52 provides
an output offset of zero for the first segment in each set
of four segments. This output offset of zero is added by
the modulo twelve adder 54 to twelve output counts from the

address counter 50 in order to generate twelve addresses to

read out twelve data symbols from the first memory 32 and



the controller 34. The segnent count signal, the group count
signal, the synbol clock signal, and the RESET 1 signal are supplied to a
first address generator 36 which supplies addresses to the first nmenory
32. Accordingly, in response to the segnment count signal, the group count
signal, the WOMS®H973| ock signal, and the RESET 1 signal fr orcT$97/12607
controller 34, the address generator 36 reads out of the first nmenory 32 a
group of de-rotated and interleaved data 12and wites into the first nmenory
32 a group of rotated and interleaved data to replace the group of data
whi ch was readtiodt in twelve new ldathheymboVe exathd & iwaer femogyosp, of dat a
I ncl udes twel ve data synbols and where each data synbol represents two
bits of information, th&§7 e SEFPPPL30ORE i (RS PR FRBOSTAMPOFURtThus,

in response tggst hgrsegiet, GRUR 8t088buptdE t é;ﬂ;édg%b&ats 'ngé’wt‘ii@t

synbol clock signal, and the RESET 1 signal, ress gener ator
reads out of tHelhjtke seswd B2ment| i dach ctett axf fictr Batweheavar dat a

Syrbol s and WALES WOLCLIR AL BT STBIBTY (92 LHELYE dglalpd.ogg nter! eaved

speci fically, provi@spons ot biffskrSyfiboére] ockhipubseput offset of
zero is added by the modulo twelve adder 54 to twelve
output counts from the address counter 50 in order to
generate twelve addresses tc read out twelve data symbols
from the first memory 32. When the segment count is one
and the group count is one (i.e., the second group of
twelve data symbols which is in the second segment in each
set of four segments and which was rotated by eight), the
offset generator 52 provides an output offset of eight.
This output offset of eight is added in modulo twelve
fashion by the modulo twelve adder 54 to twelve output
counts from the address counter 50 in order to generate
twelve addresses to read out twelve data symbols from the
first memory 32. When the segment count is one and the
group count is two (i.e., the third group of twelve data
symbols which is in the second segment in each set of four
segments and which was rotated by eight), the offset
generator provides an output offset of four which is added
in modulo twelve fashion by the modulo twelve adder 54 to
twelve output counts from the address counter 50 in order
to generate twelve addresses to read out twelve data
symbols from the first memory 32. When the segment count
is one and the group count is three through sixty-eight,

the offset generator provides an output offset of zero



t he address generator 36 reads out of a first storage WO 98/ 04973
-PCT/ US97/ 12607 9 location of the first
menory 32 a first data synbol and wites into the first storage |ocation

of the first n% a7 2 a data synbol to replace the first d%@ﬁ%ﬂ%ﬂ?

whi ch was rea n response to a second symbol clock puls

addr ess generat or 36 I ncrenments its output,_address by one, reads out of a
second storage location of the first nmeno 32 a second data synbol and
wites into the se ond s | ocation f the first nenory 32 a data
synbol to repl ¥Bac ti"n% §‘é€?fﬁ&‘ﬂé"t°§“§§’nﬁﬂ? | AR Paadh Gu%‘/"od‘éﬁa so on
until all twekye)dat aqagypdgy sd @e%s%@uew@ﬁa@ Qagit eadneut £aBd ¢ hepl aced.
The addresses that are supplied by the first address generator 36 to the

first menory BEddFéSar‘?ﬁa%"eQF 39 ideor@est €0 tIRNGIAE SOTYIEEROBIIDD| 3253 or ed
in the first rota f ot 0 data, stored in the
) g%”?&¥1 aaggisses % &aggag t. ébrfeé:ne?gngnSﬁf?h

first menory 327i s explrarned 1 n nore i gure 6.
: twelve data symbols from the first memory 32.

When the segment count is two and the group count
is zero (i.e., the first group of twelve data symbols in
the third segment in each set of four segments), the offset
generator 52 provides an output offset of zero which is
added by the moduleo twelve adder 54 to twelve output counts
from the address counter 50 in order to generate twelve
addresses to read out twelve data symbols from the first
memory 32. When the segment count is two and the group
count is one (i.e., the second group of twelve data symbols
in the second segment in each set of four segments), the
offset generator 52 provides an output offset of eight
which is added in modulo twelve fashion by the modulo
twelve adder 54 to twelve output counts from the address
counter 50 in order to generate twelve addresses to read
out twelve data symbols from the first memory 32. When the
segment count is two and the group count is two through
sixty-eight, the offset generator provides an output offset
of four which is added in modulo twelve fashion by the
moduloc twelve adder 54 to sets of twelve ocutput counts from
the address counter 50 in order to generate corresponding
sets of twelve addresses to read out corresponding sets of
twelve data symbols from the first memory 32.

When the segment count is three and the group

count is zero (i.e., the first group of twelve data symbols



Accordingly, the data supplied at the output of the first nenory 32 is

de-rotated but is still interleaved. A second nenory 38 and a second
address generator 40 are provided in order to de-interleave the
de-rotated, but still interleaved, data. The synbol clock signal fromthe

denodul at or 3WOMBE4NHe RESET 2 signal fromthe controller PCTANT/ROVI ded
to the address generator 40. In response to the synbol clock signal, the
second address generator 40 generates addresses for the second nenory 38
such that each address causes one of the data synbols stored in a
correspondi ngist theagboumdatsegmeot §heesdrmat rEndoypr38etmwents) ; edk out and
causes adatag{\{'nbol f.romthe first nor 32 to b%fwrittgn I nto that

storage | ocat Poheot IHERNGnG2 Provides \iy spitrg7eitset of four which

PCT/ US97/ 126075 added in modulo twelve fashion Yy tFeMRbYuBé tweiwpl ace the
data synbol just read out, and so on. Based upon the addresses generated

by the secondad@demiresstydinalaropuput t pRUNE g shebaddreserdmmtet dat a
stored in thesgecond fBMyy A3.L5:LCARRN B A8sL.! 2heead out twelve

data symbols from the first memory 32. When the segment
count is three and the group count is one through sixty-
eight, the offset generator provides an output offset of
zexo which is added by the moduleo twelve adder 54 to sets
of twelve output counts from the address counter 50 in
order to generate corresponding sets of twelve addresses to
read out corresponding sets of twelve data symbols from the
first memory 32.

. Pigure 7 illustrates an example of how the
address generator 36 operates in cooperation with the first
memory 32 in order to de-rotate the rotated and interleaved
data from the demodulator 30. When the data in the last
group of segment zero has been stored in the first memory
32, this data is stored in the storage locations of the
first memory 32 in the data order shown by row 60. This
data is unrotated. Row 62 contains the first group of data
of segment one which is currently being received by the
demodulator 30. This data is rotated by eight, as
indicated by the row 62. Because the segment count is one
and the group count is zero at this time, the offset which
is applied by the offset generator 52 to the modulo twelve
adder 54 is zero. Accordingly, the addresses provided by
the modulo twelve adder 54 are in order of the output

counts supplied by the address counter 50.



and de-interleaved data. This de-rotated and de- interleaved data is
supplied to a series-to-parallel converter 42 which receives each tw bit
data synbol from the second nmenory 38, and converts the bits of four data

synbols to a byte of eight parallel bits in response to the
fromthe contr&h%ﬁ“&ﬁ The first address generat o?&a’gsgg{‘lgél gure

3 is- shown in nore detail in Figure 6. Tq%'frrst address gener at or

i ncl udes an address counter 50 an offset generator and a nDdqu

twel ve adder 54. The addr ount 50 co nts(%%f ¥§ g cl ocks and
then resets. The output® th g 585 Yerd eFéPB &%8v&Pies from

zero to el even gpdLBepsr gsad Std @ nefmBmo ?e3§’fir§edrde&e'&%r 2bQR 3dc regponds
to the group count signal and the segnment count signal fromthe controller

34 in order todagenembelah @fffrsve't s0wiiirel segrade davatiienl gebe eéfheed to

as a seed.) Th r d ou t upt_fr th
addr ess counte(r%lg%g %méﬁg y?f %'rgéggg éoohft: %%%ngﬁgg Fygé ?géo'ger to
generate an adadobess2whhed stdragqnﬂdcadlbﬁ témbfdﬂwﬁmenﬁﬂmey demohe3 df f set

generator 52 nmay be srnplé a set_of standard | o el enents which are

configured accdPgi RGItdot hEe bt A3965Fs S4hbhAn | FPIR gEse 28, address Rt iong v,
the offset generat@e mém8BY 319G dRr €8Uread out the data symbol B of

row 60 from storage location one of the first memory 32 and
in order to write the data symbol F of row 62 into storage
location one of the first memory 32. The addresses
supplied by the modulo twelve adder 54 increase in order up
to eleven gso that the data symbols of row 60 are read out
of the first memory 32 and are replaced by the
corresponding data symbols of row 62. Consequently, row 64
indicates the contents of the first memory 32 when row 62
has been written into the first wmemory 32.

At this point, the segment count is one and the
group count increments to one, and the next group of data
symbols, as shown in row 66, is received by the demodulator
306. As this data is received, the offset generator 52
generateg an offset of eight, which is supplied to the
modulo twelve adder 54. Accordingly, the modulo twelve
adder 54 adds the offset of eight to the first output count
of zero from the address counter 50 to generate an address
of eight. In response to an address of eight, the data
symbol A stored at the storage location eight of the first
memory 32 (see row 64) is read out and is replaced by the
first received data symbol of group one, i.e., data symbol

E of row 66. Similarly, the data symbol B is read out and



only menory and an address decoder which decodes the group count and
segnent count signals in order to access certain WO 98/ 04973

PCT/ US97/ 12607 11 nenory locations in the
read only nmenory for the offsets to be supplied to the nodul o twel ve adder
54. WOPB@4ME 6 provides an exanpl e of the of fsets VvRGRUSI?2)? be
generated by the offset generator 52. These offsets are based upon the
followi ng rotation protocol (see the afdm®enenti oned ATSC Digital

Tel evision Standard) inplenmented by a transmitter: (i) the data synbols in
the first segaenepbdmahdhrsmb déthoa?mbegmemm$namhenaﬂdreéatEﬂ nig i) the
data synbols in roup , d 2 of the s I n each set of

f our segnents(afg sebi ok r}'tj‘ﬁta SﬁﬂnYh Iﬁgr §§gn§§t6fsﬂﬁ?% Syifol s in
this segment agga H@t 4 aitseti,epﬁlabéh biecpiatantsy Habeli 8 ghespPshd and 1 of
the third segment in each set of four segnents are rotated by eight and

the data synbafiéréss tire tarhelofdretipof ofightt plusn at kicynsegfrehwobr echot
rotated; and é'a};/; é)t]rﬁoéjf‘tﬂa issyrxﬂe)aglisout and is replaced by the data

symbol H when the address is eleven (offset of eight plus a
count of three), the data symbol E is read out and is
replaced by the data symbel I when the address is zero
(offset of eight plus a count of four which produces an
address of zero following the modulo twelve operation), and
so on such that row 68 of Figure 7 indicates the data
symbols now stored in the storage locations zeroc through
eleven of the first memory 32.

Row 70 indicates the next group of data which is
received, i.e., when the segment count is one and the group
count is two. When the segment count is one and the group
count is two, the offset generator 52 generates an offset
of four. This offset of four is added by the module twelve
adder 54 to the output counts supplied by the address
counter 50 in order to generate the addresses for the first
memory 32. As the data in row 70 is received, the modulo
twelve adder S4 adds the offset of four to the first output
count of zerc from the address counter 50 to generate an
address of four. 1In response to an address of four, the
data symbol A stored at the storage location four of the
first memory 32 (see row 68) is read out and is replaced by
the first received data symbol of group two, i.e., data

symbol E of row 70. Similarly, the data symbol B is read

out and is replaced by the data symbol F when the address



in group O of the fourth segnent in each set of four segnents are rotated
by eight and the data synbols in the other groups of data in this segnent
are not rotated. Thus, the rotation protocol is repeated every four
segnents, and only certain groups of data in certain segnments_are rotated.
Acgordi ngly, b0 nhe first segment in each set of four SEJHERTE® i ch
corresponds to a segnent count of zero) is not rotated, the offset
generator 52 provides an output offset of7zero for the first segnent in-

each set of four_ segments. This output offset of zero is added by the
nmodul o twel ve MWideves4afdseherlef ot Rt Qufes™Er 8f PRR) ¢ dehft &&Sacounter 50

in order to ge €d I\f d S$E$ P dAadequi, gﬂgla/aetapast!;anb ol s
fromthe fi rst&ﬁﬁegn%ry g% aﬁaa bhe V\Or9§3/ 049673 Y BATE
PCT/ US97/ 12607hen the address is six (offset of2fouriphkus m tawinte ofew dat a

SO (0 0o SRS Bhnen b i, rearlSD, 1S EF LR 0TS,

whi ch data symbol H when the address is seven (offset of four
plus a count of three), the data symbol E is read out and
is replaced by the data symbol I when the address is eight
(seed of four plus a count of four), and so on such that
row 72 of Figure 7 indicates the data symbols now stored in
the storage locations zero through eleven of the first
memory 32. It is noted that when the output count of the
address counter 50 reaches eight, the modulo twelve adder
54 providés an address of zerco (a count of eight plus an
offset of four followed by a modulo twelve operation) to
the first memory 32.

Row 74 indicates that the segment one, group
three data is unrxotated. Thus, with an offset of zero, the
contents of the first memory 32 as shown by row 72 is
replaced by the received data symbols shown in row 74 so
that the contents of the memory 32 is as shown in row 72
after the segment one, group three data are fully stored in
the first memory 32.

As data is read out of the first memory 32, the
data is de-rotated, but still interleaved. This de-rotated
but interleaved data is processed by the second memory 38
and the second address generator 40 in order to de-
interleave the de-rotated but interleaved data. Because
the data symbols in each byte of data are interleaved with

corresponding data symbols in eleven other bytes of data,



Is in the second segnent in each set of four segnents and which was
rotated by eight), the offset generator 52 provides an output offset of
zero. This output offset of zero is added by the nodul o twelve adder 54 to
twel ve output counts fromthe address counter 50 in order to generate
twel ve addr eswe@98m®73 ead out twel ve data synbols fromthe fRCEUSIWEISOTY 32.
When the segnent count is one and the group count is one (i.e., the second
group of twelve data synbols which is iA8the second segnent in each set
of four segnments and which was rotated by eight), the offset generator 52
provi des an osbtpubvecddsettheireciaght foulfhswnimitpyteroblyset vheesgdrnd s added

I n nodul o twel ve faié;i.on by the goful o twel ve adder 54 to twel ve out put
counts from tAR"IFMrEss-TSuntePYBBOr ""OPUer to generate twel ve addresses

to read out twelve datan el smbb@iéRe of vl JMIFBEY §énerWWP 40065
segnent count is one and the group count is two (i.e., the third group of

twel ve data 3yhpotsatid dn Figunet fe sBebhddmasShoenarateh treludes gur

segrents and ulyehe vy SOk doly SLOMI, ddic,QUoeLo 0808 AT RIOY des an

out put of f set I'sTa I'n nmodul o ve Tashi

nodul o t wel veordeleh Sebumr ofwEbveyeeigint xauntthel sgnbbhecbholek essrount er 50

inorder to generate tuelye addregperal by Bk LibrR! L.I8L2 oo 1
supplied to a seed generator 82, and the seed generator 82
supplies a seed to a first input of an adder 84. The
output of the adder 84 is supplied to a modulo forty-seven
operator 86 which performs a modulo forty-seven operation
on the output of the adder 84. The output of the modulo
forty-seven operator 86 is connected to a latch 88 which
latches the output of the modulo forty-seven operator 86
under control of the symbol clock. The output of the latch
88 provides an address to the second memory 38 and is also
fed back to a second input of the adder 84.

The second memory 38 must have sufficient storage
locations to store forty-eight symbols. Although the
second memory 3B is a linear memory array, with storage
locations addressed 0 to 47, it can be thought of as a
rectangular array with R = 12 rows and C = 4 columns.
Therefore, N = RxC = 48. Figure 2 illustrates the
addresses of the second memory 38 viewed in this manner.

If x, is a sequence of input symbols (where n=0
47), and if M, (n) represents a mapping of the input symbols
X, to the memory locations in the second memory 38, M;(n)

is the address in the second memory 38 where a

corresponding symbol x, is to be stored. (The mapping



' [ d the
nbol's fromthe first memory 32. \Wen the segment count is one and
;youp count is three through sixty-eight, the offset generator provides an

out put of fset of zero WO 98/ 04973

[ [ dded in nodul o
PCT/ US97/ 12607 i 13 which is a
tV\C;-I ve fashion by ? & odul 0 twel ve adder 54 to sets of twel vBCHUSYIGR607

counts fromthe address counter 50 in order to generate correspondi ng sets

[ nbol s
sses to read out correspondﬂﬁb sets of twelve data sy
ot o the et When the segnent count is two and the
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d n out put offset of zero whic
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a, synbols fromthe flrst
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the second group of.twelve daNai1$ynbaes input symbol x, in the first

block of forty-eight symbols is stored in memory location

n. This can be visualized by overlaying Figure 1 on top of

Figure 9.

In order to deinterleave this block of data, it
must be read out of the second memory 38 in a different
order than the order in which it was written into the
second memory 38. So, as the next block of forty-eight
symbols is received a symbol at a time, the symbols of the
first block are read out from the second memory 38 and are
replaced by the corresponding symbols just received from
the second block. To deinterleave the first block, M, (n)
must = 0, 12, 24, 36, 1, 13 .......... 35, 47.
Deinterleaving the first block of symbols according to
these addresses causes the second block to be written into
the second memory 38 in a different order than the first
block was written. Therefore, to deinterleave the second
block (while simultaneously writing the third block to the
second memory 38), a new addressing sequence M,(n) must be
generated that is different than M,(n). This process
continues through a series of addressing sequences so as to
continuously receive and deinterleave blocks of symbols.

If the first mapping sequence is My{n)=0, 1, 2,

3, 4...... ... 47, then M, (n) can be written as



in the second segnment in each set of four segnents), the offset generator
52 provides an output offset of eight which is added in nodulo twelve
fashion by the nodulo twelve adder 54 to twelve output counts fromthe
address counter 50 in order to generate twelve addresses to read out

twel ve data sy@s8me7romthe first nenory 32. Wien the sSegraIWUSIDRED7 i S
two and the group count is two through sixty-eight, the offset generator
provi des an output offset of four which20s added in nodul o twel ve fashion
by the nodulo twelve adder 54 to sets of twelve output counts from the

address counter 50 in ordggm 6 ggpek at B) and(espongr rg: 0.Saf s7.of twel va)
addresses to read out corresponding sets of twelve data synbols fromthe
first menory Bpis expression gyifegnpecifferfibecdaferisavardptands Re group
count is zeropdlsEent W ifAonsh 195 pf el ta,s ; WO
98/ 04973 Jacent Wrizd Phibo 588 Beok iy 1o ohe
14 in the fowapdisedhenttion.ealhesebtdwlo fomnt isagpeapserly tdvnt mflfss athe
generator 52 grgviggf.an out put of fset of four ghich

nd © ine wrap around and causes the proper offset as the

index scans through the mapping function.

Similarly, mapping any sequence may be generated
from the previous mapping according to the following
equation:

Miw = M.u(neR) mod (N-1))forn = 0,1,2,.....N-1. (2)

Equivalently, using induction, this mapping function may be
generalized to express the nth entry in the ith sequence

using the initial (i = 0) sequence as follows:

M) = MiMme R’) mod (N-1)) for n = 0,1,2,.....N-1. (3)

If it is assumed that the initial sequence is M;(n) = n,
equation (3) may be simplified as follows:

. 4
Mim) = (ne R)mod (N-1) forn = 0,1,2,...., N-1 4)

Equation (4} leads to an expression for calculating the nth
entry in any sequence from the nth entry in the preceding
sequence as follows:

Mim) = (M,.,(m) « R) mod (N-1) forn = 0,1,2,...., N-1 ()

Egquation (4) describes ail of the addressing
sequences that are necessary to deinterleave the input data

from one block to the next. There are a finite number of



is added in nodul o twelve fashion by the nodul o twelve adder 54 to twelve
out put counts fromthe address counter 50 in order to generate twelve
addresses to read out twelve data synbols fromthe first nenory 32. Wen
the segnment count is three and the group count is one throqu Si xty-

ei ght, the of f Y& Trat or provides an output offset of zer &W’Z’\#‘%
added by the nodul o twel ve adder 54 to sets of twelve output counts from
t he address counter 50 in order to generﬁ%e correspondi ng sets of twelve
addresses to read out corresponding sets of twelve data synbols fromthe
first nenory 3%ifferent addregisdpgesgapencrs thfésedHakierml¥ dradweshe

address gener abQfoA35 QNRALGS tB EROPEIALIAN sWhLAnthe fHEal eV Y 32 in
order to de-rotate the-rotatéd and I nterl eaved  data fromthe denodul at or

30. Wien the dawmbén athedamencgpodeperids apmentheevalies dibdh atdbredorn t he

first menory 32 .this data is ored in t st or. | ocations qf the

first nmenory 3‘=2q‘i’lhv? eentg%‘t é’pgfldgiiés%%w]esnf@rag\maﬁaéﬂ? Thi ccodé‘{llé’qqé" . .
unrotated. Royhére GO ai imiGhe ﬁlﬁppira@r,om&% dals Ohe SRAVENH rii@ewhi ch is
currently being received by the enodul ator 30. This data is rotated by

ei ght, as indfeckedhads the row 62. Because the segnent count is one and

the group count is zero at this _jine, the offse i C is applied by the
of fset generator 52 to the nodﬁﬁo’?ﬁgﬂyéa" l.érxgmcp. (6)

Finally, an expression relating the nth entry in any
sequence i to the (n-1)th entry in that same sequence can
be stated as follows:

Mim) = 0 forn= (7

M) = (M:n-1) + R')mod (N-1) forn = 1,2,....,N-1.

If R is 12 (as in the example shown in Figure 1), a wvalue
of 23 for L satisfies egquation (6). That is, equation (4)
produces 23 unique sequences which are repeated beginning
with L = 24. Accordingly, for the data array shown in
Figure 1, there are 23 sequences which are required in
order to de-interleave data that is interleaved as
described above in connection with Figure 1. Figure 10
shows the twenty-three sequences and their corresponding
seeds.

Equations (7) are the basis for the address
generator 40 in order to generate the required repeating
address sequences. Also required is a seed generator which
embodies equation (6) in order to generate the seed for
each address sequence.

The seeds, which are generated by the seed



adder 54 is zero. Accordingly, the addresses provided by the nodulo twelve
adder 54 are in order of the output counts supplied by the address counter
50. WD 98/ 04973

PCT/ US97/ 12607 15 Thus, the nodul o
twel ve adder Woeamymdi es an address of zero to the nenory 3RCTMSUNA&®” t o
read out the data synbol A of row 60 from storage | ocation zero of the
first nmenory 32 and in order to wite the&2data synbol E of row 62 into
storage location zero of the first nmenory 32. The nodul o twel ve adder 54

t hen suppl i esganeadtivess2 pfaneyivien blgeeqeatnign 3@ )i,n vieder Lt garkasl out the
data synbol B_of row 60 fron1stora8e | ocati on one of the first nenory 32

and in order SE8™Pi R theIathE FEFIbYeR ol 6275 MESSEREr BBES Y ocat i on

one of the fipghlMEAPIYn32. rridie addhesesas1st/PY i MLiubGiARdul p tyel ve
adder 54 increase in order up to eleven so that the data synbols of row 60

are read out 3of 36he®fitét Fbnth?y 32.,aBd.afe 2eRaced Bp.t h8, 2®&rrespondi ng
data synbol s 9%,r9¥C6£7,CP§§%ﬂ&qulyOnr8¥E§4forty-eighth symbol clock

pulse, the seed generator 82 supplies a corresponding one
of these seeds to the adder 84 which adds the seed to the
output of the latch 88 on each symbol clock pulse. The
modulo forty-seven operator 86 performs a modulo forty-
seven operation (if >47, subtract 47) on the output of the
adder 84 and supplies the result to the latch 88. The
latch 88 latches this result and supplies this latched
result as an address to the second memory 38. In this
manner, a unique sequence of forty-eight addresses is
produced for each seed generated by the seed generator 82.
The address generator 40 is driven by RESET 2 and
the symbol clock because the processing that occurs in the
first memory 32 takes exactly 12 symbol clocks. Because
the symbols passing through the first memory 32 are delayed
by twelve symbol clocks, RESET 2 lines up correctly with
the first symbol of a frame as it is output from the first
memory 32. The timing diagrams cof Figures 11A and 11B
assume recent acquisition of the 8 VSB signal, so that the
initial value of the counter 80, the carry output of the
counter 8G, the seed geherator 82, and the latch 88 are
unknown. RESET 2 and the first symbol clock cause the
counter 80 to initialize to zerxoc which in turn assures
that the carry output is low. RESET 2 also causes the seed

generator B2 to output the first seed (1). RESET 2 and the



I ndicates the contents of the first nmenory 32 when row 62 has been witten
into the first nenory 32. At this point, the segnent count is
one and the group count increnents to one, and the next group of data
synbol s, as shown in row 66, is received by the denodulator 30. As this
data is recei vO¥P9%W¥3of fset generator 52 generates an of f sePCHISTIHT
which is supplied to the nodulo twelve adder 54. Accordingly, the nodulo
twel ve adder 54 adds the offset of eight b the first output count of

zero fromthe address counter 50 to generate an address of eight. In
response to an fHd@tesymbpleriprk alfe gaLge SPRLOPTRUGIQ ddeatlatisd §Bokage

| ocati on ei ght ' r see ' dis
repl aced by théﬂﬂ¥%?§FEPéggi%edﬂgé%hééﬁﬁﬁolSggg%géﬁglﬁﬁéﬁﬂﬁ.ga,cggta synmbo
E of row 66. Siaauser ke tbentet 8GwRbdnhcBemaentead out and WO

98/ 04973 PCT/ US97/ 12607

16 is replaced by the d4P&Rs§HHACRERReRCt FB2GRF A LI NiTn4 7 (dFfset of
ei ght plus a ciitphuek anearry heifatia we¥ehRokinGitn causes the seed

generator 82 to output the next sequential seed (12). This
carry signal also causes the latch 88 to synchronously
clear at the next symbol clock. Accordingly, the carry
signals from the counter 80 cause the seed generator 82 to
cycle through its sequence of 23 seeds repeatedly. Each
seed thus has a duration of 48 symbols clocks. The full
sequence of 23 seeds, therefore, encompasses 23 x 48 = 1104
symbols. Because there are 258336 data symbols in a frame,
the sequence of 23 seeds occurs exactly 234 times in each
frame (234 x 1104 = 25B336). Therefore, the beginning of a
new frame (indicated in the timing diagram of Figures 11A
and 11B by RESET 2 pulse #2) always lines up with the first
seed (1). This alignment is an advantage because it allows
use of the first RESET 2 signal (derived from the frame
sync signal as previously explained) after 8 VSB signal
acquisition to initialize the seed generator 82 to an
output of 1 without concern for the effect of subsequent
RESET 2 signals (one per frame) because they will always
coincide with a point in time when the seed generator 82
should have output of 1.

The sequence of seeds, once initiated after
signal acquisition, should not be broken. This is
necessary for correct continuous deinterleaver operation.

The timing diagram also shows the latch 88 output



read -out and is repl aced-by the data synbol G when the address is ten

(of fset of eight plus a count of twd), the data synbol Dis read out and
is replaced by the data synbol H when the address is el even (offset of
eight plus a count of three), the data synbol E is read out and is

repl aced by t WO B88¥3Isynbol | -when the address is zero (of f BEE/USHIRZEOYNt
plus a count of four which produces an address of zero follow ng the

nodul o twel ve operation), and so on suchk4 hat row 68 of Figure 7 indicates
the data synbols now stored in the storage |ocations zero through eleven
of the first n:e:rrmeyspaﬁding to the redmiiréd Mpthcat edrthiensexst @@y of data

which is rece when t he segnent count is,one and the group
count is two. W\X ﬂ t%‘?%dﬁénﬁrﬁoh%{u&ra&r‘?g raRGEREIRT oM T SURES 2 t wo,

the offset geRRnakoy:152 gROCLALES UL a0kl 885um@l {OWavel Uy 10k four
I s added by t% nodul e twel ve@(g adder 5a4 to tﬁtg out putavceou?t%s sugg %h

the address @ddntae Bl mam’ertlmsSgenellataet tihe aadr e$stbef birsthe fi rst
n,row 70 is received twel ve adder 54

menory 32. As the dat & g nodul o
adds t he offséxa&e ?%’urn)t §5¢ RBOYR &9 fitBud Usko ﬁfoﬁ? o8 4 AlSFe address
counter 50 to ggenerabesaBon@deh£55 fgiheuvithm] @IPaBSexheceéy addr ess of
four, the data synbol A stored at the storage |ocation four of the
The de-interleaving operation is similar to the
de-rotating operation which was explained with respect to
Figures 6 and 7. That is, when a data symbol is read out
from a storage location in the second memory 38, as
determined by the second address generator 40, that data
symbol is replaced by the next data symbol which is
received from the first memory 32. Accordingly, when the
symbol clock causes the divide by 48 counter 80 to reach a
count of 47, the counter 80 will output a carry signal
which is supplied to the seed generator 82 and to the latch
88 (via the OR gate 89). This carry output causes the seed
generator 82 to supply a new seed to the adder 84. This
carry output also clears the latch 88 (at the next symbol
clock) so that its output is zero. The latch output is
also supplied back to the second input of the adder 84.

For each of the 23 sequences shown in Figure 10,
the adder 84 adds the zero output of the latch 88 (which
represents the first address in each sequence) to the seed
supplied by the seed generator 82. This output of the
adder 84 is controlled by a module forty-seven operation
and the result is supplied to the input of the latch 88.
The next symbol clock causes the latch 88 to supply this

result of the modulc forty-seven operator 86 to the second



first menory 32 (see row 68) is read out and is replaced by the first

recei ved data synbol of group two, i.e., data synbol E of row 70.
Simlarly, the data synbol Bis read out and is replaced by the data
synbol F when the address WO 98/ 04973

PCT/ US97/ 12607 WO 98/04973 ' 17 is five (of f BetUEY 18U,

plus a count of one), the data synbol Cis read out and is replaced by the
data synbol G when the address is siXx (of%%et of four plus a count of
two), the data synbol Dis read out and is replaced by the data synbol H
when the addr e§€TEYsdden This sattrrt Pfutheplatel &M agrinhfed)baghe data

symbol E 'l read ek ander! 8 replacedds LhecHR! Gy Wity LnhgRehne addr ess

is eight (seed of four plus a cou SO ‘0n suc row 72
of Figure 7 indienetrasorhe2datehey,midles seed Stomeche rsecdhgentonage 8»cid i ons

zero through eleven of the first menory 32.. |t Is noted that when the
out put cougt of SHES¥E Ye%éé%%tﬁﬂ é‘l’:sg(#r Qgé'ﬁie% é‘?’fﬁﬁ’,setvﬁé FBaBFRdsRI e

adder 54 provi desraBpaddl 8§ SsafugRieO ofa a6av8Lsof Wit iRl uspahie@ffset of
four followed by a nodul o twelve operation) to the first nmenory 32.
the second memory 38.

Bach such sequence of addresses is given by
equation (7). In each rotation of the twenty-three
sequences, the first sequence is always in ordexr from zero
to 47. Also, the seed for this first sequence as supplied
by the seed generator 82 is one, as determined by equation
().

Figure 12 illustrates, a first embodiment of the
seed generator 82 in more detail. The seed generator 82
includes a multiplier 92, a modulo forty-seven operator 94,
and a latch 96. The multiplier 92 multiplies the output of
the latch 96 by twelve, the modulo forty-seven operator 94
performs a modulo forty-seven operation on the output of
the adder 92, and the latch 96 latches the output of the
modulo forty-seven operator 94.

When RESET 2 is produced by the controller 34,
the latch 96 is reset so that its output is one. This one
is supplied as the seed for the adder 84. This one is also
multiplied by twelve by the multiplier 92 and the result is
operated on by the modulo forty-seven operator 94. The
output of the modulo forty-seven operator 94 is supplied to
the latch 96 which latches this output through upon receipt
of the next carry output from the divide by forty-eight

counter 80. Upon receipt of this carry output, the output



Row 74 indicates that the segnent one, group three data is unrotated.

Thus, with an offset of zero,

by row 72 is replaced by the received data synbols shown in row 74 so
the contents of the nmenory 32 is as shown in row 72 after the segnent one,

group three dXQose73ful |y stored in the first nenory 32.

Is read out of the first nmenory 32, the data is de-rotated, but stil
interl eaved. This de-rotated but interlearmd data is processed by the
second nmenory 38 and the second address generator 40 in order to de-
interl eave thefdeweavat Edoluthé Taidredvedsdasa. bRaEaUs & hd h1dapa;synbol s

in each byte of data are_interleaved with
@ftgglap gatgirlies this pZwedgeop7gvelve to produce an

PCT/ US97/ 1260 6utput of 144 which i se.there are four
synbol s per bytue,put hg seconvélhlcrrer%t;sr ;?p%a}:gd Or}goy;%o:?&cr@%r §9r€y

el even ot her

a 48 ‘s

the contents of the first nenory 32 as shown

t hat

PCT/US97/12603 dat a

correspondi ng data synbols in

A

first enbodi n@¢vesf ophratddress Faecoatput 46f itshe inddidiar FoedytBetégure 8.
Thi s address %energggrgjln?l udes a divi eegy for}'{g/-ei ght counter 80 which

provi des any St put

eYa to t latth 96 which

three) 1s supplil
latches this output through upon receipt of the next carry
output from the divide by forty-eight counter 80. Upon
receipt of this carry output, the output of three from the
latch 96 is fed back to the multiplier 92 which multiplies
this three by twelve to produce an output of thirty-six
which is operated on by the modulo forty-seven operator 94.
The output of the modulo forty-seven operator 94 (i.e.,
thirty-six) is supplied to the latch 96 which latches this
output through upon receipt of the next carry output from
the divide by forty-eight counter 80. Upon receipt of this
carry output, the output of thirty-six from the latch 96 is
fed back to the multiplier 92 which multiplies this thirty-
six by twelve to produce an output of 432, and so on.
Accordingly, the seed generator 82 produces the twenty-
three seeds described above.

- Figure 13 illustrates a second embodiment of the
seed generator 82 in more detail. This seed generator 82
includes a multiply by twelve and modulo forty-seven
operator 98 and a latch 100. The multiply by twelve and
mcdulo forty-seven operator 98, as shown in more detail in
Figure 14, includes an adder 102 which adds the four most
significant bits from the output of the latch 100, after
the two least significant bits have been discarded at 104,

to a correction factor from a modulo forty-seven correction



on each count of forty-eight fromthe synbol clock. The carry output from
the divide by forty eight counter 80 is supplied to a seed generator 82,
and the seed generator 82 supplies a seed to a first input of an adder 84.
The out put of er 84 is supplied to a nodulo forty-se rator
86 whi ch perfowg?gg'ggggdul o forty-seven operation on the out g’?’”&?ﬁf’ﬁ‘g’
adder 84. The out put of the nodul o forty-.§even operator 86 is connected to
a latch 88 which |I|atches the output of tA& nodul o forty-seven operator 86

under control of the symﬁgl clock. The output .of the, latch 88 provides an
address to the*¥ESon? TdRSFY 38 AT Shiese AeE2h ck? t'0- B §eddnd i nput of
the adder 84. whiRereseeNs MEPIMBBaNHHt ch@ Vi eheRL , st orage

| ocations to store forty-eight synbols. Although the second nenory 38 is a
| i near menory e Bptoh LR0steragret |axfthagndtaddnengedis) ane.47Thiis cna be

Therefore, N < heiriigd pBtRL  Gled|dek Prp 28akE 515 s snsr Thha S2cond
nmenory 38 vi ewad tipltikids baonelve drfd Xrer tksustaisespenamsed biyngut synmbol s
(where n=0 . . . .. 47), and if Merr](n) represents a mappi ng_of the input
symbol s x[ er MOYP X RETF¥RBEYER RRATBAST RYt hBe sBeHnEP ek Fwedvenpadr] (n)
i's the addressncjdﬁltoh%o§‘%9gggvg§n%é/r§t%xw§§r.e 2he output of the multiply
by twelve and modulo forty-seven operator 98 is supplied to
the latch 100 which latches this output through upon
receipt of the next carry ocutput from the divide by forty-
eight counter 80. The output of twelve from the latch is
fed back to the multiplier 100 which multiplies this twelwve
by twelve and the result (144) is processed by a modulo
forty-seven operation by the multiply by twelve and modulo
forty-seven operator 98 to produce an output of three. The
output of three from the multiply by twelve and modulo
forty-seven operator 98 is supplied to the latch 104 which
latches this output through upon receipt of the next carry
output from the divide by forty-eight counter B0, and so
on. Accordingly, the seed generator 82 produces the
twenty-three seeds degcribed above.

The multiply by twelve and modulo forty-seven
operator 98 is shown in more detail in Figure 14. When the
output of the latch 100 is one (i.e., a digital value of
000001), the two least significant bits (01) are fed to the
module forty-seven correction logic 106 which provides an
output of twelve. The output of twelve is added by the
addexr 102 to the four most significant bits (0000) of the

output from the latch 100 and the result of twelve is



correspondi ng synbol x[err] is to be stored. (The mapping WO

98/ 04973 PCT/ US97/ 12607

19 Merr]n) has a subscript i because there are a nunber of mappi ngs,
i.e. a nunber of address sequences supplied by t he second address
gener at or 40) WQ 98/04%73 initial ‘mappi ng sequence Merr](n) iBCTHS#IALE0ZUCH
that Merr](n) = n for n o, 1, .+~ . (N-1), each input synbol
x[err] in the first bIock of forty elgﬁﬁ synbols is stored in nenory

| ocation n. This can be visualized by overlaying Figure 1 on top of
Figure 9. supplied to treddratich deRnt eFhealatdhil®2bllackhes dhéa, it
nmust be read 9& Ehe second nenor fferent order than the

n
order in mhicgwe% FasC vk T T (B |ﬁt8p? rec?ﬁﬁﬁnﬁ? Mo PF*58CaTEY G4ERMe next

bl ock of fortyrengbhe AWy iEsrepceiyRd colmtdiOlsoal AnbhNEne tHGHYTDO! S
of the first block are read out fromthe second nenory 38 and are

repl aced by tRE EB®rE&HINANg isyHwelse| (sie receidigdtaronalue hef second

tlnl ock. To del Bbfib§ﬁvit71¥é“etvid 3bsP! 0¢kn: MEI] (ks (Y5t aZe PredFio 34ie 36

modulo forty-seven correction logic 106 which provides an
output of zero. This output of zero is added by the adder
102 to the four most significant bits (0011) of the output
from the latch 100 and the result of three is supplied to
the latch 102. The latch 100 latches the three to its
output upon receipt of the next carry output from the
divide by forty-eight counter 80, and so on.

The modulo forty-seven correction logic 106 is
shown in more detail in Figure 15 and includes logic 108.
The two least significant outputs, OUT 0 and OUT 1, of the
logic 108 are always zero. The four most significant
outputs, OUT 2 - OUT 5, of the logic 108 are controlled by
the two least significant bits in the output of the latch
100, IN 0 and IN 1.

A second embodiment of the second address
generator 40 based upon egquation (4) is illustrated in
Figure 16. This second embodiment includes a counter 112
which counts symbol clock pulses and supplies an output on
each count to a multiplier 114. The carry output of the
counter 112 is supplied to a seed generator 116 which may
be a state machine, or a RAM, or similar to the seed
generator 82. The seed generator 116 is toggled through
twenty-three states by the carry output from the counter

112 in order to supply a correspondng seed, as determined



Dei nterl eaving the first block of synbols according to t hese addresses
causes the second block to be witten into t he second nenory 38 in a

di fferent order than the first bl ock was witten. Therefore,

dei nterl eave tgﬁ) d bl ock (while simultaneously witing %{ﬁk&ﬂk

bl ock to the secon menory 38), a new addressi ng sequence VB

generated that is different than I\/[err](n)z9 Thi s process conti nues

t hrough a series of addressing sequences SO as to continuously receive -

and deinterle ve blocks of s{. mappi ng
sequence is M 2¥r{fH=G" fG% ugon 423ch f£paglgan kfngT{ pi%ﬁftﬁ?%m*rtten as
WD 98/ 04973 multlplles the output count from the counf)g/ifi.glfﬂ-z.@{y
20 Merr] err] (n* R nmd( N- 1)) for n =0... N1

(1) This expre§%¢@wp%9Y bech sese 93ﬁ%§ﬂt@avélée®¥% $%Pﬂiieﬁwﬁhﬁbent
hori zont al Sy”PQéél@ﬂ$§§P%&%Qlef§%t§ (fd’db@?atg?pPiQQ f4nctd

nodul o portion proper control's ' ne wap around an causes
t he proper offske maduluafdnmdezeseansp¢MMnughstBeppﬁbgdr@pfnhuﬂmnpmc of

Simlarly, mapgi fgt&rrylzsoeque%geogg ut Ofgeqler ?tagccjh 120 is reset to zero
by the carry output from the counter 112. Thus, at the
beginning of each address sequence, the output of the latch
120 is equal to zero which is always the first address of
each address sequence. At the end of each address sequence
(i.e., the forty-eighth count), the seed generator 116 is
toggled in order to supply a new seed to the multiplier
114.

Certain modifications of the present invention
have beeq discussed above. Other modifications will occur
to those practicing in the art of the present invention.
For example, although the present invention has been
specifically described in terms of two bit data symbols, it
should be understood that the present invention applies to
other data elements. Also, the present invention may be
used in conjunction with different data frame arrangements
and different rotation and/or interleaving protocols.

Accordingly, the description of the present
invention is to be construed as illustrative only and is
for the purpose of teaching those skilled in the art the
best mode of carrying out the invention. The details may
be varied substantially without departing from the spirit
of the invention, and the exclusive use of all

modifications which are within the scope of the appended



fromthe previous mapping according to the follow ng equation:

Merr](n) = Merr]((n* R nod (N-I))for n =0,1,2 ....N1. (2)

Equi val ently, using induction, this mapping function nay be generalized to
express the nth entry in the ith sequence wusing the initial (i = 0)
sequence as fWo|9%844973 - Merr](n) = Merr]((n [err] POTUHSIWIZDE])))
for n =0,1,2..... N 1. If it is assuned that the initial sequence is
Merr](n) = n, equation (3) may be sinpBPfied as follows: )
Merr](n) = (n * Rerr]) md (N- 1) for n=20,1,2 ..... NI Equation (4)
| eads to an exXlmisssiien reserweticul ating the nth entry in any sequence from
the nth entry in the preceding sequence as foll ows: Merr](n) =
(Merr] (n) *R nmod (N1) for n =0,1,2 .,N1. Equation (4)

describes all of the addressing sequences that are necessary to
deinterl eave the input data fromone block to the next. There are a
finite nunber of



WD 98/ 04973 PCT/ US97/ 12607

21 different addressing se tion (4) produces before
returning to the initial seﬂmmmﬂnﬂﬂmgmte nunber of sequences depends
upon the values of R and C (br ¢ eqgul vwa upon the values_of R and N).
Accordingly, YR#¥re L uni que nappings, where L is the | ohESPSH r
such that: (Rlerr]) mod (N-1) =1 for L not O.

(6) Finally, an expression relating the nth_entry in any sequence i to:
the (n-1)th entry in that sane sequence can 3be stated as fol | ows:
Merr](n) =0 for n =20 Merr](n) = err](n-1) + R) nod (N1
Jfor n =1,2, ...., N1 If Ris 12 (as + exanpl e shown in Figure

1), a value of 23 for;L sﬂ;iﬁga%%t%@umolgréé%ﬁﬁga&ﬁteaqgﬁ{:]i on (4)

produces 23 uni que sequences ch are repeate eginning wth L = 24,
Accordingly, for theteddtaved rdarasiebararherFzedirey He -tlotreiagem@@nsefprences
which are require e dat.a that I nterl eaved as

descri bed above i%"—%gﬁﬁ%@’?‘%n‘}h\?ﬁ tqf%t:i—‘%g!@g%\/”ﬁeg’i}re v dl?ﬁvaént‘Fﬁéger to

twenty-three sequgpegtcande {FRidte@OBhAS PONET TR ERE@Rta, and de-
interleaving means for de-interleaving the de-rotated and
interleaved data in order to produce de-rotated and de-
interleaved data.

2. The apparatus of claim 1 characterized in that
the dé—rotating means includes first storing means for
storing D elements of the rotated and interleaved data,
and first addressing means for addressing the first
storing means in order to read de-rotated and interleaved
data out of the first storing means and to write rotated
and interleaved data into the first storing means, and
wherein the de-interleaving means includes second storing
means for storing mD elements of the de-rotated and
interleaved data read out of the first storing means, and
second addressing means for addressing the second storing
means in order to read de-rotated and de-interleaved data
out of the second storing means and to write de-rotated
and interleaved data from the first storing means into
the second storing means.

3. The apparatus of claim 1 or 2, characterized in
that the rotated and interleaved data are comprised of S
segments of data elements, wherein each segment of data
elements is comprised of G groups of data elements,
wherein each group of data elements is comprised of D

data elements, and wherein the first addressing means

This Sheet Has Been Replaced




Equations (7) are the basis for the address generator 40 in order to
generate the required repeat s _sequences. Also required is a seed
generator which enbodies eqwﬂmmmﬂ er to generate the seed for
each address sequence. mhich are generated by the
seed WOWEDDZY 04973 PCT/US97/12607

PCT/ US97/ 12607 22 generator 82, are given by
equation (6), where L varies fromO to 22 in the exanple given in the
present patent application. These seeds corgAd st of the following: 1, 12,

3, 36, 9, 14, 27, 42, 34, 32, 8, 2, 24, 6, 25, 18, 28, 7, 37, 21, 17, 16,
and 4. On each focdnprisgHe ffgpbogentéoakinpuesms fhe gepdrgehes aiffsdld

supplies a corres ondlcp one of these seeds fo the agdg 84 whi ch adds_ t he
seed to the out ptEPHIGHe YPSPc hRE8SBFMYHT Ry GHPC PO cRaFRI SkEmeffe afstiul o

forty-seven operawre,&f‘brpﬁ@fowaelapdaf OO WataSEYEReRPE &L i Lydddp >47.
subtract 47) on the output of the
of data elements.

4. The apparatus of claim 3 characterized in that
the offset generating means generates an offset of zero
for a first of the S segments, wherein the offset
generating means generates an offset of zero for a first
group of a second of the S segments, wherein the offset
generating means generates an offset of eight for a
second group of the second of the S segments, wherein the
offset generating means generates an offset of four for a
third group of the second of the S segments, wherein the
offset generating means generates an offset of zero for
any remaining groups of the second of the S segments,
wherein the offset generating means generates an offset
of zero for a first group of a third of the S segments,
wherein the offset generating means generates an offset
of eight for a second group of the third of the S
segments, wherein the offset generating means generates
an offset of four for any remaining groups of the third
of the S segments, wherein the offset generating means
generates an offset of four for a first group of a fourth
of the S segments, and wherein the offset generating
means dgenerates an offset 0of zero for any remaining
groups of the fourth of the S segments.

5. The apparatus of claim 1 characterized in that
the de-rotating means includes storing means for storing

the rotated and interleaved data, and addressing means

Sheet Has Been Replaced
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adder 84 and supplies the result to the latch 88. The

| atch 88 | at ches

this result and supplies this latched result as an address to the second

o1 oduted f or “eggj;%gg;“gia’er JURRN TR LR, oF 7 oty gone coresses 12
r

addr ess genera

Th
s driverd by RESET 2° and the synbol cl JHBEYRLE the

processing that occurs in the first nenory 32 takes exactly 12 synbol
cl ocks. Because the synbols passing through iye first nenory 32 are
del ayed by twelve synbol clocks, RESET 2 lines up correctly with the

first synbol of a frane gs it.isﬁgytp
1

t fromthe first
timng diagrams of TPFgRF@Eea3 % fpe f%

32. .Th
or 48 TRA T ot D rist TS, PEed & the 8

VSB signal, so thakot8€edi fhd i Bltetdlededl dhte SRUHEERBOstbREnG aAMENnHURYL
of the counter 80, the seed generator 82, and the latch 88 are unknown.

RESET 2 and the fi FStWEik®orodtesk apdudatenteaveshiiada dotoothai stefine to

zero which in turn assyres that the carry output is low RESET 2 also

causes the seed generator 82 to output the first seed (1). RESET 2 and the
6. The apparatus of claim 5 characterized in that

the rotated and interleaved data are comprised of data

elements, wherein the rotated and interleaved data are

rotated on the basis of D data elements, and wherein the

storing means stores the rotated and interleaved data D

data elements at a time.

7. The apparatus of claim S5 characterized in that

the rotated and interleaved data are comprised of groups

of D data elements, and wherein the storing means stores

the rotated and interleaved data D data elements at a

time.

8., The apparatus of claim 5 characterized in that

the rotated and interleaved data are comprised of S

segments of data elements, wherein each segment of data

elements is comprised of G groups of data elements,

wherein each group of data elements is comprised of D

data elements, and wherein the storing means stores the

rotated and interleaved data a gyoup of data elements at

a time.

9. The apparatus of claim 1 characterized in that

the deinterleaving means includes storing means for

storing the de-rotated and interleaved data, and

addressing means for addressing the storing meang in

order to read de-rotated and de-interleaved data out of

the storing means and to write de-rotated and interleaved

This Sheet H,
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23 first synbol clock also cause the output of the latch 88 to

synchronously clear to zero. cl ocks cause the counter 80
to increnent. V\hermmﬁﬂﬂmmwmﬂ'ﬂﬂ eaches a count = 47, it
out puts a caWwgo9sgdfial whi ch i*n turn causes sLhe seed gener BEDHSBA2600

out put the next sequential seed (12). This carry signal al so causes the

| atch 88 to synchronously clear at the next synbol clock. Accordingly, . the
carry signals fromthe counter 80 cause thé4seed generator 82 to cycle
through its sequence of 23 seeds repeatedly. Each seed thus has a duration
of 48 synbol s cl gzt ifilte thél steetueneansf. 23 seeds, therefore,

enconpasses 23 x 48 =_1104, synbol s. Because there are 258336 data synbols
inaframe, the sequéfice OFS23PRIHIHO LRt FYRoRereriRed iim &hak

frame (234 x 1104 e 2983861 adfel®f O Roavidle dRedi BPE NGobr Pee QW daRHE
(indicated in the timng diagramof Figures 11A and 11B by RESET 2 pul se

#2) al ways |ines e}emeinti, t Weefeintthemedatey anfi snteviganed datsans
et 202 SCAUSS i uhOUs S Iuils K B ARER T L gl e T
acqui sition to i nstddrdhnigzeebhe Seefeganey @eckoBAteéd &Md interleaved data

mD data elements at a time, and wherein m is an integer.

11. The apparatus of claim 10 characterized in that
the storing means comprises first storing means, wherein
the addressing means comprises first addressing means,
and wherein the de-rotating means includes second storing
means for storing the rotated and interleaved data, and
second addressing means for addressing the first storing
means in order to read de-rotated and interleaved data
out of the storing means and to write rotated and
interleaved data into the second storing means.

12. The apparatus of claim 11 characterized in that
the rotated and interleaved data are comprised of data
elements, wherein the rotated and interleaved data are
rotated on the basis of D data elements, and wherein the
seconﬁ storing means stores the rotated and interleaved
data D data elements at a time.

13. The apparatus of claim 12 characterized in that
the rotated and interleaved data are comprised of groups
of D data elements, and wherein the second storing means
stores the rotated and interleaved data D data elements
at a time.

14. The apparatus of claim 13 characterized in that

the rotated and interleaved data are comprised of S

This Sheet Has Been Replaced
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output of 1 without concern for the effect of subsequent RESET 2 signals
(one per frame) because they wll always coincide with a point in tinme

when the seed generator 82 of 1. The
sequence of seeds, once initi m lﬂ”mﬂm acqui si tion, shouslb7d th be

broken. This iO0%MBssary for correet tontimuous deinterl ealSFUSHER® on.

The timng diagram al so shows the | atch 88 out put WO 98/ 04973
PCT/ US97/ 12607 %/[4 corresponding to the
required Merr](n). Portions of Merr](n), err](n), and Merr](n) are

illustrated, occurring after RESET 2 pulse #1. The sequences are assuned

to have cycled thr3Rggients ptt ﬂét?\/[‘?-ﬂ"?’"ﬁ“r‘f-)s nﬁ’ﬁ?rﬁﬂﬁe??}ht??g“}ﬂmt R Ead3of
the first frane i h fQFe I;se  #2.
A% tisS 1800 V\%@?rﬁ%% d g%upsdef ds@aseéle%e%_t;hé

The second franme begins with as expected.

de-interl eavi ng opéreateiion eashsizmthmroﬁ dlatlae eldmentvs at s prgpossd off Bhi ch

was explalned Wi thy1,esRGChehs, FLU HR:R 13 Inl sID3ha’ ool w2adat @ SYTbO!
stores the rotated and interleaved data a group of data

elements at a time.

This Sheet Has Been Repi
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froma storage location in the second nenory 38, as
second address generator 40, that data synbol is replaced by the next data
- synbol which is received fromthe first nmenory 32. Accordingly, when the
synbol cl ock causes the divide by 48 counter 80 to reach a dﬁ?ﬁﬁ%wmwé'?’

t he counter 3WaWdM49Butput a carry signal which is supplie 0 the seed
generator 82 and to the latch 88 (via the OR gate 89). This carry out put
causes the seed generator 82 to supfly & Qew seed to the adder 84. This
carry output also clears the latch 88 (at t next synbol clock) so that
its output is zero. The latch output is al$o supplied back to the second

i nput of the adder 84. For each fi€the 23 sequences shown in
Figure 10, the adder 84 adds the zero AU the latch 88 (which

represents the first address in each sequ 0 the seed supplied by the
seed generator 82. This output of the ad

determ ned by the

-9 is controlled by a noddl o
forty-seven operation and the result is $ ipd to the input ~f, the l{atch
88. The next s nbgl chck causes the latg¢ 4&—9ﬁﬁﬁ+y—+hﬂ£—ﬁgg§u|t af
the nmodul o forfy-gevesg operator 86 to thelseged RO
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2.5 nmenory 38. This output of the latch 88 is again fed back to the adder
84 to be added to the seed fromthe seed generator 82. Thus, the seed from
the seed generator 82 is recursively added to itself noduperissmyseseven to
produce a GgbesdPdi ng sequence of addresses which is supplied to the
second nenory 38. Each such seqﬁeace of addresses is given by
equation (7). In each rotation of the 2 yVt hree sequences, the first
sequence is always in order, fromgzero t0 4 Al so, the seed for this first
sequence as supplied by tHhHe seedjgenerator is one, as determ ned by
equation (6). igure 12 illustrates a first enbodi nent of the
seed generator 82 in nore detail. {Th 2l g rator 82 includes a
multiplier 92, a nodulo forffy-sevén o At O , and a latch 96. The
multiplier 92 nultiplies th ch 96 by twelve, the nodulo
forty-seven operator 94 >y -seven operation on the

f or a [o
out put of the adder 92,} and t%e.latgﬁfg%'l s the output of the nodulo
forty-seven operator 94.
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When RESET 2 is produced by the controller 34, the latch 96 is reset so
that its output is one. This one 1is supplied as the seed for the adder 84.
This one is also multiplied by twelve by the multiplier 92 and the result
is operated on by the nodulo forty-seven operator 94. The output of the
modul o forty-sg\pe%’oﬁzér ator 94 is supplied to the latch 96 \/\Fﬁﬁﬂss\%{f@ﬁes
this output through upon receipt of the next carry output fromthe divide
by forty-eight counter 80. Upon receipt of this carry output, the output.
WD 98/ 04973 3 /10 PCT/US97/12607

26 of twelve fromthe latch 96 is fed back to the nultiplier 92 which

multiplies this twelye by tyelv out put, of 144 which is
operated on by the dulo f rtﬁ 94. The out put of the
nodul.o forty-seven peratof 9 ied tq the I atch 96 which
| atches this output fhrougf up next darry utput fromthe
divide by forty-eightf counter 80. of thils carry output, the
out put of three fromithe
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latch 96 is fed back to the multiplier 92 which nmultiplies
twel ve to produce an output of thirty-six

this three by
nodul o forty-seven operator 94.

whi ch is operated on by the
The out put of the nodulo forty-seven

operator 94 (i.e., thirty-six) is supplied to the |atch 96MbpigPnias ches
this out put MORB®RB upon recei pt of the next carry output from the divide

by forty-eight counter 80. Upon receipt of this carry output, the output
of thirty-six fromthe latch 96 is feﬂ 2a lnto the multiplier 92 which’
multiplies this thirty- six by twelve®t gr duce an output of 432, and so
on. Accordingly, the seed generator 82 produces the twenty- three seeds
descri bed above. Figure 13 il |=dst@at & @Qs<Efon@ embooHment of the

seed generator 82 in nore detail. This sged,gepgrgyor 82, i Rgl uges a
mul tiply by twelve and nodul o forty-seven Ctgpe?fltg? 9‘3 aﬁ’d a latch 100. The

multiply by twelve and nodul o forty-sevén @pefhitd® o8 65 shown in nore
detail in

Figure 14, includes an adder T02gnhiegh qdda t ge fOur “host
significant bits fromthe output of the Jatc

ch 190, jafper ,thB tWo | east
significant bits have been di scarded at 60454 to a co ectiqs f@:tor froma
modul o forty-seven correction X X 0 X l\
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27 logic 106 which is shown in nore detai

RESET 2 is produced by the controller 34,

its output is gne,

one is al so

Thi s one

miPB#2d by twelve and the result is processedTWPR7HBHUI o

PCT/ US97/ 12607
in Figure 15.

When

the latch 100 is reset so that
is supplied as the seed for the adder 84. This

forty-seven operation by the nultiply by twelve and nodulo forty-seven

operator 98. The output of the multiply
operator 98 is supplied to
recei pt of the next carry output fromthe divide by forty-
fed back to the

upon

counter 80. The output of twelve fromthe latg&h is
100 which multiplies this twelve =§y twel ve and the result (144)
forty-seven operatign by the multiply by twelve

mul tiplier

is processed by a nodul o

and nodul o

output of three fromthe nmultiply by twelve
operator 98 is supplied to the latch 104 whi

the latch 1

upon recei pt of the ngxt carry

counter 80, and so
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on. Accordingly, the seed generator 82 produces the twenty-three seeds

‘descri bed above. The multiply by twelve and nodul o forty-seven
operator 98 is shown in nore detail in Figure 14. Wen the output of the
llatch 100 is one (i.e., a digital value of 000001), the two,d&aabn2e07

significant bWo9808F} are fed to the nodulo forty-seven correctlon | ogi c
106 which provides an output of twelve. The output of twelve is added by
the adder 102 to the four nost significant bits (0000) of the

the latch 100 and the result of twelve is & /1 ( WO 98/04973
PCT/ US97/ 12607

28 supplied to the latch 102.
The latch 102 hes_t he t ut, upon recei pt of the next
carry out put ZP%F}{%%“HFW&_ 'FgBYQB%FSd#"R Unter 80. Wen the out put
of the latch 10 |stwelve(|.e., a digital value of 001lggésthetwo

| east signifi SBF‘E?‘“EOO) are fed to the h

nodul o forty-s “AFTB i on
| ogi ¢ 106 whi (prqwgleq, ap Ooug,pq,t gf ozebo o Tlgi So oyt pgit gOf g zQ,r Ogl 9 qd
by the adder 1 12 36 14 27 32 24 6 25 18 28 7 37 17 16 4 1
24625182373721171541123369142742343282
36 9 V4 27 42 34 32 8B 2 24 46 25 18 28 7 37 2} 17 ¥ 4 1 12 3
1 12 3 36 9 14 27 42 34 32 8 2 24 6 25 18 28 7 37 21 17 16 4
12 15 39 45 23 41 22 29 19 40 10 26 30 31 43 44 35 44 11 38 33 20 5
25 1B 28 7 37 21 17 16 4 1 12 3 36 9 14 27 42 34 32 8 2 24 &
37 2V 17 16 4 Y 12 3 36 9 V4 27 42 34 32 8 2 24 6 25 18 28 7
2 24 6 25 18 28 7 37 21 17 16 4 1 12 3 36 9 14 27 42 34 312 8
14 27 42 34 32 8B 2 24 & 25 18 28 7 37 21 W 16 4 1 12 3 36 9
26 30 31 43 44 35 44 11 3B 33 20 5 13 15 39

45 23 A1 22 29 19 40 0
38 33 20 S5 13 15 39 45 23 41 22 29 19 40 10 26 30 31 43 46 3I5 44 1
3 36 9 14 27 42 34 32 8 2 24 6 25 18 28 7

15 39 45 23 41 22 29 19 40 10 26 30 31 43 46 35

39 45 23 41 22 29 19 40 10 26 J0 31 43 46 35 44

out put from



102 to the four nost significant bits (0011) of the output fromthe latch
100 and the result of three is supplied to the latch 102. The latch 100
| atches the three to its output upon receipt of the next carry output from
the divide by i ght counter 80, and so on. The nDdqu
forty-seven co?%§%@¥Bn logic 106 is shown in nore detail .n‘EFEE?E“f and
i ncl udes logic 108. The two | east significant outputs, OUT 0 and QUT 1, of
the logic 108 are always zero. The four ant ignificant outputs, OUT 2 -
QUT 5, of the logic 108 are controlled by H% | east significant bits
in the output of the latch 100, INO and IN 1. A second
enbodi nent of the seconE'addLﬁﬁs gﬁﬂe,ator 40 based upon equation (4) is
o]

illustrated in Figure {16 TENt Snéfrud eounter 112
whi ch counts synbol cl otk n dqutplit o gach count to a

mul tiplier 114. The carfy r %12 S's led to a seed
generator 116 which may a {RAM or 1lar to the
seed’ generator 82. The} se ogdl ed|thr twenty-three
states by the carry output p2 ifn ofdertoqsupply a
correspondng seed, as dgte
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29 by equation (6), upon each toggle. The nultiplier 114 nmultiplies the
out put count fromthe counter 112 by the seed provided by the seed
generator 116 QQH ﬁM@ﬁJies the result to a nodulo forty-seven operator

118. The out put of e nodul o forty-seven operator is suppli E§TUSIVIZE07

i nput of a latch 120. The output of the latch 120 is reset to zero by the
carry output fromthe counter 112. Thus, at the, pegi nning of each address
sequence, the output of theflatch 120 is equ@l/tb(gero which is always the
first address of each addréss sequence. At the end of each address

sequence (i.e., the forty-ﬁl count )Y i{the sedd gene 16 is
toggled in order to supplyj& ghew peed Fo<ghe nul i plfi er 1
Certain nodifications of ti€ 3resent ii tion Ravdg be ussed above.
O her nodifications will o¢éw t hogB=practicijng {i n of the
present invention. For exa e, altho the prégsent i n has been
specifically described in ér&h t worlT data gymtjol s
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shoul d be understood that the present invention applies to other data

el enments. Also, the present invention may be wused in conjunction with
different data frame arrangenents and different rotation and/or

i nterl eaving protocaol s. Accordi ngly, the descripti f_th

pr esent i nvetP8H* S to be construed as illustrative onl y ahgjil’f}g”"fzg"? t he
pur pose of teaching those skilled in the art the best nbde of carrying out
the invention. The details may be vari edeﬁgga} @rs]t ially without departing

fromthe spirit of the4invention, and th i ve use of all
modi fi cations which ar&w thin the scope of the appended WO
98/ 04973 SN = PCW US971»12607
30 clains is reserveds S 848 TRe appa@atus gf im1l
wherein the nenory 8 |a 3 4 4 4 3 y Y
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2 first nmenory, wherein the address generator is a first address 3
~generator, wherein the apparatus further conprises a second 4 menory and
a second address generator, wherein the first address 5 gener at or
substantially al one supplies addresses to the first 6 e RAInysoisdot he
second addr eg®9g®049as at or substantially alone 7 suppl i es addresses to the
second nenory so that data elenents 8 entering the first nenory are
rotated and interleaved, so that 9 data el enents are read out of the
first menory as de-rotated and 10 ipt@rfdafed data el ements, so that the
de-rotated and interleaved 11 data elenents are stored in the second
menory, and so that data 12 el ements are read out of the second nenory
as de-rotated and de- 13 interl daved data el enents. 5.
The apparatus of claim1l wherein egch of the first 2 and second groups
of data elenents includes D data elfnents, and 3 wherein the nmenory
stores substantially D data el enents at a 4 tinme. 1 6.
The apparatus of claim& wherein the data el ements 2 inthe first and
second groups of data efeffents are rotated as 3 recei ved by the

appar atus, and wherein t\ap address geRre conprises: 5

addr ess counti ng neans fof counti nguf
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6 _'prov_i' ding a correspondi ng output count fromO to D1, E@T y
resetting after reaching a count of D 1; 1 - mslq-]AélzéO |

apparatus for reordering first and secon%gioups 2 of dat jPRANIBLIFRB 199
a first order to a second order conprisimnmgss 3 a menory having

a plurality of nenory.| orThti apparadus wiiecgéaimt he whiersti ngrtowep reimadat ais a
elenments is stored in the nenory to be replaced by the second group

of dat a elfeimsit syemanyl, wBerein the addamsaddesssagemerst @ fdmsdngeltinass

gener ate addresses and .7 to supply the addresses to the nenory so that,

as eath adifineeater, gwheregei YbE BppraKathendrythart cogprdses & &RINDf t he
first group 9 of data elenents is read froma first nenory | ocation and

so thht MEMoLY ARG 2| eReARdf REAFERE geBsRatgrouphsreda: &18 didiftts address

from’ 12 RIRF1T5 S PBhpibIAhaY o LPBRoREOPE L CPORICRAORER SE0aTE ?Hme”‘s@t
13 | on. 1 2....Th f.claim.l in t
addr e(J’s gcaéﬁeor&]%@ﬁ ear%? otf'h? sss??%%gggdfc 85§u§§5§ %a§§ freggg% t{%.l? nt1tlﬁiel ﬁg:’ﬁ;ellr({}les oeas
to % des[ A& theafabae.E! E8BPhE QLchRf hkbhdly?Rd $RGAN4OWRS Nt s

8 entering the first memory are rotated and interleaved, so that
9 data elements are read out of the first memory as de-rotated and
1o interleaved data elements, so that the de-rotated and interleaved

11 data elements are stored in the second memory, and so that data
12 elements are read out of the second memory as de-rotated and de-
13 interleaved data elements.

!

! 5. The apparatus of claim 1 wherein each of the first

(8]

and second groups of data elements includes D data elements, and

)

wherein the memory stores substantially D data elements at a

4 time.

I 6. The apparatus of claim 5 wherein the data elements

(3]

in the first and second groups of data elements are rotated as

o

received by the apparatus, and wherein the address generator

4 comprises:

5 address counting means for counting from 0 to D-1, for
6 providing a éorresponding output count from 0 to D-1, and for

7 resetting after reaching a count of D-1;

A
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4 dat a el ements. 1 : 3. The apparatus of ?I r-@i .
the address 2 generator-is arranged to supply addresse Q)’ﬁ{wmrzrﬁylsg 60
as to 3 de-interleave the data el eg;epts of the first .and ﬁw&]_@.ﬂﬁs{'g 1¢9¢
of 4 data el enents. 8 of fset .generating neans for '~

generating an offseti. 9an WpehewkusheAf istirder idependent AmPs&CorRat §Rdups

of rotation of the 10 D data el enents; and, 11 - conbi ni ng
means2f or cormbabanglehenasf sebmand fistoutrpidr th? a smtond sordesr t comenes ahe:
t he addresses. 1 . 7. The apparatus of claim6 wherein the

offseb is 2  further mgepexddarimgor PHanplody off ety elerepicns, 1

8. The apparatus of claim7 wherein the data elements 2 are arranged in
S segftent swhekeisi AheaéhrstsggRERt Oéf d@dEa e lBmerd]Se nightSt e obpr e digmory
groups of data el enments, wherein the G 4 groups of data el ements_include
the first Eﬂdbgéegﬁaaﬁpguﬁg Gpe second group of data elements; and,

6 an address generator arranged to generate addresses and
7 to supply the addresses to the memory so that, as each address is
8 received by the memory, a first data element of the first group
~ 9 of data elements is read from a first memory location and so that
10 a data element from the second group of data elements is written

i1 into the first memory location before a second data element .from
12 the first group of data elements is read from a second memory .

13 location. «-+~" ey, fo

1 2. The apparatus of claim 1 wherein the address

2 generator is arranged to supply addresses to the memory so as to
3 de-rotate the data elements of the first and second groups of
-~ 4 data elements.

1 3. The apparatus of claim 1 wherein the address

2 generator is arranged to supply addresses to the memory so as to

(W¥)

de-interleave the data elements of the first and second groups of

4 data elements.

T
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5 data elenents, and wherein the offset is further depef@&T/URO B/ 1%60'
the segnent of data el enents. 1 9. The ap’pamlﬂgigg
wherein the offset 2 generating means ggrerates an offse r 1998
first of the S 3 segnents, wherein the offset generating neans generates

an offset 4 of zeodfet gemamsttigipumeats £Leedasnedting T sefisats,

wherein 5 the of fset generating neans generates an offset of eight for a

6 s80ondwbﬁéaénoﬁhﬁh@f%@@&nd%) RN gHRIT 20 viterRrh PherOFREePR @f the
genergting means g nerates an offset of four for a third group of 8 the

second of Ph8283s g SiwWRE i n the of fset generating neans 9

generates an offset of zerq for r I i na. .agroups,. of 1 S n f

t he é?segmants, wher &Rt R "6 fmsegt Sgefﬁoer?a ?x%%l%e%s&e OEP§8t1 ndggﬁgrgﬁlg ut

an ofihsel byl 8f At 2o Ifesle AR il AudflddbOf the S 12 segments,

wherein thé ofrset generating neans generates an offset 13 of eight for

-a second group of the third of the S segnents, 14 wherein the of fset
generating nmeans generates an offset of four 15 for any renmini ng groups

of the third of the § segiRNiHpWERA br 1Bl aid e W S€in JERET 35 EBEL B3NS
generates an offset of four for a

2 further dependent upon the group of D data elements.

- 1 ;g. The apparatus of claim 7 wherein the data elements

2 are arranged in S segments, wherein each S segment of data ..

3 elements is comprised of G groups of data elements, wherein the G
4 groups of data elements include the first and second groups éf

5 data elements, and wherein the offset is further dependent upon

6 the segment of data elements.

~
A7

I 9. The apparatus of claim 8 wherein the offset

S

generating means generates an offset of zero for a first of the S

)

segments, wherein the offset generating means generates an offset

4 of zero for a first group of a second of the S segments, wherein
5 the offset generating means generates an offset of eight for a

6 second group ©f the second of ﬁhe S segments, wherein the offset
7 generating means generates an offset of four for a third group of
8 the second of the S segments, wherein the coffset generating means
9 generates an offset of zero for any remaining groups of the

10 second of the S segments, wherein the offset generating means

O o
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17  first group of a fourth of the S segnents, and where tTH‘US‘QS?t/ 19 60 7

generatl ng neans generates an offset of zero for any renal g s
of the fourth of the S segnents. ”E%lg F?B 998

claiml1 wherein the data el enents 2 %?e arranged |n m groups of data

el ement s, gdrereitnes hennoffsapsof 3eroofogata falreregroumaifude thhed iafstthnd
second group of data 4 el ements, wherein each group of data elenents
has Ddateﬁegrﬁent%l evenreinwhBeePAiERE G8PgraltdREnMeaRSe 9%@@&/@(&“ offset
according to the first order, wherein th par_at |s ar ed to
de- 137 Q%t%ﬂ%‘év@%’h@ B8FARE| BRBHPs Of o thfe S‘éépgn(?f "\‘ﬁ{g}%ﬂ n the
8 w_m)ry stores subs el enent s

11

o R atastie OF BERE 10ONRGRE RS, RES ARy saseratss ad‘er?éc‘rfaft%tr of four

SO LS vt o A oheRtn baan T e RBR PEn R s rel it ) s BBt Mol d

,rese élng éﬁéeéf9£8¥'géHQrQEﬁnSfﬁBHhs %%B%raté@ an7of%set of5¥3ﬂk for a

gener at i ng-reans T eSponsIve out put. count generating a
seedjyand,¢j st group of a fourth of the S segments, and wherein the offset

18 generating means generates an offset of zero for any remaining
19 groups of the fourth of the S segments.

5 -
1 10. The apparatus of claim 1 wherein the data elements

2 are arranged in m groups of data elements, wherein the m groups

3 of data elements include the first and second group of data |

4 elements, wherein each group of data elements has D data

5 elements, wherein the data elements are interleaved according to
6 the firégtgrder, wherein the apparatus is arranged to de-

7 interleava the data elements to the second'order, and wherein the
8 memory stores substantially mD data elements at a time.

1 11. The apparatus of claim 10 wherein the address

o

generator comprises :

L

counting means for counting from 0 to mD-1, for

4 providing an output count when reaching a count of mD-1, and for
5 resetting after providing the output count;

6 seéd generating means responsive to the output count

7 for generating a seed; and,

LT
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8 ' converting nmeans for converting the out put 260
the seed to a sequence of addresses. 1 {
of claim 1l wherein the seed 2 generating nmeans is arra 1998

L seeds, wherein L is 3 gi ven by thed&pl | owi ng equati on:

(Rlerg]) nmod(nD-1) =cdnvérting mMBEhEi ok t6nlerting, the. out@mtl |cdu|‘nt seryls
begin repeating at 8 L[err], wherein R = D, wherein the address
sequences e gpabnedya Sequenbe 66| bddragseguation: 10

Merr](n) =0 for n =0 I\/[err](n) =
(Merr] (n - 1) + R[err]) md(nmD-1) for n =0,1,2... nD1

wherein i varies fromO to L[err] - 1. 1 13. The
apparlatus of clai m %herBhe apearehvpyof glaimcdapwhesein tde saedecond
menorjes, wherein the address 3 generator conprises first_and second
addr éss g&IRARHDT NG \IPRART nis ﬂrrangﬁg Eprgenggar-ess §emdsat vhereidy ardged

to0 s | ddresses to first rrermr SO0 as to de-rotate the data
el eneu’ﬁfsy gg’nvdensb the fof’low1ng equatl y

4
5 (RY mod(mD-1) =
r 6
7 wherein L 1s 0, 1, 2, . . . until the seeds begin repeating at
8 L..., wherein R = D, wherein the address sequences are given'by
9 the following equation:
10
0 M) =0 | forn =0
M@) =M, (n - 1) + R") modmD-1) for n = 0,1,2.mD-1
4 12 wherein i varies from 0 to L,., - 1.
1 13. The apparatus of claim 1 wherein the memory
2 comprises first and second memories, wherein the address
3 generator comprises first and second address generators, wherein
4 the first address generator is arranged to supply addresses to
5 the first memory so as to de-rotate the data elements, and
6 wherein the second address generator is arranged to supply

L g
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6 wherein the second address generator is arranged to s -
addresses to the second nenory so as to de-interleave th e{Us 97/17.2 60"

el ements, thus producing the second order. 1 H?gﬁviﬂyﬁ
apparatus of claim 13 wherein the fi rst?kssrmry 2 stores ata e eananE? 1998
at a tinmeaddmyeies tthe skeosdcordomgmoBy sst asesonbeddtna eellemnm St data
time, and wherein mis an integer. 1 15. The apparatus of
claim 14 wﬂ&mantskmtmm$serQuCl@ﬂd?égsSgéﬁédapéﬂeébnpr|ses 3

first counting neans for counting fromO to D1, for 4

provi ding a correspondi ng out put count fromO to 9 D1,
and for resetting after reaching a count of D1, 7

of fset generating néh%s ' Bhe RABRBRFHE 2R 6??&5&13 gherein the first memory
wherej n the offs S ndent upon_ap,exten

ot atd on GETHRS B BRGA oF CHBRALS S4na. i, “wheZein” the Sagond MiYithg

.mean&for onvert the o%fset an . the caqrres ond| g
outpuf co&h (ﬁst ? ¢ %ﬂ%¥ts gt % time, and wherein m is an &{

l 15. The apparatus of claim 14 wherein the first

(3]

address generator comprises:

[93)

first counting means for counting from 0 to D-1, for

4 providing a corresponding output count from 0 to
5 D-1, and for resetting after reaching a count of
6 D-1; |

7 offset generating means for generating an offset,

8 wherein the offset is dependent upon an extent of
9 rotation of the D data elements; and,

10 firéchonverting means for converting the offset and

L1 the corresponding output count of the first count-

12 ing means to a first sequencéucf aadréssegé and,
/

I3 wherein the second address generator comprises:

14 second counting means for counting from 0 to mD-1, for

I3 providing an output count when reaching a count of

16 mD-1, and for resetting after providing the output

L7 count;

(U L
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12 | ' ing means to a first sequence of addr
wherein the second address generator conprises: ?G‘T/Ussrgna }312 60
counting neans for counting fromO to nD-1, for 15 ]PEMJS]_3 FEB 1998

provi di ng an output count when reaching @7count of 16
nD-1,gand for rESEttb@%daE%%%ﬂ@H¥h e dfdlivd ko the output count of

count ; 18 generati ng neans responsive to the
outpuo count of 19 the second ddimtSerpntamIngdngemarst {04 a seed;
generating a seed; 20 . and, 21 second
convéfting nmeans for convemd,ng the seed to a second
sequence of addresses. 1 16. The apparatus of claim 15
wher @in the of fset s2congewenaentgngeasigefaataswroiigetheofsgedotdéor a
first of the S 3 segnments, wherein the offset generati.ng ngan§ =~ ¥"

generates an offset 4 secongr sefawened iqfsradgragsed. a second of the S
segnents, wherein 5 the of fset generating neans generates an offset of
eight for a 6 second group of the second of the S segnents, wherein the
offses 7 generatlng neans ener at es n ffset. of four forhg épkrd gr oup

of The apparatus o aim 15 wherein t set
2 generating means generates an offset of zero for a first of the S
3 segments, wherein the offset generating means generates an offset
4 of zero for a first group of a second of the S segments, wherein
5 the offset generating means generates an offset of eight for a
6 second group of the second of the S segments, wherein the offset
7 generating means generates an offset of four for a third group of
8 the second of the S segments, wherein the offset generating means
9 generates an offset of zerc for any remaining groups of the
10 second of the S segments, wherein the offset generating means

1 generates an offset of zero for a first group of a third of the S

12 segments, wherein the offset generating means generates an offset
13 of eight for a second group of the third of the S segments,

14 wherein the offset generating means generates an offset of four
15 for any remaining groups of the third of the S segments, wherein
16 the offset generating means generates an offset of four for a

17 first group of a fourth of the S segments, and wherein the offset
18 generating means generates an offset of zero for any remaining

9 groups of the fourth of the S segments.

) R L
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8 the second of the S segnents, wherein the offset gene}? nF 9260
generates an offset of zero for any remaini ng groups of the é
1 18 éBeEwEB 193

of the S segnents, wherein the of fset gegqratlng nmeans
ffset of f fi f th f.th

herein tha of fsot o |rs kﬁb O tgﬁhé$éi%§ g?f@%?relESgggo?egaght for
d f .the third f
a secgn grou%ﬁgtégﬁgFgﬁ!; aﬁ(ﬁ%?%é%éﬁ*ﬁ@iééheﬁ%ée % EQS&S'nwhggegh AT

wherei'n the off set g&ﬂera
generatlnggﬁg any' renai

groups of %Q%ehhb%dgg?éet g§§§ﬁ§§§atﬂh?re'“ the of f set generatlng

means generates a 17 flrst group of a fourth of
the Sysegnents, and mhereln the of fset 18 generati ng neans generates an .
of fset of zero for any renaining 19 groups of the fourth of the S

segnent s. 1 The Eﬁp Ztue of claim 16 wherein the
seed 2 generating nmeans is arran& '8 ‘@ é te'L seeds, wherein L is 3
4 5

.given by the foll ow ng equation: (Rlerr])
md(n®-1) =1 6 7 wherein L is 0, 1, 2, . . . until the seeds begin
repeating at
wherein L is 0, 1, 2, . . . until the seeds begin repeating at

8 L..., wherein R = D, wherein the address sequences are given by

9 the following eguation:

{0

y M@y = (- R’y mod (N-1) for n = 0,1,2,.. ,N-1.

12 wherein i varies from 0 to L., - 1.4 wherein the single address

13 generator comprises;

14 address counting means for counting from 0 to D-1, for

15 providing a corresponding output count from 0 to D-1, and for

16 resetting after reaching a count of D-1;

17 offset generating means for generating an offset,

18 wherein the offset is dependent upon an extent of rotation of the

19 D data elements; and,

20 combining means for combining the offset and the output

21 count so as to generate the addresses.
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L[ err]

address counti ng
correspondin
reachin !
gener at
rota
nmeans f
t he addf

of

Ll err]
t he foll ow ng equati on:
nod (N-1) for n
- 1.4 mhereln t he single address

10

=0,1,2 N-1.

gﬂé%ﬁs for ?oﬁﬂﬂpn?ﬂ+%@
Ou Tiu CEHP'}.IEQ{'I%W PUBLISHED UNIY

a

12

wherein R = D, wherein the address sequences are gi ven by 9

N[err](n) =(n. Rerr])
wherein i varies 483
gener at or conpr|”=1u
RGANIZATRON 15 R |
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{57) Abstract

An apparatus (28) for de-rotating and de-interleaving data includes (i) a first memory (32) for storing D elements of rotated and
interleaved data in D storage locations, (ii) a first addresser (36) for addressing the first memory (32) in order to read de-rotated and
interleaved data out of the D storage locations and to write rotated and interleaved data into the D storage locations, (iii) a second memory
{(38) for storing mD elements of the de-rotated and interleaved data read out of the first memory (32), wherein the de-rotated and interleaved
data read out of the first memory (32) are stored in mD storage locations of the second memory (38), and (iv) a second addresser (40)
for addressing the second memory (38) in order to read de-rotated and de-interleaved data out of the mD storage locations and to Wwrite
de-rotated and interleaved data from the Lirst memory (32) into the mD storage locations.




