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1
BURST TRANSMISSION APPARATUS AND
METHOD FOR AUDIO/YIDEO
INFORMATION

RELATED APPLICATIONS

This is 2 continuation of application Ser. No. 08/624,958
filed on Mar 28, 1996 abandoned, which is a continnation
of Ser. No. 07/976,542 filed Nov. 16, 1992, abandoned,
which is a division of Ser. No. 07/775,182 filed Oct. L1,

1991, U.S. Pat. No. 5,164,839, which is a continuation-io- '

pant of Ser. No. 07/289,776 filed Dec. 27, 1988, US. Pat.
No. 4,963,995,

BACKGROUND OF THE INVENTION

The video cassetle recorder (VCR) has added significanily
o the usefuloess of the home television set. Important or
exceptionally good programs may be recorded o be viewed
again. Programs sppearing at times thai are inconvenient for
viewing may be recarded for playback at a later time.
Reccorded movies or other malenials, educational or
enleriaining, may be rented or borrowed for viewing at
bome. (As used 1o 1be remainder of this specification, the
term “program” encompasses movies and other 1ypes of
vidso andior audio materials, whether broadeast from a TV
station or apother source.)

The typica) VCR has its own tuner-receiver and a video-
recorder, 1t can receive and record a progrsm from one
channel while the iclevision set 18 being employed lo view
a program on another chaancl. Programs are recorded on
magnetic tape The tape is then played back and viewed oa
ihe lelevision set. Features commeonly included in the VCR
are capabilities for advancing tbhe tape forward or backward
al 2 high speed, stopping motion 2! any frame fo hold the
image, or simply playing back the recording at normal
specd.

Desirable features that are not normally available n a
VCR are capabilitics for copying recorded programs from
one lape o allernative storage medwm lo a similar of
dissiomlar storage medium, editing recorded programs and
high speed recording. Apother desirable, but curremly
unavailable, feature is the capability for high speed, high
guality Uransmission apd receplion by opiical fiber using the
VCR.

DESCRIPTION OF THE PRIOR ART

U.S Par No. 4,768,110, incorporated hereinby reference,
describes 2 VCR having 1wo tape decks included thesein.
The purpose for the inclusion of wo decks rather than the
usual single 1ape deck is 1o permil the simullancous viewing
of a live RF-modulated TV signal ar pterecorded matenal
while recording another live RF-modulaled TV signal and 10
atso allow the copying of material from a first magnelic
casselle tapc onlo 2 second magnetic cassetic lape withoul
the use of a second VCR. Viewing of the recorded material
during the copying process is aiso possible in this arrange-
ment. A major disadvantage is that the incorporation af the
second fape deck is expensive and limiled to magnetic 1ape,
and furthermore, this prior art docs mot allow for the
transmission or receplion of rccorded maienal over optical
fibers or the high speed rectplion or transmission of audio/
video material in a digital formai. An addiional disadvan-
tage is the inability for random acctss editing of the audio/
video signal, Furthermore, the additional mechanical
structure 3dds significantly 1o the overall dimension of the
equipmenl and increases tbe prospects of mechanical faul-
ures. .
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SUMMARY OF THE INVENTION

In accordance with the invention, an improved sudio/
video recorder is pravided wilh added features and funclions
which significantly enhance its usefulness and functionality.

1t is, whercfore, an object of the present invention (o
provide an improved audiofvideo recorder for use in con-
junction with ap ordinary home television sct.

Another object of the invention is 1o provide in such an
improved audio/video recorder 8 capability for transfecring
a previously recorded program from one magnetic 1ape or
otber storage medivum to another.

A furtber object of the invention is 10 provide such a
capability for transferning 2 recorded audio/video program
without teson 1o the use of 1wo magnetic tape decks, this
bemng & cumbersome, limiled, and expensive approach
already proposed in the prior art.

A still funtber object of the invention is to provide an
effective and efBicicnt means for intermediate storage of the
audiofvideo program in digital memory as a means for
achieving the transfer of the audiofvideo program from one
tape or storage medium 1o another.

A still further object of the invention 15 10 provide in such
an improved sudiofides recorder a capability for accepting
varjous forms of analog or digital audio and video imput
signals and for converting the analog inpui sigoals lo digital
form when appropriate.

A sull further object of the invenlion is 1o provide in such
an improved audio/video recorder a capability for cditing the
video input signals without the necessity of using multiple
casseties or recording media.

A s1il) further vbjeci of the invention is to provide an
improved audiofvideo recorder for comnection to varous
signal sources including a TV RF tuner, video camera, videa
and audio lipe input, and direci endio/video digital inpul
from sources as diverse as a fiber optic inpul line, a
miCTowWave ransceiver 07 a cOmpuler.

A stli further object of the invention is to provide n
improved audiofvideo recorder having 2 capability for mix-
g hve avdio/video programs with either apalog or digital
audioAdeo inpul signals from another source

A siill further object of the invenlion is 1o provide an
impioved audiofvideo rccorder for simultancously playing,
viewing, recording aod/or mixing digital and apalog zudio/
video programs from differem digital and analog audiof
video sources or slorage media,

A stil) Funther object of the invention is o provide an
improved audiofvideo recorder which maximizes & given
storage capacity, through the use of a dala compression
technique.

A sull further objeci of (he invention is lo provide ap
audiofvideo recorder/transcever utilizing & dita compres-
sion fechnique for efficicm storage of data, and efficien
ransmission and reception of a digitized sudiofvideo pro-
gram over a ielephone line, a fiber oplic cable, a microwave
wranscetver of other data iransmission meaps.

A still further pbject of the invention is 1o provide in such
an improved audio/video recorder a capabilily for delivering
outpui signals in different forms or formals including a2
standard RF modulated outpul sigoal for viewing on a
television set, a digilal culpul signal for viewmng op a
high-resolution monitor, and audio cutput sigoals for 8
speaker sysiem.

A still turther object of this invention is kv provide an
improved audiofwideo recorder which provides for random
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access 1o any given segment of 3 sclf-stored audioivideo
program so Lhat the desired segment may be accessed and
viewed without the timc-consuming delays pormally
involved in fasi-forward or fast-reverse scarching proce-
dures employed in present state-of-the-ant VCR's,

A sull funber object of the ipvention is 10 provide an
improved audio/video recorder which provides convenience
in \be editing of sored data by virtue of its random access
memory capability.

A still further object of the invention is to provide an
improved audio-video recorder which has the potential for
enhanced audio and video quality by vinue of its capability
for digital audiojvideo output and digital fillering
techniques, and image or audic precessing.

Further objects and advantages of the invention will
become apparent as the following description proceeds, and
the featurcs of novelly which characlerize the invention will
be pointed oul with particularity in the claims annexed 10
and forming » pan of this specification,

BRIEF DESCRIPTION OF THE DRAWING

The present inveotion ghay be more readily deseribed with
reference Lo the accompanying drawing, in which:

FIG. 1 is a perspective view of he bousing of the
audiofviden recorder editor/transceiver (“VCR-ET™) dis-
cJosed and embodying the invention;

E1G. 1A is an ¢nlarged view of lbe circled area of FIG. 1,

FIG. 2 is a Runctional block diagram of the VCR-ET of
FIG. 1;

F1G. 3 is a functional block diagram of a YCR-ET in
sccordance with another embodiment of the invention; and

FIG. 4 is a functional block diagram of an audho recorder/
transceiver constructed in accordance with the invention.

DESCRIPTION QF THE PREFERRED
EMBODIMENT

Referring to the drawing by reference characters, FIGS. 1
and 2 illastrale an improved sudio/viden recorder editor/
wransceiver 10 (VCR-ET) comprising zn audio/video record-
ing unit (AVRU) 11, a video conirol unit {(VCU) 12, memury
13, digital control unit (DCU) 14, video line or camera inpul
line 15, TV RF tuncr 16, auxiliary digital mput port 17, fiber
optic inpuvoutput port 18, RF modulaior 19, RGB convenier
with synchronizer 21, and an audiofvideo transmuterf
receiver 22 wilh eypad 45, ail in 2 common housing

The audiofvideo recording unit AVRU 11 may be a video
casselle recorder similat 10 2 conventional VCR in which the
storage media 23 is a magnetic 1zpe. Alematively AVRU 11
may aperale with other types of storage media including, bu)
not timited 10, other magoetic tape formais, AVRU 11 has all
the functions of the 1ypical VCR includiog fecord, play,
rewind, slew motion, fasi-forward and single [rame hold.

Ap aliernate form of siorage media for use in AVRU 11 is
the CD-ROM, which is a disk using a denvalive of glass or
plastic in conjunciion wilh an alumipum or other melslhe
coating. Audio and video signals are stored io the form of
irregularitics in the ajluminum coaled surface and are read
using a how power laser. [n this case, the user would oot be
able 1o store or wrile on 1he CD-ROM, but would be able 1o
play discs 1hat bave been recorded and disinbuted commer-
cially The storage of video and audio sighals on the
CD-ROM is in digital form which is readily accommodated
by the video recorder of this invention.

Insiead of using 2 CD-ROM, VCR-ET 10 can use opucal
discs as media 23. Such optical discs are similar to a
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CD-ROM and usc a variable power laser to read from or
wrile on the disc.

A first type of optical disc may comprise 8 WORM (Write
Ouvce Read Many) oplical disc. This devics has the upique
capabiluy of wriiing on the disc permaoenily. AJaser is used
1o change the magnelic or optical propesties of the media. A
lower-powered Iaser is then used (o read the data from the
disc, Dala, in this case, is permanently recorded; it may
peither be erased nor written over. A Further description of
this technology can be found in the November 1988 issue of
The Electronic System Design magazine (ESD) pages
55-56, incorparated herein by refercnce.

A stcond and preferred 1ype of optical disc to be used in
AVRU 11 is an ccasable optical disc. This disc has full
radiwrite/erase capabilities With this disc, AVRU 11 has
the-same record/playback capabililies as & conventional
VCR. As an example, erasable oplicsl dise are used in
Sieven Jobs® “Mext” machine as described in Infowerld,
Volume 10, jssue 42, pages 51 and 93, Oct. 17, 1988,
incorporated hetein by reference. In addition, the random
access capabilities of the erasable disc (and of the CD-ROM
and WORM) provide additional benefits as will be discussed
in a later pant of this specification.

Akey element of VCR-ET 10, which is responsible for its
irmproved funciionalily, is he video control upit or YCU 12,
The VCU comprises an analog 1o digilal converter (ADC)
24, a digilal 1 amlog convester (DAC) 25, 2 compressor/
decompressor 26, a cottroller 27, a ceatral processing unit
{CPU) 28 and a random access memory (RAM) 29. VCU 12,
using these clements, accomplishes the digitization and
compression of analog signals as well as the reverse process
in which ihe compressed digital signals are decompressed
aod converted back to anakog signals.

As a first step in the processing of the composite videa
sigmals within VCU 12, the sync sipgnals zre decoded to
1solaie signals for each piciure frame for processing,

The vidco signals defining each frame may then be
converted o a red analog signal, a preen analog signal, and
o blue analog signal in a conventional manner. The red,
green and blue analog sigpals are then convened 1o digital
form by the analog (o digital converter (ADC) 24, The frame
is divided inio a sel of closely positioned rows and columns
of picturc elements or “pixels”- Each pixel has & color
defined by a sct of three diginal values defining sirength of
the pnmary culor components, red, green and blue (RGB)
respectively. In one embodiment, each frame is divided into
an array of 300 by 300 pixcls, with the color and lumipance
of cach pixe] being defined by a seven bit word for tbe red
component, a seven bil word for the bluz component, and a
seven bit word for the green component. These words are
gencrated by ADC 24. The RGB video signal may also be
processcd by means of hue-saluration-intensity (HS1} calor
jrocessing, where appropnale, as descnibed in “Chips for
Real-Time Compansons,” Elecrronic Engineering Times,
issue 525, Feb. 13, 1989, page 122,

If each lrame includes 90,000 pixels {(300x300), and cach
pixel is defined by 21 bus {7 bits per primary color), the
digital representation of & single vidso frame ulilizes a
sizable block of digital informstion (i.c., 1.8% megabits/
frame) which must be processed wvery rapidly.
(Approximaiely 30 frames/second are received from AVRU
11} Fortunaiely the amalog to dipital converssion of these
signals may be accomphshed at the desired speed using
commerciatly available analog to digital converter inge-
grated curcuits. The analog 1o digital converier 24 (ADC) is
a high-specd, high-accuracy, A 1o D “flash™ converier avajl-
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able as a siogle 1C (integrated circuif). Several different
types of such A/D cooverters are aveailable from Burr-
Brown, one of which is 1be ADC 600. Part gumber TIC024,
manufactured by Tektronix, In¢. 15 also appropriate. Other
types of devices appropriate for this function are described
in 20 article by K. Rogers entitled “8-bit A/D Flash Hits 500
Msamples”, Elecwronic Engincering Tires, Dec. 12, 1988,
page 90, incorporated herein by referenes.

Compression of the digital dats defining a video frame
and the reverse process (lecompression) are accomplished
by compressor/decompressor 26, Various algorithms may be
employed io the corspression process which ¢pable the
representation of a series of numbers by a reduced number
of digits. As an example, compression algonthms like
CCITT Group 1V may be used.

In one optional embodiment, to further reduce the amounl
ol memory required (o store & program, ibe compressiou
algorithi ean simply record dats corresponding to only
those pixels which change colot from one frame o the pext.
This results in considerable memory space savings, since not
alt pixels change color each frame. Basing calculation upon
104 of the pixels changing from one frame 10 the next, it is
estimated thal memory requirernenis using this lechnigue are
cui by about 90%. It is also estimated that on the average, the
CCIIT Group 1V algorithm ¢an <ul memory requircaients
by another 35%. Thus, if oo data compression technique is
used, it would take approxunalely 51.03 gigabytes 10 store
2 2 hour video program, but by using Lhe above compression
techniqgues, 1t is estimated that memory 13 will requre only
250 megabyites.

Controller 27 bandles timing aod aids in the communi-
cation berween the differemt elements of VCU 12, and
between VCU 12, AVRU 11 apd memery 13.

In one embodiment, the audio portion of the program is
periodically sampled and digitized by apalog to digital
canversion. In one cmbochment, 1his is done at a sampic rate
of 88,000/second, one byle per sample, to yield compact disc
quality sound. The sampling rate could be dropped o reduce
memory requiremenis. Also, the audio data can be com-
pressed with conventional algorithms.

The process of converting either from analog to dwgital or
from digital 1o analog requires memory for intermedinie
storage. Random Access Memory (RAMY) 29 serves in this
capacity. For this purpose cither 2 DRAM (Dyaamic RAM)
or a SRAM (static RAM) may be employed. An example of
3 DRAM is tke T1 (Texas Instrumems) TMX4C1024; an
example of a SRAM is the INMOS IMS-1203, RAM 19
shovld have sufficient capacity 10 siore at least 1wo full
uncompressed frames (e.g., about 472 KB).

The CPU {(Ceptral Processing Unit) 28 is a micro-10
processor which conlrols the digitization process of VCU

12. CPU 28 works with controller 27 10 conirol and com-
municate with the other elements of the VCU. There are
numercus commercially available microprocessors that arc
appropriate for this application. The Intcl 80286, Intel
80386, Motorola 68020, and Motorola 68030 are examples.
Amaore complkele description of the microprocessors can be
found in lhe Oct. 27, 1988 issue of Electronic Design News
(EDN), pages 231 and 242, incorporaied hescin by
reference, or in Lbe applicable data sheets.

Coatroller 27, CPU 28 and RAM 29 serve in the same
manoer during the reverse processes, i.c., decompression
and digital 10 snalog conversion. Decompression 15 first
accomplished in compressor/dscompresser 26. The decom-
pressed digital signal is then converied to 2D analog signal
by digital to analop converter (DAC) 24 (assumung its
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destination requires an analog form). In the course of
converting the decompressed signals from the VCU 12 for
use by the AVRU 11 the signals are syochronized by the ime
base gencrator (TBG)} of cotrector 48. TBG generator 48
inserts synchronization pulses into the sigoa) provided by
YU 12 1o identify individual raster scap lines and frames
so that the resulting signal can be used by a conventional
wlevision set or VCR, TBG 48 can be bypassed by shunt
switch 48" for the purpose of irapsmitting either compressed
or decompressed signals from VCU 12 directly to the AVRU
1 in an uzcorrecied hme based mode.

DAC 28 provides the inverse of the function performed
by A/D cooverter 24. DAC 25 is a high-speed, bigh accuracy
digital 1o analog converier. An example of such a converter
1 the Burr-Brown DACE0 digilal to analog converter,

Different types of memory technologies are adaptable for
usc o0 mamory 13 As mentioned sardicr, DRAM and SRAM
semiconductor memories are commonly used for applica-
lions of this type and are readily available.

One type of random access memory is CMOS
(Complimentary Metal Oxide Semiconducior), The CMOS
memory bas the advantage of a relatively low power require-
ment and is readily adapiable for use of batery backup for
semi-permanent dats storage. Other types of memory
include the abuve mentioned optical disc memories, bubble
memdrics and magoclic disks. Another appropriate data
storage media may be “Digital Paper™ available from IC1
Image data of Wilmington, Del.

Emergiog memory lechnologies may also prove advanta-
geous with capabilities for mass data storage in cven smaller
physical dimensions.

Digita] Control Unil {DCU) 14 comprises a CPU (Central
Processor Unit) 31, a ROM (Read Only Memory) 32 and a
eontrolier 32. DCU 14 is respoasible for all of the digital
editing processes. Through the use of DCU M, video
segments may be edited and rearranged. Thus, ooe may use
DCU 34 1o rearrange the scencs 1o a program, alier the
prograra sourtd rack, elc

In addition, a program may be edited, one frame a1 2 time,
by changing the contrast, brightness, sharpness, colors, eic.
{Aheration of the comras!, bnghiness, sharpoess and colors
can be sutomated s well) In one embodimenn, images can
be rotated, scaled (ic., made larger or smalier), ete. lo
addnion, pixel by pixel editing can be accomplished by
DCU 14, eg., i 2 manner sumilar fo a PC pant program
Sumlar editing features can be incorporated for the audic
poruon of tach program. In one embodiment, a display such
as 2 Har panel video display {not shown) is builr inio the
VCR-ET. A user interface control panel of DCU 14 sllows
a user 10 select a desited frame pumber from a menu on the
display. The VCR-ET then displays 2 strip of frames
{mcluding several frames before and after the sclected
fratne). The user can delete {rames in a sirip, select a point
where other [rames are W be inserted inio the program, or
et different frames (i.e., alter conirasi, brightaess,
sharpness, colors, etc.). In one embodiment, a user inpul
device such as a light pen or mouse cap be used 1o select
individual frames in 1 sirip for ediling.

Instead of incorporating & Rat display into VCR-ET 10, in
apother embodimeni, a 1elevision coupled to output lead 42
of RF modulaior 19 can be used during editing.

CPU 21 is a microprocsssor of the type described in
conneclion with the CPU 28 of YCU 12. Conroller 33 is an
inlegraled circuit which handles tbe timing and interfacing
between DCU 14 sand memory 13. ROM 32 holds the
necessary step-by-siep editing programs which are installed
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at the faclory. A currently available example of a suitable

ROM for this application is the Texas lnstrumenis part
TMS$47256. CPU 31 and coniroller 33 together coolrol the
editing process as they execute the programs stored in ROM
32.

The VCU 12, memory 13 and DCU 14 communicale with
each other via a high speed data bus 34. The high speed dala
bus is required in order 1o meel bandwidih requirements.
Examples of suitable data bus devices are Motorola’s VME
bus, Intel’s Muliibus and the Oplobuss (US. Patl. No.
4,732,846).

Avideo line of camera inpud line 15 is provided 1o emable

VCR-ET 10 10 receive an input signal from a source such as
a television camers, s conventional VCR, a television tuner,
or anoiher VCR, etc. The signals received at input ine 15 are
typically camied by a coaxial cable and are in the form of a
standard 1elevision composite signal. As used throughout
1bis specification, the words “standard television composile
signal” ot s acronym STCS shall be read Lo isclude any coe
of the following: NTSC, PAL, SECAM, HDTV, or any
American or Ewopean broadcast sigoal siandards. (NTSC,
PAL and SECAM pre di d in “Ref Data for
Radic Engincers”, pubhshed by Howard W. Sams & Co. in
1983, incorporated herein by reference.) An NTSC compos-
ile signal is defined as the analog signal that carries the
chrominance {color), luminance (brightness), synchroniza-
tion (iming) and audio signals that make up the wvideo
sigoals received and displayed by television and video
vassens recorders. These four compopents are combioed
into coc signal by modulating the components i different
ways. (Amplitude modulation and phase modulation are
examples ) The standard video line signal is such a com-
posite sigpal and may be received at input line 15 from one
of the above-mentioned sources.

TV RF tuner inpul port 1€ also supplies a composite
signal as described in regard o video inpwt line 15. The
difference is that this signal is received from an antenna ot
cable TV coaxial cable. To receive such 2 signal, wner 163s
capable of being sei or luned (o receive Ibe desired camer
frequency ar lelevision channcl.

Selectar switch 35 is provided 10 select enber videonpul
line 15 or TV RF tuner 16 a5 an inpu: signal source 10 AVRU
11.

Auxiliary digital input port 17 is employed 1o rcceive any
acceplable digtal signal such as computer-generzied viden
signal or 25 may bc supplicd by another VCR-ET. This
signal, for example, may be an RGEB video signal such as
that delivered 10 compuier MOMIONS, of it may be a diguized
audjo signal. {As mentioned above, an RGB signal is a
signal which communicates ihe strengeh of the red, green
and bluc color components for the pixels that make up cach
video frame.) Switch 36 selects whether the digital videos
audio mput signal is chosen from awaliary digitai input port

17. Swilch 36 supplies the selected signal 1o high speed dala

bus 34 which camies the signals io dignal form

Fiber optic port 18 incorporates a fiber oplic transcoiver
Port 1B has a capability for ransformiog fiber optic (ligh)
signals to elecincal signals or for vansforming electrical
signals to fber optic signals Port 18 shus provides a
capability for two-way communication between bigh speed
data bus 34 and a fiber optic signai linc. The incorperation
of fiber optic pont 18 in the VCR-ET provides a capability
for receiving audio/video signals from or delivenag audio/
video signals 1o the fiber optic Jine such as a fiber oplic
telephone hine. The fiber optic line carnes dignal signals in
the form of light waves over great distances with a bigh
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degree of accwacy and reliability and at a high speed (e-g.,
about 200 megabytes/second). The VCR-ET can receive/
rransmil a video program al an accelerated rate via fiber
optic port 18 from/lo a variety of sources. For example a
video program may be communicaied at 2o accelerated rate
from the first VCR-ET to a second VCR-ET m less time than
il would take 10 view the program. Thus, il is pot pecessary
10 acoess the optical fiber for long pericds of time in order
I trapsmit & Joog video program.

11 is also envasioned hat in the future, a video library may
be established which downloads video proprams af an
accelerated rate via optical fibers to a subscriber’s VCR-ET.
Afier downloading, the program may be viewed, stored io
memory, edited and/or a bard copy of the program may be
made on magpelic lape, optical disk, etc.

Switch 37 is provided to sclect connection to the fiber
aplic inputioutput port 18. Ap OFF or open pesition is
provided. The selecled signal is delivered 10 or supplied
from high speed data bus 3.

Analog oulput signals from AVRU 11 are delivered to the
common terminal 38 of 2 sclecior swileh 3%, When s¢t ©0
position A, switch 39 delivers the cuiput signal of AVRU 11
direcly 1o a2 video oulpul line 41 as a standard STCS
composite signal; when set to position B switch 39 delivers
she oulput of VRU 11 to the input of RF modulator 19
Medulator 19 converts Lhe video signal to an RF-modulated
composite signal for delivery 1o such devices as televisions
and conveational VCR’s. These types of devices play back
the video program on a parncular frequency channel (such
as channel ¢) on the television Delivery o the television or
VCR 15 viz RF oulpul hpe 42.

Digital ouipul sigaals frorn VCR-ET 18 may be dis-
patched from high speed data bus 34 via line 43 10 igput
leads of RGB converter 21 znd audio/video transmitier/
receiver 12

RGB converter 21 converts the STCS sipnal inta 20 RGB
signa) s required by compuler monrors and similar display
devices. The converwed signal is received by a display device
connecied so RGH converter culput hine 44,

VCR-ET 18 includes audio/video transmiitcs/recciver 22
which 1z 1ypically a buili-in modem. Adventageously, the
modem may be used 10 communicale an audiofvideo pro-
gram over conventional phone lines in a manner similar 1o
that descnbed above with respect (0 optical fibers. The term
modem s denved directiy from its functionality as a
modulator-de modulater which sllows wansfer of the sudio/
videa sigazl in a digital formal over the standard ielephone
line. Modems are commonly availiable for computers aod are
currently availabie in the form of a singlé integrated circuit.
As ao example, Sicrra Semiconducior offers a 2400 bavd
singie chip modem under ils parl number SC111006. Rep-
resentahve manufaciurersof these single modem IC's canbe
found i the Apr 14, 1988 issuc of Engineering Design
News (EDN). pages 124-125. Some of these single IC
modems have the added capability of generating the tones
for dialing a phone number. The destination phone oumber
may be enicred by means of an optional keyboard/keypad 45
wncarporaied in the video recorder 10 of the invention.
Oultput port 46 of transanitier/receiver 22 connects direclly lo
the iclepheac line

Also associated with Modem 22 is an auxilliary keyboard
45 (FIG. 1A) of bunons {or commanding the modem to
perform lasks such as slarung a transmission over phooe
lines {45a), terminating a transmission (455), awlomalic
telephoae answertng 1o receive Lransmissions (45¢), using an
optional speaker (a0l shown) W monitor phone lines (45d),
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using an oplional microphone (pot shown) lo speak over the
phone lincs (45¢) and for controlling the baud rate (45).

The applicstion and wtilization of the VCR-ET may
ioclude a oumber of forms or operaling modes. 1o i first
and simplest operating wode, AVRU 11 may be operated in
{be manner of a copventional VCR wilth sigoals from an
anienna being received by tuner 16 and recorded directly oa
media 23 in analog form. At the same time {he received
program may be viewed on the television screen with the
television coppecied at video output terminal 42. An
optional signal source for this 1ype of operalion is the video
line or camera input line 15 selsctable by switch 35,

In & second operating mode a program stored in media 23
of AVRU 11 may bc played back and viewed on ihe
connected television set,

When it is desired fo copy 2 program from one recording
redia to another, the recording media holding the desired
program is installed in the AVRU. The recording media is
then played back with oplional viewiog on a connected
television sel or other TV moniler or lisiening lbrough
speakers (rs appropniale). As the recording media is played
back, the analog sigoals from ihe recording media (video
and/for audio) are dispatchied to VCU 12 via connection 47.
The analog signals are converted to digital signais by ADC
24, compressed by compressor/decompressor 26 and the
cotnpressed dipital signals are stored in memory 13. The
foregoing operations are accomplished under the control of
contzoller 27 and CPU 28. RAM 29 is used for interim data
storage during ihis process. Once the complele video/audio
pregram has been stored in memory 13, the recording media
from which the stored program has just been read i1s replaced
by blank recording media upon which 1he stored program is
to be copicd. CPU 28 in cooperation with controller 27 and
RAM 29 then executes Ihe decompression and digital 1o
analog conversion of the program stored in memory 13,
decompression taking place in compressor/decompressor
26, and digial to analog conversion being accomplished by
DAC 25, The resulting analog program is siored on the blank
recording media which constitutes media 23 of AVRU I1.

In an aliernate moode of operalion, the decompression
circuntry of VCU 12 can be bypassed. Thus, a user has the
option of downloading the stored program from memory 13
ento recording media 23 in compressed digital formai. The
user can then reload the program [rom media 23 ino
memory 13 at a future time for viewing, editing or recording
back onlo recording mediz 23 in analog form. This capa-
bility allows the vser 10 quickly clear memory 13 for oiher
interim vses and also provides \he user with 2 hard copy of
the program in digital format The hard copy in compressed
digital format has a number of uses, ¢.g. il could be archived
for later viewing, transmmtied by an appropriate independent
transmitler, eic.

Dhuring the foregoing proceduces, DCU 14 may be vulized

for ediling operalions. As the program is being read from the

first or original recording media, it is simultancously viewed
on the TV screen, or lisicned 10 by means of an sudio
menilor, converted 10 digital signals, compressed and stored
io memory 13. Once the digilal audiofvideo program is
stored in memory 13, editing is accomplished by 1he user
throuph canirel of DCU 14, by means of a cootrol paned (not
shown) coupled 10 DCU 14. If desired, sdditional audio/
video signals may be simultaoeously enlered into memory
13 and added 1o those received from VCU 12. The adduional
signals may be introduced from auihiary digital input pont
17 ar {rom fiber optic inputfoutput port 18 and may comprisc
video captions for super imposed position upon the stored
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video images, or they may be audio commenlarics to be
added to silent video presentations. In addition, is men-
tioned above, 1he order 1 which varous segments appear in
the video programs may be aliered Ceniain undesired
scgments, such as TV commercials, may be removed. This
editing operation is accomplished uader the control of DCU
14

11 still another operatiog mode, 2 program stored jn media
23 of AVRU 13 or being received by AVRU 11 from input
line 15 (as from a video camera) may be digitized and
compressed by VCU-12 and routed via bus 3, 1o memory
13, The data from memory 13 is then rouled 1o boe 43,
transmitter/ receiver 22 and 10 a telephone line. At the other
end of the telephone line the signals received are processed
by another VCR-ET.

Once received in the second VCR-ET's memory 13, the
digitized program can then either be viewed directly from
memory or transferred to storage medium 23, either in its
cotitety or in random segmesnts, based on user prefercoce.

In the case of videa camers input at mput 15 the trans-
mitied signals may comprise a live wransmission, Alterma-
tively the transmitted program may be derived from a
program siored 10 media 23 of AVRU 11. Ia this case the
stored analog program is again decoded, digitized, com-
pressed and transmilied via bus 34 o memory 13. The datg
m memory 13 is then communicated via line 43 and
transmitler/receiver 22 10 lelephone lines.

It follows, of course, that digilized video and audio
signals from the remote VCR-ET at the other end of the
telephone line may be received o line 46, entered into
memory 13 via transmilier/receiver 22, converted to analog
signals by VCU 12, and recorded on media 23 and then
viewed, if desired, on a ielevision set conpected ai outpul 42,
A hard copy of the program may also be made for laler
viewing

As mentioned carlier, when any of the foregoing opera-
tions entai) the processing of unmodulated video signals,
such signals must Brst be processed by RF modulator 19
before they can be accepted by devices such as a conven~
ticnal VCR or television sel; when the monitoring means is
a compuier monitor or a similar display device the signals
are processed by RGB converter 21.

All of the foregoing operations are performed with
eohanded quality and eficiency by viruve of the digital,
rather than 2natop, siorage and transmission modes and the
compressed dula sturage mechapism, with additional advan-
tages of imnproved cost and reliability atforded in the case of
tape to 1ape (or other media 1o media) program transfers by
virtue of the requirement for only a single tape deck ar other
slorage device,

FIG 3 ilusirates an aliernative embodimeni iavention in
which AVRU 11 is nat integral with VCU 12, memory 13 or
editor 14 [n this embodiment, AVRU 11 is a conventional,
commercially available VCR which rectives 2 modulated
video 1nput signal on an input cable S0. In this embodiment
AVRU 11 includes 2 RF woer 51 for demodulating the input
signal so it can be stored in media 23. AVRU 11 also
includes a RF modulalor 52 [or modulating the signal
reccived from media 23 and providing the RF modulaled
outpul signal on an outpul cable 53, which ¢an be coupled
10 a television set. (TV RF tuoer 51 and RF modulator 52 are
provided 1n 1ypical commercially available VCR's) A
swilch 54 is provided 10 couple input cable 56 w outpul
cable 53 when media 23 is not serving as a video sipnal
source. The VCR-ET of 1his embodiment includes a TV RF
waer $5 which receives and demodulates the signal on cabie
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53, and provides ibe resultant analog audiofvideo signal on
a lead 56, which is digilized and compressed as described
above. 1o this altemalive embodimenl, the digitized com-
pressed signal may be processed as described above, cg.
siored in memory 13 (via high speed bus 34), edited,
trapsmitied by the fiber optic port 18 10 another VCR-ET,
eic. When it is desired to view a program stored in memory
13, data from memory 13 is decompressed and converted to
an apalog signal by YCU 12, and the resulting signal is
provided on an cutpul lead 57 10 a RF modufator 58, which
modulates the video signal so that 11 can be received and
siopzed by AVRU 11 or viewsd on 2 television coupled 1o
cable 53. (As mentioned above, in the FIG. 3 cmbodiment,
AVRU 11 is a conventional VCR.)

Ope advantage of the embodiment of FIG. 3 is that many
people already own VCR's Rather than buying apparatus
which duplicaics much of the hardware already present in
their VCR, the embediment of FIG. 3 would provide 1o
owners of conventional VCR's capabilities which are oth-
etwige currently unavailable in an economical manner.

In on¢ cmbodimeni, analog auxiliary audio and video
inpul erminals 62, 64 arc provided so thal analog signals
may be provided by alternate sources to VCU 12.

The cmboediments described above include means for
irapsmitling/teceiving video programs over fiber oplic
cables. However, in an aliernative embodiment, either in
place of fiber optic port 18 or in addition 1o fiber oplic port
18, means are provided for ransmitting and/or receiving a
video program via mictowave. In copventional microwave
wchnology, saiellne systems aod microwave trapsmilters
transmit data using a low power/bigh frequency signal. ko an
embodiment of the inveniion designed to receive
microwaves, the VCR-ET includes an amplifier for ampli-
fying the microwave signal and a demodulator for oblaining
the video program signal from the microwave sigoal,
Recewving, amplifying and demodulatipg the microwave
signal can be accomplished with conventional microwave
fransceiver equipment. The video program signal 1s typicelly
in digital form, and may be slored, viewed or cdited as in the
above-described cmbodiments. Program data from memory
13 cap also be wransmisted by the microwave trapscicver,
thereby providing, the capabilily for microwave transmission
of siored video programs in compressed digital format.
Thus, the jpvention can be used 1o receive and fransml

" programs via microwaves at an accelerated rale- similar 1o
and al least as fasi as, the transmission and recepiion of
programs over optical fibers. This (¢ature aflows transmis-
sion and receplion of programs io a few minutes or seconds
using currently availzble iechaology. Both point-le-paimt
mictowave transceivers and salellie Lransceyvers may be
used.

The embodiments described include means for receiving,
storing and transmlling bolh audio and video signals.
However, the nvention encompasses apparatus which can

store 2ad transmil video signals only and apparatus which s

can slore and transmil audio signals only, An embodiment
designed 10 store and compress audio signals is dlustrated ip
FIG. 4. Refernng 1o FIG. 4, ap audio signal source 70(2 lape
recorder, microphone, record player, eic.) is coupled 10 a
digitizer and compressor cicuit 72, which converis the
analog sipnal o a digital sipnal and compresses the dipial
signal in a manner similar 10 VCU 12 described sbove. The
digutal compressed signal cao then be siared ioa memory 74.
Of importance, data from memory 74 can be transmilted by
a fiber aplic ransceiver 76, or by a microwave transceiver
78 at an acceierated rate. This is importaof oot only in a
home entertainment application, but in other applications as
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well. For example, # user can diclate an audio presciation
apd =end it 1o a remote location {e.g. an office) at an
acceterated rale without having lo monopelize the transmis-
sion medium {e.g ibe fiber oplic cable) for an extended
length of time.

The business vses of the embodiment illustrated ie FIG.
4 makes home offices feasible for many workers now
confined to more traditional offices and also opens new
possibilities to business people who are traveling.

Iri the embodiment of F1G. 4, data can also be loaded from
memory 74, viz a modem 79 over 2 conventional phone line
£0. Data can also be received from phone line 80, fiber optic
transceiver 76 or microwave transceiver 78, loaded inlo
roemory 74, and copveried to an analog signal by circmil 72,
1o be listened 1o vis an sudio monitor 82, or o be stored on
an sudio tape casselie 84 or other storage media.

An editor 86 is optionally provided so that the data in
memory 74 may be ediled, e.g., by rearrangiog the order of
portons of the audio program, increasing or decreasing the
volume of ponions (or different frequency components) of
audio program, ar enhancing the audio program through
fitering techniques {e.g. 10 remove slatic and noise).

Ap improved audiofvideo recorder with significantly
expantled functional capabilitics is thus provided in aceor-
dance with the siated objects of the invention and although
but 8 single embodiment of the invention has been illustrated
and described, it will be apparent to those skilied in the art
that various changes and modifications may be made therein
without departing from the spirit of the invention or from the
scope af the appended claim. For example, the VCR-ET can
be constructed £0 as ta be portable. Thus, it could be camied
10 a location where it is desired to record a program, and
used 1o edit the program afier it is recorded with a video
camera, Other modifications will be apparent lo those skilled
in the art in light of the present specification.

What 15 claimed is:

1. An audiofvideo Iranscciver apparatus comprising:

ioput means for receiving audiofvideo source 1nformatien,

said audio/viden source informalion comprising a mul-
tiplicity of video frames colleclively represcnting al
ieast one full motion video program;
compression means, coupled o said ioput means, for
compressing s2id andho/video source infemation into a
digial time compressed representaliog thereof,
wherein said digatal lime comypressed representation of
sa1d avdio/videa source information is capable of being
transmitted w a burst trapsmission tme period that is
subsianbially shorter than a time period associated with
real time viewing by a receiver of said audiopvideo
source information;
slorage means, coupled (o said compression means, for
storing said digital time compressed representation of
said audiofviden source information: and

transmission means, coupled to said slorage means, for
ransmitting said digial lime compressed represenia-
lion of said audio/video source informalion away from
said audiofvideo transceiver apparates in said burst
transmission ime period.

2. The audiofvideo transceiver appatatus of claim 1,
further compnsing ediling means, coupled 10 said siorage
means, for editinp Lhe digital 1ime compressed representa-
tion of said audiofvideo source information siored in said
storage means and for sloring the edited digital time com-
pressed representation of said audio/video source informa-
tion in said slorage means.

3. The audio/video iransceiver apparatus of claim 2,
wherein said Lransmission means is coofigured 1o receive the

3p-DEPEX 006246



5,995,705

13

ediled digital time compressed representation of said audio/
video soutce mformation and 1o ansmit the ediled digital
time compressed representation of said audio/video source
information away from said awdiofvideo transceiver appa-
ratus ip said bursl iransmission lime period

4. The audiofvideo transceiver apparatus of chim 1,
further comprising:

decompression means, coupled 1o said storage means, for

selectively decompressing the digital lime compressed
represeniation of said audic/video source information
stored in $aid storage means; and

ediing means, coupled to said decompression means and

said storage means, for ediling the decompressed digi-
13l lime compressed representation of said audiofvideo
source informalion, and for then sioring the edited
decompressed digital time compressed represcalalion
of sajd audic/video source information in s3id storage
means.

§. The audipfviden irapsceiver apparatus of claim 1,
wherem said inpul means comprise znalog o digital con-
verter means for converting analog audiofvideo source infor-
mation received at said inpul means 1o correspondiog digital
andio/video source information.

6. An sudiofvideo information transfer nerwork compris-
ing a plurality of audio/video wransceivers coupled via at
Teast one communicalion link, each of the audiofvideo
iransceivers comprising:

inpul means for reeerving audiofvideo soutes information,

said audio/video soutce information comprising a mut-
tiplicity of videc frames collectively representing 21
least one full motion video program;

compression means, coupled to said input means, for

compressing sa1d audio/video source information into a
digital lime compressed representation thereof,
wherein said digital time compressed representation of
said audiofvideo source information is capable of being
transmitted in a burst iransmission ime period that is
substaniially shorter than a time period associated with
eal time viewing by a receiver of said audiofndea
souree information;

slorage means, coupled 1o said compression means, for

sloring said digital tise compressed representation of
said audiofvideo source information, and

transmussion means, coupled 1o said storage means, for

ransmitting said digital ime compressed representa-
non of said audio/video source information awey {rom
said audiofvideo transctiver apparatus in said bursi
Iransmission time period,

7. The audiofvideo transier serwork of claim 6, wherein:

said oput means of a1 leasi one of said plurality of

audiovideo Iransceivers includes a fiber optic iopul
port;

said iransmission means of at leasi one other of said

plerslity of audio/video iransceivers includes a fber
oplic outpul port; and

said 21 leas| one communication link includes a fiber optic

wransmission line coupling in communication said fiber
optic inpul port with said fiber opiic oupul port.

8 The audiofviden transfer network of claim 6, whercin
said ransmission means of at least ane of said plorality of
sudio/video transceivers includes 5 modem, and said a1 Jeast
one communicalion lick includes a telephone transmission
line.

9. The audiojvideo transfer network of claim 6, wherein
a1 least one of said audiofvideo transceivers further com-
prises editing means, coupled 1o said swrage mcans, for
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editing the digilal time compressed sepresentation of saxd
audiofvideo source information stored in said storage means
and for storing the ediled digital time compressed represen-
\ation of said avdie/video source information in said storage
means.

10. The audio/video transfer petwork of claim 6, wherein
al least ope of said audiofvideo transceivers further com-
prises.

decompression means, coupled to said storage meaus, for

sclectively decompressing the digital time compressed
represcotation of said sudio/video source information
stored in $aid storage means; and

editing means, coupled 10 said decompression meaps and

said storage weans, for editing the decompressed digi-
tal time compressed representation of said audiofvideo
soucce ipformation, and for then storing the edited
decompressed digital ime compressed representation
of s2id audiojvideo source information in said storage
means.

11 The audiofvideo transceiver network of claim 6,
wheran al least one of said plurality of audiofvideo trans-
ceivers further compriscs analog to digital convensr means
for converling analog audio/video source information
received at said input means to cotresponding digital audio/
video source informalion.

12. A method for bandling audiofvideo source
information, the metbod comprising the steps of:

receiving audiofvideo source information, said audio/

video source information comprising & muliplicity of
video frames collectively conslituting at leasl ose full
monon video program;

compressing the received sudiojvideo source information

nio 2 digital ime compressed representation Lhereof,
the digital time compressed representation of said
audiofvideo source information having ap associated
burs! transmission Lime period that is substantiedly
shorter than a time peniod associated with real time
viewing by a receiver of said andio/video source infor-
mation;

storing the digital vime compressed representation of said

audiovideo source information; and

transmitling, in said burst wansmission time period, the

stored digital time compressed representation of said
audioivideo source information to a selected desling-
tion,

13, The method of claim 12, Further comprising the steps
of

editing the stored time compressed represetation of said

audwivideo source informalion; and

storing the edited timc compresscd representation of said

audioAridta source information.

14. The method of claim 12, further comprising the step
of convering the received avdio/video information from an
analog formal to a digilal format.

15. The method of claim 12 wherein the siep of trans-
miting 1he stored digital lime compressed video joformation
further comprises sending said time compressed dala to one
of a pturality of audio/video transceivers connecled over at
lcast one communicalions link.

16, The method of claim 15 whercin said at lcast one
communications link comprises an optical channel.

17. The method of claim 15, wherein said at least ooc
communicanons hiok comprises a telephone iransmission
channel.

18. The method of claim 12, further comprising the siep
of providing a petwork that includes a plurality of audio/
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video iramsceivers, coupled via at least onc communications
link, sa1d selected destination comprising at leasl one of sad
plurality of audio/video trapsceivers.

19. The method of clarm 18, wherein said a1 least one
communications link comprisés an optical channel.

20. The method of claim 18, wherein said ai least one
communications link comprises a telepbone transmission
channel,

21. A methed for haodling audio/video source
information, the method comprising the steps of:

receiving audiosvideo source information as a digital time

compressed representation thereof, said audiojvideo
source informeation comprisiog a multiplicity of video
frames collectively constituting, al keast one full motion
video program selecied from a video library stonng a
plutality of video programs in a digital time com-
pressed representation thereaf for selective retrieval;

said al Jeast one video program being received by a

receiver in a burst lransmission lime period tha is
subsiantially shorter 1hen a time period associzled with
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real-lime wiewing by a receiver of said at keast ooe
video program;

storing the digital time compressed representation of said

audio/video source information; and

iransmitting, in said burst uans:mssmn iime period, the

stored digital time comp tation of said
audiofvideo source mfon-nauon IO a selected destina-
tion.

22, ‘The method of claim 21, funber comprising the step
of providing a petwork that includes a phurality of audio/
video transceivers, coupled via at least one communications
link, said stlected destinauon comprising at least one of said
phurality of audie/video transceivers.

23, The method of claim 22, wherein said at least one
communications tink comprises an oplical chammel.

24. The method of claim 22, wherein said at least one
communpications link comprises 2 telephope transinission
channel
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