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The WavePhore System:
The Point-to-Multipoint data distribution solutionfor pes

WavePhore delivers
PC-ready information
at speeds over 500Kbps

Multimedia Daracasting uses

the existing broadcasr infrasrructure

rhrough wired or wireless means -

via terresrrial broadcast, satellite,

microwave or cable. This brings a new,

high-speed, low-cosr dara disrribution

sysrem known as The WavePhore

Channel ro PCs worldwide.

The WavePhore Sysrem makes

Multimedia Datacasting a realiry today,

providing a complete end-to-end

solution for borh rhe distriburion

and reception of PC-ready

information.

The WavePhore System

can rransmir any

digital data

regardless of rhe program

used to creare it.

The North American Television

Srandards Commirree (NTSC) consisrs

of 525 lines divided into two fields,

each wirh 262 1/2 lines. The firsr 21

lines of each field are "invisible" and

carry rhe name Vertical Blanking

Interval or "VBl." The. relevision

needs lines one to nine to tune each

field, which leaves lines 10 to 21 to

rransmit informarion. Line 21 is

already being used by closed

caprioning services for rhe

hearing-impaired.

The Mulrimedia Daracasring Sysrem

combines borh WavePhore's parented

in-band rechnology (TVT1) and rhe

Vertical Blanking Interval (VBl).

WavePhore's multi-line VEl producrs

provide speeds of up to 150Kbps

urilizing 10 lines of VBI. WavePhore's

in-band rechnology inserts dara into rhe

active portion of the analog video signal

(rhe remaining 504 lines) wirhout

interrupring rhe video and providing

rhroughpur of up to 384Kbps. The

WavePhore Sysrem handles VBl a~d

in-band individually or simulraneously

ar a collecrive rhroughpur of over

500Kbps wirhour blanking a channel.

Thar's 225MB of dara per hour and 34

rimes faster rhan a 14.4Kbps modem.

The WavePhore System
provides a complete turnkey
solution for Multimedia
Dataeasting.

The WaveServer receives and processes

rhe dara for distribution based on

customized needs. The WaveServer

manages securiry, addressing, packering,

and prioritization of the dara.

Once rhe dara has been processed, rhe

WaveServer sends rhe dara to a

WaveCoder ar rhe broadcasr sire to be

encoded and transmirred over rhe video

signal. The dara is encoded in eirher

rhe VBl or in-band (TVTl), or borh

simultaneously.

Dara is received by a

WaveCoder insralled on a

PC and connecred co

a cable or antenna.

The WaveCoder

separares rhe dara from rhe

broadcast signal. WaveCeiver software

rhen scores rhe dara on rhe computer's

hard drive. Received dara is processed

by WaveCeiver in rhe background,

allowing rhe user co run orher

applicarions while receiving rhe dara.

The WavePhore Multimedia

Daracasring Sysrem provides me

low-cosr, high-speed dara disrribution

solution coday wirhout new

infrasrrucrure costs.
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The WaveServer

\
Sports information, stock reports,

newspapers and any other digital data,

tegardless of format, are ~reated at the

content provider workstation. The data

files are selected and copied to a dedicat

ed directory on the WaveServer via leased

line, modems, internet or other means.

Content Provider

The WaveServer is the heart of the Multimedia

Datacasting System. It COIIStttutes the

front-end communications component of the

most complete and advanced- point-to

multipoint wireless data-bm.dcasting service

available on the marbt today.

Graphical User Interface (GUl).
I

WaveCoder Encoders

The WaveServef • __

Windows NT and.1Ii/lIIlet

optimal Ulie ofthe~sig
system's .iliti~ .• 1t
features a true 32;.1»t,

multitasking and

multi-threaded archit4<:ture.

The system allows for the

acquisition ofdata fJ»m multiple content

sources sinwitaneOul1y and is capable of

managing up to 16 million different services.

The WaveServer monitors the network and

manages the scheduling, packeting, security

and addmsability functions of the data being

tranS.ll1itted on a simple-to-use

The WaveServer is ttansmis

sion method independent and

can transmit data via in-band

and VBI independently or

simultaneously on the same

video signal. The WaveServer

architecture can also support

the processing of data for

FM-side band and satellite,

and will be upwardly

compatible with Advanced Television Systems

(ATV) and Digital Satellite System (DSS).

Once processed, rhe WaveServer presents the

data via a high-speed link to a WaveCoder for

distribution on the video signal being used as

a carrier.

The WaveCoder inserts data into terrestrial

broadcast, satellite, cable or microwave video

signals. Data is inserted into the active portion

of the video and the Vertical Blanking Interval

at the broadcast site by either an EI000

(in-band) Encoder or an EIB 100/200

Encoder (VB!).

The EIOoo is based upon WavePhore's patented

method of inserting data into the active portion

of the video signal. Its function is to take

digital data, modulate and mix it with the base

band video. The EIOOO is compatible with the

NTSC video standan! and works compatibly

with VBI encoded data on the same signal.
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The E/Bloo and ElB200c:oA5ist of two major

parts: aTektronix VITS-IOOor VITS-ZOO and

a WavePhore Piggy Back B~ud (P&8). The

PBB adds NABTS compli_cQara insertion

capability to the existing lUncdonidity of the

Tektronix equipment. Thel$il~i·Une VBI

encoders also function as aniDu:Uigent

data bridge.

The WavePhore Sys(eIlld"'lIIDt ~lUte any

additional bandwidth other tbaIl the VBI and

the active portion of the sallle'\'ideo signal.

This provides the capability ofsetlding 2MB of

data in less chan 30 seconds.

WaveCoder Decoders

The WaveCoder DlOOO and 0100/200 are

connected to a PC rhrough an exrernal

device or an internal ISA (EISA) or PCI

card. The WaveCoder receives data

through an antenna or cable connection via

a 18I channel tunet. The data is extracted

from the video signal by the decoder and is

managed by the WaveCeiver Software.

Each WaveCoder is addressable, allowing

data to be sent to designated customers.
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WaveCeiver Software

The WaveCeiver Software handles both VBI

and in-band data streams and is compatible

with DOS, Windows lx, Windows 95 and

Wmdows NT. WaveCeiver performs forward

error correction and reconstructs the

information in its original format. The

software allows users to receive information

from several services simultaneously and can

run in the background for unattended

reception with optional pop-up notification

or automatic launching of the

associated application.

WaveCeiver also ensures data security through

a dual-key encryption system.

Using WaveCeiver is as simple as turning on

your compurer - a television or a VCR is not

needed ro receive data through Multimedia

Oatacasting.



Multimedia
Datacasting

for Homes

Home uses for Multimedia

Datacasting are without limit.

Many home-based businesses and

telecommuters are PC-equipped.

Multimedia Datacasting provides

a channel for content providers and

broadcasters to tap into a new

marketplace hungry for electronic

information.

North America and the world.

Content providers will be able to

market their products through

agreements with WavePhore

networks that are equipped with

WavePhore's Multimedia

Datacasting Systems.

Multimedia Datacasting offers home

users the ability to receive entire

newspapers, magazines, computer

games, music, sports information,

entertainment and other services.

••••••

Branch offices can receive vital,

time-critical information at a fraction

of the cost required for conventional

methods. Information can be received,

viewed and used on the company's

existing computer network.

costs and paper waste. With their

WavePhore-equipped PCs, businesses

can subscribe to services from content

providers or create proprietary networks

of their own.

Multimedia Datacasting provides a

low-cost distribution solution for

newspapers, magazines and other

information service providers.

WavePhore delivers the distribution

technology content providers need to

reach every home and business in

Multimedia Datacasting
for Content Providers

•••••

needs of the

superhighway is

years and billions of

dollars away. The

Datacasting System

.ted bridge for low

data
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PREFACE

This document was prepared by WavePhore and contains WavePhore Confidential
information.
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1. PURPOSE

Contained herein is:

(a) A narrative description of the system, explaining in detail the technical approach,
the relationship to the Intemational Standards Organization (ISO) Open Systems
Interconnection (051) seven-layer reference model, and how to test and evaluate
the systen:t at the 051 physical and data link layers.

(b) Complete technical description of the physical layer including: signal format,
transmitted bit rate, frequency spectrum and plots, modulation techniques, out-of
band emission considerations, range of use, compatibility with NTSC signals,
multipath mitigation techniques, minimum requirements for immunity in the
presence of co- and adjacent channel NTSC signals.

(c) Data link layer performance characteristics including net bit rate, bit error rate,
error correction,' real-time delay, acquisition time, and recommendations for
framing of data. .

(d) Other information presented is: two-way transmission capability, ghost canceling
considerations, intended applications, compatibility requirements between NTSC
and HOTV signals, implementation of upper layers of the 051 reference model
(layer 3 and above), compatibility with scrambling and compression teChniques,
recordability, and anticipated implementation costs.

2. INTRODUCTION

There is an increasing demand for higher capacity data pipelines than currently exist
with conventional technologies. New technologies are being developed which take
advantage of the excess capacity available in a 6 MHz NTSC television channel to
broadca.st high speed data signals.

This system is intended to provide over-the-air delivery of data-based information
services to bring to the U.S. public the benefits of new broadcast technologies and
services while, at the same time, preserving the public's ability to continue to receive
existing services with present equipment. High-speed refers to the highest data rate
attainable commensurate with robust delivery that will maintain data integrity and yet
not result in the unacceptable degradation of the host NTSC signal, i.e., cause no
interference to other broadcast services.
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3. TVT1/4 DESCRIPTION

3.1 Narrative System Description

3.1.1 Data Broadcasting System

The TVT1/4 from WavePhore, Inc., enables high speed data transmission over
conventional television networks, see Figure 1, Typical Television Station Installation.
What is unique is the system's ability to insert data into the active portion of the video
scan line with no noticeable effect on the television picture. The technology does not
use the VBI, the front or back porch, the color burst or the band next to the audio sub·
carrier. The data instead overlaps the video spectrum and becomes an inherent part
of the video infonnation. This data is combined with the composite video signal prior
to modulating with the picture carrier, or, at the baseband level.
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Figure 1
Typical Television Station Installation
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This is successfully accomplished by observing two considerations:

1) The data amplitude is kept at a very low level, typically about 20 dB above the
video noise floor. The actual level may be optimized for a given broadcast
system.

2) Appropriate shaping of the data spectrum prior to insertion minimizes
interferences with the luminance and the chrominance by taking advantage of the
spectral properties of the video signal.

Because the data is combined with the video in baseband, it is independent of the
mode of video transmission. Thus, transmission can be through direct broadcast,
satellite link, microwave transmission, direct CATV cable connection, or through a
combination of these.

A typical system configuration would use an NTSC TVT1/4 Encoder at the originating
site of video transmission and a decoder at each remote site receiving the d~ta

broadcast, see Figure 2. The encoder has two inputs, (a) baseband video per
RS170A and (b) RS-422 data. It accepts data in RS-4221449 simplex format at the
Encoderl8roadcast end and reproduces data and clock in RS-4221449 format at the
Decoder/Receiver end. The Encoder can either (a) provide the clock for the input
data in the Master Mode, or (b) accept the clock from the source in the Slave Mode.
The throughput data delay will be less in the Master Mode, as derived in 3.2.2.5.

._r-------------------------------~

Audio ------....,

VIdeo

RS422
Data In

TV
TVT1/4 1-_-fTransmltt8
Encoder

TVT1/4
Oecoder

RS422
Data Qui

Figure 2
Video Transmission and Reception of Data
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At the receiving end, a TVT1/4 Decoder picks up the RF signal, demodulates it back
to its composite baseband, then separates the digital data information for further
processing by a PC or any other digitaJ processor. Depending on the application, data
will be routed to the appropriate location for use or for storage.

The integrity of WavePhore's decoding process is assured when the television signal
at the remote site has at least 40 dB signal-to-noise ratio when demodulated by a
precision demodulator such as a Tektronix 1450, and measured by a Video
Measurement Set such as a Tektronix VM700. Processing of the baseband video
signal after ~ata insertion should be closely examined to minimize distortion due to
excessive group delay, clipping or, if digitiZed, inadequate digital resolution (less than
9 bits). SpecificaJly, filters with a cut-off frequency less than 4.2 MHz must be
avoided. Tests performed on conventional broadcast facilities did not exhibit any
problems when these precautions were observed. The bit error rate is further reduced
by forward error correction embedded in the TVT1/4 system hardware.

The TVT1/4 system currently accommodates an average data rate that exceeds
384,000 bits per second, 'a speed sufficient for transmitting larger files, images and
other multi-media information. Continued development efforts are under way to
extend this to T1 of 1.5 Mbps.

3.1.2 Open Systems Interconnection (OSI) Seven-Layer Reference Model

Currently the TVT1/4 system provides for the 051 Physical Layer. It accepts any input
data stream and delivers it unmodified to the end user. Thus, it is presently
transparent to upper 051 Protocol Layers. Future designs will incorporate the
appropriate protocols that are being developed by the NOSe Data Transport Protocol
Working Group when they become available.
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3.2. Technical Description of System

3.2.1 TVT1/4 Encoder

Given here is a functional description of the TVT1/4 Encoder and how data is added
to the TV signal. The TVT1/4 Encoder is inserted into the baseband video path at the
television broadcast Studio Transmitter Unk (STL), see Figure 1.

The Encoder's function is to take seriaJized raw digital data, modulate it and mix it with
the baseband video in a way that is not noticeable on the television screen, yet fully
recoverable by the TVT1/4 Decoder attached to a television receiving antenna or
cable, see Figure 2. The system provides an instantaneous data bit rate (symbol rate)
of 599 Kbps. This results in an average raw data rate of 431 Kbps applied to the
video lines. Considering overhead processing and forward error correction used in the
Encoder and Decoder, the net throughput data bit rate is 384 to 393 Kbps, depending
on the mode of data cJocking used.

3.2.1.1 Video Path, Encoder

If selected for data encoding in the TVT1/4 Encoder, the video signal is processed as
shown in Figure 3, Encoder Functional Diagram. The video signal is selected for
insertion of data when Encoder power is present and when selected by a front panel
bypass switch.
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Figure 3
Encoder Functional Diagram
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3.2.1 .1.1 Low Pass Filter

The video signal is initially processed by a low pass filter. The Low Pass Filter
conditions the video spectrum above 3.9 MHz, to make room for the data that will be
summed in later and occupy this empty spectral domain.

Plots of the video spectrum are shown in Figures 4, and 5. Figure 4 shows the
unmodified video spectrum, Le., without filtering and without data. Figure 5 shows the
resultant video signal that has been filtered and then data added in the filtered area.
The triangle and small circle mark the data carrier frequency of 4.197 MHz. Note that
most of the spectral area of the data is on the lower side of this carrier frequency, the
upper side being mostly removed by filtering of the data signal prior to its being
summed with the filtered video signal.

3.2.1 .1 .2 Delay

Due to the effects of the Low Pass Filter on the amplitUde and phase of the blanking
pulses, the original signal is delayed to match the delay in the Filter.

3.2.1.1.3 Blanking Bypass

The blanking pulses are then gated back into the video signal by the Blanking Bypass.

3.2.1.1.4 Summer/Driver

The signal is then summed with the modulated and scaled data. It is then buffered
and routed through the selector relay to the TVT1/4 Encoder VIDEO OUTPUT where it
is returned to the RF broadcast modulator.
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