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I£3! ABSTRACT

An improved wvideo recorder/transceiver with ex-
panded funcuonality ("VCR-ET™) including a capabil-
tty for storing video and video programs in digital for-
mat, editing such programs, transfernng such programs
onto a herd copy magnenc media, and transmitting such
programs to a remote location using a second VCR-ET.
The increased functionality 15 reahzed through the use
pf analog to digital conversion, signal compression and
intermediate storage 1n an ntegrated circwt, random
access memory. The recorder/transmitter has capabih-
les to transmit and receive program information In
either a compressed or decompressed format over fiber
optic lines, convenuons! phone hines or microwaves.
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AUDIO/VIDEQ TRANSCEIVER APPARATUS
INCLUDING COMPRESSION MEANS, RANDOM
ACCESS STORAGE MEANS, AND MICROWAVE

TRANSCEIVER MEANS

Ths Application 15 & continuation-in-part of my co-
pending application Ser No 07/289,776, filed Dec 27,
1988, ncorporated entirely, herein by reference and
now U.S Pat, No. 4,963,995,

BACKGROUND OF THE INVENTION

The video cassetie recorder (VCR) has added signifi-
cantly (o the usefulness of the hame television set, Im-
poriant or exceptionally good programs may be re-
corded 10 be viewed again Progrems appesnng at times
that are inconvenient for viewing may be recorded for
playback at a later ume Recorded movies or other

materials, cducanona or enteriaining, may be rented or 1

borrowed for viewing at home. (As used tn the remen-
der of this specification, the term “program” encom-
Passes movies and other Iypes of video and/or audio
maiertals, whether broadcast from a TV swation or Bn-
other source.)

The 1ypical VCR has its own tuner-recetver and a
videorecorder It can receive and record a program
from one channel while the television set 15 being em-
ployed to view a program on another channel, Pro-
grams are recorded on megnenc tape The tape 15 then
played back and viewed on the television sel, Features
commonly included 1n the VCR are capabilities for
advancing the tape forward or backward at a high
speed, stopping motton st any frame 10 hold the image,
or simply playing back the recording a1 normal speed

Desirable features that ars not normally avelable n a
VCR are capabilities for copying recorded programs
from one tape or alternative storage medism to a symilar
or dissimilar storage medjum, editing recorded pro-
grams and high speed recarding Another desirable, but
currently vnavailable, feature 15 the capatulity for high
speed, high quality transmission and reception by opt-
cal fiber using the VCR,

DESCRIPTION OF THE PRIOR ART

US Pat No 4,768,110, incorporated heren by refer-
ence, describes a VCR having two tape decks included
therein The purpase for the inclusion of two decks
rather than the usual single tape deck 15 10 permit the
sumultancous viewing of & live RF-modulated TV signal
or prerecorded matenal while recording another live
RF-modulated TV signal and 10 also allow the copying
of matenal from a first magneuc cassette tape onto a
second magneuc cassette tape without the use of a sec-
ond VCR Viewing of the recorded matenal dunng the
copyIng process is also possible m this arrangement A
major disadvantage 1s thot the mcorparation of the
sccond tape deck 15 expensive and hinuted to magnetic

tape, and furithermore, this prior art does not allow for 0

the transmission or reception of recorded matenal over
opucal fibers or the high speed reception or transmis-
sion of audio/video matenal in & digital format, An
addiional disadvaniage 15 the mability for rsndom ac-
cess editing of the audio/video signal Furthermore, the
additional mechanscal structure adds significantly to the
overall dimension of the equipment and increases the
prospects of mechanical faylures
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SUMMARY OF THE INVENTION

In accordance with the invention, an improved audi-
o/video recorder s provided with added features and
funcnons which sigmficantly enhance 1ts usefulness and
funcuonality

It 15, therefore, an object of the present mvention to
provide an improved avdio/video recorder for use m
conjunchion with an ordinary home television set

Another object of the invention 15 1o provide 1n such
an improved audio/video recorder a cepabiluy for
transferring a previously recorded program from ane
magnelic tape or other storage medium to another

A further object of the invention 15 1o provide such a
capability for transferning a recorded audio/video pro-
gram without resori to the use of two magnelic tape
decks, this being a cumbersome, hmited, and expensive
approach already proposed 1n the prior art.

A sull further object of the invennion 1s to provide an
effective and efficient means for intermediate storage of
the audio/video program n digital memory as a means
for achieving the trangfer of the audio/video program
from one 1ape or storage medium 1o another

A sull further obyect of the invention 15 1o provide n
such an improved audio/video recorder a capalulity for
accepung vanous forms of analog or digital audio and
videa input signals and for converung the analog input
signals to digital form when appropnate.

A stll further object of the invention 15 1o provide n
such an iImproved audio/video recorder a capability for
cditing the video mput signals without the necessity of
using multiple cassettes or recording media

A stll further object of the mvention 1s to provide an
tmproved audio/video recorder for connection 1o van-
ous signal sources including a TV RF tuner, video cam-
era, video and audio line input, and direct audio/videa
digial Input from sources as diverse as a fiber optic
input Ling, 8 microwave transceiver or a computer

A stll further object of the invention 15 10 provide an
improved audio/video recorder having a capability for
mixing hve audio/video programis with either analog or
digital audio/video mput signals from another saurce

A sull further obyect of the invention 15 10 provide an
improved audio/video recorder for simultancously
playing, viewing, recording and/or mixing digial and
anzlog audio/video programs from different digital and
analog audio/video sources or slorage media

A still further object of the mvention 1s 1o provide an
improved audio/video recorder which maximizes a
Biven storage capacity, through the use of a data com-
pression lechnique

A sull further object of the mvention 1s to provide an
avdio/video recorder/transceiver utilizing a data com-
pression technique for efficient storage of data, and
efficient transmission and reception of a digitized audi-
e/video program over a telephone hine, a fiber optic
cable, a microweve transceiver or other data transmis-
S10n means,

A stil) further object of the invention 1s to provide in
such an ymproved audio/vides recorder a capability for
delivenipg cutput signals i different forms or formats
including a stendard RF modulated output signal for
viewing on s television set, a digital output signal for
viewing on 8 high-resolution memior, and sudio output
signals for a speaker system

A stif] further object of this mvenuon 15 10 provide an
improvad audio/video recorder which provides for
random access Lo any given segment of a self-stored
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3
audio/video program so that the desired segment may
be accessed and viewed without the time-consuming
delays normally involved in fast-forward or fast-reverse
scarching procedures employed in present state-af-the-
art VCR's.

A, sull further object of the invention 1s to provide an
improved audio/video recorder which provides conve-
mience in the editng of stored data by virtue of its ran-
dom access memory capability.

A still further object of the invention 1s to provide an
improved audio-video recorder which has the potentis]
for enhanced audio and video qualny by virtue of its
capability for digial audio/video culput and digitad
fillening techniques, and image or audio processing.

Further objects and advantages of the invention will
become apparent as the following description procesds,
and the features of novelly which charactenze the -
vention will be pointed out with pariiculanty i the
clatms annexed to and forming a part of this specifica-
hon.

BRIEF DESCRIPFTION OF THE DRAWING

The present invention may be more readily descnibed
with reference to the accompanying drawing, in which:

FIG 115 2 perspective view of the housing of the
audio/video recorder editor/transceiver {("YCR-ET")
disclosed and embodying the invenuon;

FIG 1A (is an enlarged view of the circled srea of
FIG 1,

FIG. 215 a functional block diagram of the VCR-ET
of FIG 1,

FIG 315 a funcrional block diagram of s VCR-ET 1n
accordance with another embodiment of the mvention,
and

FIG. 4 15 a functional block dugram of an audio
recorder/transceiver constructed in accordance with
the invention

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring to the drawing by referenice characters,
FIGS 1 and 2 llustrate an 1mproved audio/video re.
corder editor/iransceiver 10 (VCR-ET) COMPpIiSIRE an
audio/video recording unt (AVRU) 11, & video contral
unit (VCU) 12, memory 13, digital control unit {DCU)
14, video hine or camera input hine 15, TV RF tuner 18,
auxihary digital input port 17, fiber optic Input/output
port 18, RF modulator 19, RGB converter with syn-
chromzer 21, and an audio/video transmitter/receiver
22 with keypad 45, all 1n a common houstng.

The audio/video recording umit AVRU 11 may be a
video: cassetie recorder simular (o a conventional VCR
m which the storage media 23 15 & magaetic tape, Alter-
natively AVRU 11 may operate with other types of
storage medim including, but not limited 10, other mag-
netic tape formats AVRU 11 has all the functions of the
typical YCR including record, play, rewind, slow mo-
uon, fast-forward and single frame hold.

An alternate form of siorage medm for use in AVRU

1115 the CD-ROM, which is a disk using a denvative of 60

glass or plasuc i conjunction with an aluminum or
other memallic coating Audio and video Lgnals are
stored in the form of wregulanues i the alumnum
coalcd surface and sre read umng s Jow power laser, In
this case, the user would not be able Lo store or write op
the CD-ROM, but would be sble 1o play discs that have
been recorded and distnbuted commerciaily The stor-
age of video and audio signals on the CD-ROM 15 m
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digital form which 15 reachly sccommodated by the
video recorder of this invention

Instead of using a CD-ROM, VCR-ET 10 can use
opuical discs as media 23. Such optical discs are similar
to & CD-ROM and use a vanable power laser 10 read
from or wnte on the disc

A Tirst type of optical disc may comprise 2 WORM
{Wnite Once Read Many) optical disc, This device has
the umque capabilty of writing on the disc perma-
nently. A laser 1s used 10 change the magnenc or optical
properties of the media A lower-powered Iaser 1s then
used 1o read the data from the disc, Data, in this case, 15
permanenily recorded; it may neither be erased nor
wnitten over. A further description of this technology
can be found in the Nov. 1988 1ssue of The Elecrromc
System Destgn magazine (ESD) pages 55-36, incorpo-
rated herein by reference.

A second and preferred type of optical disc 1o be usad
in AVRU 1115 an erasable apuical disc This disc has full
read/wnite/erasc capabilities. With this disc, AVRU 11
has the same record/playback capabilines as a conven-
tional VCR. As an example, erasable optical discs are
used in Steven Jobs' “Neat” machine as described m
Infoworid, Yolume 10, 1ssue 42, pages 41 and 93, Oct 7,
1988, incorparated herein by reference. In addition, the
random access capabilities of the erasable disc (and of
the CD-ROM and WORM) provide additional benefits
&5 will be discussed 1n a later part of this specificanion.

A key element of VCR-ET 10, which 15 responsible
for us improved funcuionality, 15 the videa control unit
or VCU 12. The VCU compnses an analog 1o digital
converter (ADC) 24, a diginal to analog converter
(DAC]) 25, a compressor/decompressor 26, a controller
27, a central processing unit (CPU) 28 and & random
access memory (RAM) 29 VCU 12, using these ele.
meits, sccomphshes the digitization and compression of
anglog signals as well as the reverse process 1in which
the compressed digital signals are decompressed and
converted back 10 analog signals.

As a first step i the processing of the composite
video signals within VCU 12, the sync signals are de-
coded to 1solate signals for each picture frame for pro-
cessing.

The video signals defining each frame may then be
converted 10 a red analog signal, a green analog signal,
snd a blue analog signel 1n a conventions! manner The
red, green and blue analog signals are then converted 1o
digita! form by the analog 10 digital converter {ADC)
24 The frame 15 divided nto a se1 of closely positioned
rows and columns of picture elements or “pixels ™ Each
pixel has a color defined by a szt of three digital values
defining strength of the pnmary color components, red,
green and blue (RGB) respectively, In one embodiment,
each frame 1s divided into an array of 300 by 300 pixels,
with the cofor and luminance of each pixel being de-
fined by a seven bit word for the red component, &
seven bit word for the bluz component, and a seven bt
word for the green component. These words are gener-
ated by ADC 24 The RGB video signal may also be
processied by means of hue-saturation-mtensity (HSI)
color processing, where appropriste, as described in
“Chips for Real-Tume Compansgns,” Electronic Engr-
aeenng Times, suc 525, Feb 13, }989, page 122

17 esch frame ancludes 90,000 pixels (300X 300), and
each pixel is defined by 21 bits {7 bits per pnmary
color), the digial representation of a single videp frame
utihizes a sizable block of digital informaton (1.e., 189
megabils/frame) which must be processed very rapidly.
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(Approximately 30 frames/second are received from
AVRU 11) Fortunately the analog to digntal conver-
sion of these signals may be accomplished at the desired
speed using commercally avmlsble analog to digreal
converter integrated circuits The analog to digital con.
verter 24 (ADC) is a high-speed, high-accuracy, A 1o D
“flash” converter available as a single IC (integrated
circwit) Several different types of such A/D converiers
are avalable from Burr-Brown, one of which 1s the
ADC 600. Part number TIC024, manufactured by Tek-
wronix, Inc. is also appropriate. Other types of devices
appropriate for this function are described 1n an article
by K Rogers enutled “8-bit A/D Flash Hits 500 Msam-
ples”, Electronic Engineening Times, Dec. 12, 1988,
page 90, incorporated heremn by reference.

Compression of the dignal duta defining a video
frame and the teverse process (decompression) are ac-
complished by compressor/decompressor 26. Vanous
algonthms may be employed in the COMpression pro-
cess which enable the representation of a series of num-
bers by a reduced number of digns As an example,
compression algorithms hke CCITT Group 1V may be
used

In one opional embodiment, 1o further reduce the
amount of memory required 10 store a program, the
compression algonthm can simply record data corre-
sponding 1o only these pixels which change cclor from
one frame to the neat. This results in considerable mem-
Ory space savings, since nol all pizels change color each
frame Basing calculauon upon 10% of the pixels chang-
ing from one frame 1o the next, it 15 estimated that mem-
ory requirements using this technique are cut by about
90% It 15 also estmated that on the average, the
CCITT Group 1V algorithm can cut MEMOry require-
ments by another 95%. Thus, If no data compression
techmique 15 used, st would take approximately 51.03
g1gabytes to store a 2 hour video program, but by using
the above compression techniques, it 15 estimated that
memory 13 will require only 250 megabytes.

Controller 27 handles iming and aids in the commu-
nication beiween the different elements of VCU 12, and
between VCU 12, AVRU 11 and memory 13

In ane embodiment, the audio poriion of the program
15 penadically sampled and digitized by analog 1o digy-
tal conversion. In one embodiment, this s done at a
sample rate of B8,000/second, one byte per sample, to
yield compact disc quality sound The sampling rate
could be dropped to reduce memory requirements.
Alsa, the audio data can be compressed wilh conven-
tonal algonthms

The process of converting either from analog to digi-
1al or from digital 10 snalog requires memory for inter-
mediate storage Random Access Memory (RAM) 29
serves in this capacity For this purpose either a DRAM
(Dynamic RAM) or a SRAM (static RAM) may be
employed An exsmple of a DRAM is the T! (Texes
Instruments) TMX4C1024, an example of a SRAM 15
the INMOS IMS-1203 RAM 29 should have sufficient
Capacity to store al least two full uncompressed frames
{c g . about 472 KB)

The CPU {Central Processing Unut) 28 15 & micro-
processor which controls the digitization process of
VCU 12 CPU 28 works with controller 27 1o control
and communicate with the other elements of the VCU.
There are numerous commercially available micro-
processors that are appropnate for this apphication. The
Intel 80286, Inte] B0186, Molorola 68020, and Motorola
68030 are examples A more complete description of the
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6
microprocessors csn be found in the Oct, 27, 1988 1s5ue
of Electronic Design News (EDN), pages 231 and 242,
incorparated herein by reference, or in the apphcable
data sheets

Contraller 27, CPU 28 and RAM 29 serve 1n the same
menner during the reverse processes, e, decompres-
sion and digital to analog conversion Decompression 1s
first accomphshed 1n compressor/decompressor 16
The decompressed digital mgnal 1s then converted 1o an
analog signal by digital to analog converter (DAC) 24
(assuming its destination requires an analog form} In
the course of converting the decompressed signals from
the VCU 12 for wse by the AVRU 11 the signals are
synchromzed by the ume base generator (TBG) or
corzector 48. TBG gencrator 48 inserts synchronszation
pulses into the signal provided by VCU 12 10 identify
individual raster scan lines and frames so that the result-
ing signal can be used by & conventional television set or
VCR. TBG 48 can be bypassed by shunt switch 48" for
the purpose of transmitting either compressed or de-
compressed signals from VCU 12 directly to the AVRU
11 1n an uncorrected time based mode

DAC 25 provides the inverse of the function per-
formed by A/D converter 24 DAC 2515 a high-speed,
high accuracy digial to analog converter An example
of such a converter 1s the Burr-Brown DAC60 digisl 1o
analog converter.

Different types of memory technologies are adapt-
able for use in memory 13 As mentioned carher,
DRAM and SRAM semiconductor memores are com-
monly used for applications of this type and are readily
avallable,

Onz type of random sccess memoty 15 CMOS (Com-
phmentary Metal Oxide Semiconductor) The CMOS
memory hes the advantage of a relauvely low power
requiremen: and 1s readily adaptable for use of battery
backup for semipermanent data siorage Other types of
memaory include the above mentioned optical disc mem-
ories, bubble memories and magneuc disks. Another
appropriate data storage media may be “Digutal Paper™
available from ICI Image data of Wilmington, Dela-
ware.

Emerging memory technclogies may also prove ad-
vintageous with capabilities for mass data slorage i
even smaller physical dimensions

Dignal Control Unit (DCU) 14 comprises a CPU
{Central Processor Umit) 31, a ROM (Read Onjy Mem-
ory) 32 and a controller 32 DCU 14 15 responsible for
all of the digial editing processes Through the use of
DCU 14, video segments may be edited and rearranged,
Thus, one may use DCU 14 to rearrange the scenes in &
program, slier the program sound track, elc.

In addition, & program may be edited, one framc at a
time, by changing the contrast, bnghtness, sharpness,
colors, ete. (Alteration of the contrast, brnightness,
sharpness and colors can be automated as well.) In one
embodiment, tmages can be rotated, scaled {1e., made
larger or smalles), etc In addition, puxel by pixel editing
can be accomplished by DCU 14, €.g. In & manner
similpr to a PC puint program. Simitar editing features
can be incorparated for the audio portion of each pro-
gram. In one embodiment, a display such as a flat pane)
viden display {not shown) 1s built into the VCR-ET. A
user jnterface conirol panel of DCU 14 allows a user 10
seleg) a dewired frame number from a menu on the dis-
play, The VCR-ET then displays a stnp of frames (in-
cluding scveral frames before and after the selected
framp). The user can delete frames in a sirip, sclect a
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point where other frames are 1o be inserted into the
program, or cdit different frames (1., alter contrast,
brightness, sharpness, colors, etc.), In one embodiment,
a user nput device such as a light pen or mouse can be
uscd 10 select individug] frames in a strp for editing.

Instead of incorparating a flat display into VCR-ET
10, i another embodiment, a television coupled to out-
put lead 42 of RF modulator 19 can he used during
editing

CPU 21 15 a microprocessor of the type descnibed in
connection with the CPU 28 of VCU 12 Coniroller 33
15 &n ntegrated circull which handles the timing and
nterfacing between DCU 14 and memory 13. ROM 2
holds the necessary siep-by-step editing programs
which are installed at the factory A currently availuble
example of a suitable ROM for this application 1 the
Texas Instruments part TMS47256 CPU 31 and control-
ler 33 1ogether control the editing process as they exe-
cute the programs stored 1n ROM 32,

The VCU 12, memory 13 and DCU 14 communicale
with each other via a high speed data bus 34. The high
speed data bus is required 1n order to meet bandwidth
requirements Examples of suitable data bus devices are
Molorola's VME bus, Intel's Multibus and the Optobuss
(U.S. Pat No 4,732,446).

A video hine or camera input line 15 1 provided to
enable VCR-ET 10 10 receive an nput signal from a
source such as a television camera, 2 conventiona)
VCR, a television tuner, or another VCR, ctc. The
signals recesved al input line 15 are typically carned by
& coaxial cable and are i the form of & standard selevi-
S10n composite signal. As used throughout this specifi-
calion, the words “standard television composie sig-
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Switch 36 selects whether the digital video/audio nput
signal 15 chosen from aumlery digual mputl port 17
Switch 36 suppiies the selecied signal to high speed data
bus 34 which carnes the signals in digital form,

Fiber opuc port 1B incorparates a fiber optic trans-
eeiver Port 18 has a capability for transforming fiber
optic (Light} signals to elecincal signals or for trans-
fonming electnieal signals 10 fiber aphic signals Port 18
thus provides & capability for wo-way communication
between gh speed data bus 34 and a fiber optic signal
hine The incorporation of fiber aptic port 18 in the
VCR-ET provides a capability for receiving audio/v.
weo signals from or delivenng audio/video signals 10
the fiber opic line such as a fiber optic telephone hine
The fiber optic line carnes digital signsls m the form of
light waves over great distances with a high degree of
accuracy and reliability and at & high speed {(c.g., about
200 megabytes/second) The VCR-ET can receive/-
transmit & video program at an accelerated rate via fiber
optic port 18 from/to a vanety of sources, Far example
& video program may be communicated at an ucceler-
aled rate from the fit VCR-ET 10 a second VCR-ET
In less ume than 1 would take 1o view the program.
Thus, 11 15 not fesessary to access the opticg) fiber for
long periods of time 1n order 1o transmul & long wvideo
prograni.

1t 15 also envisioned that in the future, & video library
may be estabhished which downloads video programs st
an sccelerated rate via oplical fibers to a subscniber's
VCR-ET After downloading, the program may be
viewed, stored 1n memory, cdited and/or a hard copy of
the program may be made on magnetic tape, optical
disk, ete.

nal" or its acronym STCS shall be resd 1o include any Switch 37 15 provided to select connection to the fiber
one of the following: NTSC, PAL, SECAM, HDTV, 35 opuc input/output port 18. An OFF or apen position 15
or iny Amencan or Europesn broadesst signa) stan- provided The selected signal 15 delivered to or supphed
dards, (NTSC, PAL and S5ECAM are discussed in from high speed data bus 34,

“Reference Data for Radio Engincers", published by
Howard W Sams & Co in 1983, incarporaled herem by
reference ) An NTSC composite signal 15 deflined as the
anslog signal that carres the chrominance (color), lumi-
nance (bnghiness), synchromzation (hming) and andio
signals that muke up the video signals received and
displayed by television and video cassetie recorders.
Thesz four components are combined into one signal by
modulating the components 1n different ways (Amplh-
ude modulation and phase modulation are examples )
The standard video line signa! 1s such a compasite signal
ind may be received at input hine 15 from one of the
above-mentioned sources.

TV RF tuner input port 16 also supplies a composite
signal as descnbed 1n regard to video mpus hne 15, The
difference 15 that this signal 1s recesved from an antenna
or cable TV coaxial cable. To recerve such a signal,
luner 16 1s capable of being set or tuned (o receive the
desired carner frequency or television channel,

Selector switch 35 1s provided to select either video
mput hine 15 or TV RF tuner 16 as en input signal
source to AVRU 11.

Auxihary digial input port 1715 employed to receve
any acceptable digital signal such as computer.
generated video signal or as may be supplied by another
VCR-ET This signal, for cuample, may be an RGB
video signa! such as that delivered 1o compuler mons-
tors, or il may be a digitized sudio signal. (As mentioned
bave, an RGB signal 15 & signal which communicates
the strength of the red, green and blue color compo-
nents for the pixels that make up cach wideo frame.)
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Analog outpul mgnals from AVRU 11 are delivered
to the common terminal 38 of & selector switch 39,
When sel to position A, switch 39 delivers the output
signal of AVRU 11 directly 1o a video output hine 41 as
i standard STCS composite signal, when set 1o pasition
B swilch 39 dehivers the output of VRU 11 to the mput
of RF modulator 19 Modulator 19 converts the video
signal to an RF-modulated composite signal for deliv-
ery to such devices as televisian and conventional
VCR's These types of devices play back the video
Program on & parucular frequency channel (such as
channel 4) on the television Delivery 1o the television
or VCR 15 via RF output hing 42

Digial output signals from VCR-ET 10 msy be dis-
patched from hugh speed data bus 34 via line 43 1o mnput
leads of RGB converter 21 and audio/video transmil-
ter/receiver 22,

RGB converter 21 canverts the STCS signal into an
RGB signai as required by computer manitors and sim-
lar display devices The converted signal is received by
a display device connected 1o RGB converter output
Iinc 44,

VCR-ET M includes audio/video transmilter/-
recewver 22 which is typically a butlt-in modem, Advan-
tageously, the modem may be used to communicate an
sudio/video program over conventiona) phone lines in
A puanner similar to that descnbed above with respect lo
optical fibers, The term modem is derived directly from
s functionahty as a modulsior<demodulatar which
sllows transfer of the audio/video uignal w2 digital
format over the standard telephone line. Modems are
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commonty svailable for computers and are currently
avalable in the form of a single sntegrated circwt. As an
example, Sierrs Semiconductor offers a 2400 baud sin-
gle chip modem under its part number SC1] 1006. Rep-
reseniative manufacturers of these single modem 1C's
can be found in the Apr, 14, 1988 1ssue of

Engincering Design News (EDN), pages 124-135,
Some of these single IC modems have the added capa-
bility of generating the tones for disling a phone num-
ber The destination phone number may be entered by
means of an optional keyboard/keypad 45 incorporated
m the video recorder 10 of the mvention Oulput port
46 of wransmitter/recetver 22 connects directly 10 the
telephone line

Also associated with Modem 22 15 an auxiliary key-
board 48 (FIG. 1A) of buttons for commanding the
modem to perform tasks such as starting a transmission
over phone lines {(452), terminating a transmission {455),
automatc telephone snswenng to receive (Fansmissions
(#5c), using an optional speeker (nat shown) 10 monitor
phone hnes (45d), using an aptional microphone (not
sthown) to speak over the phone lines (45¢) and for
controlling the baud rate (45/)

The application and utihization of the VCR-ET may
include a number of forms or operating modes. In 115
first and simplest operating mode, AVRU 11 may be
operated 1n the manner of a conventional VCR with
si1gnals from an antenna being recesved by tuner 16 and
recorded directly on media 23 1 analog form At the
same time the received program may be viewed on the
television screen with the television connected at video
output terminsl 42 An opuonal signal source for this
type of opcralion ts the video line or camara input line
15 selectable by swiich 38.

In a second operating mode a program stored mn
media 23 of AVRU 11 may be played back and viewad
on the connected television set

When 1l 1s desired 10 copy & program from one re-
carding mediz to another, the recording media holding
the desired program i1s nstalled m the AVRU. The
recording media 1s then played back with opnonal
YIEWINg an & connected television set or other TV mon-
Hor or hstening through speakers {as appropriale) As
the recording media is played back, the analog signals
from the recording medi (video and/or sudip} are
dispatched to YCU 12 via connection 47. The analog
signals are converted (o digital signals by ADC 24,
compressed by compressor/decompressor 26 and the
compressed digital signals are stored 1n memory 13, The
foregoing operations are accomplished under the con-
trol of controller 27 and CPU 28, RAM 29 15 used lor
interim data storage dunng this process. Once the com-
Plete video/audio program has been stored th memory
13, the recording media from which the stored program
has just been read 15 replaced by blank recording media
upon which the stored program is 1o be copied CPU 28
In cooperation with controller 27 and RAM 29 then
executes the decompression and digital to analog con-
version of the program stored 1m memory 13, decom-
pression taking plece in compressor/decompressor 26,
and digital to analog conversion being accompiished by
DAC 25 The resulung analog program 1s stered on the
blank recording media which consttutes meds 23 of
AVRU 11,

In an alternate mode of operation, the decompression
circuitry of VCU 12 can be bypassed Thus, a user has
the option of downloading the stored program from
memary 13 onto recording media 23 in compressed
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digital format The user can then reload the program
from media 23 mto memory 13 at a luture ume for
viewing, editing of recording back onlo recording
medis 23 n snalog form, This capability allows the user
to quickly clear memory 13 for other intenm uses and
also provides the user with s hard copy of the program
n digial format, The hard copy in compressed digital
format has a number of uses, e.g. 1t could be archived
for later viewing, Iransmitted by an approprate inde-
pendent transmitter, elc,

Dunng the loregoing procedures, DCU 14 msy be
unlized for editing operations  As the program 15 being
read from the first or ongnal recording medm, 1 15
simullaneously viewed on the TV screen, or listened o
by means ol an audio monitos, converted to digita)
mBnals, compressed and stored m memory 13 Once the
digita) audio/video program is stored in memory 13,
editing is accomphished by the user through control of
DCU 14, by means 8 & control panel (not shown) cou-
pled to DCU 14 If desired, addivonal audio/videa
signals may be simultanecusly entered into memory 13
and added to these received from VCU 12. The addi-
tional signals may be introduced from suxthary digital
input port 17 or from fiber optic mput/output port 18
and may compnse video caphions for super impased
position upon the stored video 1mages, or they may be
audio commentaries to be added 1o silent videa presen-
tations. kn addition, as menuioned above, the order
which vanaus scgments appear i the video Programs
may be aliered. Certan undesired sagments, such as TV
commercials, may be removed, This ediung operation is
accomplished under the control of DCU 14.

In stll another operaitng mode, a program stored
media 23 of AVRU 11 or being received by AVRU 11
fram nput hine 15 (as from a video camers) may be
diginzed and compressed by VCU 12 and routed via bus
34, 1o memory 13. The dats ffom memory 13 1s then
routed to line 43, transmutter/ receiver 22 and 1o a tele-
phone hne. At the other end of the telephone line the
signals received are processed by another VCR-ET.,

Once received 1n the second VCR-E'Ts memory 13,
the digiuzed program can then either be viewed di-
rectly fram memary or transferred to storage medium
23, etther in a1s entirety or 1 random segments, based on
user preference.

In the case of video camera input at mput 15 the
transmitted signals may compnse a hive transmission
Alternstively the transmitted progrand may be derived
from & program stored in media 23 of AVRU 11 In this
case the stored analog program is again decoded, digr-
tized, compressed and iransmutied via bus 34 1o memory
13. The data 1n memory 13 15 then communicated via
Jine 43 and transmitter/receiver 22 1o telephone lines

It ivllows, of course, that digitized video and audio
signals from the remote VCR-ET at the other end of the
telephone ine may be received at line 46, entered nto
memory 13 via ransmitter/receiver 22, converted 1o
analog signals by VCU 12, and recorded on media 23
and thep viewed, if desired, on a television sel con-
nected at output 42. A hard copy of the program may
also be made for later viewing,

As mentioned eather, when any of the foregommg
operatigns enlail the processing of unmodulated video
signals, such signals must firut be processed by RF mod.
ulator 1§ before they can be accepted by devices such as
a convaptional VCR ar television set, when the mom-
lonng means 1s 8 computer monitor or a symlsr display
device !Il!: signals are processed by RGB converter 21
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All of the foregomng operations are performed with
enhanded quality and efficiency by virtue of the digital,
rather than analog, storage and transmission modes and
the compressed data storage mechamsm, with addi-
tional advantages of improved cost and relubility af-
forded in the case of wpe 1o tape {or other medu 10
media) program transfers by virtue of the requirement
for only a single wpe deck or other storage device.

FIG 3 ilustrates an alternstive embodiment mven-
tion in which AVRU 11 15 not wntegral with VCU 12,
memory 13 or editor 14, In this embodiment, AVRU 11
15 a conventronal, commercially available VCR which
receives a modulated wvideo inpul signal on an mput
cable 50 In this embodiment AVRU 11 includes & RF
tuner 81 for demodulating the inpul signal so it can be
stored in media 23. AVRU 11 also includes & RF mode-
Iator 52 for modulating the signal received from media
23 and providing the RF modulsted output signal on an
output cable 53, which can be coupled to a television
sel. (TV RF tuner 51 and RF modulator 52 are pro-
vided 1n typical commercully avalable VCR's) A
swalch 54 15 provided to couple nput cable 30 10 output
cable 53 when media 23 15 not EEFVINE &5 a video signal
source The VCR-ET of this embodiment includes a
TV RF tuner 88 which receives and demodulates the
sigral on cable 53, and provides the resultant analog
audio/video signal on a lead 86, which 1s digitized and
compressed as described above, In this alternative em-
bodiment, the digitized compressed signal may be pro-
cessed as described abave, e.g. stored in memory 13 (viz
high speed bus 34), edited, transmitted by the fiber optic
port 18 1o another VCR-ET, etc. When it 1s desired 1o
view & program stored in memory 13, data from mem.
ory 13 1s decompressed and converted (o an analog
signal by VCU 12, znd the resulung signal 1s provided
on an cutput lead 57 to 8 RF modulator 38, which mod-
ulates the video signal 5o that it can be received and
stored by AVRU 11 or viewed on & television coupled
to cable 33 (As mentoned above, in the FIG. 3 embodi-
ment, AVRU 11 15 a conventiona) VCR )

One advantage of the embodiment of FIG. 3 1s that
many peogple already own VCR's. Rather than buying
apparatus which duplicates much of the hardware sl-
ready present in therr VCR, the embodiment of FIG 3
would provide 1o owners of conventionsl VCR's capa-
bibities which are otherwise currently unavailable in an
economical menner

In one embodiment, analog auxthary audio and video
input termnals 62, 64 are provided so that analog sig-
nals may be provided by alternate sources 10 VCU 12,

‘The embodiments descnbed above include means for
transmutung/recesving video programs over fiber optic
cables However, in an ajjernative embodiment, esher in
place of fiber aptic port 18 or i addition 1o fiber optic
port 18, means are provided for transmitting and/or
recelving a video program via microwave, In conven-
tiona] microwave technology, satellite systems and mi-
Crowavc transimitters iransnut data vsing a low power/-
high frequency signal In an embodiment of the 1nven-
non designed to receive microwaves, the VCR-ET
includes an ampiifier for amphifying the microwave
signal and a demodulator for obtmning the video pro-
gram signal from the microwave signal Recewving,
amphiying and demodulsting the microwsve ngnal can
be accomplished with conventional microwave trans-
cerver equipment The video program signal 1s typically
i digial form, and may be stored, viewed or ediled as
m the sbove-descnbed embodiments. Program data
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from memory 13 can also be transmutted by the micro-
wave lransceiver, thereby providing the capability for
microwave transtmssion of stored video programs in
compressed digital format Thus, the imvention can be
used to receive and Lransmil programs via microwaves
atan accelernted rate simidar 1o and at least as fast as, the
transmission and reception of programs over optical
fibers, This leature allows transtission and reception of
programs in a few minuies or seconds using currently
avalable iechnology Both pamt-to-point microwave
transceivers and satellite transceivers may be used,

The embodiments descnibed include means for re-
emving, stonng and transmutting both audio and video
uignals However, the nvention encompasses apparatus
which can store and transmit video signals only and
apparatus which can store and transmit audio signals
only. An embodiment designed lo store and compress
audio signals 1s lustrated 1n FIG, 4 Referning to FIG.
4, an audic sigral source 70 {z tape recorder, micro-
phone, record player, etc.) 1s coupled 10 2 digitizer and
compressor circuit 72, which converis the analog signal
1o a digutal signal and compresses the digial signal n a
manner gmilar 1o VCU 12 descnbed abave. The digial
compressed signal can then be stored n & memory 74
Of importance, dafa from memory 74 can be transmitied
by a fiber optic transceiver 76, or by & microwave trans-
ceiver 78 at an acceleraied rate. This 15 umporiant nat
only i a home entertainment apphcanon, but i other
applications as well. For exampie, & user can dictate an
audio presentation and send 1t to a remote location (e g
an office) a1 an accelerated rate without having to mo-
nopohize the transmussion medium {e.g, the fiber ophic
cable) for an extended length of ime.

The business uses of the embodiment ilustrated 1n
FIG. 4 makes home offices feasible for many workers
now canfined 1o more traditioral offices and also opens
new possibilities to business people who are traveling

In the embodiment of FIG 4, data can also be lpaded
from memory 74, via 8 modem 79 over a convenuonal
phone line 80, Data can also be received from phone
iine 80, fiber opuc transceiver 76 or mtcrowave trans-
ceiver 78, loaded into memory 74, and converted 1o an
analog signal by ewrcuit 72, 1o be listened to via an audic
moenitor 82, or 10 be stored on an audio tape cassetie 84
or other storage meds

An editor B& s optionally provided so that the data 1n
memory 74 may be edited, eg, by rearranging the
order of portions of the audio program, increasing or
decreasing the volume of portions (or different fre-
quency components) of the audio program, or enhanc-
g the audio program through filtering techniques (e g
lo remove static and noise)

Anmproved audio/video recorder with significantly
expanded functional capabibties 15 thus provided n
accordance with the stated objects of the mvention and
although but a single embodiment of the venjjpn has
been illustrated and described, ut will be apparent (o
those skilled in the ant that vanous changes and modifi-
caticns may be made therein without departing from
the spim of the invention or from the scope of the ap-
pended clam, For casmple, the VCR-ET can be con-
siructed 50 & (o be portable Thus, 1t could be carned 1o
# location where 1t 15 desired to record & program, and
uscd 10 edit the program afier 1t 15 recorded with s
video camera. Other modifications will be apparent 1o
those skilied tn the art in hight of the present specifica-
non.

What 15 clamed 1s.
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1 An audio/video transcejver apparatus compnsing:

input means for receiving sudio/video source infor-
mation, saud audio/video source mformation cam-
prising a multipheity of video frames i the form of
one or more full motion video programs:

compression means, coupled to said 1nput means, for
compressing said audio/video sotirce Jnformation
mto a ime compreased representation thercol hav-
Ing an associated time period that is shorter thean a
time pehod associated with a real ume representa-
tion of said sudio/video source mfarmaton,

random access storage means, coupled 1o said com-
pression means, for stonng the ume compressed
representation of said audio/video source informa-
tion, and

ouiput mesns, coupled to said random access storage
means, for receiving the time compressed audin/v-
ideo source information stored n said random ac-
cess storage means for transmission away from said
sudio/video transceiver apparatus;

said input and output means comprising microwave
iransCeiver means, coupled 1o a microwave hink,
for receiving said audio/video source information
over said microwave link and for transmuning said
tune compressed audio/video source informanon
stored 1n smd random access storage means pver
said microwave link.

2 Anaudio/video transceiver apparatus compnsing:

Input means for receiving audio/video source nfor-
matlon, said audio/video source mformation com-
prising a muluphicity of video frames in the form of
one or more full motion video programs,

compression means, coupled to satd input means, for
compressing said audio/video source information
o & time compressed representation thereof have
mg an associated time period that 1s shorter than a
nime penod associated with a real time representa-
tion [ sand audio/video source informauon,

random access storage means, coupled to sud com-
pression means, for stonng the time compressed
representanan ol said audio/video source informa-
tien, said random &ccess storage meank compning
a bubble memory, and

oulput means, coupled 10 smd random access storage
means, for receving the time compressed audio/v-
1deo source information stored 1n said random ac-
©ess storage means for transmission away from said
sudio/video transceiver apparatus.

3. An sudio/video transceiver Apparatus compnsing:

inpul means for recerving audio/video source mnfor-
mantion, said sudio/video source informanon com-
pnising & mulupheity of video frames in the form of
one or more full motion video programs,

compression mesns, coupled to said mput means, for
compressing seid audio/video source wlformation
L0 & ime compressed representation thereof hav-
mg an associated ime penod that s shorter than a
time period assocuted with a real time representa-
tion of smd audio/video source informanon,

random access SIOTRge means, coupled to smd com-
pression means, for storing the time compressed
representation of said audio/video source informa-

CONFIDENTIAL
CONFIDENTIAL-OUTSIDE ATTORNEYS EYES ONLY

5

10

15

20

23

30

35

40

50

L

14

tion, said random aceess slorage means comprising
digital paper; and

outpul means, coupled (o said random access storage
means, for receiving the time compressed audio/v-
1deo source wformanon stored n said random ac-
cess storage means for transmission away from said
audio/wvideo transceiver apparatus

4. An audio/video transceiver Spparatus compnsing

mnput means for receiving audio/video source wmfor-
matian, said audio/video source information com-
prising a multiphieity of video frames in the form of
one or mote full maton video programs;

compression means, coupled to said input means, for
compressing satd audia/video source information
Inta a ime compressed representation thereof hav-
ing an assocuted ume penod that 15 shorter than a
ume penod associated wth a real ume representa-
tion of said sudio/video source informanion,

random access storage means, caupled to sad com-
pression means, for stormg the ume compressed
representatton of said audio/video source informa-
thian, said random access storage means COmprising
one or magnetic disks, and

cutput means, coupled to said random access storage
means, for receiving the ime compressad audio/v-
ideo source information stored i said random ac-
cess storage means for transmission away from sad
audio/video transceiver apparatus,

§. An sudio/wvidco iransceiver apparatus COmMpnSINg;:

input means for receiving audio/video source mfor-
HIALON s & Lme compressed digital representation
thereof, smd audio/video source nformation com-
pnsing & muliiplicty of video frames in the form of
one or moore full moton video programs, said time
compressed digital reprasentation of smid audio/v-
1dco source information being receved over an
associated burst hme peniod that 1s shorter than &
real period associated with said audio/video source
information,

random sccess storage means, coupled to said nput
means, for storing the ume compressed digita] rep-
resentation of said audio/video source information
received by said imput means, and

output means, coupled 10 said random access storage
means, for receving the ume compressed digital
representation of said audio/video source mforma.
tion stored tn aaid random access storage means for
transmission away from said sudso/video i1rans-
cever apparatus,

saud input and outpul Means CAMPRISNG MICTOWAVE
transceiver means coupled, via a microwave link,
toa video library, smd video hbrary storing 8 multi-
pheity of full motion video programs in said time
compressed digual representation for selective
retneval, wn said associated burst ime period, aver
sard microwave bnk, said microwave trapscesver
means beng further operatve for transmiting n
said burst ime penod, said ume campressed digial
representation of smid audin/video source informa-
uon stored mn said random access storage means

over said microwave link,
. » » » L]
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