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decoded without reference to any other frame. A predicted frame or
25 P frame is compressed with reference to a preceding I or P frame and
achieves greater degree of compression than an intra-coded frame.
The third type of MPEG frame, termed a bi-directionally coded or B
frame, may be compressed based on predictions from preceding and /
or succeeding frames. Bi-directionally coded frames have the greatest
30 degree of compression. The three types of MPEG frames are arranged
in groups of pictures or GOPs. The GOP may for example contain 12
frames arranged as illustrated in FIGURE 1A. Since only an intra-
coded frame is decodable without reference to any other frame, each
GOP may only be decoded following the decoding of the I frame. The
35 first predicted frame or P frame, may be decoded and stored based on
modification of the stored, preceding I frame. Subsequent P frames

may be predicted from the stored preceding P frame. The prediction
of P frames is indicated in FIGURE 1A by the curved, solid arrow head
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menories which store multiple GOPs for use during "frame A~9E~~a ~~
intervals". US Patent 5,535,008 uses average distances between | frames to

address the transducer for quick traverse or quick reverse reproduction. In EPO
application A-737 975 an MPEG recording method is disclosed for an optical disk.
20 The recorded format comprises a management area and a program area where the
program data has a hierarchical structure. The disclosed format has certain
similarities to the format adopted for the digital versatile disk or DVD. A digital
playback apparatus is disclosed in US Patent-5,543,925 for the reproduction of
digitally processed photographic pictures. The digitized pictures are written on an
25 optical compact disk for presentation on a screen in accordance with stored data
representing either a prerecorded sequence or a user defined presentation. US
Patent-5,543,925 teaches that for every digitized picture stored, the picture files
contain a plurality of sub files, which define the same scanned picture with
differing resolutions. It states that these multiple resolution versions of the same
30 picture advantageously reduce the waiting time for picture presentation. The
playback of digitally encoded pictures at high speed is disclosed in EPO
application 0651 391. In particular EPO A 0651 391 discloses the use of both

two and three frame memories which store multiple GOPs for use during "frame
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In yet a further inventive method one field of the

picture is stored in a first field of the second memory and a previous

35 picture is coupled for display from a second field of said second

memory.
In yet another inventive method one field of the picture
is stored in a first field of said second memory and a previous picture



FIGURE 3 shows in greater detail part of FIGURE 2 and depicting various

el nventive arrangerrents FI GURE 4 shows the digital disk player of FRGUSEP 2002
“including other advantageous arrangenents to those of FIGURE 2. 25 FlI GQURESS
5A and 5B depict an exenplary bit stream before track buffering. FI GURES SC
- SD depict exenplary data in buffer memory. FIGURE 6 is a flow chart
il'lustrating an inventive arrangenent fo§ the recovery of start codes
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25 allocates the memory for storing the second data type.

In yet a further inventive arrangement, an apparatus for
reproducing a digitally encoded signal from a disk medium, comprises
a transducer for transducing the digitally encoded signal. A processor
is coupled to receive the digitally encoded signal for processing and

30 generating a picture therefrom. A memory is coupled to the processor
for storing the picture. A controller is coupled to control the memory
and the processor, wherein a first mode the picture is stored in the
memory and in a second mode the picture is sub-sampled and stored
in the memory.

35 In yet another inventive arrangement, unnecessary
processing of unwanted sector data is avoided. A method for
controlling data reproduced in sectors by a disk player employing
optical read out, comprises the steps of transducing groups of sectors
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30 Figure 7 is a chart illustrating an inventive sequence for a
reverse trick play mode of 3 times play speed (3X).
DETAILED DESCRIPTION
FIGURE 2 depicts an exemplary block diagram of a digital
video disk player. In block 10 a deck is shown which may accept a
35 digitally recorded disk 14 for rotation by a motor 12. A digital signal
is recorded on disk 14 as a spiral track containing pits with respective
pit lengths determined by an 8/16 modulation coding responsive to
respective signal data bits. The record on disk 14 is read by pick up
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30 transmitted by I*C control bus 514, and coupled via element 54 of
FIGURE 4.

The digital video disk player is controlled by a central
processing unit or CPU, element 510 of block 500, which accepts the
reproduced bitstream and error flags from channel IC 40, and

35 provides control instructions to servo IC 50. In addition CPU 510
accepts user control commands from user interface 90, and MPEG
decoder control functions from the MPEG decoder element 530 of
block 500. A system buffer memory 80 is addressed by and provides
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conversion and generates baseband video components and encoded

video signals.
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a located thus pernmitting processing of the picture_header which in turn

allows the determ nation of, for exanple, the 5 tenporal reference,

pi cture_coding_type (I, P and B). However, such advantageous MPEG parsing
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I-picture I(13), thus the transducer is moved, as indicated by arrow
J1 to acquire picture I(13). The signal recovery and decoding then
follows a play sequence indicated in FIGURE 1B by arrows 1J1, to
acquire I(13), J2, to acquire P(16), I3, to P(19), J4 to P(22) ...Jn. The
25 intervening B pictures shown in FIGURE 1B are transduced but may
_be discarded, for example, in the buffer by over writing or by decoder
inhibit, as required specific to each trick play mode. To avoid the
previously described requirement for additional reverse mode video
buffering, various advantageous methods for MPEG decoder, buffer
30 memory control and allocation are employed.

The determination of picture data may be performed in units
of sectors referenced in bit stream 41 or track buffer 60A. However,
since an MPEG picture start code is buried within DVD data formatting
and is not constrained to start coincident with a sector boundary the

35 resulting location of picture start codes in units of sectors may
inevitably include fragments of a preceding, possibly non-video
sector. FIGURE S5SA shows part of exemplary bit stream 41 including a
video object unit containing audio video and sub-picture data sectors.
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"searched to |l ocate the next start code. However, because t he partial start
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30 track buffer, pictures and audio required by a specific trick mode may

be stored in exemplary track buffer 60A with unwanted pictures and
or other data deleted in the buffer by overwriting.
In a first arrangement start codes are located by use of start
code detector 520 which searches the bit stream in either the
35 mechanical / track buffer 60A or the video bit buffer 60B. Although
this method has an advantage in that MPEG start code detector design
is known, the detector however requires contiguous data. Hence only
data in the video bit buffer, stripped of DVD and transport data
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described. In a further advantageous arrangenent, frame buffer nenory
capacity may be effectively be doubled during trick play 5 operation by
hori zontal ly sub-sanpling the decoded picture data prior to buffer storage.
Hori zontal sub-sanpling, for exanple inpjenented by exenplary block 62
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30 frames may not be decoded, hence need not be stored in the track or
video bit buffers. Thus only needed pictures are stored, and
unwanted picture or other data is discarded. To facilitate this
advantageous selection between wanted and unwanted pictures
requires that the bit stream or video packet stream be pre-processed,
35 parsed or searched to locate a sequence_header,
group_of_picture_header or picture_header prior to storage. Thus
parsing or pre-processing of the compressed bit stream allows the

determination of MPEG parameters such as, time_code, closed_gop,
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35 storage of the type and byte location within the sector address at step
260.

Detection of a partial start results in a YES at step 250 which

causes the sequence to restart searching the bitstream to locate the
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during trick play buffer by advantageously enabling multiple
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Similarly, buffer memory may be reallocated for example, for certain
trick play modes storage of extra compressed pictures may not be
30 required, thus unused or non-required buffer memory capacity is
reconfigured to provide an output display buffer memory, depicted as
60H in FIGURE 3. The output display buffer memory may store either
a frame or field of video data for display. This dynamically allocated
memory facilitates output picture derivation and is not used as a
35 predictor, thus simplifying memory management during trick mode
operation. The reallocation of memory may be initiated by user
selection, however the dynamic allocation may be determined by

advantageous stored trick play sequence requirement and or use of
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MPEG pi cture decoding order is determned, as is well known, by th ‘?ﬁﬁed@@?
*pl cture hi erarchy hence forward node operation the 15 decodi ng sng

foll owed. However, trick play operation may b a advantageously facilitated
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imperceptible.
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35°decode B type, pictures without use of buffer nenory is assuned. %JSEPE% 2
+type picture decoding is knowmn as B franes-on-the-fly (BOF). In addi% pbin 0
“trick play operation may be advant ageously enhanced b y witing a decoded
field to nenory and concurrently reading a display 2 5 SEP 200z 28 field
froman interlaced |ocation within the sane nenory. The display field may
be froma tenporally separate picture. $gch virtually sinmultaneous read

write operation ﬁ&g@“ ik i PSP ield i ad.
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t he decoded vi das ihasr deensedesodived,| nmidiccomteoipére 610y is peqtireds aod P
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the charandnagk 19Rds. ndnthe cerpmplay nplayeeuefi Wﬁrﬁ (PRIRaPIGKId e B ve
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nunmber ixdi S i J f nuyber;,. i 1. case
"d" i ndiggﬁél??hekggsgfﬁa{y-g?&ﬁi e(flgnﬁﬁg%ﬁﬁgér lﬂ.g §SS$?¥8OZC§B%I¥§EPMNE
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out put S§igﬂ?ﬂicmt Qi giace TIRGURTHIRss TOrRICAYIdIE A16WRt hogesstieH! Rift sdd@ird
sequence, Clearly reqtgreﬁ t hat %ach chart rqQw contains one field gl spl ay
i nst r 2ot ingErogps or' blocks of 16 sectors. 1S grouping 1S require to

-facilitate error correction (ECC) by means of Reed Solomon product
coding and payload data interleaving applied over 16 sectors during
recording. Thus information is acquired from the disk in EBOC groups
of 16 sectors, and in general, the retrieved data containing the wanted
30 sector address is in advance, or preceding that address requested by
the back end processing. In addition, the transducer moves relative
to the rotating disk with either radial or tangential motion to acquire
the track containing the ECC block of sectors within which the wanted
sector address or addresses reside. Thus, following repositioning, the
35 transducer refocusses and sectors are transduced as the disk rotates
towards the ECC sector block containing the requested or wanted
sectors address. Hence, if worst case positioning of transducer and
wanted sector address are considered, many hundreds of unwanted

ver,
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5 The sequence i|lustrated in FIGURE 7 starts at output field # 1, where
| -picture 1(37) is decoded and stored in frane buffer 1, 60C Con?lg rsgpt a0
"with the decoding of | picture (37), one field, for exanple, the fop |e%o2
of I-frame (37) is displayed. An advant ageous decoder 530 is enployed to
facilitate decoding and the concurrent display of |0 the decoded video
signal. During output field #2, MPEG piq_é ure 1(25 ) is retrieved from

t
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buf f er301leaist céignoficanhsbipr sineatetl.pi cture P(28). Concurrently with the read
out of 20 field \ | i cfuge 6 M1 hned m b egqm
buf fer 60B, decgggecs’ aﬁéfgée%rg %%?a%ﬁﬁé%}géeéd}\?%ﬁﬁgﬁguggfflfgrwl.(péscitu?cye goth
frame buS§EPES CBAEES ndt R dnéYRp MERESPISHUIth Mk TeANAERdPRg SELIBTR, odut put
L i7e| gs ﬁﬁﬁra,gc{hélﬁe@t@tegg i)svsf:@bﬂ rad?hrfewaﬂ%p{a?ms aheogﬁimi]gm H%gdBdss%mxgng
. Predigcted picture is read frombitstr uf f er ecode
2nd the S SER o FPGIE yEE ayBd anarbh: SebFT TR, Whict rEpresdi
35 substantial equality between wanted and replay sector addresses,
may be considered to represent a latch function where the logical
state is maintained until the wanted address is changed i.e. until a

further transducer jump is requested. The receipt of a new sector
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Thus the next preceding GOP B, containing pictures I(13), P(16), P(19) and
2 P(22), is processed as described for GOP C. ot~ 25 SEP 20022 ?JSEP Zﬂg'l
CLAIMS 1. Arnethod for acquiring a start code froma plurality of® Start
codes in a data streamarranged in a plurality of sectors transduced during
reproduction by a digital disk apparatus, conprising the a follow ng steps;
a ) searching said data streamto |ocatgpa specific sector t y p ain said

luralit f sectors; 10 Db) searchin | ecifi.c secior type to locate a
gt art ~co%%&rersgmci]§n§eﬁl 8?%??‘?@6 of sﬁlg??slac‘g%%’g;wahde Eﬂtﬁi Hé%é'é’lcﬁ"%? rt
code to datai mowilptlet enew Wasked chiddgessai acadas airsthe arepiay | sigptad andedsnd
sector o | cifli : oryqt | aj ral ity sagt : e
sear chi n%etggféﬁsggﬁndg@ggﬁgg} o_f43s'é?§té&g(s:i #llﬁcf:gllseg]éﬂjdr %&%él {ﬂ% ﬁ%ﬁ%fl%g% )
second strghledodorotrrosi ¢osrentions oG ppecksr ¢vh smdd 46 warel iemabdéd staand
codes; sf eg;al [ d to; ' : 1 d
i ncorrplse(%%@?:ta%l, gg)(r:llgl q_§l gbﬁaﬁ(&gbiﬁ 2? nsg{ﬁg(gi%d_té}rﬁ[%gn%}e;?gﬂg? g?lﬁtfnécﬁ)gée %/%I ue
and sai dPle¥sitid @ hiffesepfe tianshices POFIQN isoReAweséedt art code. 2. An

apparatus for rppeogde@iched arghlayt alckvreneedest ﬁiegf%@éntfeﬂor@e%t&‘?dinlé@ﬂ be
conpri s;{g};: 2 5 a transducer for transduci n& said dig all§%G encodéd si gnal
n d gerRFEPTMGda BY t CQPPaLiSPPL¥ith  drncated o SeStYr aLCHIBF t 80 rERER IR sai d

bi t streaxf efrogoobrrectionl Wuff@sodss sindg 4%aiage biilledt wedm the mRm@byr coapl ed
E(I\)/E??_'tlgE%rc%%ﬁessE%)(iuier& frORS" LoPle2fi355 o %' %u?t?me%t B0 i%grrl{ra tthgnéa?nng
detected replay occurrence may be employed using signal 45B to
control or enable operation of error correction buffer memory 45 and
46. In an alternative inventive arrangement only the requested
sector is enabled via output control element 46A. Selection by
15 element 46A is different from the control provided by elements 45A
and 45B which, because of the interleaved, or shuffled data format
enable the ECC block containing the requested sector. Detection of the
wanted replay sector may be performed by comparison of the actual
replay sector address and the requested or wanted address. However,
20 because this control function is performed essentially following error
correction and de-shuffling which utilize buffer memory, the resultant
output signal 41 is delayed by at least one ECC block time period.
Hence error corrected output data corresponds to groups of sectors
transduced in advance of the wanted data (address) identified as
25 present at the BCC buffer input. Clearly since the buffer delay is
-known it may be compensated for in the control coupling of signal
43A to element 46A, for example by use of a delaying method
depicted as t. Control element 46A is depicted as a series switch
element capable of enabling or disabling bitstream supply to the back
30 end. Thus signal 43A, suitably timed to compensate processing and
buffer delays, may be applied to selectively enable de-interleaving
bitsream 41 for transmission to processing block 500. The use of the
preceding inventive embodiments permits only transduced data from
requested sectors to be coupled to the back end for storage and
35 decoding, thus reducing microcontroller 510 work load.
As has been described, transduced signal 31 is demodulated
at block 40 to remove the 8:16 modulation, and produce output
signals 44 and 44A. Signal 44 is coupled for de-interleaving and error



2 5 sEP 200z 32 g controller coupled to control said nenory and said

» processor for controlling identification of information mﬁthin-?@ ﬁ“ﬁmz
stream wherein said controller controls said processor to iden inga
specific sector type in said bit stream and responsive to said specific 5
sector identification said controller controls said nenory for storing said
I dentified specific sector, 3. An appaRa us for reproducing a digitally

dod o . ! ppaLss )
oo oo O Wit AL 487P{ bSO sEBafbIPTPEOE ] Cofrebia Hp! 10
first namedyuceougplay seckdi dddressesucdpefinterdedyingg andi €revn eQIreghiom

second R of RledS ! I Baffer ¥ HeHAD! 45 canal o6 IfORIGERE 1 f4c

i
menory; .angd, a contr coupled to control  said first and se on(Fmem)ries
for contb‘{fgﬂ n&targentlitr ise&trsn <t therf BSRFAYi AR KFGRR i TRRged ( rASa AN
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applied and 1.4 milliseconds represents the period of a sector at 1X
rotational speed. Thus the reproduced serial bit stream is delayed by
a minimum of approximately 45 milliseconds.
Bitstream 44A is processed at BECC block 47 to error correct
15 sector identification addresses. However, because the sector address
is short and sector specific, error correction block 47 introduces an
insignificant delay to the replay sector address signal 42.
As described already, the error corrected bitstream is subject
to an error correction delay. Bitstream 41 is received at the back end
20 where the various MPEG packets are separated from DVD data. Video
packets are stored in exemplary buffer 60B for decoding by MPEG
decoder 530. As described previously, decoder 530 sends signal 513
to controller 510 to indicate completion of each picture decoded,
which in turn results in the acquisition of the next picture to be
25 decoded. Hence at the end of a particular picture, for example, the
_picture contained in video sector marked A in FIGURE 5A, signal 513
is generated by the decoder. An exemplary next picture wanted for
decoding must be recovered from the disk, hence transducer 15 must
be repositioned to the sector address containing the wanted picture.
30 FIGURE 5A shows part of bitstream 41, coupled to buffer 60A,
including a video object unit composed of multiple sectors each
containing video, audio, sub-picture and navigation data. The end of
sector A, may be advantageously determined in, or prior to, track
buffer 60A by the occurrence of the next sector address, or following
35 MPEG decoding as indicated by signal 513. Hence the arrow labeled
NEXT in FIGURE 5A shows the approximate timed occurrence of the
next sector address request from microcontroller 510 to the front end.
This address and jump request is transmitted by an I*C control bus
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are not required during trick mode operation hence address, data and
control bus interrupt priorities may be assigned a lower priority with
a higher priority assigned to picture access from the track and video
bit buffers.

15 The timely acquisition of requested sectors is particularly
important during trick mode operation. However, the execution of
wanted sector acquisition responsive to back end processing, forms a
control loop with multiple delay elements, as has been described. An
inventive arrangement is shown in FIGURE 4 which reduces delay in

20 sector acquisition, which stated simply, permits a detected replay
occurrence of a last wanted sector to initiate transducer movement to
a previously received new sector address. FIGURE SA shows arrow B
positioned to indicate an approximate time relationship between
replayed bit stream 41, or track buffer 60A, and the issuance to the

25 servo of inventive next/end sector addresses. In FIGURE SA arrow B
_is shown occurring shortly after the navigation pack, shown shaded,
has been read from the bitstream. At picture A, arrow NEXTis shown
to illustrate the occurrence, approximately seven sectors later, of
signal 513 (decode completed). However, in reality I and P type

30 pictures contain considerably more sectors than those depicted in
FIGURE 5A, hence arrow NEXT, corresponding to issuance of an
address and jump request, occurs considerably later than illustrated.
Thus the inventive next/end sector addresses are generated by
microcontroller 510 following navigation pack acquisition and or

35 advantageous picture / sector address determination and table
construction. The employment of next/end sector addresses
recognizes that the wanted sector address may be temporally
separated from the transducer instruction to jump. The next/end
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stored in element 53. The I?*C data also includes an inventive end/last
15 sector address, or first unwanted sector address. The end/last sector
address may be obtained from recovered and stored navigation data,
however this provides only a limited number of predetermined
picture  addresses, thus for trick modes the advantageously
determined end of picture sector addresses are employed. The
20 end/last sector address is read from the I*C bus and stored in element
52. The last sector address may modified either prior to bus
transmission or upon receipt, to prevent wanted sector loss, by for
example, the addition of one unit count to sector address thus
ensuring addressing and detection of the first unwanted sector. The
25 last sector address, or modified address 52A is coupled for
comparison with the replay sector address signal 42 in an exemplary
" comparitor 51. Thus, when the replay sector address 42 equals
address 52A, the first unwanted sector is about to be transduced and
comparitor 51 generates control signal 51A. Control signal S1A
30 enables coupling from element 53, for example by loading or shifting
the stored address data to the servo, or as depicted by exemplary
selector switch 54 which couples the next sector address to the servo
system and initiates repositioning of transducer 15. As has been
described, the transducer is moved to the track containing the next
35 wanted picture and data output signal 41 is advantageously enabled
by element 43 when the wanted picture is reproduced.
The transducer continues to follow the track reproducing
wanted sectors which are processed by the back end. In response to
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The inventive transducer control sequence described above

initiates transducer movement by comparison between essentially

10 undelayed replay sector addresses and pre-loaded wanted sector

addresses, thus delay in the acquisition of the new replay bitstream is
obviated, facilitating enhanced trick mode operation.

MPEG picture decoding order is determined, as is well known,

by the encoded picture hierarchy, hence forward mode operation the

15 decoding sequence is followed. However, trick play operation may be
advantageously facilitated by controlling MPEG picture decoding order
based on picture sequences required by a predetermined trick play
algorithm and knowledge of where the pictures start and stop in the
video bit buffer. Thus knowledge of picture location in the video bit

20 buffer 60B, for example as calculated in FIGURE 5C, or as determined
by bitstream search of FIGURE 6, permits memory start pointers in
the start code detector 520 and variable length detector 531 to be
advantageously directed to randomly access pictures as required, for
example, during trick mode operation. An exemplary video bit buffer

25is shown FIGURE 5D containing picture fragments as described
_previously. A start code detector memory pointer is depicted as
arrow SCD which searches through the exemplary video bit buffer to
locate MPEG start codes. However in the third sector of the first P
picture the start code detector memory pointer SCDI1 indicates

30 detection of a start code from the next, but unwanted picture. Hence
by advantageously directing the start code memory pointer to known
byte accurate memory locations unwanted pictures and undesirable
decoder hang ups are avoided, as is indicated by arrow SCD2 of
FIGURE 5D.

35 In a further advantageous trick mode arrangement, unwanted
data from previous pictures is cleared input and output FIFOs, first in
first out registers of start code detector (SCD) 520 and variable length
decoder (VLD) 531. Signals 521/532 depicted in FIGURE 3 clear or



Y

control ling processing.of said encoded signal, wherein responsive to said
saddress and sai d requested address being substantially equal said 25 SEP 2002

controll er enables said processing zZOOz d 3 Ss~2,, ,, ,, 36 2 5 sEP

200z 12. An apparatus for optically reproducing a digitally encoded signal

froma disk) conprising: a transducer positionally controlled for

transducing said 5 digitally encoded si7gﬁal havi ng an address and ot her

dat a; a mmset respectiveubIEOs st purganddta erenainingntframl iprgviouysosd ¢ ¢ ode

Lhereof pespRnsls/® SAcRAlapffless Hilnthd corank CHIREAr excueauRbad e ot o
and) a processor coupled to receive sai i gl tal'l y 'encoded 'signal from 10
sai d trabcbBuaed MaDcstart otheabngxic glgsiodg taperati@ncowitol new fdatacdisoml | i ng

pr ocessi I Gy n&,gﬁ \Ign | ol ' CejfVi
request e%@h%%?s%lgal g‘gn@% ﬁ{e&rS g}?ﬁ’gﬁa@g@?%gﬂf‘ﬁgegﬁ% gjff gg’lg?iagﬁcoded
si gnal Sumis{opsaprtioaddesuliing,dfrem drasddudls (rdoOneRtass are substantially

equal . 15 13. ADrRPRALAL US reQerdEPAOMSH Nherd Feguims! yth@nqege_ed%icﬂmh from
a disk nme |urcp conprlzll ng: a.source Qf "a bltstreamregresent tive of said
di gi tal |9t Hrd6eBEssiagdalin 2ofurtRehclidhr MOGsy QRITMZALER BEYSiSCealP d8r

processi ggersdich biig sddweamageoasly asimdlifietasin aetmsst ofirsutfeseenaeh 6y a
type reprre%slﬁpér%gnEshebr}?'rnéversing the order in which adjacent B pictures are

10 decoded. This advantageous reversal of decoding order is achieved by
setting or controlling the memory start pointers to enable decoding of
specific pictures required by the trick mode. In another trick mode
optimization, buffer memory size and control may be simplified
during trick play operation by advantageously skipping or not reading

15 pictures in the video bit buffer by address manipulation as required
by specific trick play algorithms. Memory size and control may be
further optimized during trick play by advantageously enabling
multiple decoding of pictures either immediately or as specifically
required by the trick play algorithm. The provision of these

20 advantageous  features requires careful control of read/write
functions and the synchronization therebetween.

In yet a further trick mode optimization, a decoder control
capability which facilitates audio video synchronization or lip-syncing
by skipping picture decoding is advantageous increased in control

25 range and utilized during trick mode operation to allow a number of
pictures, selectable between 2 and at least 6 to be skipped or not
decoded. Such picture manipulation advantageous facilitates trick
play operation at six times play speed by skipping over B-pictures
within each GOP.

30 In addition to memory control and allocation requirements for
trick mode operation, MPEG decoding may be advantageously
optimized, for example, by an essentially concurrent operation of
decoding I or P pictures and writing the decoded result for either
display and or memory storage within a field period. An ability to

35 decode B type pictures without use of buffer memory is assumed.
Such B type picture decoding is known as B frames-on-the-fly (BOF).
In addition trick play operation may be advantageously enhanced by
writing a decoded field to memory and concurrently reading a display
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player. Figure 7 is a chart illustrating an inventive arrangement for a
reverse trick play mode of 3-times play speed (3X) in a video player.
This exemplary chart has columns which represent MPEG coded I
pictures and P pictures which comprise groups of pictures or GOPs A,

20 B, Cand D. Each GOP has contains twelve pictures which are not
derived from a film source.

In this exemplary trick play sequence, decoding in the
reverse direction may be facilitated with an advantageous
arrangement of an MPEG decoder and two frame buffers which

25 provide both decoding and display of the decoded video in reverse
order. In this example only I pictures and P pictures are decoded,
hence only these are charted. FIGURE 7 illustrates a sequence of 37
encoded pictures, with the picture number indicated in parentheses.
The extreme right column is labeled "output field #", and represents a

30 time axis incremented in field periods. The first field, output field #1
marks the start of trick play reproduction. Each row of the chart
shows the igventive processing occurring within that respective field
period. The following abbreviations are used in FIGURE 7. The frame
buffers are numbered 1 and 2. An upper-case "D" signifies decoding

35 the picture / frame indicated at the top of the specific column. The
process of decoding a picture and storing the result is depicted by
"D>1", where the number indicates the destination frame buffer
number, ie. 1. A lower-case "d" indicates the display of a field from
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the top field of I-frame (37) is displayed. An advantageous decoder
530 is employed to facilitate decoding and the concurrent display of
10 the decoded video signal. During output field #2, MPEG picture I(25)
is retrieved from bitstream buffer 60B, decoded and stored in frame
buffer 2, 60D. At the same time, another field, for example the
bottom field of I(37) read from frame buffer 1, 60 C and displayed.
During the period of output field #3, an action takes place
15 which exemplifies an inventive aspect. During field #3 the exemplary
top field of 1(37) is repeated by reading from frame buffer 1, 60C.
Concurrent with the read out of the repeated top field of I(37),
predicted picture P(28) is decoded, with reference to I(25), and stored
in frame buffer 1, 60C. With accurate, synchronized timing, decoded
20 frame P(28) is written into frame buffer 1, 60C. This concurrent
operation is achieved by decoding picture P(28) sequentially on a
line-by-line basis following the read out of the display field of picture
I(37). The sequential reading and writing of frame buffer 1, is a
further advantageous capability provided by this exemplary decoder
25 and memory management system.
) At the end of output field #3, pictures I(25) and P(28) of GOP
C are stored in frame buffers 1 (60C), and 2 (60D) respectively.
However, these frames represent temporally earlier events and are
required to enable the decoding of the frames which occurred
30 subsequently, for example frames P(31) and P(34). Intra-coded
picture I(25), resident in memory 2 (60D), was utilized to decode
frame P(28), and is not currently required. Thus, in order to provide
a display for output field #4, frame memory 2 is over written with
frame I(37), re-read and decoded from video buffer 60B. To maintain
35 the output interlaced field sequence, the appropriate field of frame
I(37) is accessed from frame buffer 2 for display. At output field #35
the advantageous concurrent processing performed at field #3 is
repeated. Output field #5 is derived by reading a field of picture
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the display of 3 times speed reverse motlon At output field #7,
picture P(34) is retrieved again, decoded and the other field selected
for display. Picture P(31), previously decoded and stored in frame
buffer 2 is read and provides output fields #8 and #9 respectively.

15 At the end of output field #9 there is no further requirement
to store picture P(31), thus intra-coded picture I(13) of the next
preceding GOP B is obtained, decoded and stored in frame buffer 2.
Output fields #10 and #11 are read from frame buffer 1 which
contains predicted picture P(28). Concurrently with the read out of

20 field #11, predicted picture P(16) is obtained from bitstream buffer
60B, decoded and sequentially stored in frame buffer 1. Since both
frame buffers contain the anchor frames of the next preceding GOP B,
output fields #12 and #13 are derived in the same manner as output
fields #6 and #7. Predicted picture P(25) is read from bitstream

25 buffer 60B, decoded and the appropriate field displayed without
storing.

Thus the next preceding GOP B, containing pictures I(13),
P(16), P(19) and P(22), is processed as described for GOP C.
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1" i 40 2 5 SEP,2002,20. An apparatus for reproducing a picture froma
digitally recorded di sk conprising: a transducer for digitally en%%cﬁﬁﬂ?gzmz
signal fromsaid disk; 5 a first nmenory | ocation for storing said
transduced signal; neans for decoding said stored signal to produce a

pi cture; a second nenory l|location for storing said picture; neans for
retrieving said picture fromsaid secon% menory | ocation for display; and,
means for inplenenting one of first and“s kcond operating nodes; in said
first.operating node, said stored signal being decoded and sai d pi cture
being stored in said second nenory Ieighbﬁg within a given field period,
and one field of said pictures being ved during a subsequent field
period; and, in said second operating node, said stored signal being
decoded, said picture ~ 5 being stored in said second menmory |ocation and

one field of sai.d Ai gledhed Hor ngqikin Vae@tafmt Bb&esﬁ'b G4 i
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during reproduction by a digital disk apparatus, comprising the
following steps: |
a)  searching said data stream to locate a specific sector type
in said plurality of sectors;

10 b)  searching said specific sector type to locate a start code

from said plurality of start codes;
c) determining said start code to be incomplete;
d)  searching said data stream to locate a second sector of said
specific sector type in said plurality of sectors;

15 e) searching said second sector of said spéciﬁc sector type to
locate a second start code of said start code type from said plurality of
start codes;

) determining said second start code to be a residue of said
incomplete start code;
-20 | g) combining said incomplete start code value and said

residue start code value to form a complete start code.

2. An apparatus for reproducing a digitally encoded signal

from a medium, comprising:

25 a transducer for transducing said digitally encoded signal and

generating a bit stream therefrom;

a processor coupled to receive said bit stream for controllably -

processing said bit stream;

a memory coupled to said processor for storing processed bit

30 stream information; and
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21. A player for producing trick play node video inmages fromdigital data
tscored on an optical disk) said player conprising: means for rotati2§ SER @002
" disk at a speed which provides ' a 5 ~~ substantially constant data rate

for processing; nmeans for optically reading said digital data fromsaid .
disk at said data rate; and neans for processing said digital data into
said video images for display during said trick play node; wherein 10 said
data rate provided by said rotating nmeadd is greater than a data rate
produced at 1Xareentrobleal copphul tR2coftrel pis:ziyzlerrnc-,,ufnorrb'aiEncElsaiid\’ﬂEI'Sé':E‘ssscf’,’ti d

1X rotational speed slébst_a,nti_al l'y produces a user data bit rate at
referen \FQ‘B'E‘;ﬁ&P315 sptificaggnniqf| iRforpIatioevibir ofid bipJtreme; pl ayer of

claim 21, wheregj | d a.r rovided by sai,d rotating neans is

substantial |y et S%i‘@ac?g@‘:"lf%r %%f‘ﬁ%s obald RIQECSHRF s49 dldentify 26

pl ay nmogsacifi¢. sébeomdl@yer iaf aign 2dike yREr Shap: | a gate. provi ded by

sai d rogtgctcilng r?eansr at? dilffia%gnttmdat aeérhg‘t egﬁ(?ofé odrjnn%l%pltgytsg%)cgespaeﬁd%scai d

tri ck Sptentonoitientification Tmidpteyaollet corirol?4aidheveehdry Sf@'k'dstro‘?}r?g i{l‘ﬁdd' ’
t1cal dis

mesas includes nmeans for changing the rotational speed of said op
bet weenidegitifiedr ppgcificaysesbore and said trick play node to provide said
different data rate. 30 AMENDED NEET
3. An apparatus for reproducing a digitally encoded signal
from a medium, comprising:
10 a transducer for transducing said digitally encoded sign.al and
generating a bit stream therefrom; _
a first memory coupled to said transducer for storing said bit
stream,
a second memory for storing data controllably coupled from said
15 first memory; and,
a controller coupled to control said first and second memories
for controlling identification of information within said bit stream:
wherein said controller coatrols said first memory to output said
bit stream from a specific sector address therein, and said controller
20 controls said second memory to store a first part of said bit stream

output from. said specific sector address.

4. An apparatus for reproducing a digitally encoded .signal
from a medium, comprising: .
25 a transducer for transducing said digitally encoded signal and
generating a bit stream therefrom; '
a memory coupled to said transducer for storing said bit stream;
a processor coupled to said memory for processing said stored

bit stream to identify an MPEG start code contained therein;
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2 5 SEP 2002 42 ' 26. 6 The player of claim21, wherein: said digital data
‘read fromsaid optical disk represents an MPBG encoded signal. ' 52~ SEP 2002
The player of claim 21, wherein: said digital data read from said opti cal
disk is representative of a video' object unit (VOBU). 28. The apparatus of
claim 26, wherein: 10 said digital data is decoded during said trick play
node -such that output display i mages ~ aB8 formed fromintracoded (I) and

predictively (Pksatddptbabasor 20arches %ﬁwrﬁbk'édoﬂ)l@'s%téHIQS toV"l“t‘]i’ r?:'t,f}
said output display 1nmages are forned from substantially" equa rrpora

spaced | MREGPstastiedodat and . r&pozisheeappasaﬁuMBE(},lsaam zﬂ\dewtwéxemmca&emd
digital data is selecteg for prQ ng.to _produce. 20 display inmages-in a
reverse 6f rprPéFétf‘?fvé“ bcqtﬁ%lgﬁé tiestion andoftRies acrester mddrespeed

node. 3153.1-'3‘% ‘IUTPEE‘[ %Q%Ltrq:gge wherein: said display inmges having
said reverse or er occu nor nal play speed and include all |nages

di spl ayged during forward play speed node. ~MEM ?Efl s!-;EE i

5. A method for controlling a transducer position during replay
in digital disk apparatus, comprising the following steps:
receiving a first and a second transducer address for controlling
said transducer position responsive to a replayed address:
10 comparing said replayed address with said
first transducer address to detect equality therebetween; and
moving said transducer responsive to said detected equality to a

new position determined by said second transducer address

15 6. An apparatus for reproducing a digitally encoded signal
from a medium, comprising:
a transducer positionally controlled for transducing said
digitally encoded signal; and,
a controller coupled said transducer for controlling a position
20 thereof respomsive to said digitally encoded signal and an address
coupled thereto, wherein,
responsive to said digitally encoded signal and said address
being substantially equal said controller controls said transducer to a
second position determined by a second address.
25 '
7. An apparatus for reproducing a digitally encoded signal
from a medium, comprising: '
a transducer positionally controlled for transducing said

digitally encoded signal;
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apour  position,
wherein responsive to said digitaliy encoded signal and a first
address being equal said comparitor controls changes said transducer to
a second position determined by a second address. '
10
8. A method for controlling data reproduced in sectors by a
disk player employing optical read out, comprising the following steps:
transducing groups of sectors including a sector wanted for
processing, and sectors unwanted for processing; _
15 supplying said wanted sector exclusive of said unwanted sectors
to a data processor for processing; and,
processing said wanted sector to extract data therein

representative of video information.

20 9. A method for controlling MPEG compatible data reproduced
~ in sectors, comprising the following steps: '
transducing groups of sectors including a requested sector
having MPEG compatible data required for processing, and unrequested
sectors having MPEG compatible data not required for processing:
25 transmitting said requested sector exclusive of said unrequested
sectors to a data processor for processing; and,
processing said requested sector to extract said required MPEG

compatible data representative of video information.
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| ~Ej d haul ~o uopanpojd , aql ~apeytae~ x03 poyaur ~ 'ZE fi ZOOZ d3S ~ Z ,
*a 2 5 SEP 2002 44 36. The nmethod of claim 35, wherein: said rotapiSngErsteg
i ncludes the step of changing said rotational speed of said optical disk
bet ween said normal play node S "and said trick play node to provide said
different data rates. 37. The nethod of claim 32, wherein: said digital
data read fromsaid optical disk is reprggentative of an MPEG encoded

¢ gnal 10 3 B 1oTheamalgudt chisl iy ae) coperepianand Ul OBhased

fromsaid optical disk iS representalive oBj ect uni t

39. The MPE6H ofmpkabha Ataweeneprisingai d digital data is decoded by said
processing step during, said trick play node such that output display inmages
are formed fromdi AE3NRBWES (For dnansfecing i feam (@) diskdegraimgtsa. 0£0sdocEhe

cubst ant PSR e HUERRD: sfP BRLEE | MERR: B cagmabisar data required for
5 processing and unrequested sectors having MPEG compatible data not
required for processing;

a first data processor coupled to said transducer for processing
and coupling said requested sector having MPEG compatible data
exclusive of said unrequested sectors having MPEG compatible data not

10 required for processing; and,

a second processor coupled to said first processor for receiving

said requested data sectors and extracting said required MPEG

compatible data representative of video information.

15 l11. An apparatus for optically reproducing a digitally
encoded signal from a disk, comprising: |

a transducer positionally controlled for transducing said
digitally encoded signal having an address and other data;

a controller coupled said transducer for controlling a position

20 thereof respomsive to said address and a requested address coupled
thereto; and,

a processor coupled to receive said digitally encoded signal from
said transducer and countrollably coupled to said controller for
controlling processing of said encoded signal,

25 wherein responsive to said address and said requested address

being substantially equal said controller enables said processing.
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41. The nethod of .claim 32, wherein: 2S, said digital data is selected for
‘processing to produce display inages in a reverse order relative 2d SBERQOS?

processed is a forward normal play speed node. ~D~EPiOCED MEET ' i ' 2 5 S
E P 2002 45 42. The nethod of claim4l) wherein; said display inmages having
said reverse order occur at normal play speed aad include all inages

di spl’ayed during forward 5 play speed no ® ~MEE~DED ~HEE?
. A5. A% AF. A[ . AY. A. AF. AY, . AF. ABA. A . AF, . A AYU. A3. AF, . A, . A?. A A A A3U. A3. A
A TLA3;
f.. A3N A3. A3y. AF. e. A ¥2a AB ppPatetus oK 10gtisatlya repreducioey, As digivatlys A
. AF" 21
Q{j }xsnl derﬁﬁdega]scgal] ]f r]lca] caﬁ m]p %] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal
ca] ca] ca] ca] c"a] galiehddaddrcal saﬁwocahgal cgénuglled for ~ transduc
I7! b*c*x***=0333==>=0=@@ D<DEEEEQCOO~yt 0j e_Zi d_ZU] c$a] cal] c ]nca]'l r]s.:a] é%]%a]
c’a] ca] 8/digttallya]enaodalc a] grdlc dheid g adrc ad ddresa] md cddiezaHaed;c
a] ca] ca] c&alU] ca] ca
OOOWWYYbbbbf 31 61 KIGatvodier \ sanpled -said; ér@ﬂ%%aU]'Qfa]C@@]tmal}mg] ca]peditina] ca
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' B HHHHAT t 111" J#
el ca C%.Jo%%lo@n%alp%% calicg) o) saheahesheg’ GEUPC DoDDGSET eI 1T 1701

J>JAJI\L]+M\/NaNNO,» ]calc al.c calca ca
] ca] ca] ca] ca] ca] ca ]rg%}&c!g%lgg] cgt% cg}:ga ca%cz% ;:%LR Iﬂr@g%ﬁm\%

| W*WK  controller dlsablcs said processing of said encoded signal unti
XZ27727772777Z7Z3$[\ U] : 2} xr mhc™Y] ] c]p ca] ca] ca] ca] cal] ca] ca] ca] ca] cal ca] ca] caJca]ca -
] ca] ca] capid apddiass] @aldc alacd] cedweslted] eddozsisc ake ajubitaatiatky equal. " " XbVdW
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OI I
] ch] ca] oal ca] cal) caf ] cAPe AR AR © o foE) ERRAIRECy RCRLARRRY SR (|
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a] ca] ca] ca] caU] @ abunje ad a) b trepon Ut epijaszpsatijea 29fX8aid- Migjtally( encoded

A +10%& +109& ()- =!# +10%&' ()- = [$+10% a"a& ()- = \b+109%& ()- =jc
+10 &l&’&a N- =1"+10% i & ()- =!"+10%n& ()- =! +10%ss& ()-
'_' +10%(X&()' % procddsdrOcodfled to said bitstream for processing said

bitstream to extract at least a first and a second data type represented
therein;
a memory controllably coupled to said processor for storing one
of said first and a second data types; and, .
25 a controller coupled to control allocation of said memory,:
wherein a first reproducing mode said controller allocates said memory
for storing said first data type, and in a second reproducing mode said

controller allocates said memory for storing said second data type.
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5 processing and generating a picture therefrom;
a memory coupled to said processor for storing said picture;
and,
a controller coupled to control said memory and said processor
wherein a first mode said picture is stored in said memory and in a

10 second mode said picture is sub-sampied and stored in said memory

15. An apparatus for reproducing a digitally encoded
signal from a disk medium, comprising:
a source of a bitstream representative of said digitally. encoded
15 signal;
a processor coupled to said bitstream for processing said
bitstream to extract first and second types of data represented therein;
a memory controllably coupled to said source and said processor
for storing said bitstream and said first and second types of data; and,
20 a controller coupled to control allocation of said memory,
 wherein a first reproducing mode said controller allocates said memory
for storing said bitstream and said first and second data types, and in a
second reproducing mode said coatroller allocates said memory for
storing said bitstream and said first data types.
25
16. An apparatus for reproducing a digitally encoded
signal from a disk medium, comprising:
a transducer transduces said digitally encoded signal;
a memory coupled to said transducer for storing said digitally

30 encoded signal;
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-&109%+& ()- rh9. A met od for reproducing a picture from a digitally recorded disk,

20 comprising the steps of:
transducing a digitally encoded signal from said disk;
storing said transduced signal in a first location;
~ decoding said stored signal to produce a picture;
storing all of said picture in a second location;
25 retrieving a field of said picture from said second location for display; and,
implementing said steps of storing all of said picture in said second
location and retrieving said field from said second location substantially

concurrently within a given field period.
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display; and,
10 means for implementing one of first and second operating modes;
in said first operating mode, said stored signal being decoded and said picture
being stored in said second memory location within a given field period, and one
field of said pictures being retrieved during a subsequent field period; and,
in said second operating mode, said stored signal being decoded, said picture
15 being stored in said second memory location and one field of said picture being

retrieved within said given field period.
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23. The player of claim 21, wherein
said data rate provided by said rotating means is

substantially the same data rate for normal play mode and said trick

20 play mode.

24, The player of claim 21, wherein:
said data rate provided by said rotating means are

different data rates for normal play mode and said trick play mode.

25
25. The player of claim 24, wherein:
said rotating means includes means for changing the
rotational speed of said optical disk between said normal play mode
and said trick play mode to provide said different data rate.
30
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representative of a video' object unit (VOBU).

28. The apparatus of claim 26, wherein:
10 said digital data is decoded during said trick play mode
such that output display images:are formed from intracoded (I) and

predictively (P) coded data.

29.. The appa}ams of claim 28, wherein:
15 said output display images are formed from substantially

equally temporally spaced I and P coded data.

30. The apparatus of claim 21, wherein:
said digital data is selected for processing to produce
20 display images in a reverse order relative to images processed in a

forward normal play speed mode.

31. The apparatus of claim 30, wherein:
said display images having said reverse order occur at
25 normal play speed and include all images displayed during forward

play speed mode.
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10 to a processor; and
processing selected digital data to produce output video
images during said trick play mode; wherein
said data rate provided by said rotating step is greater

than a data rate produced at 1X rotational speed.

15 '

33. The method of claim 32, wherein said 1X rotational
speed substantially produces a user data bit rate at reference velocity
of 11.08 million bits per second. '

20 34. The method of claim 32, wherein

said data rate provided by said rotating steps is
substantially the same said data rate for normal play mode and said
trick play mode.

25 35. The method of claim 32, wherein:

said data rate provided by said rotating step are different

data rates for normal play mode and said trick play mode.
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36. The method of claim 35, wherein:
said rotating step includes the step of changing said
rotational speed of said optical disk between said normal play mode

5 ‘and said trick play mode to provide said different data rates.

37. The method of claim 32, wherein:
said digital data read from said optical disk is
representative of an MPEG encoded signal.
10
38. The method of claim 32, wherein:
said digital data read from said optical disk is

representative of a video object unit (VOBU).

15 39. The method of claim 37, wherein:
said digital data is decoded by said processing step during
said trick play mode such that output display images are formed from

intracoded (I) and predictively (P) coded data.

20 40. The method of claim 39, wherein:
said output display images are formed from substantially

equally temporally spaced I and P coded data.

41. The method of claim 32, wherein:
25 said digital data is selected for processing to produce

display images in a reverse order relative to images processed in a:

forward normal play speed mode.
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42, The method of claim 41, wherein:
said display images having said reverse order occur at
normal play speed and include all images displayed during forward

5 play speed mode.
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