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VI DEO TRANSM SSI ON APPARATUS EMPLOYI NG | NTRA- FRAME- ONLY VI DEO
COVWPRESSI ON THAT | S MPEG 2 COWPATI BLE BACKGROUND OF THE | NVENTI ON

1. Field of the Invention 5 The invention relates to video

conpr essi on techni ques and, nore particularly, to vid si on

t echni ques WRPMFE adapted for use with digital CanE§$H§§§R@$ With

ot her digital tape recording and pl aylmlmck apparatus when video editing
capabilities are 10 desired. 2. Description of the Related Art

Digital video ca r O o
currently done us ogtlg%y%éghg%e ope SCM?%Y%N% ]g.jﬂhgf I nitl gr% gi tal
Vi deo- Casset t e- ReUIDEe ICOMPRESSTON cTHAE IS MBHGE=2s COMBATEBLRBer e est abl i shed

i n that conference, including a standard for standard density

(SD) recording in which one frame of NTSC video is recorded in 1350
synchbl ocks. TheseBAGKEROUNDC OFOTHE, INVENTION synchbl ocks of acconpanyi ng

audi o and 44 syncbl ocks (i,f 0 .o hiEgg rﬁfz.gndi stributed anongst ten
successi ve hel i . t he el ectromagnetic

recordi ng taps. SynchlThkdinveation§ velates id widegt kpmpressiomd five
syncbl ocks conprise .a segnent of five . robl.goc | ock
of DCT is based oreShpigpies agd, %F-e@?%g’p?%%aﬁm’og% gﬁ'd%;Z:Eéi&:ﬁg%ée:ﬁd‘gt a.
Eha_t i si i I ;Jﬁéﬂ&[mld_sY)tthﬁs aaeft)i_aéal?teql cﬁo:?_:us@emiehydﬁgitab

orizontal direction and in the,yer al direct.i S .1he
r ed- ni nus- | uni nanE%m‘E%’F‘%rSdiqrf é’?éﬁcgkg?ﬁ n‘g:f‘g]?'a]) Tapd regﬁad:é}slat%%d
bl ue- mi nus- | uni napTylsatiorapparfatusneheni yhddo &litingCoapabkattiemcardl ock

contai ns four blogks, ofddi screte cosine transform (DCT) descriptive
of Y and twolfl ocREEIFEY. descriptive of O and Cb, which bl ocks are of
vari abl e bit | eng} lpesinilptriohcné the Béa er segnment in

Digital video cassette (DVC) electromagnetic tape
recording is currently done using standards developed
in a High-Definition Digital Video-Cassette-Recorxder

15 Conference. Five standards were established in that
conference, including a standard for standard density
(SD) recording in which one frame of NTSC video is
recorded in 1350 syncblocks. These 1350 syncblocks, 20
syncblocks of accompanying audio and 44 syncblocks of
20 overhead are distributed amongst ten successive
helically recorded tracks on the electromagnetic
recording tape. Syncblocks are uniform in bit length,
and five syncblocks comprise a segment of five
macroblocks of DCT. Each block of DCT is based on an
25 8-pixel-by-8-pixel block of 4:2:0 image data. That is,
luminance (¥) is sampled twice as densely in the
horizontal direction and in the vertical direction as
the red-minus-luminance color difference signal (Cr)
and as the blue-minus-luminance color difference signal
30 (Cb) . Each macroblock contains four blocks of discrete
cosine transform (DCT) descriptive of Y and two blocks
descriptive of Cr and Cb, which blocks are of variable
bit length. While there are 385 bytes per segment in
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- 2- the SD standard, often as few as a hundred or less are

required for transmtting DCT capabl e of generating i mages of requisite
resolution. One of the objectives of the inventors was to nore
efficiently wdbdigozer the 5 bytes available in each successi PETHRRBYI2HT t en

t racks, so that the nunber of null bytes is reduced and so that

i mage resolution is inproved by using thodepreviously unused byt es.

The HD Digital VCR Conference established a high- 10 density (HD) baseband

standard in whigke 515 s tfan@aR dof often adiflw @sal KuhApelcbeViss® e Ct ur e,
together with acconpan ing#audio,and over head, occupi es twenty
consecutive reckR@ed rfé’d:i§r FRltbine RE CapaplReAt generaEiRg st andards

for recording difgsds WleRqkisibeopdsaRid it ( DbRk, oRI¥ARCEE S@LAKSI ON
(ATV), PAL+ or Europe and EDTV-11 for_Japan. For the nost part,
the recording sefickie figVanpers WaF e M &fficdently phildse B8 ng f or ned

from segnengs Ohyid$ dvANHME! in each!fEddBdsivel Birdup’ 8RSEES StLALEEdi UM A
simlar 20 observation _can be made concerning the recordi ng schene

for DVB. HowevePQ ¥l &he aupbesof gRulhdyiaferis shdyred andgge £hak support
trickplay reprogisdd Fedd1dPibhCis impF&eed (Bir_gxsi,h@ afdik ﬁfew?ﬂlﬂ !
T ated for HD

repr oducti on. he hi gh-resol ution TV piCture contenp

25 baseband r eeoneehdytesHf MUSE type with 1125 scan |ines and 1200
| um nance pixels permsCa IfidAcaln96R SMhtdithee esthB1ibRed’ ﬁﬁ%ﬁ’—gn' z€
that the HD baseband standard does not conformto any of t formats

supported By thdensity n{EM- dapehradoptandant dn whiichy parbnfsene dof & 30
establ i shed by h*f&hfpé@&ﬁ&qoﬁelteu@ieﬂmé{%@u togeth@¥MitRe. The ATSC

standard supports™480 scan |ines m nance pi xel's per
i nterl aced scanaftempamyping audigcand| eyeEhedd.h CCTUDLgsi KHABEY pi xel s per

interlaced or  oons QLANHRS Hetordial Lifks /20mRe YonldeRBfcl 50 {289
further standards for recording direct video '
15 Dbroadcasting (DVB), advanced television (ATV), PAL+
for Europe and EDTV-II for Japan. For the most part,
the recording scheme for DVB simply involves the
payload being formed from segments of the transport
stream for this transmission medium. 2 similar
20 observation can be made concerning the recording scheme
for DVB. However, there are rules for the insertion of
data to support trickplay reproduction from the
recording, in addition to normal reproduction.
The high-resolution TV picture contemplated for HD
25 baseband recording is of MUSE type with 1125 scan lines
and 1200 luminance pixels per scan line. Those skilled
in the art recognize that the HD baseband standard does
not conform to any of the formats supported by the
high-definition broadcast television standard
30 established by the Advanced Television Standards
Committee. The ATSC standard supports 480 scan lines
with 640 luminance pixels per interlaced scan line, 480
scan lines with 720 luminance pixels per interlaced or
progressive scan line, 720 scan lines with 1280
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- 3- | um nance pi xel s per progressive scan |line, and 1080 scan
lines with 1920 | um nance pixels per interlaced = scan |ine. A known
practice is to record two data segnents of ATSC digital television
signal , eachwbpgospgmdrteded by a tine stanp, in five synchl ocRCTHRIBWZ49

si gnal . The audi o signals used as source signals in TV
broadcasting are sanpled at a frequency -of3 48 kHz, | ocked to the 27 MHz
system cl ock, and are encoded 10 according to the digital audio

conpr essi on_( ACq3ninanceShHpsled %ép%’o%@reéswet £€aw h D AMESEodecunent
A 52, The resulting conpressed _audi o information is, parsed into
packets identifisc@n AipRe Wiklkci93Jyminanceppixgls per jnherlagedets. 15

The video signalghsadnds SRUESSHP ifHaRkiceNisVeo recd¥dadidHdrad are
encoded according to the MPEG 2 video conpressjon standard. The

resul ting conpr EegeenEedef ATSC digitadatedavisien rsignaht easdcket s
identified ig t packet S jheiefgeaVi nsni ssi on
g heceded sgegtméu&r 1S jheieige w&&%t& DTRR

is 20 by groups of pictu each grdup of pictures ( cont ai ni ng
coding for an irgign@l.anchor frame referred to as an "I franme",

subj ected solely to imtr ﬂgﬁé- e L, Ofs y codi ng

for a succession 'ﬁltgf g&? er Jf%aar%eés/ suaj ggrgéﬁ?éé%%%é%éaﬁe%mressi on

25 coding. Thexadgaissingranesanphed o& a frequemey |efi 4% MHzames" and

so-cal led "B 1T affieq CadbRE 27 wnd Olayiieh BIbERIPahG 488 Sthdundl [T er ences
ua C

of that video rame I n act Ity “from that frame as predicted by
extrapol at i b f raggerdiog: tpethetdigidslo audine compregsioBO(ACGH3d P frames; in

accordance with %E%iﬂ%dvgﬁEeifigﬁrirY%e b,gdﬁ‘-”fbmgéoﬁﬁ%%?%gﬁe-t ween t he

nore recent of t e previ ous and P franes. [ ach B frame
is based orThé ifesudtdng compressed @wdior Anformabionals tparsed from

L?:‘la'; Kggg?loa ng gprftﬂié; tp%q:léé\‘.sb!iﬂléﬁ@fﬁéﬁ]%.ln the packemga%épg s being

audic packets.

15 The video signals used as source signals in TV
broadcasting are encoded according to the MPEG-2 video
compression standard. The resulting compressed video
information is parsed into packets identified in the
packet headers as being video packets. Transmission is

20 by groups of pictures, each group of pictures (GOP)
containing coding for an initial anchor frame referred
to as an “I frame”, subjected solely to intraframe
video compression, followed by coding for a succession
of other f£rames subjected to interframe compression

25 coding. These other frames comprise
gso-called “P frames” and so-called “B frames”. Coding
for each P frame is based on differences of that video
frame in actuality from that frame as predicted by
extrapolation from a most recent previous one of the I

30 and P frames, in accordance with motion vectors derived
by block comparison between the more recent of these
previous I and P frames. Coding for each B frame is
based on differences of that video frame in actuality
from that frame as predicted by bidirectional



-4- I nterpol ation froma preceding one and a succeedi ng one of the
| and P franes. MPEG 2 conpressed video is suited to an
application, such as tel evision broadcasting, where 5 there is not nuch
concern with regard to the difficulty of editing video information in

t hi s transpeyd osapigam format. In applications where eaBET/ERISIRAI ng
video is of concern, preferably video conpression is done relying
not at all on interframe conpression 10 4 techni ques, but just on intrafane
vi deo conpression techni ques. Ease of editing video is desirable for

editing of videgeepandtion fromlel ¢hcendng oré éﬁ@r@%ucceeaﬁ@ lopler 0duce
frame repetition for achieving sl ow notion 15 st op-noti on

effects, and t ®f #her T RBIP SEXamAs on sequences By way of further

exanpl es, ease of egipklY comp ré/géga)‘;laea,l $8 gesteq@l® dpr extracting still
pi ctures fron1cantorder recordings, for extracting selected vi deo

for transn1SS|@ﬂmﬁ#@ﬁtﬂﬁgnlﬁvﬁhrﬂﬂ tede@vigionobroadrastipmowhere al s out of
vi deo recorgled gy 0 gtfc;nééilneW&%hOQegar to the |di ePUhARS For

processing V|deo I'n WﬁIC ease ting~vi I's of concern; the
i nvent ors advoocdt editing; mdwrmmﬁé@ncenptbssu @?ﬁm i reany v

25 f : d
Compr essi on endiiTRy (TRoRRPTEFERRET MR AY bl (Gt "R SLRET Y e
i dentifying eadf faomeerns peeﬂgrably mde@r conpression ciohpdaswsi on encoded
simlarly to R/B'%&.Yzmé’n?@ LE i1 dane . ﬁfrﬂ%ﬁgoéo&ﬁ?%?&&? MPEG 2. A 30

conventi onal can be no to ca out this video
conpr essi oho al gceammuueﬂl.tbuha:iu%mn intrafame wvhdec crompressicaui ng j ust

o o oy VBRI, pase O MR LABMPLL! AN L0, et
WO 99/ 09747 editing of video recordings to delet@OIndeWB/ad Ertames,
to introduce frame repetition for achieving slow-motion
or
15 stop-motion effects, and to insert reverse motion
sequences. By way of further examples, ease of editing
video is also desirable for extracting still pictures
from camcorder recordings, for extracting selected
video for transmission over the internet and for
20 editing commercials out of video recorded from
broadcast television.

In systems for processing video in which ease of
editing video is of concern, the inventors advocate
intraframe video compression encoding every successive

25 video frame in accordance with the way intraframe video
compression encoding is done on I anchor frames in
MPEG-2 and then identifying each frame as being
intraframe video compression encoded similarly to the
way it is done for anchor frames in MPEG-2. A

30 conventional MPEG-2 encoder can be modified to carry
out this video compression algorithm. Alternatively,
the encoder for encoding just anchor or I f£rames can be
considerably simplified from the encoder required for
coding P frames and B frames as well as I frames, since



there is no need for the notion estimation circuitry that forns a
substantial part of a conplete MPEG 2 encoder. The notion estimtion
circuitry requires menory with storage capability for plural frames of
5 video information. The inventors prefer such a sinplified encoder
be used in awdbsestss cancorder for reduci ng power drai RCBAKRD$@0249
cancorder battery and for shavi ng the wei ght and size of the cantorder
In many systenms for processing video inm ®irch ease 10 of editing video is
of concern, an MPEG 2 decoder is al ready available for use in decoding
conti nuous thedér bé v medd €orc eHRr fo6ion evttagivigondesecuptiye of
consecutive video frames, so thereigi no addj ti onal cost _for a decoder

to decode the thakshores & Substaptialsparg, carRGhEe MREGrdening P or B
frames. |f anelB5§e2. The GRAR ebbikftich 'ebuidey habuerks a system

provi di ng such a decoder is reaspopaple in cqst, _since the _anount

of hardware i nMERCRPEYith RiQFAge FaPaBhiite Loy plured framegngf that in an
MPEG 2 enceder vifbbesigdinttiion.2 e iRGbAtEEL \iePer daendgr only for |

franes can be used., , SUMVARY_ COF THE | NVENT| ON The invention
in one of its &ipRtified enagaeTehe psed ina Higital vameorerofasr with a
vi deo conpr essi@Bucin Yralif ofCBREAEANELF RS Yatltery bnfir 2EBS
according 25 to the G 2 standard, but in a departure fromthe

MPEG 2 st andar ghavinguehe medahdnieng pise of rhgepmensger.  jnvention in a
more particul ar onerpimidy ARARMSS £68 proce®hRlivAddd 1% %abhaleagémrder

with a video conpressi on encoder Tor generating consecutive | franes
30 accorditlhg of efdtirgFariden dfdSfdCoBgerRn an 2 8gcoder &gom t he

MPEG-2 st andar Ql%%ﬁ?uéviﬂﬁl‘@rfidigugeoianecodir{é :iny&ﬁsi nvention in a
still nmore particulal one of its aspects 1senbodied in a digital

vi deo recor der intrafsamej yideg compresgien eReoding descrimyivespbn encoder

WO 99/ 09747 consecutive video frames, so there id Y KiAMQQ249 '
- 6- for generating a continuous succession of | frames accordi ng

to the MPEG 2 <ostdfiry, avfeeoder d&decode the transport stream of I
15 frames without intervening P or B frames. If an MPEG-2

decoder is not already available in a system, providing
such a decoder is reasonable in cost, since the amount
of hardware in an MPEG-2 decoder is considerably less
than that in an MPEG-2 encoder. Alternatively, a

20 modified MPEG-2 decoder only for I frames can be used.
SUMMARY OF THE INVENTION

The invention in one of its aspects is embodied in

a digital video recorder with a video compression
encoder for generating consecutive I frames according

25 to the MPEG-2 standard, but in a departure from the
MPEG-2 standard without intervening P or B frames. The
invention in a more particular one of its aspects is
embodied in a digital camcorder with a video
compression encoder for generating consecutive I frames

30 according to the MPEG-2 standard, but in a departure
from the MPEG-2 standard without intervening P or B
frames. The invention in a still more particular one
of its aspects is embodied in a digital video recorder

or digital camcorder with a video compression encoder



conpression encoder is sinplified so as not to have capability for

encoding P franes or B franes. 5 The invention in another one of its
aspects is enbodied in a digital video recorder or digital

cancorder with a video conpression encoder for generating a continuous
successi on owolsdgraes that can be recorded-either as ®CTARINB2EAIY
video stream 10 wthout the use of 2:5 conversion or as a transport
stream using 2:5 conversion, which tramsgort streamis formed in
accordance with a nodification of the MPEG 2 standard whi ch includes |

frames but not gppt Eéﬁéﬁaﬂi\ﬁ'xfa contQhu&Jéré‘Lﬁ@éeé’ﬂoxB%fEE IPeamELPTI ON OF THE
DRAW NG are each a schematlc di agram

of a respectiv8CERRESRYFO eﬁ'ﬁﬁ)(ﬂﬁEﬁgzt ﬁEaPﬁ%’%lt iWJHGh, video certain of its
aspects. omprEsSAHEetvoder s gn.mﬁlﬂf':ﬁaéqs@ra{% eRfEh t% pabematic 20

di agram of a respectlve digital tape recorder and pl ayer enbodying the
i nvention in cERPabhliky;far encodaggeet Srapem e e FHames -syst em enbodyi ng

the inventigon Tﬂefmmﬁﬁdﬁ‘ it anasﬁéfténe of its asg@: REgll is a
~detailed schematic diagramof 25 conpressed video si gener ation

circuitry that eghpdied inea digited vadeappeeerder o MJGJREM or 3, 5 7 or
9. FlehiBbradr | #ih 4P ValdeR cSEHEEEL 6n Urit¥dE Hox conpr essed

video signal generation circuitry that pe used 1 n the apparatus of
FI GURE 2, 4, 6gegepatingg a(continuocup) @mgeasmrs of & £ypamesi tbatacang how in
a rmdl fi catl f%,ﬁé I p I of FI GURE
5 6, 7, 8, 9 %tre ce;d%ﬁEe cffa(;%osdg? :é%éﬁgzgﬁ e sg%] zt'i‘f:"'l ng the video
conpr essi I app?&rthput} the use Ofgénér Qpnngramwmas/@ ltxfangposton! v.

WD 99/ 09747 2. i 38/

' e R R S R e T
can be used wi mmmnd Gammmartqe IWIJ-GURE modlfumt:;on mf WwhehMPBE-2i gi t al
tape recorder Xeﬁhf h 1ncl'ﬁ|dg§R§ ér&lﬁeé bt not int'é!r@gﬁﬁné‘g 's a

schematic di agr am of snap
or B frames

15 BRIEF DESCRIPTION OF THE DRAWING
FIGURES 1, 2, 3 and 4 are each a schematic diagram

of a respective camcorder embodying the invention in.
certain of its aspects.
FIGURES 5, 6, 7, 8, 9 and 10 are each a schematic

20 diagram of a respective digital tape recorder and
player embodying the invention in certain of its
aspects, connected in a system embodying the invention
in further of its aspects.

FIGURE 11 is a detailed schematic diagram of

25 compressed video signal generation circuitry that can

be used in the apparatus of FIGURE 1 or 3, 5, 7 or 9.
FIGURE 12 is a detailed schematic diagram of
compressed video signal generation'circuitry that can
be used in the apparatus of FIGURE 2, 4, 6, 8 or 10.

30 FIGURE 13 is a diagram indicating how in a
modification of the digital tape recorder and player of
FIGURE 5, 6, 7, 8, 9 or 10 an MPEG-2 decoder is used in
replacing the video compression apparatus for
generating consecutive I £rames only.



apparatus as can be used with the canctorder of FlIGURE 3 or 4, or with
the digital tape recorder and player of FIGURE 7, 8, 9 or 10.

FIGURE 16 is a schematic diagram of a system 10 i ncluding a conputer with
vi deo and audio editing software, which systemis operated for editing
video in wodgpsmMriance with the invention. DETAI LED POESRBR04ON OF
THE PREFERRED EMBODI MENTS FIGURE 1 shows a cantorder in which

vi deo 15 conpression is done in accorddnce with the invention. A

video canera 1 generates franmes of video information in 4: 3 aspect
ratio including | unFremee 14Y)id af seHBhabic diaghy ioFdsAlBsR6ti ve scan lines
in each frame and 720 alternatively, 640) pixels in each scan

or,
line. In a 20 aPB&ﬁE_B\‘éjeﬁs fn I}?Grrk‘sﬁg_ew}ﬁé YR ez PLERGVRE|
enpl oys a singbe 80! bf-with tHe AEGL LY Hape CRdSrder anBAplgyarfbEter; in a
cancorder for broadcast use the video canera 1 generally enpl oys beam
splitter optic¥FIGURE §i®h §espective solid-state imager for each of three
25 additigve prinagycoREors. is & beBemhyDe @iagﬁaie%fC%mPQhét s
presunmed to include color matrixing circuitry such hat the video
canera 1 suppl PEParakifadtcanype used; wibhble gipmqarder pfs FEGHRRatce (Or)
chrom nance oy ihf SEWitIPrhhea'Eig%Qalb{:gﬁe r&éﬁ&déﬁnaﬁanssag@) gfhr om nance
i nformati on as t he conponentS of video information in 4:2:2 format.
A video input FIGURBsHr & dRedOs the Y, Cr, and Cb signals to 4:2:0
sanpling format by peghReM&G L hemati8C84 A 4P ' £Of f the Cr and
Cb signals in both B2 WO 95‘9/889%7 * age 2 ‘%i’r‘élﬁe{ﬁ
PCT/ KRO8/ 3®2490 including a computer with video and gaudio edigdngertical and
the horizontal Lonsh &1 tem $8P8paPACed MR THiF# bk i kaS!
filtering in bgtq’ﬁlw%éain‘?%pt i S)S;\ys,s. ?‘Ilr'lhegvi.%eo I nfor mﬁﬁgﬁ:ﬁ?x%%&?ﬁé giladeo
camera 1 has t@scerrAancateitihdde APYRBSiPA-each frame 5 of one-thirtieth
second durati obenfrrafShescriPrion off SfECERENSNES Efdftmig rames each

of one-sixtiet

FIGURE 1 shows a camcorder in which video

15 compression is done in accordance with the invention. A
video camera 1 generates frames of video information in
4:3 aspect ratio including luminance (¥) information
having 480 active scan lines in each frame and 720 (or,
alternatively, 640) pixels in each scan line. 1In a

20 camcorder for.home use the video camera 1 generally
employs a single solid-state imager with a color
pattern filter; in a camcorder for broadcast use the
videc camera 1 generally employs beam splitter optics
with respective solid-state imager for each of three

25 additive primary colors. Either type of video camera 1
is presumed to include color matrixing circuitry such
that the video camera 1 supplies luminance (Y)
information, red-minus-luminance (Cr) chrominance
information, and

30 blue-minus-luminance (Cb) chrominance information as
the components of video information in 4:2:2 format.

A videc input processor 2 converts the Y, Cr,
and Cb signals to 4:2:0 sampling format by performing a
2:1 decimation of each of the Cr and Cb signals in both



second duration. Designs for respective |owpass anti - al i asi ng

filtering appropriate for each alternative are known to persons skilled
inthe art. 10 If there are two line interlaced fields in each
franme, a 7-tap vertical |owpass anti-aliasing filter is used in odd
fields; and wo#snsg? vertical | owpass anti - al i asi ng f PCTaRIBR24Led i n
even fields. Then the earlier and later fields of each frane are
interlaced 15 line by line into a conpl&te frame for conpression
encodi ng. This procedure generates a successi on of frames each of
one-thirtieth Sﬁ@@ﬁfbﬂﬁb&li aAd the hor:.zontal' alkaetxbﬂe%ﬁeé@ra 1 supplies
progressi ve scan o I nf orma mnth frames, each of qne-sixtieth 20

second duratlonse%ﬁqaé?lec "’PF'Iﬁoa‘i‘ lﬁ iRng £dltering inbRtdhts the v, O,

and Cb signal s 4Dréotidhsianthengideo uiwﬁi&tmohheramn@ﬁé Piadé anes can be
deci mated 2:1 by ing a pseudo field interlace pethod to generate
pseudo- fi el d- i n¢EPSER %%E 0ot i0g rinkpriaged Fd@lAs iR oach fxame  Suppose

the frames gf Vbﬂe&é-fﬁ}ﬁmbtﬁnséé&d duraruir&xer%é FREELAq 214 hat in order of
their occurrence, the lines jn each frane are consecutively

nunber ed .nrtasmﬁszmelwépme@m%cfga%eaﬁm PEuGRe-Bixbietl |
and Cb pixels i gedsith wtllbaes ﬁésfgzeén 254 AdepRrave §QWp?§é”§Hﬂ.ed Wi th

their counterparts in the I mediately precedlng even frane to generate
odd-1ine fiel dsabiagsing fllteﬁéBEdGPP¥Q9¥quﬁ(ﬁqra@éc r ahESTRRLNG iaKRe at

hal ved frame  ynoyRli® pHi@oABPEkilfed K the @rt.and Cb pixels in even
WO 99/ 09747 PCT/ KR98/ 00249

-9- sggn |ines ofLaeRyadd:{! e e WHRAGEeH Eleid'{n each

count er par in the i mMmediatel y succee even generate
even-1ine fiel dérasfet e rtapduettical lowpasa @nticeliaaing frc]:lr.sr idg at

hal ved frame rafges fi oda £1e1¥b§o9nd 4P S5y V2ARRAL 2 Y5pdad SHE YOS the V.

aliasing filter is used in even fields. Then the
earlier and later fields of each frame are interlaced

15 line by line into a complete frame for compression
encoding. This procedure generates a succession of
frames each of one-thirtieth second duration.

If the video camera 1 supplies progressive scan
video information with frames each of one-sixtieth
20 second duration, after the video input processor 2
converts the ¥, Cr, and Cb signals to 4:2:0 sampling
format, the number of frames can be decimated 2:1 by
ueging a pseudo field interlace method to generate

pseudo-field-interlace frames occurring at halved frame
25 rate. Suppose the frames of video information are
numbered modulo-2 that in orxrder of their occurrence,
and the lines in each frame are consecutively numbered
in oxder of their occurrence. The amplitudes of ¥, Cr,
and Cb pixels in odd scan lines of each odd frame are
30 combined with their counterparts in the immediately
preceding even frame to generate odd-line fields of the
peeudo-£field-interlace frames occurring at halved frame
rate. The amplitudes of ¥, Cr, and Cb pixels in even



Cr, and Cb signals in 4:2:0 sanpling format for video conpr essi on
encodi ng. Vi deo conpression apparatus 3 al so recei ves the output count
of a time stanp counter 5, which counts system cl ock cycles in each
group of 10 si xteen video frames. This output count acconpanies
conpressed wolssmorsgzgnal conponents in order to keep t PEYKROA/00249c Or der
I n which they were generated. Video conpression encoding is carried
out on an intrafranme basi s on every9%mnre of the franes. This is done in
15 accordance with the sane intrafrane conpression encodi ng protocol

used on only tkeahl i $hes 36€ GHcH 'GBE frame &fe C@SbiHSH Rrith Rhelivres in
MPEG 2 vi deo conpression encod|n33 This intraframe conpression
Sl

encodi ng SoynEeEPaLk s ct dhe)immsdintely ppeeeedime evess framey, 20 O,
and Cb signal _%@Tpleﬁéraeeb@ve@rméie&da SEOBKe pseuadi@alag-array of

8- pi xel - by- 8- pi xel" bl ocks arranged in rows and 1 n colums. The

di screte cosi nénteahdcerframes qquurripg akchabved Hamwe rate.

8- pi xel - by-8-pi xel blocks is calculated in a prescribed 25 order. The
DCT coeffi @ ents of cdifed-qgompsiessiod- pppatatus 3 teeldvels thee¥, si gnal
sanples are quapti d.. Li.edal CL er.as bit-seria
bi nary nu éréﬁgoe#}o?l aals%lriplgé 'gf' oblg?@g%ﬁrélap'{%%&e% g:ﬁeo
respecti ve DCTcomprissitm encadisy .onVifleDCFombressicn apd@ratulsed ent r opy
encoded, which _;ngcl . - Ah ding.. { owe variabl e-1ength
encodi ng based a&%%ﬂ&!%@%g%#’% tl'l%p 0 %g'r 650 rrlédogt%?élls S ngﬁa%ngoﬁﬁgﬁfz
standard for visdewhich coumips esysitem iclokkdegcles admessbid gralapeo£f or ent r opy
WO 99/ 09747 . . : PCT/ KR98/ 00249

POl o o sk BidRe SERIRT oFPERCOBEIY ST GEARERY i
order that ‘t he compratsadevided rgignaduicomponeptshin ordemmm fkieep Within a

ol ocks of " vi ded 8o Pht BVROrdsr dn RTER PRbyxoyere actidided® hidgory "

conpr essi on appampressionugptoding is carried out on an intraframe

basis on every one of the frames. This is done in

15 accordance with the same intraframe compression
encoding protocol used on only the first, anchor frame
of each group of pictures in MPEG-2 video compression
encoding. This intraframe compression encoding
protocol proceeds by considering each frame of the Y,

20 Cr, and Cb signal samples to be composed of a close-
packed array of 8-pixe1-by—8-pixél blocks arranged in
rows and in columns. The discrete cosine transform
(DCT) of each of these

8-pixel-by-8-pixel blocks is calculated in a prescribed
25 orxder. The DCT coefficients of each 8-pixel-by-8-pixel
block of video signal samples are gquantized and
supplied in a prescribed order as bit-serial binary
numbers to form a string of bits descriptive of a
respective DCT block. The succession of DCT blocks are
30 then entropy encoded, which includes run-length coding
followed by variable-length encoding based upon a table
of presumed statistics. The MPEG-2 standard for video
compression includes recommended tables for entropy



conpressed video information for each consecutive franme gener at ed
according to the MPEG 2 intrafane-codi ng algorithns for | franes. The
sequence headers, GOP 10 headers, picture headers, slice headers and
macr obl ock headers are inserted into this conpressed video

I nf or mat i on vy od/dd@47vi deo conpressi on apparatus 3. The PCTKROYOMEader

I ncl udes an I-frame coding flag, which wi Il condition any MPEG 2
decoder used during playback 15 fromthe vi deocassette recording to
decode the conpressed video information on an intrafrane basis.

This is so Vme@i‘x%bdhhg.co?ﬁé&@f‘ﬂ_fi‘&nd% tREOPOR fOfLItss is adaﬁ%%ﬁed
directly or is recorded after bejng encoded into an MPEG 2 transport
stream 20  in ordegethat e dntrafzamer cpdingsrepiett fomeach

conpati bl e witlrgad ¢ital witHoe @3, b8 o syeédﬂmﬁgd(vv bytls2%g’ in regard

to trickplay. Trickplay extraction cifcuitry extracts trickplay

i nf or mati on cofatiasbey sync bIeck dimesy d388neynaneleekreof sideoequency DCT
25  coeffigi erl%r}oﬁnaEESnsﬂﬁf%ﬁ@rfﬁW bl ocks of every anchor
e

frame as conput I'n the video conpression apparatus 3. Wen in

accordance with the i gn@i& b c°%ﬁﬁ§$§§§gaééggﬁ%§%§Pf3%§%H?? an anchor

frame, the trickplray 1rnform than in 30
conventi onal MRictpZesseddivideo binfarnatiion forepachl eonsecutive £ramei ant of

the just descrigbeen%rgrglggteggrﬁ?ﬁdﬁi%o itshet. Pafggpgg iSeE0eQded as an | frame,

but only every as an anchor me. In
WD 99/ 09747 algorithms for I frames. The sequen&&ThddB()0BOP

Si xt cent h 19 andagbars, B cufe BeadBil” dlsck" Rt RUFE 48T matiEhock ¢
support gener athemdents are tinsexpedyintd dhist compressed|videovhat is done in
Cnventi on not | CSFRRLOR, 67 HE iR GEpreRon SBPafafied - e
avoi di ng frane miiciage headeevingludes an I-frame coding flag, which

will condition any MPEG-2 decoder used during playback

15 from the videocassette recording to decode the

compressed video information on an intraframe basis.

This is so whether the compressed video information is

recorded directly or is recorded after being encoded -

into an MPEG-2 transport stream.

20 The FIGURE 1 camcorder is designed to be
compatible with a digital videocassette recorder and -
player in regard to trickplay. Trickplay extraction
circuitry 4 extracts trickplay information comprising
the zero-frequency and other low-frequency DCT

25 coefficients of the succession of DCT blocks of every
anchor frame as computed in the video compression
apparatus 3. When in accordance with the invention
every frame is encoded as an anchor I frame, the
trickplay information changes more frequently than in

30 conventional MPEG-2 encoding, but this is acceptable.
In a variant of the just described procedure, every
frame is encoded as an I frame, but only every

sixteenth frame is treated as an anchor frame. In



si xteenth frame reduces the cost and conplexity of the vi deo
conpressi on apparatus 3 appreciably. The 10 trickplay extraction circuitry
4 parses the truncated DCT bl ocks so extracted into syncbl ocks supplied
to a dat a-franme assenbler 6 for insertion anongst other syncbl ocks
cont ai ni ng twowyeszemps and furt her contai ni ng vi deo or PADERISHREK et S.
The insertion is 15 done in accordance with a conventional prescribed
pattern that fornms bands of trickplay Fntbrmation in alternate
recording tracks on the magnetic tape. The data-frame assenbler 6 is

otherwi se the 3aEean1thefifte embbiBsthentsacs! BREaIsvalRiidh t i
digital -video-cassette_ 20 recorder (SD DVCR). Sfereo sound

pi ckup appar at fdxreepth, fxgnedig Ftored FRrad8sociated with the vi deo canera
1inthe FIGURE 1 cancorder and to supply a left-channel (L) signa
and a ri grtixtesnnEranR) peyipdandrneed 5AdswORIHh denenagiph ofsuppl i ed

to audi o encodiyig ARAALA HEoRd Plork, OWRAES 1RE what EVGRMdIAA hatl generates

0

conpressed audi o 1 ‘frat1on. ‘Conpressi on encodi ng can be done in any
of a nunber5 of convenkdppal MPEG anseddngy t BOWPES: stemhndimentsc ofdi ng t o
the AC-3 stand rdi gl tals t LS{O S dcast in the
United States, El-%% \ggl?éﬁglgﬁg g%@glépilﬁystgﬁls ggg%é%{:n%rd%%?ﬁoroen (l&?:l\/p schene.
Responsi ve to preferred, ssince@inidingsdrame sheorage £9x @WREyl cancorder,

g&?ﬁ%g; bgg 431)5%5{!:%%%:510 k‘irgme reduces th@ocggé?g%én_:omplexictgn (?lft itgﬁs t he

cancorder to operdece compressicdampparatus 3 apprecsabliat a-Theane- assenbl y
node. In this e S . i, N [ fromthe .video
10° BiiGy e SIRIGE MrAiiee WIPALERE' Ol (AR 0705 (e

i
conpressi o appar e conpressed To n
audi o encodi ng b drlzicks 8oaextxactead doitad syurbjotks suppliksd &o manme

encoders for vidRi hqhe’bsfetblod ¥ For insSEbibl SOREEORE, D0 PONC S

syncblocks containing time stamps and further

containing video or audio packets. The insertion is

15 done in accordance with a conventional prescribed

pattern that forms bands of trickplay information in
alternate recording tracks on the magnetic tape. The
data-frame assembler 6 is otherwise the same as those

used in a standard-definition digital-video-cassette

20 recordexr (SD DVCR).

Stereo sound pickup apparatus 7 is presumed to

be associated with the video camera 1 in the FIGURE 1
camcorder and to supply a left-channel (L) signal and a
right-channel (R) signal. The L and R signals are

25 supplied to audio encoding apparatus 8 for compression
encoding that generates compressed audio information.
Compression encoding can be done in any of a number of
ways such as according to MPEG standard, according to
the AC-3 standard when recording digital television as

30 broadcast in the United States, or according to a pulse
code modulation (PCM) scheme.

.Responsive to a control setting by a user of the
FIGURE 1 camcorder, an operating mode control 9



tenporarily stored in row and colum array within a 10 video portion of

menory in the assenbler 6. The conpressed audio information is
tenporarily stored in row and colum array within an audi o portion of
menory in the assenbler 6. Per customin SD DVCRs, the forward
ECC encoder Wwoonbrieo i s a two-di mensional 15 Reed- Sol onDrPGRKRIBE0249si ng
(149, 138) outer coding circuitry and (85, 77) inner coding circuitry.
The video portion of the nenory in lBe-assenbler 6 is operated as
an interleaver for this forward ECC encoder. Per customin SD DVCRs,
the forward ECGafiitithotte boncetdbs tic cherdReadi HEASEOP@nEEaFt3P! ONoN
encoder using (14,9) outer coding circuitry and (85, 77) inner coding

circuitry, with?tfirsiudabaséramgnagsenbly noge .neddr bhis mode dthenbl er 6

bei ng operated @Smsessed vilks' iRAYAat XUn IdHoh tREVGLE %@?&E{ The
data- 25 frame asséﬁ%ﬁerl6 I ncl udes ciftuitry for pr%?ac g eaccm

85-byte row of 2PPIXANS3r gndcbhe ceomRyesAffe@udio infevrakionrfxgmh a

5-byte headgr whgd c P@*ﬁ |
assenbl er G.g Thi's %Lg&% %ibca td gﬁﬁegber c%‘ﬁp?i tsagg gﬁgﬂﬁg‘?g ?ﬂ%ﬁ%%?at i on
cade f ol | onedRYR- fxrapeppesembier | § ¢ c;'rﬁxeouasesemplgz;dép includes The

L d ' | sett]
operating mde ORI HaGh1BLEELNH NI encodiByCedr SEies WA 0! SCLI NG

PCT/ KRO8/ 00249 for audio. The compressed video informationiisancorder for

operation in ace&mﬁéystg]%g?gaeg NBlow an@lq;oq_h%aggi.g%s‘gm nr’g)de. In this

second dat a- f rane- ] node a transport stre supplied froma
transport 30reanidee @tipn of wempryecin fthe msgembilgnab.5 Thy t he

data frame asscgipledhed Fublb LHa8rhd¥ion i URHBRARELY' GEQ-A AL ML ON

supplied directly Tromt €0 conpressi on~apparat us he
conpressed audi vow and rfodume asKayreithin andudionpoutignaphamenery 8. The

in the assembler 6. Per custom in SD DVCRs, the
forward ECC encoder for video is a two-dimensional

15 Reed-Solomon encoder usi#g (149,138) outer coding
circuitry and (85, 77) inner coding circuitry. The
video portion of the memory iﬁ the assembler 6 is
operated as an interleaver for this forward ECC
encoder. Per custom in SD DVCRs, the forward ECC

20 encoder for audio is a two-dimensional Reed-Solomon
encoder using (14,9) outer coding circuitry and (85,
77) inner coding circuitry, with the audio portion of
the memory in the assembler 6 being operated as an
interleaver for this forward ECC encoder. The data-

25 frame assembler 6 includes circuitry for prefacing each
85-byte row of forward error-correction-coded
information with a

5-byte header when read as a syncblock from the memory
in the assembler 6. This

30 5-byte header comprises a 2-byte synchronization code
followed by a 3-byte identification (ID) code.

The operating mode control 9 can alternatively
have a user control setting that conditions the FIGURE



transport stream encoder 10 parses the conpressed video 10 information
into pairs of consecutive MPEG 2 video packets preceded by packet
headers, each beginning with a time stanp. The transport stream encoder
10 parses t he conpressed audio information into consecutive audio
packet s precwdadosn? packet headers each beginning with 15 RCTVKRAS/08244p.
Each audi o packet foll ows the packet header with auxiliary audio

i nformati on cont ai ni ng codes indi cat Ade-of the type of audi o encodi ng

t hat was - used to generate the audi o packets. This auxiliary audi o

information is { Qaicieyt Qoi'hépéfé!f‘fcﬁprlh slcce2inife WPERUL sddbrd OM the
audi o encodi ng appar at us 8. transport stream encoder 10 assenbl es

the video and data-frame- B&éﬁ@f’%l’l‘m‘%ﬁ-a fIny §P1Fr gRspedt data ciramampl i ed to

a transport streamiaheabae ilerdiSpdFdtR@ah shppfiea frofngoder 10 al so
assenbl es a second transport stream 25 differing fromthe first transport

stream i n t hat tsansport strpal eReeqer A de usdidgedras inmput jsignalanp
count er e | 0 conver si on,
C%Q:Hé‘%@a Eramd| ?séﬂnﬂ%{e é, r'a'EHle?”EﬁSnztfzﬁ?

i n which each secutive pair byt e s in this second
transport streseorpressed wideoeinformatione Slumlsﬂ ﬂheeq'ehnr@rom thee

dat a-frane ﬁﬁﬁggﬁk&& g YAifa. ocks
fromthe assember se?m{)ﬁ pac S%E k?gltaaghe c?;)ﬁ,pi-ég&e:? slgzlem fic
vi deo and audi ointemasdonofrowr fhe saudia encodling geparatusg8i hél'her ansport

stream are | oadeg, {L P R ream encoaddd ﬂglp%%é%glﬁhe compressed vi

PCT/ KRO8/ 00249 anspor ®%tream
encoder 101Pnt oinfrrmidtionf Ange pairs ek monsecusiven¥MBEE:2rvide® t he

The fulther - derSrpects) egelie by, BUBES, Hcknede. CARBRBLELE M Wit (5 one
skilled in the artime stagpnf@hei hyanspodpediveanaencadenf 1Copasas - Use -
LS04 T 0 g 1 P el RGBSl bl 3L GbEGRLLG, ayaiceTer
dat a-frane assepddtists ppeceded by packet headers each beglnnlng with -
15 a time stamp. Each audio packet follows the packet
header with auxiliary audio information containing
codes indicative of the type of audio encoding that was
used to generate the audio packets. This auxiliary
audio information is forwarded to the transport stream
20 encoder 10 from the audio encoding apparatus 8. The
transport stream encoder 10 assembles the video and
audio packets into a first transport stream supplied to
a transport stream selector 1l. The transport stream
encoder 10 also assembles a second transport stream
25 differing from the first transport stream in that extra
time stamps as extracted from the time stamp counter 5
are inserted. This is done to implement 2:5
conversion, in which each consecutive pair of the 188-
byte packets in this second transport stream are
30 written into five rows of the memory in the data-frame
assembler 6, for subsequent reading as f£ive sync blocks
from the assembler 6. A set of MPEG packs that specify
the specific video and audio compression formats used
in generating the transport stream are loaded from the



10 applied to a 24/25 nodul ator 12 as a nodul ating signal t hat

governs the generation of interl eaved-NRZ nodul ation. This |-NRZ
nodul ation is supplied to the recording anplifier of a magnetic tape
recorder (and pl ayer) 13 that is a conponent of the FIGURE 1 15
cancor der anrgpobgoendy helical recording type. The |-NRZI PCTVEERO8/0024% N
results are without substantial direct conponent, so the anplified
nodul ation results can be transf or aek4coupl ed wi t hout | oss of
information to heads of the tape recorder 13 during times of 20

recording. ThiS-anspbetOstREak BHIJIRE: tl.% S!ﬁES @Headata £Xenr Y transforner
bet ween the head drum and the nain he tape recorder 13, which

mai n body cont Asgembler £ar %ﬁﬁ%ﬂﬂ(ﬁp F%ﬁn&%or 30%ganrdghB6l ¢ t ape

recordi ng HBCcRaShet 8 et al e . 25 During times of
pl ayback from the nagnetic tape recor di ng nmedium electric signals

induced in the heads e eQfciidle d&%’ﬁg 6¢! BRE aﬂg’ﬂ?ﬁ%rorﬁh&%e 13 by

magnet i c changes 1'n the noving medi um are coupl e
rotary trarsforéwillobe famybiak tonsinef skilledt ie e axtecorder and pl ayer

domodul ator 14 oREGHlla: LB sspeci Sieatichs b Cangablilud Ml 10 @
reproduces t he VRsousdogr 6¢3iwom- rmgimt:&yrtabbbckssulng from MQQI 09747
PCT/ KRO8/ 00249 jed fromthe

u
dat a-frane asseDr%qegPeg 118?4%%0?%91“1 VCR EoPg?:%?%ce' bylnére g tch 15 is
set in responsédlarkisheuppliddstram (n‘headatar framechesemlsldh e aﬁm

o Or oS Ghmged, UECARIE RABIBLITAA 5 b ARUIR AN FRAT
the 24/25 |- NRZiha:tergndetraBothéZIgemﬂw:mnpplfi édte::laaved m:a f rame
in"the Signal - SIRAEIOPher TEAE oo UhiL AEAAE) Sndf b st GoiBher s 1 or
t he Reed- Sol onredoxdimgd amplifier of a magnetic tape recorder (and
player) 13 that is a component of the FIGURE 1
15 camcorder and is of helical recording type. The I-NRZI
modulation results are without substantial direct
component, so the amplified modulation results can be
transformer coupled without. loss of information to
heads of the tape recorder 13 during times of
20 recording. This transformer coupling is done by a
rotary transformer between the head drum and the main
body of the tape recorder 13, which main body contains
the mechanism for transporting magnetic tape recording
medium past the head drum.

25 During times of playback from the magnetic tape
recording medium, electric signals induced in the heads
of the magnetic tape recorder and player 13 by magnetic
changes in the moving medium are coupled through the
rotary transformer to a playback amplifier in the

30 recorder and player 13. This playback amplifier
supplies 24/25 I-NRZI modulation to a demodulator 14
for 24/25 I-NRZI modulation, which demodulator 14
reproduces the error-correction-coded syncblocks



error-correction-codes. The data-frane di sassenbler 16 I ncl udes

t enpor ary-storage nenory for video, which menory i s operated as an

i nterleaver for the video ECC decoder. The data-frane di sassenbl er 16
al so includes 15 t enpor ary-storage nenory for audi o, which nmenory is
oper at ed as wmowmtaer | eaver for the audi o ECC decoder. PCT/KRI8/00¥cn t he
user control setting of the operating node control 9 selects nornal
play in accordance with the first -ddba=frane-assenbly node, an
audi o/ vi deo 20 selector 17 selects as its output signal conpressed

vi deo informat I@ippaﬁédcgﬁameﬁﬁsoawﬁamaf a&a&ﬁ\bperreasbr recdrdify.
respective tenporar stor%gsasgrﬁ i.n_the data- frame di sassenbl er

16. The conpredsd® g3 GRlY i10n 18n 8t 0P r BRINNER i HhE or nati on

are read 25 taedite a¥daoh¥idego S@élq-;cdtorelkﬁeef tRE EFF&¥- c¥reRtiionn of
t he |nforrrat|onq:céthe ECC decoders in the data- frame di sassenbler 16

has been conpl €ded synchiecks jguppl 134l%?qﬂoFBFegéF%nfﬁﬁmﬁxﬁﬁﬂﬁmhigﬁ decoder
24 decodes 5 g wrmh%saeéoﬂés&ééﬁwﬂnadm EyAebisecs UiV omfier 30

selector 17 on an |-frame-onl basi s. t he

conpr essi on- endBtddie, i24d85d& @!“Qﬁ’&’é‘-attﬁé’ d4phEei Pe tgupplieditajécodi ng B

or P frames as yald-f3Snke HigaBSemdI¥r 16. decoder 24 is conditioned to
decode on an WO 99/ 09747

PCT/ KR98/ 00249 The data-frame disasseﬁbler 196" corze cés ! only basis
responsive to the plcture eaders 1n conpresse Vide S|5nal | f

desired, the deb ¢grhe sigoad supplmﬁdtﬁhﬁraﬂweandcadeordﬂngky(xnumude@ned to
decode on f‘? 5 éccj fgg.l \éh@aﬁé a % \é%rbgr&he user control .
[ he i 8

setting of operati ng node con When the user control
setting of the O:Pr e tc'or:]c%ectlorrlm ggdecso nt r'ﬁxe %a%a %rame disassembler 16
includes temporary-storage memory for video, which
memory is operated as an interleaver for the video ECC
decoder. The data-frame disassembler 16 also includes
‘15 temporary-storage memory for audio, which memory is
operated as an interleaver for the audio ECC decoder.:

When the user control setting of the operating
mode control 9 selects normal play in accordance with-
the first data-frame-assembly mode, an audio/video

20 selector 17 selects as its output signal compressed
video information and compressed audio information read
from respective temporary-storage memory in the data-
frame disassembler 16. The compressed video
information and compressed audio information are read:

25 to the audio/video selector 17 after error correction:
of the information by the ECC decoders in the data-
frame disassembler 16 has been completed. In this mode
the compression-encoded-video decoder 24 decodes
compressed video information from the audio/video

30 selector 17 on an I-frame-only basis. If the
compression-encoded-video decoder 24 has the capability
of decoding B or P frames as well as I frames, the

decoder 24 is conditioned to decode on an



normal -play in accordance with the second data-frame- 10 assenbly node,

t he audi o/ vi deo sel ector 17 selects as I ts output signal conpressed

vi deo information and conpressed audi o information supplied by a
transport stream decoder 18. The conpressed video information and
conpressed awdigopemf or mati on are decoded fromvideo 15 pa®CFIRIMRIAUdi O
packets read to the decoder 18 from respective t enpor ar y- st or age
menory in the data-franme disassenbler - 16 6. The vi deo packets and audio
packets are read to the transport stream decoder 18 after error

correction 20 1Oofridie dia %ghslbyrésﬁgoﬁﬁeﬂw%esp&atﬁbe Héddeitd AR

di sassenbl er 16 has been conpl eted conpr.essi on- encoded- vi deo

decoder 24 has ER@ eeRpHfssed video gignplyyilfydgsared, ; theedesionel | as |

frames, the caﬁ’%é’dﬁfclﬁ‘i:h'aé eaedaéwdadwltie%ﬁaleaoﬁeal gdrame-only 25
basi s responsive to the picture headers in the conpressed vi deo signa
i ndi cati ng thatde@Pde @1 ahe node in which the DVCR tape cassette
bei ng pl ayed back was recorded. When the user control
setting of Bhe bpérmeﬂgﬂ@obaﬁéaeremnsiveg twelthet useri captegl the out put
si gnal t ha | t I/ I @S conpri ses nul
conpressed audi %e£&&o€tn% %/CI)% g lgg ch;del c"z&%h 52 V\D 99/ 09747

PCT/ KR98/ 00249

conpr essed vi deo i nf orREY 5Her'é§8¥d%%n%%°l setttrngkBFa§h§| %Fat’t‘}%n r ead
from t enpor ar y- abaé agentrol Seeelgcts the data-frame dlsassenbler 16 during
pl ayback. The audi o recovered by the 5 conpression-encoded-audi o decoder

23 | E Irmt ed. | fnfbﬁgal-%léiﬂlﬁg a&abeaaﬁescwtash \ﬁl'ilif%ed:alﬁa?aétgélffﬁﬁei he
capabi |ty of decodin o[ I s well as ranes, the
decoder 241Ps cBREFEPHALY &QEOBBdga?%&é§°f%%%ﬁ?tSHl}7 selegk® 3% esponsi ve
to the user congesl ot A @R1t BBmpressed video information and
compressed audio information supplied by a transport

stream decoder 18. The compressed video information
and compressed audio information are decoded from video
15 packets and audio packets read to the decoder 18 from

respective

temporary-storage memory in the data-frame disassembler
16. The video packets and audio packets are read to
the transport stream decoder 18 after error correction

20 of the packets by the ECC decoders in the data-frame
disassembler 16 has been completed. If the
compression-encoded-video decoder 24 has the capability
of decoding B or P frames as well as I frames, the
decoder 24 is conditioned to decode on an I-frame-only

25 Dbasis responsive to the picture headers in the
compressed video signal indicating that this was the
mode in which the DVCR tape cassette being played back
was recorded.

When the user control setting of the operating
30 mode control 9 selects trickplay, the output signal
that the audio/video selector 17 supplies comprises

null compressed audio information supplied as wired



10 operating node control 9. The conpressed video information
and conpressed audi o information the audi o/video selector 17 selects
as its output signal is supplied to a transport stream encoder 19. The
transport stream encoder 19 supplies 15 the transport stream selector 11
Wi th a transwombnoe74z streamthat is avail abl e when nor nal PEITaSRIB/N0249
accordance with the first data-frame-assenbly node is the

operating node sel ected for the FI GURE-11@antorder by t he operating
node control 9. The transport stream 20 sel ector 11 responds to control

setting by the usfit Gind compiB8s&d GHied isFTrRalEbneLéb8Eaé® 4£Pr oduce in
Its out put sjgnal the transport stream before recording, as

suppl i ed t her et BFigkRIRY EigRabor EheR (F0AA SFOBuSEMPETaEy-Storage ot her
transport st re%ﬂéﬂéfﬁ&r?'t@ébaﬁ&af-f%é ftﬁéamlmgierr £608@8{nd3. The

transport stream sel’ector aut omat i cal sel ects the out put signal
fromthe PR - s@@aﬁ#@h@oﬁ‘?owqgs bﬂ’htbeot her transport
stream responsive to the operating node control 9 sel ecting pl ayback

in accordanBe weompreasion-encoded-agdio decoderaschsl yutede. IRdHwnsi ve to
the operating ng essr%ﬁmwcghea ﬁf&{&tdé&déraﬂaﬁgs' Ehé‘cc‘?%%?{‘fftry"'lt h the

second dat a-fr ane-asse ransport stream

automatically sef ed:e@od:lng Guopu®? Siames as well as\WD 94087/ 'the

PCT/ KR98/ 00249 8

dat a-franme di sas%%?‘r%?rer“lé'st goflﬁ‘ét%?%?\ds t:oor tdecod% neam aeco%ﬁg ‘%@‘%S t he

ot her transportbasisaresfdmsive topthquﬁkr tdomtrolie sebt kngoof Hhean

repr oduce its 0 t Si 5 In a variation fromwhat is
shown in F EU lleratn%l%:g'foa%oggﬁkg?la?ter ultimate cancorder perfornmance

very much, the ot transport.stream.,afte l, & bac from he tape
recorder 13 can al way gﬁf’ﬁﬁtv ‘f%%nt%mag &st ream
encoder 19. audio informat:.on the audio/video selector 17 selects

as its output signal is supplied to a transport stream
_ encoder 19. The transport stream encoder 19 supplies
15 the transport stream selector 11 with a transport
stream that is available when normal play in accordance
with the first data-frame-assembly mode is the
operating mode selected for the FIGURE 1 camcorder by
the operating mode control 8. The transport stream
20 selector 11 responds to control setting by the user of
the FIGURE 1 camcorder either to reproduce in its
output signal the transport stream before recording, as
supplied thereto by the transport stream encoder 10, or
another transport stream after playback from the tape
25 recorder 13. The transport stream selector 1l
automatically selects the output signal from the
transport stream encoder 19 as this other transport
stream responsive to the operating mode control 9
selecting playback in accordance with the first data-
30 frame-assembly mode. Responsive to the operating mode
control 9 selecting playback in accordance with the
second data-frame-assembly mode, the transport stream
selector 11 automatically selects the output signal



10 The transport streamreproduced in the out put signal of the
transport streamselector 11 is supplied to an | EEE 1394 si gnal

encoder 20. The | EEE 1394 si gnal encoder 20 prefaces each 188-byte
packet in the transport streamwth a 4-byte tinme stanp, apportions 15
each 192- byt woloen®rdst anped packet anong shorter data b| RETRIGR98/00249 (€.
g., each of 96-byte length), and precedes each data bl ock with a header
for accessing the transm ssion line - &8d-a CI P header. The CI P header
contains information 20 as to the apportionnment of the 192-byte

time-stanped fro:ﬁa&i@tda%radf&amtwdmkéﬂm@xohssw LBE ERMAEEd:A | Stics

IS next to appear in the datastrean1 GURE 1 shows the
conpressed vi deBtFeA®daAqdaT 1 asaﬁﬂedﬂ#ﬁ?é§§@&s§GHFosFﬁ?@Wwﬁﬁﬁ%m the

audi o/ vi deo 25 51 52bLa¢ Ghak/ thel 8616cesr 15 daﬂﬁsébr%aaeal afeigy applied

to a | ow power 'ATSC tel evision transmtter 21 adapted for transmtting
a radi o- frequen@?@%ﬁgﬁﬁﬂnﬁly a digital tel evision receiver. This is an
optional feature for a cancorder constructed in accordance with the

invention. 80 A repreBe@ yariation fxaw whatsds: shownsinnFIGUREB M tter

21 i s described T ﬂaﬁ ' ' $h§§§ %§ﬁ§§£?7 rmin _ I ssued
9 June 1998 andten%i??%éj %ﬂkh% ble 9 Noperfo &§4mg

PCT/ KRO8/ 00249 much, the other transport stream affer playbdC®UEXrdDR'. The
conpressed vi de d 0 | gﬁé| played
back from a ekﬁ% % %éa%%g%rqe%orﬁlﬁg% ap?’cét %’lﬂ%x%ugg{le SO :?f

base instabiIitﬁrQMAthpttranspgyMIatrewmsemcndenx195 notion. Such tlne-base

instability is preferably corrected by using a tine-base stabilizer
for rael ocki ng t lthe rfranspbironstresm arsdrdueced daktheuswitput bef ore

Fadi o1 requency LT o The SEabsgBEF, st peiberar 31 iR PuERLId o1
enpl oyed in an A3Sant BEERI| 89 signal ceptoder raorei Theg IEBE mBg4al ated RF
carrier wll signal encoder 20 prefaces each 188-byte packet in the
transport stream with a 4-byte time stamp, apportions
15 each 192-byte time-stamped packet among shorter data

blocks

(e. g., each of 96-byte length), and precedes each data
block with a header for accessing the transmission line
and a CIP header. The CIP header contains information

20 as to the apportionment of the 192-byte time-stamped
packet and as to when data of similar characteristics
is next to appear in the datastream.

FIGURE 1 shows the compressed video information

and compressed audio information the audio/video

25 selector 17 selects as its output signal being applied
to a low-power ATSC television transmitter 21 adapted
for transmitting a radio-frequency signal to a digital
television receiver. This is an optional feature for a
camcorder constructed in accordance with the invention.

30 A representative low-power ATSC television transmitter
21 is described by T. P. Horowitz in U. S. patent No.
5,764,701 issued 9 June 1998 and entitled “VSB



operate properly. Generally, it is sinpler to side- step time-base

instability problens by supplying the | EEE 1394 Standard signal
directly to the packet sorter 15 in the ATSC tel evision receiver, rather
than attenpting to link the cancorder to the receiver via RF input.

FI GURE 1 showeosowaher optional feature for a cancor decCTHKRI24Tt ed I n
accordance with the invention, a | ow power NTSC television transmtter
22 adapted for 20 transmtting a radio-¥%equency signal to an anal og

tel evision receiver. The conpressed audi o i nformation sel ected by the

audi o/ vi deo sel geb@fataR" S SHPlcoRBrESsed video information and
conpr essi on- encoded- audi 0 decoder 23. The conpressed_ 25 video information

sel ected by theCOURFeFRedANdiQ dafgrmation plaxed hagk fxomoag
conpr essi on- encﬂgﬁ-ﬁeﬂiée&ﬁ@&%&:mn 134a;?t:.rh§b 8388 %msae ifg-2

conventi onal decodér I s consi derably S|an|f|ed by
bei ng nmodi Pree m$t%meléd:1rn@wen9ytp irreqularitdegedsdsppe23 30 and 24

supply de- cQnpr gagedy au%&ﬂ@ﬂ%”ﬁ%henlﬁg@aﬂﬂlty is pYOREEARTY V' de0

i nformation, respectively transmtter
FIGURE 1 cancor @orragted by qpaimgc py bime-base stabiligeyofog747

PCT/KR98/00249 I CD)
vi ewf i nder 63'?.1%8"?% or (f r%élfgmtm%rfe]\:/?%v%%gﬁable \'/:\:/flg’ % gﬁrﬁ%e

circuitry 26 supplfpz;s the informatignalis weedhin @ \nr@nfsm@tserzslu to

response to && fg_.%gﬁl a 0 lied 5

by the video |nput %?%%2%35 I ng p? gﬁ 'ﬂ¥ﬂf§3 ngEg glve

circuitry 2® suppl tbstdtheveecma}naleg employedhm La@DAﬂISeﬂNtHlmes:.ﬁﬂ in

response (0 ¥, Qoredldy Poceivitld ik ubiutated ALY, gifR! supplied by
code o decoder ri

t he cqnpre55|on en Ve 1 signal s
applied to the bpBratevpfopeily.25Genera}pycaityis simplEeredp, s€dégr een) and

B (blue) drive %EgBaLEme—base instability problems by supplying the
' IEEE 1394 Standard signal directly to the packet sorter
15 in the ATSC television receiver, rather than attempting
to link the camcorder to the receiver via RF input.

FIGURE 1 shows another optional feature for a
camcorder constructed in accordance with the invention,
a low-power NTSC television transmitter 22 adapted for
20 transmitting a radio-frequency signal to an analog
television receiver. The compressed audio information
selected by the audio/video selector 17 is supplied to

a

compression-encoded-audio decoder 23. The compressed

25 video information selected by the audio/video selector
17 is supplied to a compression-encoded-video decoder
24. The decoder 24 can be a conventional MPEG-2 video
decoder, but is considerably simplified by being
modified for decoding only I frames. The decoders 23

30 and 24 supply de-compressed audio information and de-
compressed video information, respectively, to the
transmitter 16.

The FIGURE 1 camcorder has a liquid-crystal-



FI GURE 2 shows a cancorder that differs fromthe FI GURE 1 cantorder in
the way that trickplay is I npl emented. In the FIGQURE 2 cantorder the
DCT bl ocks 15 are recorded in the tracks on the el ectromagnetic tape

so that the zero-frequency and ot her |owfrequency DCT coefficients of
t he successiwnosal7#CT bl ocks of each frame occupy | eaPCTIHRERN02490NS oOf
syncbl ocks. During trickplay these zero-frequency and ot her

| ow-f requency 20 DCT coefficients are-r@@overed for generating a | ow

resol ution display, and the higher-frequency DCT coefficients are

di scarded. Eliraispiiago (Leo)t viskpimier 25. bBOLSngorYE AR dy Used in
digital video cassette recordi ng _increases, the average payl oad data

rate from 25 PReviewing, owigvfinder Adve, Firguibry; 26 i sonkies per

second. drive sig@alii EKPEEY 100 FAGWELRGEE! 5 1A Yrdeponddlidd ed
in the FI GURE 2 canctorder, and the vjdeo conpression apparatus 3 is

repl aced by vi d®o %nﬁnésgpoﬁlm:hﬁ Ah4:300 sauplingnfemrats suaplied ude
provisions §o fwldné #iBeo inpfif deibrt @ thﬁu&ih %é‘eﬁraﬂlon

circuitry 4. That is, conventional trlckp a |nfor lon i s not
recorded in theviawiimder §xiwerebrouitiy 26, 8uppiies drive signaigy 0wv47
PCT/ KR98/ 00249 ¢pe 10D view finder 25 in responselfo ¥, AP decoder 10
is replaced by a transport stream decoder 110 nodi to Interface

with the video signadsiinedseof appelingforymt ﬁﬁpphieﬂtleyfleme will be
described in no f 0 F 6 of the
é&ﬁ%ﬁéo %E:B&ég‘é‘?fﬁ%d P&e%rcrdggg 280 StheFd

drawing. In th cancor frame assenbler 6 is
repl aced b¥0a dsigndksmppliedatockie &CD og ewviiindesn?’ saxy ricypinadsly

descriptive of o é%ﬁlc%pu%¥gPﬁpd§nérgnqﬂﬂﬁ%)a§§gggl¥ Q&%fgdures and

I ncreases the nu ocks contal nl ng norma pl ay video packet
order of the DT AGERF, 3 Ea0E & camsoxdsB EndE aIPt e rnl e “Cach
frame so the zeFIGURE Juemogoaddroinethe oy tbatchcyickplay is :
: implemented. In the FIGURE 2 camcorder the DCT blocks
15 are recorded in the tracks on the electromagnetic tape
so that the zero-frequency and other low-frequency DCT
coefficients of the succession of DCT blocks of each
frame occupy leading portions of syncblocks. During
trickplay these zero-frequency and other low-£frequency
20 DCT coefficients are recovered for generating a low- -
resolution display, and the higher-frequency DCT
coefficients are discarded. Eliminating the trickplay
bands conventionally used in digital video cassette °
recording increases the average payload data rate £rom
25 19.3 million bits per second to 23 million bits per

second.

The trickplay extraction circuitry 4 is omitted
in the FIGURE 2 camcorder, and the video compression-
apparatus 3 is replaced by video compression apparatus

30 103 which needs not include provisions to facilitate
connection to the trickplay extraction circuitry 4.
That is, conventional trickplay information is not
recorded in the FIGURE 2 camcorder. The transport



coefficients occupy | eading portions of syncblocks. 15 The data-frane

di sassenbler 16 is replaced by a dat a-frane di sassenbler 116 that
takes into account the recorded signal omtting synchl ocks descriptive
of trickplay bands and replacing the omtted syncbl ocks W th
syncbl ocks cwoteapsrsng further video packet 20 i nf or mat i orPCT/KR98/00249

The cantorders of FIGURES 1 and 2 enploy CCR 301 Standard video
signal s having sixty frames per secodl and 525 scan |lines per frame in
accordance with practice in the United States of Anerica. 25

Modi fications ofgtirBamedeasaer dey &sat&@paaaéal yyr@oﬁera&ssport sth@ymcan enpl oy
CC R 301 Standard video S|gnals havi ng frames per second and 625

scan |ines per fdespger W?F%EH%}dﬁhé@tﬁFfﬂC%r¥&ﬁh(§?9IYNQFHEr countries.

Such modi fideabl-aBsi sabaasb( tdttd 10801 WRIch Nkt Bide G111l pe30 aspects.
FI GURE 3 shows a nDdlfléatlon %ﬁ t he FI GURE c . cancor&ér tﬁat uses a

video canmera 208esgrifedeinimoxe detaid §§F§B§Fv@$‘1mq§ &%es of video

information 4n prgure 6 YO O9¢ Wifldng. 1In the FIGURE 2 der the
PCT/ KR98/ 00749 g . 5 aapect ratio

i ncl udi ng | uni ndata-Evamenasserphiemn 6 is. ﬁ&Plﬂge¢2QVeﬁndﬂkﬁ1ﬁnﬂmel|nes in
each frame and Ja%%%mmerpnsel Swhiht?%ﬂt%%?nbbﬂ@ckéﬂ?e Sofﬁ“tg%% ghor hone

use t he video canera Is apt to enploy a sing state
i mger with a ccﬂmﬂkpéalfeban@lf@m its gsse a;ﬁrmmmdun‘eﬁ andoadcast use

the video cameralabgs?Phe. mmbdk %D'sgngiagm%ﬁé £niHY irmh LD

respective soli te i mager for three a ve primry
col ors. 16 t lpdayt ypdeof packiet infimation iz eachufmaime o Thel ddeat0

o hamac () " Glekl bEEUnBYCE 108 srhike1ds A CBIRLA or cnd BRaPUIRD | €5

| um nance () or mat'l un1na ce chrom nance
i nformati on, euutoeff:clents of the succession of DCT blocks of each

frame so the zero-frequency and other low-frequency DCT
coefficients occupy leading portions of syncblocks.
15 The data-frame disassembler 16 is replaced by a-

data-frame disassembler 116 that takes into account the:
recorded signal omitting syncblocks descriptive of
trickplay bands and replacing the omitted syncblocks
with syncblocks containing further video packet

20 information.

The camcorders of FIGURES 1 and 2 employ CCIR
301 Standard video signals having sixty frames per
second and 525 scan lines per frame in accordance with
practice in the United States of America.

25 Modifications of these camcorders are readily made so
they can employ CCIR 301 Standard video signals having
fifty frames per second and 625 scan lines per frame,
in accordance with practice in other countries. Such
modifications embody the invention in certain of its

30 aspects.

FIGURE 3 shows a modification of the FIGURE 1
camcordexr that uses a video camera 201 for generating

progressively scanned frames of video information in



bl ue- m nus- | um nance (Cb) chrom nance information as t he conponents of
video information in 4:2:2 format. A 15 video input processor 202 converts
the Y, C, and Cb signals to 4:2:0 sanpling format by performng a 2:1
deci mati on of each of the G and Cb signals in both the vertical and

t he horizont sowisdet i ons after separable | owpass ant i PGIKRASI0A24S
filtering in both directions. 20 Vi deo conpressi on apparatus 203
receives the Y, Cr, and Cb signals-i4® 4:2:0 sanpling format for video
conpressi on encoding, which is carried out on an intraframe basis on

every one of thgef9aassedt ratio ancbudimg clusidaridee (YIMenEsthatisHe
conpression 25 encodngﬂ r qt ocol thﬁt Is used on only the first,
anchor franme of PR%LAS gf Ep"iﬁlvﬁ EFAReL1NGE MBkE@ash, ifxage and 1280 essi on

encodi ng. Tri ckpiel@xid agidiDBcahl LUhé(Y In a RiMbodderaebs hémekpsay _
i nf ormati on forFﬁgpll ation to .the to the data-franme_assenbler 6. This
o)

trickplay 30 VHIRQ SAMETTRPLels 7R AR Sy &n &) ngRe 8ohid-

| owfrequengy Defat@eftdgdRiithoh bOHRoS USEed EiQftePGTin a bl ocks of
every frame (or, alternatively, of only periodically occurring frames
sel ected as ancRBPCPFdpiestor broadcagy) ueg jywywideo camera 201 is apt

PCT/ KR98/ 00249 o emplo¥ beam splitter optics witl?3 respectivkNsbf§-
preferred enbodi nent's of the invention), conputed in the video

as
conpr essi on appifatesivager for each of THregmadditdve: prpmesyegoloxro dat a
I's increased Eithé‘rt%&'@%d%&é&ﬁ@f&'%of&&ﬁiﬂ&hﬁ@dt Eot #gir&‘%fﬁééJRE 15

cantorder, owing to the’increased nunber of pixel's per me. So the
conpr essed Wi ghcader matpixing cdrouityy pughdihah the ¥idgof rameras

permitted to ocggpYshySiies luminkfE8’ ¢ UAfAHeti¥m t he magnetic video tape
in the FI GURE 3 cantorder, rather than just the ten tracks 10

allotted to eachefl fitk o1 hiiiRed (68] | ShibithaldlfInornat BbA! "Bh4ON 11 the
FI GURE 1 cantorder.
blue-minus-luminance (Cb) chrominance information as
the components of video information in 4:2:2 format. A
15 video input processor 202 converts the ¥, Cr, and Cb
signals to 4:2:0 sampling format by performing a 2:1
decimation of each of the Cr and Cb signals in both the
vertical and the horizontal directions after separable

lowpass anti-aliasing filtering in both directions.

20 Video compression apparatus 203 receives the Y,
Cr, and Cb signals in 4:2:0 sampling format for video
.compression encoding, which is carried out on an
intraframe basis on every one of the frames in
accordance with the same intraframe compression

25 encoding protocol that is used on only the first,
anchor frame of each group of pictures in MPEG-2 video
compression encoding. Trickplay extraction circuitry
204 extracts trickplay information . for application to
the to the data-frame assembler 6. This trickplay

30 information comprises the zero-frequency and other

low-frequency DCT coefficients of the succession of DCT
blocks of every frame (or, altermatively, of only
periodically occurring frames selected as anchor frames



The | ow power NTSC television transmtter 22 is di spensed with, ow ng
to the video canmera 201 for generating progressively scanned franmes of
vi deo 15 information in 16:9 aspect ratio. Since the transmtter 22
is not included in the FIGURE 3 cancorder, the

conpr essi on-wooierd? audi o decoder 23 is omtted. The PCEHBRI8/80249
cancorder has a |liquid-crystal- display (LCD) viewfinder 225 with a

vi ewscreen havi ng 20 16: 9 aspect ratio©.23 The conpressi on-encoded-vi deo
decoder 24 is retained, to generate deconpressed video signal for

vi ewfi nder drivenCless dpfe/feﬁerd RELBUIMEAES of thd Gnvedtabd) NJagnd
pl ayback), viewfinder ve cirguitry 226 can supply drive signals to

the LCD vi ewfi nGErPYbed 530 the, viden,ROUPFessAom,aPPaAT@tas 3P3nals in 4:2: 0
sanmpl i ng format_supplied by the decoder 24. During recording or
previ ew ng, viewf i nd€ke qamennt;iofc grmpyensed ceidensiaba 1s indreasedignals to

the LCD view i nggr t RESpiGyRE P oE‘Begeas g@r{ﬁredawa %esgggﬁ'kﬁ_r%n 4:2:0

sanpling format supplied 30 by the video inp processor e drive
signal s 5 apermegrder: wingte shei hnereassi mumbeppiofaplixels fer and

B drive signal Secape,  So the Adu¥eBBlR’ niifRadAAYIOYhEASM tLer IS

used
PCT/ KRO8/ 00249 information in each frame is pexmitted to occnpy twentyt of

the FI GURE 3 caggggggin?%#%ﬁsef,ﬁ%hgngg%&fﬁ: L ddf %g;“t&%#g?m 9 aspect

rati o vi deo I mages x for n "suc
conpr essi on- enc FAGURE US| cankaxstar, ZatherrEhamrﬁnht the ten traCk&URE 4 shows

a cancorder o ha S rd e way that
trickplay i's El;d"bq:gére% e &r %1 gl ‘oé cE gsi A e H%g'nr;'géﬁml Xla fi® tracks

on the el ectromgﬁemti@tpel-rsd:hehﬁGURE 2 ecamdomiprmncy and ot her

| ow-frequency DCT coefficients of the 10 successi on of DCT bl ocks of each

frame occupy Ieading Therﬂnw4pmweroﬂTs&ntéﬂenﬂsaonD&thhsmithékpiﬁY1éhese
zer o- _ frequ and ot |OWFfr ugpcy. coeff|C| nts are
recovered for ??1% °P'é~§8| 8 gﬁ dY:‘g%r"af amerg 2 |
generatlng progressively scanned frames of video
15 information in 16:9 aspect ratio. Since the
transmitter 22 is not included in the FIGURE 3
camcorder, the compression-encoded-audio decoder 23 is
omitted. The FIGURE 3 camcorder has a liquid-crystal-
display (LCD) viewfinder 225 with a viewscreen having
20 16:9 aspect ratio. The compression-encoded-video
decoder 24 is retained, to generate decompressed video
signal for viewfinder drive circuitry. During playback
(or recording and playback), viewfinder drive circuitry
226 can supply drive signals to the LCD viewfinder 225
25 in response to Y, Cr, and Cb signals in 4:2:0 sampling
format supplied by the decoder 24. During recording or
previewing, viewfinder drive circuitry 226 can supply
drive signals to the LCD viewfinder 225 in response to
¥, Cr, and Cb signals in 4:2:0 sampling format supplied
30 by the video input processor 202. The drive signals
applied to the LCD viewfinder 225 are typically R, @
and B drive signals.

A low-power NTSC television transmitter is used



t he hi gher-frequency DCT coefficients are discarded. 15 Wth twenty tracks

being read in parallel, elimnating the trickplay bands conventionally
used in digital vi deo cassette recording increases the average payl oad
data rate from38.6 mllion bits per second to 46 mllion bits per
second. 20 wo099/09747 The trickplay extraction circuitry 204 pPCI/KRIS/H0024%1 t t ed
in the FIGJRE 4 cantorder, and the video conpressi on apparatus 203 is
repl aced by video conpressi on appat &4us 303 whi ch need not include

provisions to facilitate connection to the trickplay 25 extraction

circuitry 204. ihng tha-iEHeUBE ¢heaPEGSRIEs camcdr@Rrdal,dchr ame assenbler 6
I's replaced by the data- frame assenbl er 106, which omts syncbl ocks

descriptive aryAngenents &9 bEABEMEL Jrhe (16 «S A8PEEEL ratieavidetenbl y

procedur es and §54628p Leb2eBUBBRI £6fmatCLP GienPar SAE! Bha NG

nor mal - pl ay vi deo packet 1 nformation_in each rame. The data-frane

assenbl er 106 sAcMPression-escedpd-audiqrdegpdeyCR3cdss retadned. of the
successi on of DCT bl ocks of each frame so the direct or zero-frequency
DCT 5 WO 99/ 09BIGURE 4 shows a camcorder that differs from the

PCT/ KR98/ 00249 fficient and

. - = c

ot her | owf requg%%lglk%él' o8 ﬁdglre:rl] st:he wa(}f:ct&lﬁfziégég?cﬁéagog I ons of
synchl ocks. TheiRekemented.SoTheoRCErblocks raxe tiemordedodinr tBe atrhdie
Reed- Sol onon € r_-Co r%ﬁ%i C 3 repl aced t he Reed- 5
Sol onon error cB?r%%?i%lfcré:rfco g?gﬁgg g%%é t%oe %&dpﬁg ze§8l’§¥1%%“%’??’6r
correction decoded diiler rlespdcequehgy DCT dmaffiistientst b€ ther eased nunber
of video synchbl gcks. in. -correctian-coding data frage. The
data framt0  BRSSRtien &F PO RIPEKT oL FaqH rang PecHpY dedging
di sassenbl er 1fp6rtims tafkeynichlockscoubtridwe trickplapr eHegedzéransport
streamom tting.synchl ocks escriptive of .ckpl ay.bands and
repl aci ng. t he £z q%?ﬁ“& eﬂ?dsfﬁgs?oiﬁ‘g'%?weﬁﬁ%Hdggﬁge%ﬁf’é?m:ﬁga’f%rt her
vi deo packet intecowtrexh for generating a low-resolution display, and

the higher-frequency DCT coefficients are discarded.

15 With twenty tracks being read in parallel, eliminating

the trickplay bands conventionally used in digital

video cassette recording increases the average payload

data rate from 38.6 million bits per second to 46

million bits per second.

20 The trickplay extraction circuitry 204 is
omitted in the FIGURE 4 camcorder, and the video
compression apparatus 203 is replaced by video
compression apparatus 303 which need not include
provisions to facilitate connection to the trickplay

25 extraction circuitry 204. In the FIGURE 4 camcorder
the data-frame assembler 6 is replaced by the data-
frame assembler 106, which omits syncblocks descriptive
of trickplay bands from its transport stream assembly
procedures and increases the number of syncblocks

30 containing normal-play video packet information in each
frame. The data-frame assembler 106 shuffles the order
of the DCT coefficients of the succession of DCT blocks
of each frame so the direct or zero-frequency DCT



15 FIGQURE 5 shows a video recording and reproduction system
I n which video conpression is done I n accordance with the invention.
The systemis constructed around a digital videocassette recorder
(and player), or DVCR, 400 including a conponent 20 nmgnetic tape recorder
and pl ayer 4weégsnmdlae recorder and player 413 can be uset/Kres/opidayback
fromthe magnetic tape in a digital videocassette recorded by one
of the cantorders of FIGURES 1, 2, 3 and 26 4 n fact, a digital
vi deocassette recorded by the FIGURE 1 25 cantorder is suitable for
playing on a stapdafdesl@nsidng other( $Bk- Biéintatcy DAY ictie®ikaBgrsecor der

on

and pl ayer, or an_SD digital televiSiontape player, w thout
nodi fi cati on of OCREPY| L§¥ENT AAtdcsdi ef. synehlogks .40The Reed-424 of the
DVCR 400 subst a@ghighbi &RPEELRAMEAL0R0encEEF N dhd the heelt® byely, of
the FIGURE 1 cancorder, both as 10 structure anaﬂ%ngFﬁidEQFSﬁbx
operati on. The BVERr4cor¥Rehian deceder i3naeat¥emEcesDby thepiemd-bei ng
nmodi fi ed to g NclgiedBmbi Cedd- G drbaid i LLEEESERY Al deo
conpressionsgppgga?ﬂ% 4 %, t he on eﬁm)§%§09747 eHie Rell

PCT/ KRO8/ 00249 Solomon error correction decoder 143, respectivelplay data
extraction circg 0] | C ¢M%§m dis

encodi ng appara 3§5é8§é% héeﬁ@ #c%{%g%%gglﬁ?n%?fe%meﬁe&e sc%?gcg%diﬁw, t he
transport sane arrort eerxgcition-coddngudaba afchmeg deThecldataofranE, 5 t he
transport streary, ta 94..s{ _ enbl er, the
conpressed audi oralggggg@;ﬂé%?'Gan%etljﬁgligc;acéﬁpdrﬂg%géaa a‘vif e%édecoder 424. The
dat a- f r ane ¥ssedilsassemblens 146€ thEECtekesdinto antaunt ddwea- f r ane '

di sassenbl er 8 W F=o0 e L {1 those used in 10
an SD DVCR, to ﬁgéé al” %gance or t%&EF%@Iag?g%géﬁxLJdéﬁﬂﬂéi kpl ay

syncbl ocks i n esescaipbive oo trigkplay bandseand dexplakimgP4has | - NRZI

Tolovision  CRAEEEBrheolocke With SHREMGALE (cokbud s WRURREYT. 17 1S

end 427 are substidepi patket hinfomationi.n an SD DVCR

15 FIGURE 5 shows a video recording and
reproduction system in which videc compression is done
in accordance with the invention. The system is
constructed around a digital videocassette recorder
(and player), or DVCR, 400 including a component

20 magnetic tape recorder and player 413. The recorder
and player 413 can be used for playback from the
magnetic tape in a digital videocassette recorded by
one of the camcorders of FIGURES 1, 2, 3 and 4. In
fact, a digital videocassette recorded by the FIGURE 1

25 camcorder is suitable for playing on a standard-density
(SD) digital television tape recorder and player, or on
an SD digital television tape player, without
modifiéétibn of the playback electronics. Elements 402
- 424 of the DVCR 400 substantially correspond to

30 elements 2 - 24, respectively, of the FIGURE 1
camcorder, both as to structure and individual
operation. The DVCR 400 differs from a conventional SD
DVCR, being modified to include the video input
processor 402, the video compression apparatus 403, the



The video input processor 402 selects video information to be

conpressed froman NTSC anal og tel evision receiver 430 outside the
DVCR 400, froma per sonal conputer 440 outside the DVCR 400, or froma
20 tel evision receiver front end 427 within the DVCR 400. The vi deo
I nf or mat i on webswterd by video i nput processor 402 f or PCYKRO&G024%0N i S
converted to a | um nance si gnal Y, a red-m nus-|lum nance col or

di fference signal Cr, and a bl ue-mi 86s=1 um nance col or difference

signal Cb 25 in 4:2:0 sanpling format for application to the video
conpression ap&a{ﬂﬂdpiaﬁroaati'f@cwémwfcﬁﬁ:&ﬁﬁ.tﬁﬁfiw the ttzhh% lsekfiypi si on

receiver front end 427 conprise ym nance s

red- mi nus- | uni IFEYEEeE R8P, the %&&%@%ﬁgﬂﬁ?aﬁtu%rﬁ?% the

bl ue- m nus- | umtrﬁms@o&el Q{:réQm ezs&ctcie.&rseaqo §hanais Coend tﬂ*a%ts%oi%@' ing .
format. The Y, nals are converted to 270 sanpllng

format by perf(ﬁﬁﬁQQ$'§e§eftﬁéc$¥ﬁm adder anghgideo SQAQQHQEaﬁland t he
hori zontal #lirqgld @Ianabbet SEVERS VecoderdBiB; athéStm fidde 5::%9131

WD 99/ 09747 CT/ KR98/ 00

- 27 - asseniylegrethe spRresfed, pYd4 o ﬁeeﬁam.mf&r&nm |
per sonal Cormutéamp%%saa' OEIdéHp&ééc?dina%ﬂ re%hél ﬁf'ame asbeiied si gnal
G and a bl ue signal shows t he vi eo i nformation ron1the

anal og teIeV|S|Qﬂﬁ!yhb@CEFQeFRQQQPEEHQﬂf'§@ﬁpﬂa§§ Exane | Ginangesblergnal Y and
ort hogonal col Qf:beﬂ'viiftﬁr ROCCABESARS dre %ﬁlgfz Ero ISR Uy V1 deO

i nformati on can be su rom the an \Tecerver
further rel0si gﬁraISD?DV&'R tOfmkmeallgwmq:esifgnathe tmeflusion tafer bl ue

signal B. 10 Thg b{}ﬁﬁ §]9§%§gacﬁ0aabgckﬂg£%%@r1§atrlX| ng

circuitry (not exp ICI convertin and B vi deo
signals to Y, (;recmzﬂego vll‘lieozél%ﬁ]all-aNRZI mOdWl}at;hraéibz.t Have @4\2&r Ted t o

4 2.0 sampling s erbbulator PRL{ O'WHL Aot bbill OnHEC! (Rd kI d? POLN the |

vertical 15 a orlzontal di'rections ter I owpass an |- _
aliasing fil tertmglsmwtpe*t 43Acandrthe MNISGatelevision arecmigeme fironti deo

I nformat i ofig Canu e SHPReCdubsPRLE 1y the same as in an SD DVCR.

The video input processor 402 selects video
information to be compressed from an NTSC analog
television receiver 430 outside the DVCR 400, from a
personal computer 440 outside the DVCR 400, or from a

20 television receiver front end 427 within the DVCR 400. - .
The video information selected by video input processor
402 for compression is converted to a luminance signal
¥, a red-minus-luminance color difference signal Cr,
and a blue-minus-luminance color difference signal Cb

25 in 4:2:0 sampling format for application to the video
compression apparatus 403. The video information. from
the television receiver front end 427 comprises a
luminance signal ¥, a red-minus-luminance color
difference signal Cr, and a blue-minus-luminance color

30 difference signal Cb in 4:2:2 sampling format. The Y,
Cr, and Cb signals are converted to 4:2:0 sampling
format by performing a 2:1 decimation in both the
vertical and the horizontal directions after lowpass
anti-aliasing filtering.



anal og TV receiver 430 as a | um nance signal Y and ort hogonal col or

difference signals | and Q The video 20 | nput processor 402 wll then be
nodi fied to include color matrixing circuitry for converting | and Q
vi deo signals to C and Cb video signals. In FIGURE 5 the
vi deo conpr esoasRppar at us 403 has trickplay data extRGCRERISNG0249
circuitry 404 associ ated 25 therewith. The data-franme assenbler 406 with
ECC decoders is designed to place th&7t+ickplay data into

sel ected syncbl ocks with prescribed | ocations within each data frane.
The time stanp COUmerFi@ﬁRﬁ%”Ekﬁ:ws theS¥3H88) LhASKMAAIE Soich ¢Reh group of
si xteen video 30 franes, provide time stanp information to the video

conpr essi on appmaAOS"mP‘th%é‘loEli_’E:‘-IlSQ&uEthﬁ@ as a zat@ianad2®, and to
the transport sty eaiReangogRas él.-;hd a b1dRdsidfa1 THe awftiihee e QNG

apparatus 408 within the 400 of FIGURE 5 perfornms conpressi on
encodi ng of the v1¢9099pggmnra;tlon from the analog television

PCT/ KR98/ 00249 ceiver 430 being supplied as a Pfmi 'g}ia aag (L)
and right- channeﬁe IRJf)v Si g Si gnal PP fromthe Jl\?ras%? e% I'SI on recel ver
430, fromthe or | ce Lﬂje‘ffwceolsiﬂﬂéilr?t% mt‘é@h-el evi si on
receiver front 4Lt b LN & \ig%&g% a dEFYYsi ve to a
control setting ea userE v #Ee‘ﬁe FI 'GU Em %@e 4% up&:n operatl ng node

control 409 m@r@lggs'ﬂfh%emn d%@saaefunth@nmemm@mlt R,aa

first data-framgg L@%ﬁ;%oegﬂdgl#%t@lﬁgl r%"’gﬁfé’? blue H senbl y node

t he conpressed vi rmat1 o fromthe video conpréessi on ‘appar at us
403 and t hel0 Tt@mdsgseuputlcbm¢¢ﬁsnmﬁ0|2onnﬂudes heo kol imatarictisiong

apparatus 408 ar n% E%ii/cig&i} R %t) agfl verti rrta er 406.

The operating e cont al ternatlvel ave a sér control
setting that and:caqmmleOnslgmlsFlmJFE erDeEaR Cbrvu@m agigmalm

which are then converted to 4:2:0 sampling format by
performing suitable decimations in both the vertical

15 and the horizontal directions after lowpass anti-
aliasing filtering. 1In yet another alternative
arrangement,-video information can be supplied from the
analog TV receiver 430 as a luminance signal Y and
orthogonal color difference signals I and Q. The video

20 input processor 402 will then be modified to include
color matrixing circuitry for converting I and Q video
signals to Cr and Cb video signals.

In FIGURE 5 the video compression apparatus 403

has trickplay data extraction circuitry 404 associated

25 therewith. The data-frame assembler 406 with ECC
decoders is designed to place the trickplay data into
selected syncblocks with prescribed locations within
each data frame. The time stamp counter 405 counts
system clock cycles in each group of sixteen video

30 frames, to provide time stamp information to the video
compression apparatus 403, to the IEEE 1394 signal
encoder 420, and to the transport stream encoders 410
and 419. The audio encoding apparatus 408 within the
DVCR 400 of FIGURE 5 performs compression encoding of



accordance wth a second dat a-frane-assenbly node. In this second

dat a-f r ane- assenbly node a transport stream supplied fromthe 20
transport stream encoder 410 is utilized as input signal by the

dat a-franme assenbl er 406, rather than the conpressed video information
suppl i ed dir e $e9ta7om t he vi deo conpressi on appar at usPCIIRR2§/9249he
conpr essed audio information fromthe audi o encodi ng apparatus 25

408. The transport stream encoder 410 paik8es the conpressed vi deo
information into pairs of consecutive MPEG- 2 vi deo packets preceded by

packet headers left-ictanhelyinp ddeidhtvicdaanBackry Ssigdi) ldipsner t
st ream encoder 410 par ses the conpressed audi o 30 I nformati on into audio

packets precededdfp FRek¥TSC telewlaians KegeAVery£39. t#iom &heudi o packets.
The transp rsﬁz{aqa@bﬂﬂﬁ@éfumoo?csml E'ﬁetﬁ'ﬁsc‘!'éi?.&ﬁrgion audi o

packets into a first, transport stream supplie WO 99/ 09747
PCT/ KR98/ 00249 receiver front end 427 within theZQVCR 400. a transport stream

sel ector 411. The transport stream encoder 410 al so assenbl es a second
transport st%eam di f f erRegpanaivie #0 A contreohmeghtring byeamuisert hat

extra time sian %&Gﬁﬁhr$%€éhflﬁ“ fa%eogegstﬂ rﬂeo&él);%“ aﬁ% are

inserted. This is done to | enent onvers each
consecutive pai ch;fditth@n§88he DVCR)kae qresiases innactdxdames vl tth anspor t

stream are e t €a d SN MERRI Y 3 rame
assenbl er 406, V%'rxtéstubragg%ugﬁ ﬁwrv'e% I ng 13; Ia\%‘e s%c lﬂ)é] %]lr}es':kaéaf 7om t he
assenbl er 406. frame-assembljemoderthe mpmpoéesednvidéo AxEmamatdldrer nati vel y

have auser; Gontyaly S8 LBBALNabu Sl {OURLISLEL GFE ang GhePVCR (o1

operati on |n accordance w PEne: AsTEh i’nnde In this
thi rd dat a- f r amecongfressede abfljo niuEormat ioes foometbé amdidEncRBhasi gnal

decoder 428 to aa&)ﬂﬁl:a%ujs?’%%ssgggaﬁtﬂMd %‘1:%81;&9%;'?\/8% data-frame

assembler 406.

The operating mode control 409 can

15 alternatively have a user control setting that

conditions the FIGURE 5 DVCR for operation in
accordance with a second

data-frame-assembly mode. In this second data-frame-
assembly mode a transport stream supplied from the

20 transport stream encoder 410 is utilized as input
signal by the data-frame assembler 406, rather than the
compressed video information supplied directly from the
video compression apparatus 403 and the compressed
audio information from the audio encoding apparatus

25 408. The transport stream encoder 410 parses the
compressed video information into pairs of consecutive
MPEG-2 video packets preceded by packet headers
identifying them as video packets. The transport
stream encoder 410 parses the compressed audio

30 information into audio packets preceded by packet
headers identifying them as audio packets. The
transport stream encoder 410 assembles the video and

audio packets into a first transport stream supplied to



400 supplies the transport stream accepted as input signal by the

dat a-frane assenbl er 409. The | EEE 1394 si gnal decoder 428 elim nates
the | EEE 1394 headers to 20 recover an MPEG 2 transport stream The
decoder 428 inserts extra tinme stanps secured fromthe tinme stanp
counter 405 wobseostdye recovered MPEG 2 transport stream PCT/KiRDS/00249

I npl ements 2:5 conversion of the transport stream when it is
subsequently | oaded into the data-frame 29 -assenbl er 409. Af ter
error correction coding is conpleted by the ECC encoders in the

dat a-frame assegbl@nsfi3t srpeahl Sckscte 419ad fmerrtrans S£O B fanpSsenbl er
409 to a 24/ 25 nodul ator 412 as a 3Q _ nodul ating signal It) hat governs the

generation of encodar &L0:3}8Q- RESEURIRR |3 SEGONATRFINBPRIY | SEERAM ation i s

supplied to theg{eeiid EramPht! £{rsd @rd??éi:l’&i‘t 109747
PCT/ KRO8/ 00249%{ g’ i %t&é&ﬁ inr%%%?déga and

pl ayer) 413 in Eire \BtRupgoas extracted figy the @m@oga‘g@m ceuntewyback and

during the [ [ i d t | gyback
anplifier i ﬁ th%é%&gﬁs?&%ﬁﬁ eg@ggsg ‘:?ol\rlfl'-\;e;q-'%r?i m?%?l %n to the 24/25

| - NRZI denpdul agerverEiomhiishwhichreaeh Renesqutd ver paircof rthe ikAB-coded

syncbl ocks %ewa%&éesow Eﬁlg%&%{@rﬁ@%@ 8E-408 ,;9

recordi ng. Duri nonitoring of videocas recordr ng, th
recor der bypasswzswttqm sz:@ ifdveerovs qf the memesy tla the dasatfxapie a user

to select errorg o%ctFﬁg gata- llle%@i '8 t@gvga%%éérarre

di sassenbl er 41% er fror’n rame asse or fromthe
24/ 25 | - NRZP dehb@mkatﬁnomﬂl.e assembler 406The data-franme di sassenbl er 416
corrects errors 15 in the signal supplied thereto and accordingly

i ncl udes decoder SHeoopelret Regdmdils crmorcriodr wABdcan alternatively

have a user control setting that conditions the FIGURE
5 DVCR for operation in accordance with a third

data-frame-assembly mode. In this third data-frame-

15 asgembly mode the response of an IEEE 1394 signal
decoder 428 to an IEEE 1394 signal supplied to the DVCR
400 supplies the transport stream accepted as input
signal by the data-frame assembler 409. The IEEE 1394
signal decoder 428 eliminates the IEEE 1394 headers to -

20 recover an MPEG-2 transport strxeam. The decoder 428
inserts extra time stamps secured from the time stamp
counter 405 into the recovered MPEG-2 transport stream.
This implements 2:5 conversion of the transport stream
when it is subseguently loaded into the data-frame

25 assembler 409.

After error correction coding is completed by the
ECC encoders in the

data-frame assembler 409, sync blocks are read from
from the assembler 409 to a 24/25 modulator 412 as a

30 modulating signal that governs the generation of
interleaved-NRZI modulation. This I-NRZI modulation is
supplied to the recording amplifier of a magnetic tape



error-correction-codes. The data-frane di sassenbl er 416 i ncl udes

t enpor ary-storage nenory for video, which menory i s operated as an
interl eaver for the video ECC 20 decoder. The data-franme di sassenbler 416
al so incl udes t enpor ary-storage nenory for audi o, which nmenory is
operated as woovewer | eaver for the audi o ECC decoder. PCT/KR98/002en t he
user control setting of the operating node control 409 sel ects nor nmal
play in accordance with 25 the first daB&- frane-assenbly node, the

audi o/ vi deo sel ector 417 selects as its output signal conpressed

vi deo i nf or mat i g@cardkr AERGe pIage AV ALIB i AhENCRN4bEAd from
respective tenporary-storage nenory in the data- frame di sassenbl er

416. The -conpressed VipRBqn %OVldéa&ggggﬁé)@lg aggngﬁas&%&l& i nformation

are read to the audi ofvideo sel ector 417 after the coders
in the dat a- f r JRgnikoxring of) ¥ideecaspgiita ragording, a playhgloo/ 09747

PCT/KR98/00249 a 1f1er 1n the VCR 400 supplies 34 I- rrection of the
i nformati on. Tg} he conpré15|gh encéa d- VN%%g decoder 424

decodes 5corm¢@53§t3’cflqn G@othﬁf 34/R8 | GARZ D demoduldatipy/ 414eovhich sel ect or
417 on an |-fr I 0 V|deo decoder
424 has the | TeRRelthE, exrol fotkep I ERRM RVREGTG

frames, the dec%%ﬂ?llﬁﬂlﬂn§ﬂb§h§|ﬂat#miIQME(ﬁﬁﬁﬂmblem 406 forl-frane only
basi s responsi v. pi h e V|deo si gnal
10 V\henf? u c?&#&g gg??‘ﬁ%l%%nﬂ?eto%pggggg&gégg& hode control
409 sel ects remdmaplténp racardex deypassiiswitche4ibchbadsetr imird

data o gescobblollto s BYULELAES SRR, crratl e0t oS 11

out put S|gnal co esse on cand conpressed audi o
i nf ormati on supmrleebtlon-lﬁpd&dt synchiocks thee dbeddabdeExrd®®. The conpressed

video informatign, A0d GAEY G388 AHAE Ceddi PP WaRl -2hSme assembler
406 or from the 24/25 I-NRZI demodulator 414.

The data-frame disassembler 416 corrects errors
is in the signal supplied thereto and accordingly includes
decoders for the Reed-Solomon forward

error-correction-codes. The data-frame disassembler
416 includes temporary-storage memory for video, which
memory is operated as an interleaver for the video ECC
20 decoder. The data-frame disassembler 416 also includes
temporary-storage memory for audio, which memory is
operated as an interleaver for the audio ECC decoder.

When the user control setting of the operating

mode control 409 selects normal play in accordance with

25 the first data-frame-assembly mode, the audio/video
selector 417 selects as its output signal compressed
video information and compressed audio information read
from respective temporary-storage memory in the data-
frame disassembler 416. The compressed video

30 information and compressed audio information are read
to the audio/video selector 417 after the ECC decoders
in the data-frame disassembler 16 complete error



decoded from vi deo packets and audi o packets read to t he decoder 418
fromrespective tenporary-storage 20 nenory in the data-franme di sassenbler
416. The video packets and audi o packets are read to the transport
stream decoder 418 after error correction of the packets by the ECC
decoders in wopsdssa-frane di sassenbl er 416 has been cOqIVKR880248f t he
25 conpr essi on- encoded-vi deo decoder 424 has the capability of
decoding B or P frames as well as | - ¥k anmes, the decoder 424 is
conditioned to decode on an | -frame-only basis responsive to the

pi cture header Scbfirectiod F ¢REPLEESARAMIGIEO IrORRl sl MEHEAEREY that this
was 30 the node in whjich the DVCR tape_cassette being played back

was recorded. compression-epcodedniidre decrdst 424cdecpdess the operating

nmode control 408cmetesded tvildeloPh A¥ormdei ei tfidm %wahdm/vmeo WO 99/ 09747
PCT/ KR8/ 00249 32 hat the

audi o/ vi deo sel Be1®ftom AN, 95 ABs e EFpRe QALY basig.| éénﬁh@ssed audi o

i nformati OnSSUpEb&@Peéé.dﬁfe@féoded-{rﬂﬂé'é AEEbde¥ R8s aad khdeo information
recorded as trick ggg ﬁ%then read fromtenporary-storage 5
i&ﬁ? e

nenory in the dgeeabi ngrBaw RiANamgs as yeadkbaekt The audlo
recovered by Nerames, GOHPIRUER- £34 0618 et HRACLB" adedal Soi il

t he conpr essi on- enco eco capa y of
decodi ng B or PIffﬁm %r&-w\éualmasresnenswqa diedhe Décm‘,ltgdbeadems i
conditioned to gdgg fHbd videb  EigEr only basis responsive to the user
control settlng of the operating node control 409. The

conpressed %ldeo |nf02§gﬁi ug gg éﬁﬁket in agglgh n tﬁ%?légeto.a

aud|OIV|deo sel ect or sel ect s ou Sign

transport streampde con#nnkki094sele¢hs transport strean1encoder 419

suppl i es the transport stream selector 411 wth a transport
normal-play in accordance with the second or third

data-frame-assembly mode, the audio/video selector 417
selects as its output signal compressed video

15 information and compressed audio information supplied
by a transport stream decoder 418. The compressed
video information and compressed audio information are
decoded from video packets and audio packets read to
the decoder 418 from respective temporary-storage

20 memory in the data-frame disassembler 416. The video
packets and audio packets are read to the transport
stream decoder 418 after error corrxection of the
packets by the ECC decoders in the data-frame
disassembler 416 has been completed. If the

25 compression-encoded-video decoder 424 has the
capability of decoding B or P frames as well as I
frames, the decoder 424 is conditioned to decode on an
I-frame-only basis responsive to the picture headers in
the compressed video signal indicating that this was

30 the mode in which the DVCR tape cassette being played

back was recorded.

When the user control setting of the operating
mode control 409 selects trickplay, the output signal



streamthat is available during normal play in accordance with the
first data-frane-assenbly node. 20 The transport stream sel ector 411
responds to control setting by the user of the FIGURE 1 cantorder
either to reproduce in its output signal the transport stream

bef ore recor wiowymas supplied thereto by the transport PCIVKRE%0024A coder
410, or another transport streamafter 25 playback fromthe tape recorder
413. The transport stream sel ector 331-automatically selects the

out put signal fromthe transport stream encoder 419 as this ot her

transport streappatspRESANEidridid eedeetbBJelPisupplies (ihipd'isdad
sel ecting playback_in accordance wth the 30 first data-frane-assenbly

mode. Responsi W&o cppRressed andig ARLorpatien uRRlissh agemigedng pl ayback

in accor dang@ue hRd! Bemsresitd ddigeof LARBrRacEsp | vedBidRd ag the
transport stream sel ector 411 autonatlcall¥rselects WO 99/ 09747

PCT/ KRO8/ 00249 trickplay signal, then read from temporary-stexrage: put si gnal

fromthe datf-f rpoRrdl $ASEREMIA 2 Flme dibAskERbl&ANEIW 'durSidgeam decoder
418 as the other transggrt stream after _playback that the selector 421

can reproduce aPlaybagkput The pudio npcovered by|the variation fromwhat is
shown in FIGURE 5 that does not alter ultimte cancorder perfornance
very much, tdempreseionrencednd-andicadegpder $2hyimoatutiedom I£ thke tape

recorder 413 cag:oqlp%)égigﬁﬁéﬁfeo&ggm %i_ Qg%der 454 3{94 g:eizet ransport stream

encoder 419. 1 ransport streamreproduced In the output
signal of the tcapapdiitytofadecling & of1P Examemms otkll as tlo an | EEE

1394 signal. enc 20 h f5 4 . A oder 0 prefaces
each 188- byjf(g pac Ee‘Féi’nt %—e&eé %?%sﬂgr F°§§?ggﬁ1ﬁﬁ?[ﬁo g(feﬁc’giyz/et Aie st anp,
apportions 15 Iedclameoonbytbasiswespomsdsreptiokthe ansey cdmovcdr dat a
blocks (e. 0-. eaghiol 86- BuL ColENAN, ndRY BEACEGPS0p, e2Ch data bl ock

wi th a header for acce&ssing ansm ssiron Tine and a CI P header

FIGURE > shows the The compressed video information and compressed
audio information the audio/video selector 417 selects

15 ae its output signal is supplied to a transport stream
encoder 419. The transport stream encoder 419 supplies
the transport stream selector 411 with a transport
stream that is available during normal play in
accordance with the first data-frame-assembly mode.

20 The transport stream selector 411 responds to control
setting by the user of the FIGURE 1 camcorder either to
reproduce in its output signal the transport stream
before recording, as supplied thereto by the transport
stream encoder 410, or another transport stream after

25 playback from the tape recorder 413. The transport
stream selector 411 automatically selects the output
signal from the transport stream encoder 419 as this
other transport stream responsive to the operating mode
control 409 selecting playback in accordance with the

30 first data-frame-assembly mode. Responsive to the
operating mode control 409 selecting playback in
accordance with the second data-frame-assembly mode,
the transport stream selector 41l automatically selects



| EEE 1394 si fromthe | EEE 1394 signal encoder 420 20 being supplied to

t he personal conputer 440 and to the digital video disk recorder and
pl ayer 450 as respective input signals to them FIGJRE 5 shows the
personal conputer 440 arranged for connection with anot her conputer
(not expliciwbyosdrenn) via a packet 25 communi cati ons | i MPCTARI0024%anpl e,
the internet. The personal conputer 440 can al so be connected through
a server to other types of term nat .33 - FIGURE 5 al so shows
t he | ow power NTSC television transmtter 422 transmtting a radio- 30

frequency signatnbOochfiu A1l et eheaders\ile 438assemb1db £16 .
particularly, the conpressi on-encoded-audi o decoder 423 supplies audio
signal s to the tpabBeitxansport siyeamodeeodeniflfeds: Sheopkharsi gnal for

modul ating the t W LU RELLr playback that the sel
PCT/ KRO8/ 00249 ~raRSPOT T playback thar the selertorehay of the

audi o carrier sappl reproduaeh@s its; pupekisignal22. And the
conpr essi on- encoded- vi deo decoder 424 supplies video signals to be
conbined to5s f or m alm apesiiationdfoosivhat ifsshowiuiat FRGURRES 5

anpl i tude of the,yjpd ar Ll er ' m r 422. Since
"t is desirabl e hEtpd0es Not galt%‘*p%@g"a%i%%f‘-‘%dae&f)@%%?ﬁ%ﬁ?aiwa@'m th
MPEG 2 coded mueh¢gethe tdicheangransport v cheeanl ecfittr pl2gbackpfedbwr ably a
conventional MPEG 2 vide ecoder, The .DVCR, 40 [ ovi fes a
conveni ent way Eg? tape %%‘g%rg‘%rdgt-"g égﬁl RYE kaesﬁ: © %‘F?Plgagigﬁa form

| endi ng | t €ebh the echrdansppri shrear encoddr t419 .per sonal conput er

440 that is appropriately progranmed, that has provi sions for

noni tori ng ifghe mat er i athé Ghmepdirtedtrddm Depkddiiied inPthei gecputth a
storage nedi um t hat ian store a Iong sequence of pictures. Various
vi deo tape SAg83 d?ﬁg%h?ﬁﬁﬁ?qﬁpPﬁtasE FEBr e?ﬁ°ﬁl%§1t}§es§38khe¢n
FIGURE 1 can betgoraokkE@Rt £3b4 signallngheodési420. vViTdRO IEEE 1898sette tape
for playback to the Eerson | caonput er \
- - signal encoder 420 prefaces each 188-byte packet in the
transport stream with a 4-byte time stamp, apportions
15 each 192-byte time-stamped packet among shorter data
blocks (e. g., each:of 96-byte length), and precedes
each data block with a header for accessing the
transmission line and a CIP header. FIGURE 5 shows the
IEEE 1394 si from the IEEE 1394 signal encoder 420
20 being supplied to the personal computer 440 and to the
digital video disk recorder and player 450 as
respective input signals to them. FIGURE 5 shows the
personal computer 440 arranged for connection with
another computer (not explicitly shown) via a packet
25 communications link - for example, the internet. The
personal computer 440 can also be connected through a

server to other types of terminal.

FIGURE 5 also shows the low-power NTSC
television transmitter 422 transmitting a radio-

30 frequehcy signal to the analog television receiver 430.
More particularly, the compression-encoded-audio
decoder 423 supplies audio signals to the transmitter
422 to be combined to form a signal for modulating the



20 440. Consolidated material can al so include or consi st of

tel evi si on progranm ng recei ved by the tel evision recei ver 430 off the
air, fromcable, fromthe digital vi deo di sk (recorder and) player 450
or from anot her digital video recorder. After editing, the DVCR 400 25
provi des a wao dops7arecordi ng edited material, as f ur ni MITFKRY8H024% from
t he personal conputer 440. FI GURE 6 shows anot her video
recordi ng and reproducti on system+ B4s ch vi deo conpression is done

in accordance with the invention, differing fromthat 30 of FIGURE 5 in
the way that t rff&@h@d%y Sof 'BHeeE%ﬂiédearrler Ighﬁdﬁeﬂa gt ghevi deocassette

recorder (and player) GQURE 6, the DCT blocks are recorded in
the tracks 6%“?@%??#%%&443w&@ﬁ§tFBet%&ﬁpﬁﬂ?ﬁqﬂﬂfeFﬁ@dEér81¢¢@quency

WO 99/ 09747 decoder 424 supplies v1deo 51?nals 63356K88&5998&9to

- 35 - and ot her | ow frequency DCT coefficients of successi on

of DCT bl ocks ofogBch FOERRSItE videreaional f°r[ﬂ94ﬁl§¥§nﬁftb9ncblocks to

avoi d the need d ng portions of
t he magnet |% 5 %g%gi?%%%%?%the v:.BéB éafﬁéfl%ﬂgg%%od ?’ g’ﬁ%t abl e for

pl ayi ng V|deoca§§éﬂ§@%t¢%%dﬁgbd §}nFﬁe1Flt!ﬁﬂ?%!rablecﬁﬁcbﬁdéble to _
The FI GURE 6 Dvgfa?r’ogléliééfrﬁcféo%ﬁbéhfegéﬁﬁfgé WItélaR\gE?r -408,584n0t havi ng

trickplay data actton 10 circtitry 404. = The ane assenbler 406

i s repl acedvidea, dehe -gomnresgedewbies @nmpdqm“iﬂ4 dsi preferabimcdl ocks
descriptive of hghggﬁ% né?“M?%dLﬁoqig% er. [rame assenbly procedures
and i ncreases the nunber sync contalnlng nor mal - pl ay vi deo

packet 15 10|nfornat|th#] QOBr %g' a Hﬁ’fn asse ler 506

includes cirtcuitry for |ng t 6 or B&fficients of
t he succession obnEﬁiidmtmﬂaydwb and veaualfmat&rxaitﬂmeadibemtlending

cen ! eauency Pelgys so BRI VAo oLl of Ul SANEAL Bitnres. .,
440 that is appropriately programmed, that has
| provisions for monitoring the matefial to be edited,

15 and that is provided with a storage medium that can
store a long seQuence of pictures. Various video tape
recordings made with a camcordér of the typé shown in
FIGURE 1 can be consolidated in a single digital video
cassette tape for playback to the personal computer

20 440. Consolidated material can also include or consist -
of television programming received by the television
receiver 430 off the air, from cable, from the digital
video disk (recorder and) player 450 or from another
digital video recorder. After editing, the DVCR 400

25 provides a way for recording edited material, as

furnished to it from the personal computer 440.

FIGURE 6 shows another video recording and
reproduction system in which video compression is done
in accordance with the invention, differing from that

30 of FIGURE 5 in the way that trickplay is implemented.
In the digital videocassette recorder (and player) 500
of FIGURE 6, the DCT blocks are recorded in the tracks
on the electromagnetic tape so that the zero-frequency



vi deo detector 424, which can be a standard MPEG 2 conpressed vi deo

decoder, is replaced by a conpressed vi deo detector 524 that

additional ly includes capability for extracting trickplay information
from 25 the zero-frequency DCT coefficient and other | ow frequency
DCT coeffi ciwotosod7ernt occupy | eadi ng portions of synciFcTai®R98/00249 he
digital videotape recordi ngs made I n accordance wth the aspect of the
i nvention enbodi ed in the FIGURE 6 3%CR 500. 30 FI GURE 7
shows a nodification of the FIGURE 5 systemthat uses an advanced
digital videocaggebtRer low!f4Riuddty(ppd e&&«ﬁ/ﬁaléi&% G2Pghke of recording
progressively scanned franes of” vi deo I nformati on WO 99/ 09747

PCT/ KR98/ 00249 succession of DCT blocks of each_frpme occupy, ﬁgp.dgngg
uminance (V) pekRaRs! 6F dAdIBCRA) 86!av6id cneGRlkd ifaeS thlogpslyframe
and 1280 pixelS in each scan i ne, as supplied dﬂy eo C a 601
for respondi ngbandst inj Hegasidee recorgingcportions ftrh@rmaguenac source. 5
One other Spur¢apeSrcti@idd] UHCHIBHRR &HRY Yod 1Y auirandadef27 W th

el enent s uptop I ncludimg a packet sorter that 1s 1nc W t hin

t he DVCR 600. glnyp.ng Vl@%ﬁﬂétﬁ??t&le@ Fegpyded| by dihe/ iRLIGURE 8cei ver 630 and a
personal conmputgm-8¢8et0cated outside the DVCR 600. A 10 video input

processor 602 processes the progre55|vely scanned frames of video
|nformat|onfromas g&ﬂﬂ&e h g e Y, Cr,
and Cb signals in %: »0 sanpli Tp’%{r)rr% Ffvosuggoi“o%‘glf gggﬁ#aﬁpar at us
603 r ecei DYCRt K00 Yin Giot dra:hﬁg Srgnkptay ndat® extxramtiong 15 formt

i ncl udi ng Jpm Q’?‘%@ﬁ"%& *6'1 or R %tgg\_qgg 7%95emb actl .scan lines in

each frang and S in -each |sve encodi ng of
t hese signal s ireplacedaby iz dlaha-firame dssenbhqmmd,om]:ﬁmabmﬁ.us 603 on an'

i ntrafranme basi %gﬂlgééﬁéydgé&l%tlv%chr ég?ék%:[.%%é rﬁ%c?rdanﬁﬁygn?h% H rst

same intrafran® conpréssi on i Ag™pr
anchor frane £ramef assehbly qumasdurest andsincrddd«s The dmbesnpressi on

syncblocks containing normal-play video packet

15 information in each frame. The data-frame assembler
506 includes circuitry for shuffling the order of the
DCT coefficients of the succession of DCT blocks of
each frame so the direct or zero-frequency DCT
coefficient and other low-frequency DCT coefficients

20 occupy leading portions of syncblocks. The compressed
video detector 424, which can be a standard MPEG-2
compressed video decoder, is replaced by a compressed
video detector 524 that additionally includes
capability for extracting trickplay information from

25 the zero-frequency DCT coefficient and other low-
frequency DCT coefficients that occupy leading portions
of syncblocks in the digital videotape recordings made
in accordance with the aspect of the invention embodied
in the FIGURE 6 DVCR 500.

30 FIGURE 7 shows a modification of the FIGURE 5
system that uses an advanced digital videocassette
recorder (and player) 600 capable of recording

progressively scanned £rames of video information



encodi ng. Trickplay extraction circuitry 604 is substantially the sane
as trickplay extraction 25 circuitry 404 of FIGURE 4 except for taking

t he different viewscreen aspect ratio into account. Audio

encodi ng apparatus 608 differs fromthe audi o encoding appar atus 408
of FIGURE 4 woebeasr it has the capability of accept i n@CARROS/6024% O
packets fromthe digital 30 television receiver 630 for selective transfer
to the transport stream encoder 41036 - The amount of
conpressed video data is increased in the FIGURE 7 DVCR 600 as

conpared to thdncledtagSluminadddRY0anrevhaeid® RfAdd R aedigember of
pi xel s per WO 99/ 09747

PCT/ KR9S/ 00249 Scan lines in each frame and 1280 @:;xels in epchscang t he

conpressed hi gheefi git s@ppyiét%y a viBESr BBheLL 401 GRAD YdspdRdis pefm tted
to occupy twenty recordi ng tracks on the nagnetic video tape ?n t he

FI GURE 7 DVCR @@omﬁaﬁﬁe%m%w jagpecthgatin oF mmﬂb&n @@un:geeach frame

of standar d; defgnl btﬁ@rVQQ@Pce is I ldAGARAL Ofeldvidiord !
The | EEE 1394 St andard SB}% 1 fromthé | EEE 1394 si gna enco r 420 S
F

suppl i ed as an 5% §87 Wi eRenhs up £Re AMY irpludineedeacket pl ayer 600
applied in Fl Cddeeld that 0idNEndIdenghcAAPLAE DRI Uy ! Orfled! Ui tal video

di sk recorder and player 650 ows t personal” conputer 630
arranged for cHNEEEFOATR @ digitadnfelevisbapureseiven 630iand aly shown)

via a packel = pe:SOfEWNEGRLLONS ddiocatel Séﬁé‘?éé id Dvck oBe! - aThe 1o

personal conpu 630 can ‘al so be connected rver to ot her
types of t¥tmi wdideoTREPUE gP¥RFeRsQRe 02 proqesaewidm mogme@spWayLyr 650 is

arranged to Su%ga}{mbhsframesoéﬁ Ritaed) 982b t%%&g % £ Gl \é?ﬁ: 938n

Vi ew ng. RE 7 shows the DV uding a %0 power
ATSC digi t al tafe\thsisgnswamsnttq aengrateoBne€r ecand Cb famgrnaﬁ.ansm tting

ATSC di gi t al tQL%YbSbgﬂpiiﬂgafofdéﬂlhevldeo compression apparatus 603

receives the ¥, Cr, and Cb signals in 4:2:0 sampling

15 format including luminance (Y) information having 720
active scan lines in each frame and 1280 pixels in each
scan line. Cdmpressive encoding of these signals is
carried out by video compression apparatus 603 on an
intraframe basis on every one of the frames, in

20 accordance with the same intraframe compression
encoding protocol used on only the first, anchor frame
of each group of pictures in MPEG-2 video compression
encoding. Trickplay extraction circuitry 604 is
substantially the same as trickplay extraction

25 circuitry 404 of FIGURE 4 except for taking the
different viewscreen aspect ratio into account. Audio
encoding apparatus 608 differs from the audio encoding
apparatus 408 of FIGURE 4 in that it has the capability
of accepting AC-3 audio packets from the digital

30 television receiver 630 for selective transfer to the
transport stream encodexr 410.

The amount of compi‘essed video data is increased
in the FIGURE 7 DVCR 600 as compared to the FIGURE 5
DVCR 400, owing to the increased number of pixels per



DTV receiver 630 in response to transport stream received fromthe

transport stream sel ector 411. FI GURE 8 shows anot her video
recording and 25 reproduction systemin which video conpression is done

i n accordance with the invention, using an advanced digital television
t ape recor derwagmbopirayer 700 differing fromthe ATV t aper/KBesmogdr and
pl ayer 600 of FIGURE 7 in the way that trickplay is inplenmented. In 30
the ATV tape recorder and player 700 of- RTAJRE 8, the DCT bl ocks are
recorded in the tracks on the el ectromagnetic tape so that the

zero-frequency gpse. s&tﬁlﬁ domyrééeeaamrghizé’lhmefibhcwaéé of the

successi on WO 99/ ﬁ
PCT/ KR8/ 00249 information 1n eac frame is permlg-{;ed to ocgppyivwentitks of

each frane OCCUEECJ:ﬁ@ﬁ@g:MHsl RAStRé magnétHe RHiles tap@ #MOtHet he need for
trickplay bands_in Vi deo recordlng portions of "the nmagnetic tape

recording. In tREGCURE T Mé@&dé’? hex whaR clustobhes tsnrteapks g, t he

trickplay data gxiseedd Qb (éa{dw'f&c&i‘le69§ standa&'dj'dﬂ?ﬁﬁi%.d‘.oﬂ" w%g?d the
dat a-franme assenbler 406 is, ace a data-frane asse er 506,

which onits informbion i dbe B’EG%EO'? ]%/Y GR 14902y bands fromits
dat a-frane assenbly procedures and increases the nunber 10 of syncbl ocks
cont ai ni ng nor nal - pl ayTha d@'@EpééRét Standaxd @iemalofron thehIEERM394The
data-frane assegp gl f ke f nts of
t he successl o%ﬁo% %5’ ocikg F o ﬁﬁf%?ragsag‘f htE’B&I recgﬂgi HFOIE
zero-frequency Ehﬁ'%ﬁ%fﬁanﬁeﬂﬂ?qsﬁéroah@rPlQWEﬁlﬁﬁwue@pgiea iDCFIGURE f i ci ent s
occupy | eaqighg ROLL| b a-fr Sas enbler 416
is repl acegoby ?héé ﬂ{@&% 9_ hg@?gté%geﬁ)q ‘g%’ d?" gi

i ncreased ndmbrrmome;e@nsljpébygnkestm HTGIREO7- showscthen- codi ng

data. frane. o] e FlI GURE

7 DVCR 600. In ?ﬁfsmn%ldug'@éy%\’fcﬁsjgo%ﬁ %‘%?ﬁ%"%gn by front end

627 up to and i Anbthien conputierc Koptsexpbicitly shown) via a packet
communications link - for example, the intermet. The

15 personal computer 630 can also be connected through a
server to other types of terminal. The digital video
disk recorder and player- 650 is arranged to supply its
output signal to the DTV receiver 630 for viewing.

FIGURE 7 shows the DVCR 600 including a low-
20 power ATSC digital television transmitter 622 connected
for transmitting ATSC digital television signal to the
DTV receiver 630 in response to transport stream
received from the transport stream selector 411.

FIGURE 8 shows ancther video recording and

25 reproduction system in which video compression is done
in accordance with the invention, using an advanced
digital television tape recorder and player 700
differing from the ATV tape recorder and player 600 of
FIGURE 7 in the way that trickplay is implemented. 1In

30 the ATV tape recorder and player 700 of FIGURE 8, the
DCT blocks are recorded in the tracks on the
electromagnetic tape so that the zero-£frequency and
other low-frequency DCT coefficients of the succession



I's replaced by a DTV front end 827 further including

operati ng node control 809 having user control

an MPEG 2 decoder
for conpressed video (and possibly 25 audio) information and an AC- 3
decoder for conpressed audi o informati on. The DVCR 800 conprises an

settings t

hat

conditions tilwodo@dRE O DVCR for operation in accor danPeT/KRAN0249f | r St
dat a-frane-assenbly node in 30 which conpressed video and audi o

i nformati on fromthe vi deo conpress3®n-apparatus 603 and fromthe
audi o encodi ng apparatus 608 are recorded w thout being

in a transport o DEaTb18ckSCOR kAt @rfa&énsccug 417é§&ﬁi§>'ﬁbfm%si Bgwhi ch the

transport stream generated WO 99/ 0

encoded

PCT/ KR98/ 00249 syncblocks, to avoid the need for fyickplay l:@}'ldghém ransport
stream encoder thiD viigebe28EdLding port iblk! 8f 08ha - hide: 25

whi ch the transport stream generated by the IE

1394 s? n

y node in :
al decoder

428 is recHOFOFAiRgd aIRoehe RTYataPer ZRECEdeE NG Disven 709 ofhi ch

conpressed i dearce 8YdtRe! £ LERAIEOMathORERSCct ion
recorded w thout being encoded in a transport st

[ 303y

ream

%BQ 827 are

FI GURE 10 showsisa disgenpedt virh qol $he; datar Empe assenblpyCR0B04s0f FI GURE

Wg&ﬁl&nd 627 up to
i ncludi ng an

MPEG 2 decoder symchdgckpofleseriptalveacfetrickpday ards fronDMER 900 al so -

cont rol 809, SEca-e2anBO S8 ERRlY MectRlsrep, ol fokrin it e, BimBRYC

transport :Qre®f syoeblpckai containing noggalrplagrvidem packett he transport

the packet | TEancen DY Poafth drume aSHprer $0€,

streamfromt hgﬁiﬁ?@géeg[)h Sh! &34R szla t

| ow power ATSC transmtter 2 as I npu

n va

Of mhe da€&§$§%§ %ﬂ&ﬁhﬁﬁ rlo t he

iants of the

DVCRs 700 and &96 syodflepethe omiey ofstheaBCTr coef ficikntss ofrither 406,
rather than the J&%%EE{"T o?tﬁé‘?rﬂfcﬁﬂgcto@eeEEﬁan&Eé so the diFaTLSLeCt or.

411, is supplied tot OW- power

zero-frequency DCT coefficient and other low-frequency

15 DCT coefficients occupy leading portions of syncblocks.

The data-frame d@sasseMbler 416 is replaced by the

data-frame.disassembler 516, because'of the increased

numbexr of video syncblocks in an error-correction-

coding data frame.

20 FIGURE 9 shows a modification 800 of the FIGURE
7 DVCR 600. 1In this modified DVCR 800 of FIGURE 9, the
DTV front end 627 up to and including the packet sorter
is replaced by a DTV front end 827 further including an

MPEG-2 decoder for compressed video (and possibly

25 audio) information and an AC-3 decoder for compressed

audio information. The DVCR 800 comprises an operating.

mode control 809 having user control settings that
conditions the FIGURE 9 DVCR for operation in

accordance with a first data-frame-assembly mode in

30 which compressed video and audio information from the

video compression apparatus 603 and from the audio

encoding apparatus 608 are recorded without being

encoded in a transport Stream, a second data-frame-

assenmbly mode in which the transport stream generated



DTV transm tter 622 as input signal. The | ow power ATSC DTV
transmtter 622 in any of the DVCRs 600, 700, 800 25 and 900 can be
viewed as providing a wired nicrowave link to the DTV receiver 430.
This can be replaced by a m crowave |ink using through-the-air

transm ssi onwe$9/09747 tel evi si on broadcast frequencies. A SPOI/KRS8/08249 owave

| ink can be established between the cantorder of FIGURE 30 3 or 4 and the
DTV receiver front end 627 of the DVCR 3% - 600 or 700. A simlar mcrowave
link can al so be establ i shed between the cancorder of FIGURE 3 or 4
and the DEY tRSeirfisgor@®steedmSedcaidd AM%E%Z Rerdbd WO
99/ 09747 /KR98/ 00249

- 40 - detBdEd sdRpa 1 frangyerssubly mede in N@F@f &bsi sRansport appar at us
the m crowave t rERAC i h.a band
hi gher in freq%gﬁgﬁ%&%@wﬁiﬁgegﬁ%r%? es\c}l SI onu%?ggggagtsls ng? and
scranbl i ng 5 orecarded aranfd & £uFshadptapbtameiassembly mode inF| GURE 11

shows in great ghidRt Abhptdiued HAtkeb' ¥n aud-'icﬂ M%Ei?hngrxhdggrand

generating a transport 'stream use In t cancor Simlar
circuitry is DTV fxertiend R27-rpCBRESCOEGRE dritdiowndeingt Bucddgdt i t ape 10
recorders 400, ,60Q ﬂE{S’o Qe GURES 5, 7 and 9. An | nput buffer
menory 30, DCTacon%ut at%n g(?l‘ rcuitry 31, quant izer circuitry 32,

activity cal cul ation éﬁ*ﬂ 3“ SH@.{IE legti

circuitry 34, an ent r%%)y tloyg%lgg § a{!fi“ plgtggef”%Sgﬁgngig%ncoder
out put 15 buf Beuvanrmoty o RIGURE Bn Ftﬂﬂﬁ.ajmmiﬁneldemssob bhe :

vi deo co ress actic t he DCT
conput at {T@n Ci ?géuﬁ‘ﬁ H’g } i zepg*:J En&c?# HR P % SaRac gg{;l vity

cal cul ation ci somtéry1§3repal3aced byba bWyl Ermueahdjs&mg iacQuaingrasessor. A
conpr essed- 20 deos sug%g% pacgﬁl &JREOFIIQJREC} S a soci %ﬁd wth

the transport g‘?)ég %1 Et the Rpcket Bortes.

conpr essed- vi dBVCRI 900 alms keepladesl the Ghprdtiing mode conseolages with the

dat a-frane asse er, 6 of FlI.GURE r pl ay out put buffer nenory
40 of FI GURE ﬁﬁ?’b ége °ﬁ’%artdz§’§d“\ﬂthFﬁnFﬁ%i é(ﬁ;‘kpl ay data extraction

circuitr
Y15 In variants of the DVCRs 600 and 800, the
transport stream from the,disqssembler 406, rather than’

the transport stream fromgthe_transport'stream selector.
411, is supplied to the low-power ATSC DTV transmitter
622 as input signal. In variants of the DVCRs 700 and

20 900, the transport stream f£rom the disassembler 406,
rather than the transport stream from the transport
stream selector 411, is supplied to the low-power ATSC
DTV transmitter 622 as input signal. The low-power ATSC
DTV transmitter 622 in any of the DVCRs 600, 700, 800

25 and 900 can be viewed as providing a wired microwave
link to the DTV receiver 430. This can be replaced by a
microwave link using through-the-air transmission at
televisidn broadcast frequencies. A similar microwave
link can be established between the camcorder of FIGURE

30 3 or 4 and the DTV receiver front end 627 of the DVCR
600 or 700. A similar microwave link can also be
established between the camcorder of FIGURE 3 or 4 and
the DTV receiver front end 827 with MPEG-2 and AC-3



4 of FIGURE 1. A conpressed-video-signal packer 41 of FIGURE 11 is

associated wth the data-franme assenbler 6 of FI GURE 1.

Vi deo input conmprising Y, C, and Cb signals in 30 4:2:0 sanpling fornat
is loaded into the input buffer menory 30, which stores sonmewhat nore
than a franewefenera7 sanples and permts inmage bl ocks ei ghtedvkenspo2ee! s
square to be considered one after the other. DCT WO 99/ 09747

PCT/ KR98/ 00249 - 40 - _ 41 - conput at i on
circuitry 31 conputes DCT coefficients for the Y, C, and Cb conponents

of each successiecddérs of CElé i DHORe @0i0mageIdbockin erdfddsdici@ll he
hi gher - or der coefficignts with regard o the_zero-frequency DCT 5

DCT
coefficient anfRPGEBEYENERE HEL THHATE: FTPEFTLBEI PR G RecePtion ;i g7ag
scanni ng order graqueBcidanéad Se Gird @Ubahyd B2gher in frequenbie ti@hi Vity

calculation circguitry 33 estinmates , t he degree of activity_i,n the inmage.
First, the thaty ygedy Sptcteteiian PEP?dFﬁg'éh’Eﬂ' [iﬂ‘ftﬁ 1dngy

cal cul ated.5 Than tHeherdhbhet e aadtal ieeposBebyal ue of each pixel in
each DCT block and its average value is determ ned, and the
differences are squar @deudiRe11 ghowtlUdl gtedtblcaOrees tHe Akt ed for
each bl ock, and the resulting sumis normalized by dividing it by the

15 nunber of pioklcempaespinagKvidemans geperating ast¥ansport sgineamme DCT
blocks in a fr Iy u ac [ f0r the
q?gl?eéig @y@g& ?Yé@l?gdl ddieorder . 2CE AR 2% é’ﬁdét % ilg0

frame is multip ' rst constant value A and | resul ting
product has a used sacthe EOAURB camaprderaanddinocthe dfaidiadi k@pehe 20

act1vity 1ol Nerddlig"Rb @66?&%%({0@'0%; PIchRES"s. 7 af'd MB4ON Of he

nunber of Dits Tn the entropy codin i : . Thi s
measure of actiinput buffers wenexy 30.c HEH icomputation eirenitzatiddn table

sel ection of r cUbllit - WikeRiZhy 3£°0cdlvi cieRaNERL L o Al he

initial table .
33, quantizing table selection circuitry 34, an entropy

encoder 35, a multiplexer 36 and an encoder output

15 buffer memory 37 shown in FIGURE 11 are elements of the -
video compression apparatus 3 of FIGURE 1. 1In
practice, the DCT computation circuitry 31, quantizer.
circuitry 32 and activity calculation circuitry 33 may
be implemented using a microprocessor. A compressed-

20 video-signal packer 38 of FIGURE 11 is associated with
the transport stream encoder 10 of FIGURE 1, and a
compressed-video-signal packer 39 of FIGURE 11 is
associated with the data-frame assembler 6 of FIGURE 1.
A trickplay output buffer memory 40 of FIGURE. 11 is

25 included within the trickplay data extraction circuitry
4 of FIGURE 1. A compressed-video-signal packer 41 of
FIGURE 11 is associated with the data-frame assembler 6
of FIGURE 1.

Video input comprising ¥, Cr, and Cb signals in

30 4:2:0 sampling format is loaded into the input buffer

memory 30, which stores somewhat more than a frame of
samples and permits image blocks eight luma pixels
square to be considered one after the other. DCT



gquanti zing values for the DCT coefficients that the circuitry 34
supplies to the quantizer circuitry 32. The quanti zation table
selection circuitry 34 supplies a code identifying the table of
guanti zi ng values for 30 the DCT coefficients that the circuitry 34
supplies to wooediae quantizer circuitry 32. The quanti zed BOTIKR98/00249
coefficients supplied fromthe quantizer circuitry 32 are supplied to
an entropy encoder 35, sonetines - 41 -WD 99/ 09747

PCT/ KR98/ 00249 - 42 - referred to as a

" Huf f man encodeéomﬁﬂaﬁ%%%%éuieﬁlyrm compulﬁelsuﬂcmgcéésﬂﬁciénwrfdzengt h
codi ng and vari abl’e- | ength codin A mul t|plexer 36

recei ves the enthe é??ooépﬁngSC?‘&‘EﬂQ‘Btsf OSnPRFE BHEFSHSL¥®Oder 35 and

al so receives edBNbEE Y I diniald i Al EReOChighéRidEdeyd val ues
for the DCT coe??lcné§%%EPQﬁ§? t he C|¥CU|try §4 guppfleé to the

quant i zer C|rcuE@TycqgﬁﬁﬂﬂméﬁéﬁeWiFhéF%SQQQ to the zeyPafrequerch PG change
in the tablg ofg dieitd a s&g%gfﬁmd%&%uéea BLECHbEEYL Shertses. the

mul tipl exer |nserts entifying the table next to be

used into the cwe@igmnﬂqan@t}pﬁl prdextq t‘%‘eomlﬁﬁﬁlzer cirgwitry B

I nserted code serves as a prefix for the entropy encoding results from
the entropy encoder 3fhelRctinvisy aa]acmlmcmamiamsuyi A3t eetimatess ream t he

| tipl 36 t Al d
gltjt p{J{D g)tjfe; er ngﬁgpée%:sf' fsof ta%tg%??rs‘? &[?fl A e'oufhf pé ‘ferrporgrlep;clo °
stores the averagd rvedme lof nhbtp:hteib@rnﬁ@a&hppcmeblaeklis out put 20
o Ona  udB, oy EhE R HheBOShE A PRFe RS EtuEBE the VLI 0 (°

g., one-qu acceptaple m-a vi rane and
signal s the eaqhamt:’ca]at:imreax:hbbeTslel@ck iagvd ditsc averag@4vakes Bmough

of that storage cggac:teﬁ %get8%§£é¥éﬁé§§ ég ﬁr%é R@ﬁ onsive to

such signali ng, nta Cifcultry 34 selects
a quantization quafedodlfferences are accumulated for each block, and

the resulting sum is normalized by dividing it by the

15 number of pixels per block. The normalized sums for -
all the DCT blocks in a frame are accumulated, the
accumulation result for the frame is multiplied by a-
first constant value A, and the resulting product has a-
second constant value B added to it determine the

20 activity in the frame, which directly relates to an
estimation of the number of bits in the entropy coding
of the frame.

This measure of activity in the frame is supplied

to quantization table selection circuitry 34, which

25 uses this measure for selecting the initial table of
quantizing values for the DCT coefficients that the
circuitry 34 supplies to the quantizer circuitry 32.
The quantization table selection circuitry 34 supplies
a code identifying the table of quantizing values for

30 the DCT coefficients that the circuitry 34 supplies to
the quantizer circuitry 32. The quantized DCT
coefficients supplied from the quantizer circuitry 32

are supplied to an entropy encoder 35, sometimes



be used by the quantizer circuitry 32 in order to reduce its rate of
bit production. Wen the storage " capacity of the buffer nenory 37 is
substantially 30 wunder-utilized for a period of time, the quantization
tabl e selection circuitry 34 is signaled to select a guanti zati on
table to be woemnobM7It he quanti zer circuitry 32 in or dRCT/ERISW0248ase
its rate of bit WD 99/ 09747

PCT/ KR98/ 00249 - 42 - . 43 - production. This
reduces the likelihood of the buffer menory 37 being enptied and
thereby avoi ds tdFeri®adltivas a UEeffindl eard@errncbhelcosibsss eunisgop! i ed
fromthe buf f er nory 37 to the conpressed-videg-signal packers 5 38
and 39. IncTudod. St 5PEs Q8 dEVR ARG FRALBICREN WEHARLSS t he

codest ream supplémstH c@ainge buffer nmenmory 37 into (184-n)-byte video
packet payl oad | engths and prefaces each video packet payload with a
respective video 10 : r | ' p Qéﬂﬁ?  nel udes an |
frame flag code. The %?dﬁggagggﬁg?sagrﬁe}ygﬁgggt gg{éfép{? W t (lﬁr{{%he
transport sbrearesuii ifxem the entrepy anander 35 andralee oreerfioresio to the
dat a-franme ass ls : - S : t of a
2:5 conversi one‘%gé e‘{)oré(;écseé{jafgj:ltf%%%i%g%%ﬁgeaéggﬁkgﬁe}'&d@n 0

prescri bed syncie¥ ddies DST egeffaients fhathdhegcircuitsyndd esbgpdiesecor di ng
and then are subj 1V i ' jsona 20 codi ng.

The conpressed?géggﬁ?s ﬁﬁﬁ&gﬁc é¥c§% a?ggs ?ﬁgﬁgge§ %@%@%fﬁgan1supplied
from the bufferimegdiatedy itot be73-change iy &heegabiesof oquaktising nsertion
into tenporary éﬁ%ﬂg hiBL gt t.a-fr se . escri bed
sync bl ocki?oca‘tralub%es 0 a@%&gkggéﬁﬂﬁﬁag&ﬁg?gd. gﬂé%%gl/e?{ebtf/t e
segnents are sudGeipasntsy thebodecidentifiging the- tahbeasnextl tddesd- Sol onon

encoding procedui&s Medithe codebffedilf: fhdPl188SEHDL EL gutput

signal. The inserted code serves as a prefix for the

entropy encoding results from the entropy encoder 35
15 that are then reproduced in the codestream the

multiplexer 36 supplies as its output signmal.

An encoder output buffer memory 37 of a
first-in/first-out type temporarily stores the
codestream the multiplexer 36 supplies as its output

20 signal. The buffer memory 37 has storage capacity for
a fraction (e. g., one-quarter) of the amount of code
acceptable in a video frame and signals the
guantization table selection circuitry 34 when enough
of that storage capacity is used to risk overfilling.

25 Responsive to such signaling, the quantization table
selection circuitry 34 selects a quantization table to
be used by the quantizer circuitry 32 in order to
reduce its rate of bit production. When the storage
capacity of the buffer memory 37 is substantially

30 under-utilized for a period of time, the quantization
table selection circﬁitry 34 is signaled to select a
quantization table to be used by the guantizer

circuitry 32 in order to increase its rate of bit



The trickplay output buffer nmenory 40 is of random access type and
tenporarily stores zero- and | ow-frequency DCT conponents fromthe
codestreamthe 30 nultiplexer 36 supplies as its description of each
sixteenth image frane. Different portions of the contents of the
trickplay ouwnaymfer nenory 40 are WO 99/ 097 4FCT/KRI8/00249

PCT/ KR98/ 00249 - 44 - read out at
various tinmes to the conpressed-vi deo- - 43 signal packer 41 to be forned
into bytes and inserted by the data-frame assenbler 6 into prescribed
sync bl oc kSpﬁéd@@tﬁbﬁiat ghii Eagedces r&ﬂeednﬁ@hhaaar 8ENghe Buffer

FI GURE 12 shows |n eat&l‘a det ai | thg %‘i Li_\lt fQr conpressing video
and generating ® 12, gURtie Fherebye appigmctbe caged e .
Simlar circui tﬁyelﬁuu code®d ihnthéecbidd e %@a&éarfeaﬂ tRe the digital
t ape recorders_ 500, 700 and 900 of FIGURES 6, 8 and 10. The 10 i nput
buf fer menory 3BULfesT RemATy: 37i 6A Ehe cePwRRessed-videor gigaahrpackers
circuitry 32, thg aedizgty calculation circuitry 33, quantizing table
selection circuitry 134, the entropy encoder 35, the nultiplexer 36, an
encoder out put b“f'ﬁé”cdiﬁi’f’é%!e&f’\ﬂdé&[sﬁg%sg %i@!rcsﬂ 8 Birées - & Gnd > and
| ow-frequency DCT coefficients, and an enco nmenory
1372 for codest¢@@ﬁ$@6§ﬂh@upplleﬁléﬁomr%hﬁuhﬂﬁﬁGDCNEGQGYf3%|Emte shown in

FI GURE 12 are Iﬁpqﬂ; e paLat f
FIGURE 2. In pract | ce, t% &?EB gﬁ’?ﬁ?. o Cl I’CUI ﬁgtﬁg ahd éﬁef%%%é;t I zer
circuitry 32 angaehtV%dQQ/PﬁﬂkGQIH@Ybnad Wlthnawngspeyt38ennydee i mpl enent ed
using a m gpopr r It 8 f FI GURE
13 19 @ " 520 REREE eader,, CrRRETVEASS Bl nEBRT 1RETIELs W £ T e
2, and a 25 &uvape cEbagl-cndéso- Thenvuiden @arketd agk EhGOREoffted

associ ated w thy§pes dahds 1,a0RH358 COPLEim WG d Bl the transport

stream encoder 10 to the data-frame assembler 6. In

the data-frame assembler 6, as part of a 2:5 conversion
15 procedure, the video packets are inserted into

prescribed sync blocks of each data frame being

assembled for recording and then are subjected to two-

dimensional Reed-Solomon encoding.

The compressed-video-signal packer 39 parses the
20 codestream supplied from the buffer memory 37 into 77-
byte segments for direct insertion into temporary
memory within the data-frame assembler 6 at prescribed
sync block locations of a data frame being assembled.
The 77-byte segments are subsequently subjecéed to

25 two-dimensional Reed-Solomon encoding procedures within
the data-frame assembler 6.

The trickplay output buffer memory 40 is of
random-access type and temporarily stores zero- and
low-frequency DCT components from the codestream the

30 multiplexer 36 supplies as its description of each
sixteenth image frame. Different portions of the
contents of the trickplay output buffer memory 40 are



2. The transport stream generated by the transport stream
encoder 110 conprises video and audi o packets, 30 and is characterized by

t he vi deo packets being forned w th the codes descriptive of the zero-
and | ow frequency DCT coefficients imediately after syncbl ock

WO 99/ 09747 wo 99/09747 PCT/ KRO8/ (#PriRr98/00249

- 45 - headers, so as to facilitate trickplay. The DCT
conputation circuitry 131 is inplenented44 - so as to provide an ENCODI NG
MODE | NDI CATI ON i ndi cative of whether the conputation results are

| ow-frequency Sdfd gt vheRbils (¢ idd U1 §eCbBpbLEOHERVL

coefficients) or are reguency coefTicrents. t he

ENCODI NG I\/CEEQNDIP@QFPG\Igﬂ-nHP cee e%omeﬂ inte byhestand omsmsnﬁd s are
zero- or | owfrﬁ,gta{meaﬂastfegﬁéfasé&%ﬁer td“‘i uf {:Eéség% q%y? 1371 is

conditioned to ore onput ation res I zing table
sel ection circuplogks of ESﬁhc6ﬁ§$t$€#mﬁtﬁﬁ?ﬁmhé#ﬂlier secwtdxaguy quanti zi ng
tabl es for the zero- or |owfrequency DCT coefficients. When t he

ENCODI NG MCBE | NDI CATIFORURBJ L2 aslhows Hiat greates detaibuthe imiraetdyt s are

hi gh-f requency l.ent f condi ti oned
to store the co%:):%-t c?'ﬁ%];?sr%ég I?%dég acfpdj ée%{ehreg%gﬁé B gg%’és?%ﬂf FEF i on
circuitry 134 cusefltimriche FIGURE 3jucandmrier3? Sdimapatryeieud tzy rigs t abl es

1371°s arirsiond i SR aoGhRECE N apg ingthactiattat dee T

bi tstreans. Onerexdoxdexs 500hi 700 r axdisd o g FIGURESt B¢ eramdbpm .COCtéheand

oL 10940, LARLE RTRRREHD 50, e G B Son 0t LRLELY ST 25

the quantizer circuitry 32, the activity calculation

circuitry 33, quantizing table selection circuitry 134,
the entropy encoder 35, the multiplexer 36, an encoder
output buffer memory 1371 for codestream coding zero-

15 and low-frequency DCT coefficients, and an encoder
output buffer memory 1372 for codestream coding

high-frequency DCT coefficients shown in FIGURE 12 are
elements of the video compression apparatus 103 of
FIGURE 2. 1In practice, the DCT computation circuitry

20 131, quantizer circuitry 32 and activity calculation
circuitry 33 may be implemented using a microprocessor.
A compressed-video-signal packer 138 of FIGURE 12 is
associated with the transport stream encoder 110 of
FIGURE 2, and a

25 compressed-video-signal packer 139 of FIGURE 12 is
associated with the data-frame assembler 106 of FIGURE
2. '

The transport stream generated by the transport

stream encoder 110 comprises video and audio packets,

30 and is characterized by the video packets being formed
with the codes descriptive of the zero- and low-

frequency DCT coefficients immediately after syncblock



mar kers i ndi cati ng breaks between DCT bl ocks in the conput ati on of the

zero- and | owfrequency DCT coefficients. The markers facilitate the
conpr essed- vi deo-si gnal packers 138 and 139 arrangi ng the codes 30
descriptive of the zero- and | owfrequency DCT coefficients in bit
ranges i nmedwd slogr4af ter syncbl ock headers. These bit prcEmgRes/®49end
for prescribed WO 99/ 09747

PCT/ KR98/ 00249 - 45 - - 46 - interval s or
somewhat | onger. The conpressed-vi deo- signal packer 138 in the
transport streagegaepslersddl to fAei2state owpIW@elay.its packing for the
transport stream headers and extra tinme stanps being included in the 5
transport stream bef orf,d t ' ' : nghl '

dat a-frame assenbl er 1'%)611 %%@Hﬂuﬂ%&i@?éﬁ%{ﬁ?e&%g S%a?ﬁ%gecﬁée&r&%Q used
in the data- SO REah@ RESEHR an EUGSBWGrW ANRI CATEONe dndiicat ive

signal that is BRlwGePNer Ul [l RAERE ok ALY ﬁg-%ggqggﬁggm ts

packi ng wi t hout suc OW _|ng made nor de. Wen a
mar ker first ocP@Fscoeffigients (inedvdingdzerecfneguenslyl owi ng syncbl ock

header, eac ﬁ9$pr - vi deo- si gnal packers 138 and 139
di sconti nues pa?ﬁgﬁgiggee réﬁ?tgg buffer nmenory 1371 15 and begins to

pack code fromthe buffer ne 372c: s dNstead. Packi fromthe
buf fer nmenory 1§?§ht hepauency’ H ti‘L' é%glﬁﬁ?#sthéﬁé% the ?ﬁ%‘)@?ﬁ%bl ock is
r eached. TMODEUZNDICATION dindicatkscthat the coniputatién geguYes a
first rate control signal fromthe buffer nmor 71 20 nd,a_second
rate control siaﬁglz??gﬁ1?ﬁéﬂﬂﬁ' gﬁuﬁ8ﬁ§r98¥ °°é§§§%%ﬁﬁﬁﬁ'c5ﬁFrBPFfﬁﬁ t he
sel ection afo quaembratidTl is cdmtitdenedotsdhatorpiasiid zwmpakatibhes can be
chosen to kee he a t of _inf.ormat] each buf.fer nenor
stores within pFSEﬁ#ﬁedaﬁ%q}es Qquagtizing égn“l%l?%ﬁf%ni ﬁ&FEH?‘éEyhow in a
modi fi cati on of 1Bkeconditfifiis 40 cuahtCe&FE 52 oto aipplye qudaBiz@figof Fl GURE 6
an MPEG- 2 decpder 43 is conditioned for _functio y .replacing the
vi deo conpressigﬁggﬁﬁafgfL§?9Kﬁ?ﬁ95r°r gow-%requency'ﬁﬂ% coeff1c1gnts.

When the ENCODING MODE INDICATION indicates that the '

15 computation results are

high-frequency DCT coefficients, the buffer memory 1372
is conditioned to store the computation results, and:
the guantizing table selection circuitry 134 conditions
the quantizer 32 to apply quantizing tables for the

20 high-frequency DCT coefficients.

The buffer memory 1371 is a first-in/first-out
memory for storing two parallel bitstreams. One of the
bitstreams composed of the entropy code and quantiging
table code associated with the zero- and low-frequency

25 DCT coefficients. The other bitstream is composed of
markers indicating breaks between DCT blocks in the
computation of the zero- and low-frequency DCT
coefficients. The markers facilitate the compressed-
video-signal packers 138 and 139 arranging the codes

30 descriptive of the zero- and low-frequency DCT
coefficients in bit ranges immediately after syncblock
headers. These bit ranges extend for prescribed



generating consecutive |I franmes only, by providing a 30 source 44 of the
sel ective command for the MPEG 2 decoder 43 to encode all sequenti al
frames as | franes rat her than just anchor franmes. FIGURE 13 al so

i ndi cates, in parentheses, howin a nodification of the digital tape
recor der andwplssgem7 of FIGURE 7, 8, 9 or WO 99/ 0 PCATKRIS/00249

PCT/ KR98/ 00249 - 47 - 10 an MPEG 2 -
decoder 63 is conditioned for functional 4 - repl aci ng the video
conpressi on apparatus 603 for generating consecutive |I frames only, by

providing a  intetls @t ebmélRatclcmjdr.c ThENRBEptessddsr IR 2 5
decoder 63 to encode all .sequential frames as | frames rat her than

just the anchorS8¥gePacker 138 in the transpomE BErEAB.RRERRK He0 appar at us

50 suited hiled 1 16wahckhen CREE PLXin FokCHRE éré’ﬁs%ort?r tream W N
the digital tape recorder and gla yer of FIGURE 5 10 _ or The snapshot

apparatus 50 | MRaRRES Fnd-eEtyaguime: stamms, Peingcdngivdadrin the | EEE 1394

St andar d 5'Qna|trans;o%:‘ﬁ)@tkéﬂmfBéfﬁfé"QtléEE@:Lﬁgﬂa:?égaain@&'COder 20 or 420,
an MPEG 2 decoder 52 for decodrng@vrdeo ackets su plred fromthe

decoder 51, a ff¥RRPIckHHER thes t%ifIQWFSQS@FHPAeFrbﬁﬁs a printer 54

for producing acompreerb”adivaaeas éf@ﬁ@.ﬂ%‘éél@% (1f39t Bsearfﬁ NG Vi deo
frame. The frame grabber 53 Ts a nenor snhat chi ng fronla

conti nuous strcE¥AWY afsgmbiery, 106 faxy geago @gmpngg@ed videmat a
descriptive of & gipliatelieched Lomrarla \eod%eaﬁgporen&dr?a&.%%é

exanpl e, | oys a_smal | magnetic di sk nennr{
decoder onlrlrg f gpeyformidds packing withmud sush; pdlowapse ceetngp aasteus 50.

FI GURE 15 showspsnapshioly 3BPBEhkide 55 widd 8 ghdker £irkS% the
cancor der of FIGURE 3 g%’4 or wmth the 25 gr?gl %gpe r%%%&ﬁer and

pl ayer of Fl GUREEtRDra presyrabed m%#ﬁmlhcﬁoléppvanat a¥ngblocic hedsteran | EEE

1392 | f d
From the | EEE 1580 Sgrale SomBEebegy Hider Sibman BHGKkErS' Y it B89 27 for

decodi ng vi deo @Eﬂﬁ&ﬂ%ﬂqgﬁﬁpPPEElﬂg0%$4¢u£r°m the buffer memory 1371
15 and begins to pack code from the buffer memory 1372

instead. Packing code from the buffer memory 1372 then
continues until the end of the syncblock is reached.
The quantizing table selection circuitry 134 receives a
first rate control signal from the buffer memory 1371

20 and a second rate control signal from the buffer memory
1372 for controlling the selection of gquantization
tables, so that guantization tables can be chosen to
keep the amount of information each buffer memory
stores within prescribed limits.

25 FIGURE 13 indicates how in a modification of the
DVCR 400 of FIGURE 5 or of the DVCR 500 of FIGURE 6 an
MPEG-2 decoder 43 is conditioned for functionally
replacing the video compression apparatus 403 for
generating consecutive I frames only, by providing a

30 source 44 of the selective command for the MPEG-2
decoder 43 to encode all sequential frames as I frames
rather than just anchor frames. FIGURE 13 also
indicates, in parentheses, how in a modification of the
digital tape recorder and player of FIGURE 7, 8, 9 or



30 decoder 56, a franme grabber 58 for ATSC vi deo franes, and a

printer 59 for producing a hard copy reproduction of the grabbed ATSC
video frame. A nodified MPEG 2 decoder only for | frames can be used

i n the snapshot WO 99/ 09747

PCT/ KR98/ 002480 99/09747 - 48 - apPPCI/KRISI00Z45.

FI GURE 16 shows a systemincluding a digital cancorder 1000, a conputer
1040 with video and audio editing sof4’are, and one of the DVCRs 400,

500, 600, 5 700, 800 and 900. |If the DVCR 400 or 500 is used, the

digital canmcordgy dQ0PHAD lERcobelNE3 SPE tosiiiWionBd forFEGEE dnfl1p. |
t he DVCR 600, 700,_ 800 and 90Q .is used, the digital cantorder I000 can

be of the sort ?e?léﬁkﬂﬁqu? PﬁGBREcngFeﬁﬁiq@u?ﬂREEEtEQ9ﬁ°§iﬁmﬁard out put 10
signal of the djghéfdt GRACINRRCuLPO  SeSatud 'd?ﬂyt,obﬁrhglrov:li.diﬁé’r@m er 1040

whi ch shoul d have storage capability for appreci a ong- sequences of
frames. s°“rc%e§£r°cﬁ I evFGéB"'é%lY%i?@“?@‘ﬁéﬁ’é‘ EhesHPEGFZ er vi deo
and audi o data éééoé@ﬁaéﬁtlﬂﬁ_eh%o&@péiﬁtfe%%%%ﬂ#gﬁmf_?ﬁ s gyﬁ;f’\é%‘ﬂ%?ned' ting

i's conpl eted, audio editing can then I'S avoi g
i nterrupting th&abher ckamyastathenanpher frangsyes - e. g., in the
m d- sentence of an interview. During the process of video editing, the

software in the conputer ZG'IGEBEOIQtsi_Iw ts‘.gap.smie sppapatws o50mat i on of
need to be oval G558 P mact BLHTCAE Edfhediner GROMIMIRE" WP 2 RO CC S
The conputer 10wdtbarheeligifali sdpaddeconder 28 playeri of FIGURE Bed in
o angnent 0canchee: 1 tndiibor, ppbafabIAY bl o BERERIBLY |
background nusi signayoilecodere5lnifon bheli TEER ARXS4d Standard sigmabpr essed
audio signal Tegopaefedleldip h"iaREO1IS) Snal dRRoUAR BG' QY piETuCed PV 2
an MPEG-2 decoder 52 for decoding video packets
supplied from the decoder'si, a frame grabber 53 for
15 NTSC video ffames, and a printer 54 for producing a
hard copy reproduction of the grabbed NTSC video frame. -
The frame grabber 53 is a memory for snatching from a
continuous stream of digital video signal samples those
data descriptive of a single selected frame of video
20 and, by way of example, employs a small magnetic disk
memory. A modified MPEG-2 decoder only for I frames
can be used in the snapshot apparatus 50.

FIGURE 15 shows snapshot apparatus 55 suited for

use with the camcorder of FIGURE 3 or 4, or with the

25 digital tape recorder and player of FIGURE 7 or 8. The
snapshot apparatus 55 includes an IEEE 1394 signal
decoder 56 for the IEEE 1394 Standard signal supplied
from the IEEE 1394 signal encoder 20 or 420, an MPEG-2
decoder 57 for decoding video packets supplied from the

30 decoder 56, a frame grabber 58 for ATSC video frames,
and a printer 59 for producing a hard copy reproduction
of the grabbed ATSC video frame. A modified MPEG-2
decoder only for I frames can be used in the snapshot



I nput to the conmputer 1040 can be used to help I mpl ement the insertion

of titling or captions into the conpressed video. Conputer graphics
packages can be WO 99/ 09747

PCT/ KR98/ 00249 - 49 - used to inprove
titling. Arravoem®m’s can be nade to decode conpressed PCTEBIS/A049
perform speci al -effects operations on the decoded video in the conputer
1040, and to conpress the processed VA&8leo. These 5 arrangenents al |l ow
video editing other than junp cuts - e. g., fades through bl ack, w pes
and iris effectsapparatddiesginally edited information is then placed into

| EEE 1394 Standard signal format by the conputer 1040 to be

800 or 900 which DVCR records the a [ 2 i nf or Ion on a
vi deo di skette. camcorder 1000Gn& semppberi k04havith wideo bodeaudied by the
foregoi ng descr pgi | PRy A5 dwtEAC GRAPERY | &8 @ﬁe'i“g s 400," 886 | ¥0b©

construct other enbodi nents of the invention that are~eqli valent to
those speci i caPg. d88erankP00. IfahhetP¥CR |44 wnMF00h isolsed, stisal d be
construed to  gjghpgt %&%&é}“io%shgﬁ ﬂ@r?@tﬂrﬂq%o\@tt QhByﬁhﬁhr SCOpe.

For exanpl e, error-correction coding of conponentsS of the transport
20  stream canFBEURBr} womedt atlf] shet DVER pERQ, BkXlor 800 anda98@nbsi ng t he
transport strea onyyl n . 0 urther exanpl e,
error-correcti oﬁbg&' rr%%éez%%%qo?gglg%gﬁzén 56%fca?%g\g?¥’§n‘s:%%r?}°§$r eam can be
perfornmed at | esbownnipFICURE & odi 4asThebIEER X3Isd BEandardnepbptit st ream
intoits c onge rds. Sl ot he ans for
recordi ng gﬁpanggﬁngfd%fi%ﬁﬁ*ﬁﬁgﬁqiglga%ﬁoégé%h@%ﬁ%ﬁ%?%hﬁg%;%gcé?d% €and -
pl ayer may repl gowpuber QAQ shighdsbouldkbhaee wtisragendapabilptpyfor I n the

clains which fo " gﬁgﬁﬁg" Is to be construed to
apply to a conp%é?ged%*/gg’ﬁgzwgg%ﬁg%? c(’:fellpa e of decodi ng P and B franes

as’© well as | fragg, and ALe8eh CedBPly ' ok E5ELLONSe 0L

’

supplied to the | EEE 1@3Q4m 4RalehbigUs %%g%eyi \Gé&:a{iggg_, alﬁi%?QP’ 600, 700,

video and audio data are separated to separate

15 memories. After video editing is completed, audio
editing can then be done. This avoids editing
interrupting the audio signal at inopportune times - e. -
g., in the mid-sentence of an interview. During the
process of video editing, the software in the computer

20 1040 stores the time stamp information of deleted video
material, so the editor will know which audio packets
need to be evaluated during the deferred audio editing
procedures.

The computer 1040 can be supplied additional

25 material to be used in editing by means additional to
the camcorder 1000. For example, arrangments can be
made to allow the computer 1040 to additively mix
background music or voice-over with audio decoded froma
compressed audio signal recorded at the time digital

30 wvideo was being produced by a video camera. Keyboard
input to the computer 1040 can be used to help
implement the insertion of titling or captions into the

compressed video. Computer graphics packages can be



such decoder that decode only | franes. WO 99/ 09747

PCT/ KRO8/ 00249 - 50 - What is clained
i s: 1. A method for transmtting conpressed video

i nformation, conprising the steps of: generating a succession
of |ine-intev@ommraraster- 5 scanned frames of video i nfopPOopKREsN02®

| um nance si gnal and first and second color-difference signals in a
4:2:0 sanpling format; . +9afrane conpression encoding
each line- i nterlaced raster-scanned consecutive frame of video 10

i nformation, inyae@otd e tildign fr §gmgﬁ nyentional |y
I's used for |ntPafrane cgﬁ%ressﬁbn oyp g? & sel ecte ones og ggld
consecutive frafesode Qﬁmnkﬁssed|Wﬂ@§9wathneri¢Kmeﬂnpqmalgeﬁéeats conponent s

of @  [ranspepbratisAlon erkb deboded viBEo B Ntk Uonithi@e 1oBs! udi Ng

the further step I'n accor
standard, inser@ndgto comprnsssnhajpmpgnspedtv:ﬂeqxunmbmmes i dentifying each

Thtraf rane SonprLEabgenehBita iy viEeql o105 T i JHRRTdnER -
including the fertter fades through black, wipes and iris effects.
The finally edited information is then placed into IEEE
1394 Standard signal format by the computer 1040 te be
supplied to the IEEE 1394 signal input of the DVCR 400,
10 500, 600, 700, 800 or 900 which DVCR records the

finally edited information on a video diskette.

One skilled in the art will be enabled by the
foregoing description and the accompanying drawing
readily to construct other embodiments of the invention

15 that are equivalent to those specifically described;

| and the claims ﬁhich follow should be construed to
include obvious desigh variations within their scope.
For example, |

error-correction coding of components of the transport

20 stream can be performed at least in part before
assembling the transport stream from its component
parts. By way of further example, error-correction
decoding of components of the transport stream can be
performed at least in part after disassembling the

25 transport stream into its component parts. As still
further example, other means for recording on an
optical medium such as a compact disk recorder and
player may replace the digital video disk recorder and
player. In the claims which follow, the term “MPEG-2

30 decoder” is to be construed to apply to a complete
MPEG-2 decoder, capable of decoding P and B frames as
well as I frames, and also to apply to modifications of
such decoder that decode conly I frames.



recording said transport streamon a nmagnetic storage nedi um

4. The nmethod of claim1l including the further steps

PCT/ KR98/ 00249 WD 99/ 09747 -51- of :
extracting trickplay information fromeach frane of video information
for inserti oowoeoerasai d transport 5 stream and PCT/KRIBMOZHONG ON
a magnetic storage nedi um said transport streamwth said trickplay

i nformation inserted t herein. 1050 5. The met hod of claiml

i ncluding the further steps of : arrangi ng zero-frequency
and | owfrequeniMaPGls claimtigrgrt i on at the begi nnings of sync blocks in
sai d transport stream and 15 recording on a magnetic
storage nmedium said transport stream as so arranged. 6.

The method of claim 1l including the further step of : 20

recording said E_ranspcxt rﬁétlf%ﬁn O 2N QPéngn?:‘lLttlng comliireré%%d video

information, comprising the steps of:

generating a succession of line-interlaced raster-

5 scanned frames of video information as luminance signal

and first and second color-difference signals in a 4:2:0
sampling format;

intraframe compression encoding each line-
interlaced raster-scanned consecutive frame of video
10 information, in accordance with the MPEG-2 standard that
conventionally is used for intraframe compression of only
selected ones of said consecutive frames of video
information, thereby to. generate components of a
transport stream.

15 2, The method of claim 1 including the further step
of:

in accordance with the MPEG-2 standard, inserting
into said transport stream codes identifying each said
consecutive frame of video information as being

20 intraframe compression encoded.

3. The method of claim 1 including the further step
of:

recording said transport stream on a magnetic
storage medium.

4. The method of claim 1 including the further steps

N )




7. The nethod of claim1 including the furth

transmtting said ver a

8. The net hod of clalnt i ncl udi ng the further WO
99/ 09747 This heetHasBeenRe

- 52 - 30 woswowntraHllmum mllltﬁuu transport Stream HOTIKROSD0E9
conputer to another via ni cations |ink. 9. The

met hod of claim 1 including the further $ftep of: 35 editing
said transport stream using a conputer. 10. A method for
transmtting ceppressed video I nformation, conprising the steps of:

generating a succession of progressively scanned 40 frames of video

i nformation as |U”‘na%&ir§b9ﬂﬁé EEEEE§15§ 1nformd@f%n$%§aﬂdeﬁeyo@ighgference
signals in a 4:2:0 sanplin orma rafrane

conpr essi on enc@ﬂuﬁ@ﬂ%@cﬁnébnxatagm\ﬁgqxlnsertlgaannse sende twanepoktane of
vi deo |nfognatlggke&dt¢g§d accordance wth the MPEG 2 standard t hat
conventional ly is used for intrafrane conpression of only selected

ones of said cons s qf gso i nf ormation,..t hereb
to generate conponent$ %%ggi%(Sané'ggeﬁ g:}a stérage ' meédium  said
transport stream with said trickplay information inserted

therein.
10 5. The method of claim 1 including the further steps
of:

arranging zero-frequency and low-frequency DCT
information at the beginnings of sync blocks in said said
transport stream, and |

15 recording on a magnetic storage wmedium said

transport stream as so arranged.

6. The method of claim 1 including the further step

of:

20 recording said transport stream on an optical
disk. medium.

7. The method of claim 1 including the further step
of:

25 transmitting said transport stream over a

microwave link.

8. The method of claim 1 including the further step
of :

[

T



50 11. The met hod of claim 10 including the further step of :

I n accordance with the MPEG 2 standard, inserting into said transport
stream codes identifying each said consecutive frame of video
information as being 55 i ntraframe conpressi on encoded. 12.
The met hod ofwaésmemr10 i ncl uding the further step of : PCI/KR98/00249 \\D
99/ 09747 PCT/ KR98/ 00249

- B3 - recording said transpg®#t- streamon a nmagnetic 60
storage nedi um 13. The met hod of claim 10 including the further

steps 30f:  transmiHingC! isaddl I tekRbdrt N OEF@h ONeddid™M Gagch
frame 65 of video information for insertion into said transport

stream COmMPUERE ot Q| P EEYa VilAgRePREKRE FamRIndCatdensaldnk.
transport streamwth said trickplay information inserted therein. 70
14. The nethod of claim 10 including the further steps of :

arrangi ng zero-frequency and | ow frequency DCT I nformation at the
begi nni ngs of s@nc bl oThe metlssd dfSaldim 1 including the further step

of:

35 editing said transport stream using a computer.

10. A method for transmitting compressed video
information, comprising the steps of:

generating a succession of progressively scanned

40 frames of video information as luminance signal and first
‘and second color-difference signals in a 4:2:0 sampling
format; '

intraframe compression encoding each progressively
scanned consecutive frame of video information, in
45 accordance with the MPEG-2 standard that conventionally
is used for intraframe compression of only selected ones
of said consecutive frames of video information, thexeby
to generate components of a transport stream.

50 11. The method of claim 10 including the further step
of:

in accordance with the MPEG-2 standard, inserting
into said transport stream codes identifying each said

consecutive frame of video information as being

55 intraframe compression encoded.
12. The method of claim 10 including the further step
of:

| A O



transport stream and 75 recording on a magnetic storage

medi um said transport stream as so arranged. 15. The
met hod of claim 10 including the further step of: 80

recording said transport stream on an optical di sk. medi um

16. The netwnwsbioefsrcl ai m 10 i ncl uding the further step PCT/KR98/0086
transmtting said transport stream over a m crowave | i nk.

WO 99/ 09747 - 53 - PCT/ KR98/ 00249

- 54 - 17. The nethod of claim 10 including the further step
of: 90 {ransiddidihg Sl LEAASPOIE StresAM ol " AM et
conputer to another via a_pacKet commuicatTons [ink. 5. The
met hod of &9 ai nBtorage | MMM« he further step of : 95

editing said transport stream using a conputer.

13. The method of claim 10 including the further steps

of:
extracting trickplay information from each frame
65 of video information for insertion into said transport
stream '

recording on a magnetic storage wmedium said
transport stream with said trickplay information inserted
therein.

70 14. The method of claim 10 including the further steps

of:

arrang_ing zero-frequency and low-frequency DCT
information at the beginnings of sync blocks in said said
transport stream, and

75 recording on a magnetic storage medium said
transport stream as so arranged.

15. The method of claim 10 including the further step
of:

80 recording said transport stream on an optical
disk. medium.

16. The method of claim 10 including the ffirther step
of:

85 transmitting said transport stream over a

microwave link.
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19. A vi deo conpression system conpri Sing: a source of

| um nance signal and first and second color difference signals
descriptive of successive fields 100 of video information,;

an input processor for converting said | um nance signal and said
first and sewoydogmator difference signals I nt o fr amePCIKRIBAIGE

I nformati on having a 4:2:0 sanpling format; and 105 vi deo
conpression apparatus for performng 54 - intrafrane conpression
encodi ng on each consecutive frane of the video information having a
4:2:0 sanpling format, said intraframe conpression encodi ng bei ng
done usi ng di screte cosine transformati on of bl ocks of pixels in 110
each frame of, vi de@he'lﬁgtﬁ{cf&ito'fogla%glo %;ﬁi‘?{%the furEﬁggr on
encodi ng of each consecutive transtornmne Fra I'n accor dan th the
MPEG- 2 st andar @£f:or I ntraframe conpression encodi ng of sel ected
frames of vi deo, said intrafranme conpression encodi ng including the
115 ideswificati on toéansebdting omsddut itranspoate seseahei fitom one

intraframe conpression gncod the result f the ., . .
99/ 09747 m%:omputer o an§¥her via a pacﬁeg(ﬁqm@%ﬁﬁqﬁﬁégys link.
- 55 - I ntraframe encodi ng being supplied by said video
conpressi on apparatus as a stream of conpressed video dat a.
120 ] 20. The video conpression systemof claim19 in
conbi nation wi t48- The method of claimyh0 puciudine: sber Ensthescetemg sai d
stream of of: conpressed video data. 125

95 editing said transport stream using a computer.

19. A video compression system comprising:

a source of luminance signal and first and second
color difference signals descriptive of successive fields
100 of video information;

an input processor for converting said luminance
signal and said first and second color difference signals
into frames of video information having a 4:2:0 sampling

format; and

105 video compression apparatus for performing
intraframe compression encoding on each consecutive frame
of the video information having a 4:2:0 sampling format,
said intraframe compression encoding being done using
discrete cosine transformation of blocks of pixels in

110 each frame of video information and subsequent
compression encoding of each consecutive transformed
frame 1in accordance with the MPEG-2 standard for
intraframe compression encoding of selected frames of
video, said intraframe compression encoding including the

115 identification of each consecutive frame as being

intraframe compression encoded, the results of the
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21. The vi deo conpress#ea—sys%en%ei—sLain119 in

W t h: G ecoder for d

conpressed vi deo dat a; hé}ﬂg?e“‘ ced &
[ III"I' tel evi si on

apparatus for displayi

decodi ng r esWO9809MD M MPEG- 2 deCOder PCT/KR98/00249 22.
The conbi nation of claim 21, mherein said source 135 of |um nance

signal and color difference signals 55 - descriptive of
successive fields of video information is a video canera, and
wher ei n sai d telpairamedi Ecddin t Ug,,i S rable as a
camera V|emﬁ|nder g beinﬁe g ngP%%§|o§yof58?§|n12§ “Pur t her
conpri si ng: ompreggjon apparatysc@d Ry PEEeAR sofresompressedenpdeori |y
storing data. Said decoding results fromsaid MPEG 2 decoder; and
a printer for printing a selected frane read to sai d printer
from sai gagecodi ng results nenory. WO 99/ 09747

PCT/ KR98/ 00249 - 56 - 145 24. The
conbi nati on of aimzd f er conpr . decodi ng
results menory for terrporg?‘llultf P co%rgga}gﬂg WALEYePEdi Fpr¥R s Hot sinr om
sai d MPEG 2 decemibination with: a printer for printing a
selected frane read to 150 said printer fromsaid decoding results
menory. an MPEG-2 decoder for decoding said stream of

compressed video data.

125

21. The video compression system of claim 195 in
combination with:

an MPEG-2 decoder for decoding said stream of
compressed video data; and

130 television display apparatus for displaying
television images responsive to decoding results from
said MPEG-2 deccder.

22. The combination of claim 21, wherein said source

135 of luminance signal and color difference signals
descriptive of successive fields of video information is
a video camera, and wherein said televigion display
apparatus is operable as a camera viewfinder.

23. The combination of claim 22 further comprising:

140 decoding results memory for temporarily storing
said decoding results from said MPEG-2 decoder; and

a printer for printing a selected frame read to
said printer from said decoding results memory.
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25 The vi deo conpression system of claim19 included in a video

recordi ng system for recordi ng said conpressed video information in
vari ations of the magnetization of 155 a magnetic tape recordi ng nmedi um
sai d video recording system further conprising:

el ect r omagnetweogfosae r ecor di ng apparatus having a t apEc/KResmpzot f or
sai d magnetic tape recordi ng nedi um havi ng heads nounted on a head
drum for helically 160 scanning said 5%agnetic tape recording nedium
as transported thereby, and having a rotary transformer for
transforAmi couphi ng In@nabibifatiéh fd0MI1MANd2Re2dSther comprising: @ _
nodul at or responsive to a nodul ati ng signal for generati ng nodul ati on

results without substantialedhg lifé)”ﬂﬁ?ﬁlér f t %@ﬁ;g

coupling via said rotary © f-ﬁérans lz')rmsr to s i_dt&g"adsi rlnéﬁ?' mes of

recordi ng sai d storing @Eakst siecedingdresubtsrfxom waid MPEG-2 decodex;

transport st rea#&ssenbl er for assenbling a transport stream of data
Y

by 170 time- ision-multiplexing said streamof conpressed
video data with other

d ; d s - GOl ' d
for forward error 2 apt%&t%%ctfl"gn pgﬂ‘é‘&&lnﬁgas%g&%?’%ghsggrﬁ{“ggtflﬁgamggg Odg[ a

to 159ener aaid grriortexofremt sabd cdetoding yelsudtappenetyt o sai d

WD 99/ 09747 PCT/ KR98/ 00249

- 57 - 175 nodul at or as sai d nodul ating signal . 26. The vi deo
recordi ng systemset forth in claim 25, wherein said nodulator is a

24/ 25 modul ator260f  The video compression system of claim 19 included
in a video recording system for recording said compressed
video information in variations of the magnetization of

155 a magnetic tape recording medium, said video recording
system further comprising:

electromagnet:ic' tape recording apparatus having a
tape transport for said magnetic tape recording medium,
having heads mounted on a head drum for helically

- 160 scanning said wagnetic tape recording medium as
transported thereby, and having a rotary transformer for
transformer coupling signals to and from said heads;

a modulator responsive to a modulating signal for

generating modulation results without substantial direct

165 component for transformer coupling via said rotary

transformer to said heads during times of recording said
compressed video information;

a transport stream assembler for assembling a
transport stream of data by '

170 time-division-multiplexing said stream of compressed
video data with other data; and

an error-correction encoder for forward error
correction encoding said transport stream of data to

generate error-correction-coding results applied to said

A




generating |-NRZI nodul ation. 180 27. The video recordi ng system
set forth in claim 25, wherein said error-correction encoder perforns
Reed- Sol onon forward error correction encoding on said

transport streamto generate said error-correction-coding 185 results.

28. The vi da@eeetsyr di ng systemset forth in claim25 PCT/KBYSMI24® i n a
system for recording and reproduci ng video I nformati on, which system
for recording and reproduci ng 190 vi ded7 nf ormati on further conprises:

a denodul at or for denodul ati ng r epr oduced nodul ation results
coupl ed her et Gpiaoiat Gs"@ada Wbdulating SAiganotary transformer during
times of playing back said conpressed video information as previously
recorded on 195 said nmagnetic tape recordi ng nedium said denodul at or
supplying during those tines denodul ation results that r epr oduce

Correction 26 docamenyigep roRaitis A7k p, 68 E5tF Ml RORIRL 2841 o 200

transport streowhefeint agaid modulator iz tmaANAW2E Simowbatoras sewbl er

for disassenblin . ' ran rt, stream of data to reproduce said
st r eam of gg’é%ﬁﬁﬁ’é&ég&'&zgeﬁo‘g‘gf%tﬁpﬁ me- di vi si on de- nul ti pl exi ng

sai d conpressed video data from said ot her data; WO 99/ 09747
PCT/ KRO8A88249 - 58 - 205 - an
MPEG 2 decoder for decoding the reproduced stream of conpressed vi deo
data; and 27. The video recording system set forth in claim 25,

wherein said error-correction encoder performs Reed-

Solomon forward error correction encoding on said

transport stream to generate said error-correction-coding
185 results.

28, The video recording system set forth in claim 25
included in a system for recording and reproducing video
information, which system for recording and reproducing

190 video information further comprises:

a demodulator for demodulating reproduced
modulation results coupled thereto from said heads via
said rotary transformer during times of playing back said
compressed video information as previously recorded on

195 said magnetic tape recording medium, said demodulator
supplying during those times demodulation results that
reproduce said modulating signal;

an error-correction decoder for error correction
decoding said demodulation results to reproduce said
200 transport stream of data;

a transport stream disassembler for disassembling
said transport stream of data to reproduce said stream of
compressed video data by time-division de-multiplexing
said compressed video data from said other data;

* c L M S *




television display apparatus for displaying tel evi si on i mages
responsive to decoding results from said MPEG 2 decoder. 210

29. The video recording systemset forth in claim 28, wherein said
nmodul ator is a 24/25 nodul ator for generating |-NRZI nodul ati on.

215 . 30. wowyisdeo recordi ng system set forth in clai mERaO/KR98/00249
wherein said error-correction encoder perforns Reed- Sol onon forward
error correction encoding of said - BBansport stream of data to
generate said error- correction-coding results, and wherein said 220

error-coppecti on decogsyr wmsﬁsaw@aéﬁpméuwébda% the rep2bBPBd

error-correctlon codi n results in sai d enndu aﬁlon results to
reproduce sai d $rERATHGR comprgfsed videg qﬁ&@d and 725 The vi deo
recording systemset forth in claim?25 further conpr|3|ng

a denodul ator  for ted@ﬁéamqatuﬁgspléproappéuatus fovdulddspdayisgul t s
coupl ed ther et o d{ gy % VidsponsiveS Ad! BOLARIN | BOSLPELTCEAY | N0
times of playing bac sal ﬁ%ressed Vi deo Ion as preV|oust
recorded on Baldsﬂﬁﬁﬁﬂﬂaéﬁspﬂertape medi um sai d denodul at or suppl yi ng

\J

during those tinmes denodul ation results that reproduce said
nodul at i @30si gnal ; an error-correction decoder for error
correction WO 99/ 09747

PCT/ KR98/ 00249 29. The video recording system seb9%orth in claim 28,

wherein said modulator is a 24/25 modulator for
generating I-NRZI modulation.

215 30. The video recording system set forth in claim 29,
wherein said error-correction encoder performs Reed-
Solomon forward error correction encoding of said
transport Stream of data to generate said error-

correction-coding results, and wherein said

220 error-correction decoder decodes the reproduced Reed-
Solomon error-correction-coding results in said
demodulation results to reproduce said transport stream
of data.

225 31. The video recording system set forth in claim 25
further comprising:

a demodulator £for demodulating reproduced
modulation results coupled thereto from said heads via
said rotary transformer during times of playing back said

230 compressed video information as previously recorded on
said wagnetic tape wmedium, said demodulator supplying
during those times demodulation results that reproduce
said modulating signal;

an error-correction decoder for error correction

| O A VA




235 decodi ng said denodul ation results to reproduce said transport
stream of data; a transport stream di sassenbler for

di sassenbl i ng said transport stream of data to reproduce said stream
of conpressed video data by tine-division de-nmultiplexing 240 said
conpressed vindeweoara from sai d ot her data; acTakssoRd4decoder
for decoding the reproduced stream of conpressed vi deo dat a;
television display apparatus for dis@Sying tel evi si on i mages
responsive to decoding results from?245- said MPEG 2 decoder;

decodi ng 238sul t §eSBADE fsaidt AERaalhtoft ¥dsdts to %@Fgoﬁﬁﬁgd'é%‘id esults

fromsaid MPEG 2 decoder; a printer for printing a

sel ected frane EEBRSROFE streayapg gatdter fromsaid decoding results
menory. 250 32. The video recording systemset forth in claim
31, V\/ner ei n saial tressparbr stxeam 2/aE seobl et ﬁOrfdli:sassemle.ng
generating |- 1 §odu I;té% em set
forth in claim é Iﬁtd\ﬂ%l&rgtl:ﬁe%g?’ ‘ejrgf'grt'%o ectl g’% é%gga&%:p%@?%?

Reed- Sol cowpressadyiteerdata byr kdwedivision ddegmliipleadinhg

t ranspor trea Sﬂjﬁ E&i?% e ction-coding
results, tzz??d an%gfan S Get an@gr%%%gtﬁ%‘({:ga&r? (ta:(lz1 aeﬁaggtodes t he
reproduced Reed- cor ectlo codi n esults in
sai d denpdul ati on an ﬁégg})?s df38°fi$’p'r edgﬁ? 19 aﬁg‘ﬁor’fe%‘? Gf

dat a. stream of compressed video data;

television display apparatus for displaying
television images responsive to decoding results from
245 said MPEG-2 decoder;

decoding results memory for temporarily storing
said decoding results from said MPEG-2 decoder; and

a printer for printing a selected frame read to

said printer from said decoding results memory.
250 -

32. The video recording system set forth in claim 31,
wherein said modulator is a 24/25 modulator for
generating I-NRZI modulation.

255 33. The video recording system set forth in claim 32,
wherein said error-correction encoder performs Reed-
Solomon forward error - correction encoding of gaid
transport stream of data to generate said error-
correction-coding results, and wherein said

260 error-correction decoder decodes the reproduced Reed-
Solomon

error-correction-coding results in said demodulation

results to reproduce said transport stream of data.

| N R




WO 99/ 09747 PCT/ KR98/ 00249

- 60 - 265 34. The video conpression systemof claim 19, further

i ncl udi ng: a mcrowave transmtter for transmtting said
results of said intrafranme conpression. 35. The vi deo conpression
system of cwmoOIw8%7 in 270 conbination wth: PCT/KRIS0DZ49\AV €
receiver for receiving said results of said intraframe conpression
transmtted by said m crowave transhfl tter; and a
digital tape recorder for recording said results 275 of said intrafrane
conpression as received by said m crowave receiver. 36.
The video conpression systemof claim19, in conbi nat i on with: 280

a conputggs fokg edi tyig vilda cbﬁgyééﬁongsys%%‘nf’of 1,;,,r&d§ ﬂ%‘ﬁﬁts of

conpressi on; and appar at us storing th

sai d i nt r AnFdndiv@npression within a storage medi um 285  37.

Vi deo reproduction apparatus for reproduci ng video I nformati on
recorded on a recordi ry médrowawét crradmmmigter forntedasmilstiggi daid r ame

conpr essi on cod&gguigérgfp&% rl;}_g1 rggrg?l%o% hat ugt%glsi n MPEG 2 video
e 0 '

conpressors, sai conmprising: 290

pl ayback apparatus for prq ng a nodul a el ectric si naI
responsi ve to vé |at|o'#§ 3&%‘? Og?rppqq&sn.on BYFR®r ®fhgChAdamum

270 combination with:

a microwave receiver for receiving said results of
said intraframe compression transmitted by said microwave
transmitter; and

a digital tape recorder for recording said results
275 of said intraframe compression as received. by said’
microwave receiver.

36. The video compression system of claim 19, in
combination with:

280 a computer for editing the results of said
intraframe compression; and

apparatus for storing the edited results of said
intraframe compression within a storage medium.

285 37. Video reproduction apparatus for reproducing video
information recorded on a recording medium after being
encoded using intraframe compression coding corresponding
to that used in MPEG-2 video compressors, said video
reproduction apparatus comprising:

290 playback apparatus for reproducing a modulated
electric signal responsive to variations recorded in the
recording medium;
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WD 99/ 09747 PCT/ KR98/ 00249
- 61 - a denodul at or for reproducing a nodul ati ng si gna
used to generate said nodul ated electric signal; 295 an
error-correction decoder for error correction decodi ng said
denodul ati onwoesesrds to reproduce a transport streanpof/Kiss/a249
a transport stream di sassenbl er for disassenbling sai d transport
stream of data to reproduce a stream of &00G conpressed video data by
time-division de-nultiplexing sai d conpressed video data from ot her
data; and i a gﬂ;@rse%yaqn
decodi ng the reproduca:addeg‘l%brd}a!lgﬁgfg1!’:g gtgi;%rsc{adgfc\}ih e(% .{gllgt&gfa to recover a
sequence of conseduee denerahes sgid nadelate eleataiceasionaln deconpressed
form 38. Vi deo reproduction apparatus as set forth in claim
37, whe2s n said amplexgewicorrggpieont decodennfer sexror correction .
| ooty ommgnet | febBAfal| DAEY EARAAALNIChO! rLERTEEHH9 Mhoafd ™l 2t o
el ectric signal responsive to varratrons in the nagnetisim of a
magneti c tape tzsupspory shxiagmof data; 39. Vi deo reproduction
apparatus as set forth in claim 37, wherein said playback apparatus
conprises optical 315 trxiirmEportagbreim adisusHandlieer foepdishsssghAngpdul at ed
el ectric signal nssgonsive to vafieuiénggin t he surface of an
optical disk r&8dfd Hanﬁga¥%n§tream o ta to reproduce a stream of

300 compressed video data by time-division de-multiplexing

said compressed video data from other data; and

an MPEG-2 decoder for intraframe compression
decoding the reproduced stream of compressed video data

to recover a sequence of consecutive frames of video

305 information in decompressed form.
38. Video reproduction apparatus as set forth in claim
37, ~wherein said playback apparatus comprises

electromagnetic tape playback apparatus for reproducing.
310 a modulated electric signal responsive to variations in

the magnetism of a magnetic tape recording medium.

39. Video reproduction apparatus as set forth in claim
37, wherein said playback apparatus comprises optical
315 disk playback apparatus for reproducing a modulated
electric signal responsive to variations in the surface

of an optical disk recording medium.
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