DATA DEI NTERLEANER.IN A DI G TAL TELEVI SI ON SI GNAL DECODI NG SYSTEM Thi s

i nvention iss related to the fi.eld of digital signal processing, and nore
part|cularly to a video signal 5 deinterleaver included in a system for
decoding a tel evision signal -such as a high definition television signal.
Advanced vi deo signal processing systems sucl:as hi gh definition television
(HDTV) systens typically use digital signal processing. As part of such
digital signal 1 0 processing, data is typically rearranged in a

prescri bed sequence prior to transm ssion, followed by restoration to the

original sequence umrwm&‘hwmmmmm&mmmmad or
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: 15 result in a loss of contiguous data. Instead, any data lost is
dispersed and is therefore more easily concealed or
corrected. Apparatus used to rearrange the original data
sequence prior to transmission is commonly referred to as
an ingerleaver, and apparatus used to restore the original
20 data sequence upon reception is referred to' as a
" deinterleaver. The interleaving/deinterleaving process is
well known. Scrambling, in contrast to interleaving, has as
its main goal the randomizing of data and the dispersal of
transmitter signal energy. This helps to minimize co-channel
25 interference and enhance timing recovery in the receiver.
' Scrambling also facilitates channel distortion compensation
- by an equalizer in the receiver.
Different interleaving/deinterleaving
algonthms are known. For example, European satellite
30 systems currently .employ an algorithm proposed by Forney -
as described in "Burst-Correcting Codes for the Classic Bursty
Channel," IEEE Transactions on Communications. Technology,
vol. COM-19, Oct. 1971. A different algorithm proposed by
Ramsey as described in "Realization of Optimum
35 Interleavers," IEEE Transactions on Information Theory, vol.
IT-15, May 1970, is commonly used in the United States.



| T-15, May 1970, is commonly used in the United States. 2 The present

i nvent.or has recogni zed that a single signal processing device, such as an
integrated circuit (1C, can advantageously accomodate nultiple

deinterl eaving functions within the context of an advanced tel evision
signal 5 processing system for exanple. %n‘accordance with the principles
of the invention, a digital signal processing network contains an adaptive
dei nterl eaving network incorporating different types of deinterleaving
functions. In a disclosed enbodi nent, a sel ected deinterleaving functi.on 1
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a bl ock dij agréﬁﬁgfa%gs et ilgfplgmeéxtation of a deinterleaving network
containing different deinterleaving functions within an IC.
The deinterleaving function to be used in a given application
15 may be selected by means external to the device containing
- the deinterleaving network, or by a programmed controller,
for example. Further, which of the particular deinterleaving -
functions is selected is determined by the type of system in
which the deinterleaver is used. The system type varies
20  because of the different types of television signal -
transimission methods used. For example, a different type of
broadcast satellite systems.is used for carrying advanced
television information in the United States than is used in
Europe. |
25 Figure 1 is a block diagram of a portion of a
HDTV receiver system including deinterleaving apparatus in
" accordance with the principles of the present invention.
_ Figure 2 shows an alternative implementation of
~ deinterleaving apparatus according to the present invention.
30 Figure 1 is a block diagram of a portion of a
HDTV receiver including a deinterleaving network 18
according to the principles of the present invention. A
transmitted HDTV signal received by an antenna 10 is
applied to an input processor 12. Input processor 12
35 typically includes a tuner and IF stage for down-converting
the received signal to a lower frequency band. It also may



HDTV recei ver including a deinterl eaving network 18 according to the
panchhes-of the present invention. Atransmtted HDTV signal received by
an antenna 10 is applied to an input processor 12. |nput processor 12 3 5
typically includes a tuner and I F stage for_down-converting the received
signal to a |ower frequency band. It also nﬁy I ncl-ude autoematic gain
control, filtering, timng/clock recovery networks and other circuitry as
known. The output signal fromunit 12 is equalized and denodul ated by unit .

14. The equali za ﬂ process conpensates for distortions_ in 5 the data
channel as kndRgludeawematis San contolofilteringe timing/clackband
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provi de out put "dtRa dsintgrleaving ’ networ (1) d to a signal input of
memory 35. Synchronizer circuit 27 detects sync words in
15 the interleaved data signal and provides output signals
synchronized to the data indicating when the data starts.
The sync words are not themselves interleaved, but occur at
periodic -intervals in time. As an example, the interleaved
data may consist of repeated data blocks containing a sync
20 word followed by 15 data words. The synchronization
function is accomplished, for 'example, by sync detection
circuitry incorporating byte recognition logic and a phase-
locked loop. The byte recognition logic recognizes the sync
byte pattern, and the phase-locked loop tracks the sync
25  bytes and indicates when a sync byte is expected. Therefore,
synchronizer circuit 27 is able to provide output signals to
" first and second address and memory controllers 20 and 25
for synchronizing address signals applied to memory 35 via
a multiplexer 30, with the input interleaved data applied to
30 the signal input of memory 35.'..
Deinterleaving network 18 is' configured such
that controller 20 contains one deinterleaving function in
the form of an algorithm, and controller 25 contains a '
different deinterleaving function also in the form of an
35 algorithm. For example, controller 20 may implement the
' Ramsey deinterleaving function and controller 25 the



frrst and second address and nenory. controllers 20 and 25 for synchroni zi ng
hddr ess. signals applied to nenory 35 via a nultiplexer 30, with the input

i nterleaved data applied to 30 the signal i nput of nmenory 35.

Dei nterl eaving network 18 is configured sucly that controller 20 contains
one deinterleaving function in the formof an al gorithm and controller 25
contains a different deinterleaving function also in the formof an 3 5
algorithn1 For exanple, controller 20 may i npl ement the Ranmsey
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Figure 1 ijrp or g¥méfy Shdiag Well "RnSwdWm&hodge control signal may also be
provi ded by a manual’ly OE t.ed svm tch source, r exanple, located in the
" HDTV 20 receiver and extBr ? stedni An rI%&vPﬁd%ﬁeMBrk 18. In that case
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Deinterleaver Select signal may be provided by various

15 sources. Preferably this control signal is provided by a
programmed . microprocessor. Such a microprocessor has not
been shown in Figure 1 in order to simplify the drawing.
The control signal may also be provided by a manually
operated switch source, for example, located in the HDTV

20 receiver and external to deinterleaving network 18. In that
case the switch source applies a selected -binary logic level
directly to a designated input of deinterleaving network 18.
Alternatively, the control signal may be decoded from a
received interleaved data stream. : .

25 Controllers 20 and 25 produce 4 sequence of
read and write addresses and associated memory control
"signals (such- as read, write and output enable) which are
passed via multiplexer 30 to memory 35. Memory 35 is
essentially a shared memory which services whichever one

30 of the two (or more) deinterleaving functions is selected.
'The addresses and associated memory control signals from
controllers 20 and 25 are synchronized to the interleaved
data input to memory 35 by the synchronization signals'
from synchronizer 27. The state of the Deinterleaver Select

35 control signal input to multiplexer 30 determines which one
of memory oontroller units 20 and 25 supplies memory



Al ternatively, the control signal may be decoded froma received

interl eaved data stream 25 Controllers 20 and 25 produce a
sequence of read and wite addresses and assgciated menory control signals
(such as read, wite and output enable) whicR are passed via multiplexer 30
to nenory 35. Menory 35 is essentially a shared nenory whi ch services

whi chever one 30 of the two (or nore) deinterleaving functions is

sel ected. The addresses and associ ated nenory control signals from
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reali zes (deinterleaved) data is produced as a funchon of a memory
' read process. The deinterleaving function may also be

15 accomplished as a function of a memory write process, or as
a function of both read and write processes. |

_ The disclosed deinterleaver network 18 realizes
an advaritage by using a plurality of address and memory
controllers with an associated (shared) memory. That is,

20 only a single shared memory is required, regardless of the
number of deinterleaver functions that are 1mplemented
and avallable for selection.

The deinterleaved data output from memory 35
is descrambled by unit 38. Descrambling, as distinct from .
25 deinterleaving, has as its main goal the de-randomizing of
‘ data. The randomizing of the data is performed prior to
transmission to disperse the transmitter signal energy. This
helps- to minimize co-channel interference and enhance
timing recovery in the receiver. It also facilitates channel

30 distortion compensation by an equalizer in the receiver. The
descrambled output. of unit 38 is decoded by decoder 40,
which may be a Reed-Solomon decoder, for example.
Corrected data packets from unit 40 are applied to a
transport processor 44, which examines the header of each

35 data packet to identify audio and video data. Transport
processor 44 conveys the audio and video output data to



an advantage by using a plurality of address and nenory controllers with an
associ ated (shared) nenory. That is, 20 only a single shared nenory is
requirred, regardl ess of the nunber of deinterleaver functions that are

i mpl enment ed and available for selection-. The deinterl eaved data out put
frommenory 35 is descranbled by unit 38. Descanbling, as distinct from 25
deinterleaving, has as its main goal the de-random zing of data. The
randomi zing of the data is perforned prior to transm ssion to disperse the
transmtter signal energy This helps to minimze co-channel interference
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memory controller 80 by a data loader 75. This may be
performed, for example, by data loader 75 reading data
from memory 70 and writing this data to memory locations

15 within controller 80. Data loader 75 selects which
deinterleaving function to load in response to a
Deinterleaver Select control signal. This control signal may
be provided from a variety of sources as mentioned in
‘connection with the embodiment of Figure 1. Data loader 75

20 initiates the load operation upon power-up of the system, or -
upon a change in the logic level of the Deinterleaver Select
control signal. '

Interleaved input data is applied to a

' synchronizer 73. Synchronizer 73 conveys sync signals to

25 controller 80 for enabling controller 80 to synchronize
memory address generatlon with the input interleaved data.
The synchronization function is as described in connection
with Figure 1. Controller 80 produces write addresses so
that the input interleaved data is written into the memory

30 85 in interleaved form. In addition, controller 80 produces
read addresses to enable the stored data to be read out of
memory 85 in the original deinterleaved order. That 1s, the
read addressing of memory 85 is a function of
deinterleaving data obtained from unit 70. The address

35 generation function of controller 80 operates in the same



performed, for exanple, by data |oader 75 reading data fromnenory 70 and
~witing this data to nenory locations 1 5 wthin controller 80. Data

| oader 75 selects which deinterleaving function to lload in response to a
Dei nterl eaver Select control signal. This céntrol signal may be provided
froma variety of sources as nentioned in connection with the enbodi nent of
Figure 1. Data |oader 75 20 initiates the |oad operation upon power-up of
the system or upon a change in the logic |evel of the Deinterleaver Select
control signalwaynierdeseribdd fortcondiollers 20pand 3 dnaconnettioni zer 73.
Synchroni zer. 733ﬁo vevs ﬁync signals to 25 controller 80 for enabling
control ler 80 Y SE%% oni‘ze nenory address generation with the input

interl eaved data. The syAdlthomghzhe oinviemtioni drasi been describéxbdini n
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used, such as satellite an terre%%rlal br?adcaat sxs&gnsf ﬁi ShQP|d al so
be recogni zed PﬁtéYogqseﬁ%ht dydon, ithe ccqmyrollers an of Figure
may share circuitry. Further, controllers 20, 25 and 80 of
Figures 1 and 2 and may implement the deinterleaving
15 address sequencing function in various ways. The
 deinterleaving function may be performed during the write
cycle instead of during the read cycle described for the
embodiment of Figure 1. This write cycle deinterleaving is
accomplished by writing the data to memory 35 or 85
20 locations in deinterleaved order, followed by reading the
data from consecutive locations for output. Alternatively,
the controllers may partially deinterleave the data during
the write operation, while performing the remainder of the
deinterleaving function during the read operation.
25 The Deinterleaver Select control signal may be
used to disable the unused controller in Figure 1. This may
“be desirable to reduce noise or power dissipation. The
" control signal may also be used to disable the outputs of the
controller not in use, for example, by disabling output signal
30 tri-state buffers of the controller not in use. In this case the
output signal tri-state buffers of the controller in use are
enabled, and the buffers of the controllers not in use are
disabled. Multiplexer 30 would not be needed in this case.
More than one Deinterleaver Select control signal
35 may be used. This may occur, for example, where two
- separate buffered versions of the same control signal are




connection wwth Figures 1 and 2 may be arranged in various 1 0 ways. For
exanple, controllers 20, 25 and 80 may be inplenented with mcrocontrollers’
or with discrete logic networks. In addition, the controllers 20 and 25 of
Figure 1. may share circuitry. Further, controllers 20, 25 and 80 of Figures
1 and 2 and may- i npl enent the deinterl eaving81l5 '~ address sequenci ng
function in various ways. The deinterleaving function may be perforned
during the wite cycleinstead of during the read cycle described for the
enbodi ment of Figure 1, This wite cycle deinterleaving is acconplished by
writing the datlgddo Y Eintrolfers2(Pand 25, OR2mANSalsd e shhgpved order,

foll owed by rea |ng tthe data from consecutive |ocations for. o tgut.
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Sel ect control %Y‘b‘ﬁ%t?l%ngygbgélgéggﬂt ﬁﬁllgatﬂeénﬁeﬁgealﬁﬁg ege&h{l{ oH'er in
Figure 1. Tlis may be desirable to reduce noise or power dissipation. The
control signal may al so be used to disable the outputs of the controller
not in use, for exanple, by disabling output signal -30- tri-state buffers
of the controller not in use. I'h this case the output signal tri-state
buffers of the controller in use are enabled, and the buffers of the.
controllers not in use are disabled. Multiplexer 30 would not be needed in
this case. Mre than one Deinterleaver Select control signal 3 5 may be
used. This may occur, for exanple, where two separate buffered versions of
t he sane control signal are used by controllers 20 and 25. It may al so
occur when there are nore than two address and nenory controllers (each
containing a different. deinterleaving function) avail able for sel ection
wi thin deinterleaving network 18. '



5 What is clainmed is: 1. In a systemfor receiving a signal

represent.ative of interleaved digital video data, apparatus c -stTg: an

i nput processor (10-14) having an input for recei W '

representative of interleaved digital video data an m\i\ a‘“n '

interl eaved data output; a deinterleaving network (“‘ m %0 said
ueal Fty '

I nterl eaved data output and for perfé)lrm' ng one of a /

dei nterl eaving functi.ons to, produce 4 deinterleaved output signal,

conpri sing: aWhat d8uelaémed is:first deinterleaving function (20); b) a
source of a different second deinterleaving function (25); and c) neans for
sel ecting (30) one or the_other of said dejnterlegvi functions in-

response to a control stglA2 sYstem oy FeGaIvVIRE A $18B2bcessor (38-55) for
processi ng saegrestntative eof eintevleavedsidiginal videdpdats! appaesmusdi ng to
claim1l1, whergin ?I‘Z‘ﬁ:lﬁ dei nterl eaving network conprises: a nenory (35) .for
recei vi ng sai PR Baved data out put, and for providing said

dei nterl eaved out.put siamdnput processqui(10614)i hevingran vinpuhtfosl el ement

(20), CO”ESB‘&BQMﬂgt% iﬁgﬁQ}” ?r@éerﬁ&éi@efbfsfnééﬂbﬂé‘d'&gﬁdig functi on,
for controlling read and w te addressing of said nepory tJ 1 npl enent said
first deinterVidgQi Agta and ifof: PEANIding catb interieayed data rontpitenent (25),

corresponding to said spudéintériedding neewotk dEi8)t eedpfimbive to said
' interleaved data output and for performing one of a
plurality deinterleaving functions to produce a
deinterleaved output signal, comprising:
a) a source of a first deinterleaving
function (20); -
b) a source of a different second
deinterleaving function (25); and
c) means for selecting (30) one or the other
of said deinterleaving functions in
response to a control signal; and
an output signal processor (38-55) for processing
said deinterleaved output signal.

2. Apparatus according to claim 1, wherein said
_ deinterleaving network comprises: )
' a memory (35) for receiving said interleaved
" data output,.and for providing said deinterleaved output
signal as an output; '

a first memory control element (20),
corresponding to said source of said first deinterleaving
function, for controlling read and write addressing of said

*  memory to implement said first deinterleaving function; and

a second memory control element (25),
corresponding to said source of said second deinterleaving
function, ‘for controlling read and write addressing of said
memory to implement said second deinterleaving function.



function, for controlling read and wite addressing of said nmenory to .
i npl enent .sai d second dei nterl eaving functi on;r__%Q_%;_AQ_QQLiLUS accor di ng
to claim2, wherein said selecting means sel ectively coupl es an out put of
one of said first or said second menory control mmz““amlﬂﬂlﬁ] menory in
response to said control signal. 4. Apparatus auﬂ M8 m 2, wherein
a sel ected deinterleaving function is performed HurS ng s¥i d°read
addressing. 5. Apparatus accordinglQo claim2, wherein a selected

dei nterleaving functign AppRfithe’ ARbreitig 8 Shiith W, Wherbldy €ssi ng. 6.

Appar atus according to C‘L Im 1, wherein'sgid.i nl ut processor includes an
equal i zer network andS&! eﬁ?g%‘iﬂ%go‘f“eﬁgf RetIvelyaneORPIRS AMaccor ding to

claim1, wheugput ofi onewhsaid firsearosaidnsecsied membegocsitrobt wor k (40) ;

and a video 0, S 44- 50) Sj Vv put signals fromsaid
decoder net \%S‘AF'EQH@ Q‘? ngﬁas?/t{set'é%fyf g? Féesg’ﬁ\g? ng) gagﬁ?gc a [Pc?ieﬁf%&iht ative of
I nterl eaved digital video data, apparatus conprising: an input processor
(10-14) having an inpyf A%Baf&ﬁgigé@d | QoSERERY de%@gagt gtive of
interleaved djgital ,vjde at a d havi an | nterl eave at.a output; a
nmemory (35) Sﬁtﬁﬁtﬁg deintereaving aﬂ@@é‘i"% Hg Bﬁ?f@rm%je WRESaldt a ouput, and
an out put; ehdr lddresging. control el enment” (20) for controlling read and
wite addressing of said nenory to inplenent a first -deinterleaving
function, said first nenory

5. Apparatus according to claim 2, wherein a

.selected deinterleaving function is performed during said-
write addressing.

6. Apparatus according to claim 1, wherein said
input processor includes an equalizer network and a
demodulator network.

7. Apparatus according to claim 1, wherein said
_output processor' includes:
a decoder network (40); and _
_ a video signal prbcessor (44-55) responsive to
output signals from said decoder network.

8. In a system for receiving a signal
representative of interleaved digital video data, 'apparatus'
' comprising:

_ an input processor (10-14) having an input for
receiving said signal representative of interleaved digital -
video data and having an interleaved data output;

a memory (35) having an input for receiving
said interleaved data ouput, and an 'output;
' ‘a first memory control element (20) for
controlling read and write addressing of said memory. to
implement a first deinterleaving function, said first memory
control element having an output and a synchronizing signal
input; '



control elenent having an output and a synchroni ZL]EQ_E%ML—— 11a
second nenory control element (25) for controlling read and wite
addressing of said menory to inplenent a different mmﬂ“mmmavr ng
function, said second nenory control el enent - havi nglmﬂm

synchroni zi ng signal input; a synchronizer (27) for fecei Vi n§ shid

I nter] eaved data and for providing synchronizing signals to sard

synchroni zing i nputs of said first lahd second nenory control elenents for
synchroni zing sai d reagl seedndri hfemdpy DR u]ehtema(zis) Fber | eaved dat a;

30) f { .of d t f d
(oot snd s AP, HEd #98 CBritP poliRsting, ot 5L BB 47 1 csponse 1o
a control su@tplememd aardiffiergat secgndl dpxmeelsamng 3Ruesonf, osajdr ocessing
sai d out put d?gpé ycorﬁtolb‘%‘i@ﬁr%ht‘ gr ghngu lgltchgarr@ wherei h said
| nc

I nput processor an equal 1 zer ul at or networKk;
and said out%ﬁﬂcwpﬂbi’éggorslg‘rﬁﬂ dApYL; o decoder and a video processor

responsi ve to decoded §|Whi‘oﬁfz%m @y)dfdgqg@e{vmg said
: interleaved data and for providing synchronizing signals to
said synchronizing inputs of said ﬁrst and second memory
control elements for synchronizing said read and write
addressing with said interleaved data;
means (30) for selectively coupling one or other
of said outputs of said first and said second memory control
elements to said memory in response to a control signal; and
an output signal processor (38-55) for processing
said output of said memory.

9. Apparatus according to claim 8, wherein

said input processor mcludes an equalizer
network and a demodulator network; and '

said output processor includes a decoder and a
video processor responsxve to decoded signals.from said &
decoder.



