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.relates to apparatus for processing video 5 signal prior to signal
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apparatus for elimnating redundant fields of
and restoring (at a decoder) fields of vi deo signatmdehat have been excised
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is currently identified as MPEG (MPEG stands for "Myving Pictures Expert
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Nom nally a,co e aratus- ar %} M&g) essed dat a
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basi s) gr atqmdst Iﬁos "Mbamgwtmcﬁie’s SBxptrrd Geadp, rrwh;idsle 1rseﬂumhhﬁtteerrpr essi Ion

proces 04 t r mat eri a

IS Vi dz?sff r@#‘?gﬁlﬁgl w %&ﬂﬂﬁdogg%ﬁfiggge Lo k%ﬂ‘i%gls?ig%mc)eeo via a

Tel eci ne, MPEG Hst a; %OIBPI‘QSSQ pyidegosignab roteeold emnbmgf Bve i s redundant.

Removal ofhjéfitchRAIH Ay etd ! MdtionOBonyseh M &' 'DisctélEdigeY - 7 APR

2003 2 prg%tl def a twent %‘f Riﬂlncr se In conpressi n efficigncy.

Furt her anstqrm hEWFé?ég' g %gr 5@6’(?@6’3‘@8' E0¢P 86 EYmefENFhuch of

this vi decfosmgnab. deaft rafpvedeht issidéndtifiedges ISOn ddouatentase frames of data

may beor (1a ar 0 0 he still

i mge rze(gﬁtﬁ aggb”ﬂ: fS(F?@/W?%Il :Mgﬁ@tr?c g?ge ﬁecwgsgla%n e#flm ency.
requires that video signal be encoded (compresse ) on a frame
basis in groups of frames, GOP's. The compressed signal for a GOP
includes a GOP header followed by a frame header, followed by a
slice header (a slice being a portion of a frame comprising, for

25 example, 16 horizontal rows), followed by a macroblock header, (a

macroblock being for example a 16 X 16 matrix of pixels) followed
by blocks of pixel data, followed by the next frame header and so
on.

Nominally a compression apparatus arranged to provide
30 compressed data according to the MPEG format, receives data
either on a field or frame basis, groups this data into GOP's, and
performs the requisite compression processes to generate a MPEG
signal. Note however, if the source material is video signal
originally produced on film and converted to video via a Telecine,
35 that is by 3:2 pulldown, one field out of five is redundant.
Removal of the redundant fields from such material immediately
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In order to realize such enhancenents to conpression efficienqy), il |
,necessary to identify inmage field redundanci es and thereafteT‘%APgMe

fields prior to application to the 10 conpressi on apparatus. Further, after

fields have been excised) a systemof identifying excised fields nust be
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respective ags ar soci a osed anes contain data
cor r espond@X¢ised f36ldssed redundant data. The flags 3 5 are incor por at ed
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n a regcgivear odi.nent, ,of a vi i gnal . conpressi o ste

conpr egsbgdeg}laﬁ%\cx slne%éﬂ?%el&r’%efi?@sf icéilcbswgdﬂﬁﬁﬁnw tﬁgab‘?{%dénfenoved.
The conpr egded itmage i fieldserande cadeding the eramginéng edatai ite faghiain i s | oaded
into a di g @Ma@l%@?&o?%?@%ﬁ%&yté ht‘ésﬁjir?ph?cy JXR[RIY fleldg.cad to provide

an image in rasfer rr@\ ry contro appar,atg‘? i s nede responsive
to respective rdBuf means o ef ¢ e, gifesant; VNN dpchidess fodNEMOIYf i el ds
of image datastovingeswondicdds tof émapgesedathi ghdisprovidinig HeldESERiMigeON O- THE

DRAW NG F | | C i re ati \Y m di agram of a
sequen(%J 0 agéfgee%a ‘Jé‘,‘?"'g“ﬁa' i%‘ﬁ%tﬁ#‘r“&n@é‘%ﬁ@%rec‘gﬁ%ﬁ%ﬁdﬁf? (r?lzgrres, whi ch
repr esent 0repspandingr fieldn efesuccpssiye t frameady anei swbtragted| ®RE 2 is a
pictorial gaiyraeeTidld Aiffeféhdesad Thenfieldi diffeieneés arécasennalaedvi deo

sronal outBile LERESY SIS Bl S She B! B SR sBhREIA
i nt'er | acedpredetarniingdavaluehi df aesumsofitdiffesences evesed fieldnisidess i bi ng t he
2 0 Investia- the predetermined value, the most recent field is considered
" to be redundant and may be excised form the video data stream.
After respective fields are excised from the video signal
stream, frames of video signal are composed from the remaining
fields. The field types (e.g., odd or even) of the fields in the
30 memory are determined, and the data is accessed from the
respective fields in memory such that data from odd and even
fields occupy odd and even lines in the composed frames
respectively. Flags are associated with composed frames that
contain data corresponding to excised redundant data. The flags
35 are incorporated into the composed video data with the associated
frames.



FIGURE 3 is a block diagram of apparatus for excising redundant fields of
~video signal and generating flag signals. FIGURE 4 is a bl ock di agr hsa
resequencer which may be utilized in the FI GURE 3 appar atus. 'Zfigl‘g%

is a flow chart detailing the functional operation of the resequencer of

FIGURES 3 and 4. FIGURE 6 is a bl ock diagram of decoder apparatus for
generating substitute video fields fdr excised redundant video fields. 3 0
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redundant resequencsde fieldandbnyideot isignalefentproyidiog \anl integlaced t he
redundant Jlﬂ@bd&gf‘ifalt W@Ht&\c% redefnftaﬁ’Gni NireOuker rﬂ)lhﬁ_'i‘ddes%tﬂﬂlh f tigd ds occur

in reI t veI rlg‘e burst's) e 2 S preferred enbodi nent of The invention
w | | Q/ of every n redundant fields, where mand n are integers

Wwith n greater E](&HRE 3t sa ddock rdiaptarn sof lappamlus cfoprmhmdg the system

te buff ol d
S and 1 ortcdunint Welds 8! BRued Mg’ BT RERCAIIN” I 41 %11§¥ the
resequenced fra%Uﬁﬁt 4 jipca leck diagramcof rae§®iﬂ%f$ﬁ§°1tév ichijmay bpich has
been exci sgillizéd riaPtiRs FIGURE 30hp aﬁuﬁs gnal DT will be included in the

ansy ke e el Lo R e T el 20 1
i ndi cat es thiei tésefjuencer of FEKGURES & am‘i 4o be displayed first by an
interlace di spl pyGeNesE o6 is a GIBcESA{HpRhtnC0f Adedddr apparatus for

generating substitute video fields for excised redundant video

fields.

30 Refer to FIGURE 1 and the row of boxes designated input
video. Each column of circles represents a field of video signal,
with each circle in a field representing a horizontal line. In that
portion of the row of boxes designated "video", the respective
boxes encompassing two such fields represent frames of

35 interlaced video signal generated by, for example, a video camera.
The portion of the row of boxes designated "film", constitutes



7 AP R 2003 s signal DF is also included in the transmtted encoded signal.

dt will be noted fromthe input and output video fields/franesgyt
fields nomnally occur in tinme after odd fields. That is an I'n eﬂﬁﬁzmma

i ncludes an odd field interlaced with a s subsequently scanned even field.
However when video data is excised on a field basis, reconstructed out put
frames may include an odd field witlg a prior occurring even field. Hence it

f d d
oty noided SighERD %‘f%%?eﬁ oy dPf Shdmlld, “%ata‘%ﬂﬁﬁ%%&ﬁeeéﬁiﬁf as a
subst it ut Ve fanrea@qwgrlequ ist rearqdél@é sHt ytheo signal siieam. fiel d of the
subsequenq“htar@@@ﬁe@uh@l@@ drat ‘?ﬁé(ﬁ?@ afedt hntﬂfé RIRAL edcbhf) a‘§s1 n FI GURE 2

b oure 1 g, fgldhs ngtoeRampl, iny she o, o Se“aﬁp.ﬁp@%r L bpas "
gst?gl ?gggﬁn}[fﬁé%lu Nés aetgapeat iof efi¢ldabes ar_(la_ t he ](c:orrespondl ng si ggglt E);I’t Zmd
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posi tion rengiquenesd tﬂmnam@fasadcbasmairaﬂeruwdlumdaat afields rhedendant

field. A ggeniéxdif&d.! %Etth*?t tfipare! i %‘ ds@ﬁh{éﬂt eRatl B Vife&V gParhpgl d of the
associated frane 1s,to iti the rhght position

ot o CoRAtnL MOVIRE {mages.omnd rihesetdtc paleq IS rales Wil hRYS) boo
first.10heedundait biglds ofednforaatiouiwhethés edrdnateirees'dilng’ the 2 5

sequence g?@eri&(g Ebﬂa@lﬁ ’%msé ?lhﬂ!%gghelbnﬂfét Fﬁ ngl d be displayed.

FI GURE 3 tes ap paratu et eCcti ng redundaht Ti el ds, excising
r edundant resesueacadd fiaddsnare aranged r imetonsintertigedsi fsamesf fom t he

remai ni ng aﬁpﬁbﬂﬁon\@djefbrsbﬂﬂﬁ 1d, Sa@FMP'EGI &Me&omﬁ c%ﬁubéesebﬂ tua first

buf fer nenory btracter J ffer menory
12 is cou 'éoe‘{‘:(g f'é'&ci’r?gd éPP%m'}a(ﬂﬁﬂﬁ)ﬂa?%{wﬂlﬁé 3[“"5‘8 gﬁ €t he second
buf f er 1feoutyut frameypliadlude tdlﬂysﬁmuncﬂialdﬂubfﬁebtmgeasnﬁ% atater 16. The

first and gaﬁggﬂﬁpuffer menori es each delay signal by 3 s one field period,
€

hence the two Vi deq S|gnals applied to the subtra?ter 16 correspond to I|ke
spati al p05| t i grite dnput Radep esignal combdk sy ass well represent still

"video", in which case successive even fields will be identical
except for noise contributions, and successive odd fields will be

20 identical except for noise contributions. In the no-motion or still
video signal instance, the redundant fields may occur randomly or
bunched together. If the redundant fields occur randomly, the
present system will excise the redundant fields as they occur. If,
on the other hand, still fields occur in relatively large bursts, the

25 preferred embodiment of the invention will only excise m of
every n redundant fields, where m and n are integers with n
greater than m. This constraint is imposed to preclude the system
rate buffer from underflowing. Note, representative values for n
and m are 3 and 1 or 5 and 1, etc.

30 A signal DT indicates the ones of the resequenced frames
that include a field corresponding to a field which has been
excised. A representation of the signal DT will be included in the
transmitted encoded signal to inform the receiver that one of the
fields in the associated frame should be displayed twice. A second

35 signal DF indicates which field in every frame is to be displayed
first by an interlace display system. A representation of the




types separated by one franme interval. If tw fields of video signal
Separated by a frane are identical (excluding noise) the differgn

provi ded by the subtracter 16 over respective field periods wl ﬁ@ﬁ&ﬂm
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2 5 conveyi ng payl oads which include Frane Header information.

Alternatively, if the encoder 25 is not an MPEG encoder, but r
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suppl | ed wpphiedate areompression apparatus 3 which may include a
motion compensated predictive encoder associated with a Discrete
Cosine Transform encoder, and statistical and run length encoders.
Compressed video signal provided by the compression apparatus
23 is applied to a data formatter 24, The data formatter formats
30 the compressed data with ancillary data for synchronization
and/or error detection/correction.
If the compressed video signal is to be transmitted over a
medium other than copper wire, for example, it will be necessary
to provide the compressed video signal with further noise
35 protection. Hence the compressed data from the data formatter
24 is applied to a transport processor 26 which adds signal



- ? APB 2003 9 the threshold detector and is arranged to generate the
signal DI/DF. FIGURE 5 is a flow chart of the operation of the FI GURE 4
resequencer, which operates as follows. At systemstartup t Qg ive
fields are | oaded [100] into the buffer nenories 12 and 14 and an 1 ndex n
is set to 2. The resequencer then fetches " [10l] the field type (even or
odd) of the field |loaded in nmenory 12) The field type is exam ned [102],
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residing in t hdAltematively, ifrithe sgnmodert 2% risbnahd@me Ok engoder, but
perhaps a modified MPEG+ encoder, provision may be made to
incorporate the signals DT/DF within the frame headers of the
modified MPEG compressed data. In this instance the controller
30 22 and formatter 24 will be prearranged to incorporate the
signals DT/DF directly into the compressed video data stream. It
will be appreciated by those skilled in video signal compression
techniques, and armed with the foregoing disclosure, that varied
other methods may be implemented for conveying the respective
35 flag signals associated with fields/frames conveying redundant
data.
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prepared to utilize the flag data DI/DF to reconstruct video data_in which
redundant fields have been excised. Conpressed video data fronf APR 2003
transm ssion path, for exanple a tuner is applied to a 2 0 transport
processor 60. The transport processor receives the transport packets of
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exclusively, under control of the controller 35, at twice this
sample rate such that the signal output from the multiplexer
consists of a line of video signal from register 31 (33) followed by
a line of video signal from register 33 (31). As respective fields
30 are applied to the buffer memories, the field detector 11
determines whether the fields are odd or even and conveys such
field type information to the controller 35. Controller 35
therefore knows which of buffer memories 12 and 14 contain the
odd and the even field, and thus may appropriately switch the
35 multiplexer 34, The controller 35 is also supplied with data from




- 7 AP R 2003 CLAIMS: ' 1 . Apparatus for receiving a conpressed video
.signal including informati on DT/DF indicative of fields of

vi deo signal to be displayed nore than once after deconprengBAF§§§&uﬁt
order of display of deconpressed fields, said apparatus conpri sing: neans

for receiving said conpressed .video signal; neans (60) responsive to said
recei ved conpressed video 10 signal 9 for separating said information DT/ DF;

means (61g12, tﬁ@sh &PRBRIYS taadS 36 darri d’% GRmet S%ﬁevg'lgﬁe si gnal for
deconpr es§§1}g conpressed video signhal to provide outptt rarres of

video sig and means (63, 65, 66) responswe to said informati on DI/ DF for
15 repeating oFBGUREfS 4t dsflofw ehagt @Mfwtopéfaﬁ{mﬁof'ﬁhe FIGORE 4Ys set forth
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If even, the index n is incremented by one, and loading of
the next field into memory 12 is initiated [103]. If even then the
field currently residing in memories 12 (Bn) and 14 (Bn-1) are
odd and even respectively. The. current frame is built [104] from
15 the fields currently in memories Bn and Bn-1, with lines of video
signal from memory Bn as odd lines and lines of video signal from
memory Bn-1 as even lines. . The odd and even fields in memories
12 and 14 are in reverse time order and thus the signal display
first (DF) is set to a logic one value {105].
20 If odd, the index n is incremented by one, and loading of the
next field into memory 12 is initiated [107]. If odd then the field
currently residing in memories 12 (Bn) and 14 (Bn-1) are even
and odd respectively. The current frame is built [108] from the
fields currently in memories Bn and Bn-1, with lines of video
25 signal from memory Bn as even lines and lines of video signal
from memory Bn-1 as odd lines. The even and odd fields in
memories 12 and 14 are in normal order and thus the signal
display first (DF) is set to a logic zero value [109].
After establishing the state of the signal DF, The signal DT
30 from the threshold detector is loaded [110] and examined [111]
for the current field. If the signal DT is low indicating no field
redundancy, the next field is loaded [115] into memory so the
memories 12 and 14 contain a new frame of data. The system
then returns to step [101].
35 If the signal DT is high indicating field redundancy, a
variable last_drop (LD) is examined [112]., The variable LD keeps
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1" permit no more than onc in 1vc fields to be ropped. If the
dlffcrence (n-LD) is less than or equal to FD, DT is set to zero [113]
and the system branches to step 115. In this instance the system
10 precludes the dropping of a field even though it is redundant.
Alternatively if the difference is greater than FD, then LD is set to
n [114] and the next two fields are loaded [116] into the memories
12 and 14. This has the effect of dropping the field currently
residing in the memory 14. The system then branches back to
15 step [101].

FIGURE 6 illustrates an exemplary embodiment of a receiver
prepared to utilize the flag data DT/DF to reconstruct video data in
which redundant fields have been excised. Compressed video
data from a transmission path, for example a tuner is applied to a

20 transport processor 60. The transport processor receives the
transport packets of compressed video and synchronizing
information etc., separates the compressed video signal from the
transport packet headers, and applies the compressed video signal
to an appropriate decoder/decompresser. If the redundant field

25 flag data DT/DF is contained in the packet transport headers, this
flag data is separated and applied to the system controller 64,
with any other ancillary data needed by the system controller 64.
If the flag data DT/DF is contained in the compressed video signal
per se', it is separated by the decoder/decompresser 61, and

30 applied to the system controller 64. The system controller
ultimately directs the signal DT/DF to a memory controller 66.

Compressed video signal is decompressed by the decoder 61
and loaded into a display memory 62. Nominally the display
memory 62 will contain a frame of decompressed data. The

35 decompressed data is coupled from the display memory to an
output display device (or to a recording device etc) via a
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to provide video data from the respective memories for display.
10 If no field redundancy is indicated by the signals DT/DF,
decompressed odd and even fields are respectively loaded into
the display memory in odd and even field positions responsive to
the signal DF. The odd and even fields are then consecutively
read from the memory 62 in interlace fashion,
15 If a field associated with redundant information is indicated
by the signal DT/DF, when such field is read out to the display
device it is concurrently captured in the field memory 65.
Thereafter the field of video signal in the field memory 65 is
coupled to the display device by the multiplexer 63 in the
20 appropriate field position. Depending on the particular
decompression system, it may not be necessary to include an
extra field memory 65. and multiplexer 63, for field repeats, and
the repeating of fields of video signal may be performed directly
from the display memory 62. The latter arrangement reduces the
25 amount of necessary hardware, but increases timing constraints
on both the display memory and the decompresser 61.
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RomanAri alCovides g to 9o n once after decompression
" #39%& () "+, andO1RS46RIGY of <UispRGCOE Geb JiipYREILR T  said apparatus
comprising:

means for receiving said compressed video signal;
means (60) responsive to said received compressed video
10 signal for separating said information DT/DF;
means (61,62,66) responsive to said received compressed
video signal for decompressing said compressed video signal to
provide output frames of video signal; and
means (63,65,66) responsive to said information DT/DF for
15 repeating ones of fields of said output frames.

5. The apparatus set forth in Claim 1 wherein said means
responsive to said information DT/DF further includes means
20 responsive to said information DT/DF for providing respective

output fields in a predetermined time sequence.



