LENKURT

DEMODULATOR

SEPTEMBER/OCTOBER 1979

® . #




This second, concluding part of our CATV se-
ries discusses cable TV from a system design
viewpoint. The use of computer control is
also described and some indications of pos-
sible future trends are examined.

one of this

Purl
CATY

tailed description of how the cable
CATY

works. The following para-

two-part,
series contains a de-
transinission  portion  of a
svstem
graphs describe how a system de-
signer lays out a cable subsystem
and translates performance specifica-
tions into hardware requirements,

Generally, when he sits down to
lay out a systen, a designer already
has certain information at hand. This
includes a Dasic description of the
system in terms of the number of
channels to be carried, the signal
strength and  performanee  require-
ments for each subseriber and often
the type and size of trunk cable to be
used.

The designer will also have acquired
a city street or road map and a set of
strand A strand map
streets. pole locations, elistances be-

maps. shows
tween  poles, underground roulings
and a house-count from cach pole. The
average annual ambient temperature
and the range of seasonal extremes is
information to the de-

also  useful

signer.
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The first design step is to determine
the trunk cable rontings. The designer
makes a careful study of the street and
strand maps. There may be several
feasible routes but the designer is look-
ing for the one route that best meets
the system’s economie and eleetrical
requirements.

Once the distance covered by the
longest trunk route has been estab-
lished. the trunk amplifier cascade can
he caleulated. The cascade is simply
the number of amplifiers required to
overeone the cable losses.

This is an important number be-
cause amplifiers are the prineipal cause
of system performance degradation.
The choice of cable has a direct effect
on the number of amplifiers required.
It is advantageons to use lowoss
cable. This is particularly true for long
trunk routes,

The best year-round operation will
be obtained if the amplifier spacings
are optimized at the mean annual tem-
perature of the area where the system
is to be installed. This also holds true
for the sclection of pads, equalizers,
gain settings, output levels, ete. In



other words, calculations of cable
attenuation, for the f{requencies of
interest, are made at the mean temper-
ature and serve as the basis for deter-
mining the other parameters.

The seasonal variations f{rom the
mean temperature are used when con-
sidering what type of amplifier to use;
gain, automatic and
slope, or a mixture of the two. The

manual level
affects of temperature changes on
cable attenuation are discussed in Part
I of this article. One type of ALS am-
plifier is also described. However, a
full treatment of the subject, including
the engineering trade-offs involved in

amplifier selection, is beyond  the
scope ol the Demodulator. Readers
who would like more information will
find several references listed in the bib-
liography at the end of this article.
After the performance require-
ments for the longest trunk cable have
been established, caleulations are made
determine the output
which the bridging and distribution

to levels  at
amplifiers can be operated, without
violating the system’s performance
specifications. The higher the output
levels, the greater the number of sub-
scribers an individual amplifier can
supply or conversely, the smaller the
number of amplifiers required to serve
a given number of subscribers. How-
ever, the higher the output levels, the
more distortion each amplifier contri-
butes. The designer must consider sig-
nal losses due to cable lengths, line
splits and multitaps. Ie must take into
account the channels carried, sinee
cable attenuates high frequencies more
than low {requencies.

The location of the amplifiers is
critical. They must be placed where
the required input signal is available

and where they can most economically
serve the surrounding subscribers,

Backfeed is an interesting tech.
nique for reducing the number of dis-
tribution amplifiers required for a sys-
tem. It requires high-gain, high-output
amplificers for its implementation.

When a designer is using the back-
feed prineciple, he stops tapping the
cable before it is necessary to start
using low-value (high-insertion loss)
taps. At this point, the signal level is
still sufficient to drive several hundred
feet of untapped cable, with the exact
by the signal
strength and cable attenuation. When
the signal is attenuated to a level with-
in the input range of the distribution
amplifier-an amplifier is installed.

A portion of the amplifier output is
taken off through a dircctional coupler
and “back-fed”; to the bypassed sub-
scribers, through a cable which par-

length  determined

allels the untapped sections of the
main distribution cable. The balance
of the amplifier output drives the dis-
tribution cable which supplies sub-
scribers further down-stream.

Figure | compares straight-feed and
back-feed systems. Figure 1A shows a
conventional, straight-forward  distri-
bution, with a single distribution am-
plifier. The amplifier is adjusted to
provide an output of +46 dBmV using
the highest  gain possible, without
exceeding 23 dB. The total span dis-
tance is 2,880 feet from the trunk sta-
tion. Twenty-five four-way nultitaps
are sery ('(l.

Figure 1B shows a straight-feed sys-
tem with two distribution amplificrs
cascaded. The amplifiers have been
derated 3 dB, to maintain the same
distortion characteristics as the config-
uration in 1A. The gain settings are ad-
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justed to provide maximum output
without exceeding the 23 dB gain lim-
it. The total span distance is 3,960 feet
and 31 four-way multitaps are scrved,

Figure 10 illustrates the back-feed
principle. This lavout uses an amplifier
with 28 dB gain. Although the same
design parameters are used as in 1A &
1B, this single-amnplifier,  back-feed
arrangement covers a span of 3,600
feet and serves 31 four-way multitaps;
a 24% increase over figure 1A,

Figure 11 shows a back-feed sys-
tem using a single amplifier with a
nominal gain of 3} dB. The design
parameters are the same as in the pre-
vious figures, This configuration covers
a span distance of 3,830 fleet and
serves 33 four-way multitaps, a 33%
increase over figure 1A and only one
multitap less than the two-amplifier
svstem in figure 1B.

From the foregoing it is apparent
that, in many cases where nornal de-
sign requires two distributions ampli-
fiers, the back-feed technique can be
used to cover the same area with one
high-gain amplifier. Of course, a direc-
tional coupler and some additional
cable are required.

However, these costs arc certainly
justifiable when the benefits are con-
sidered. Using one active amplifier, in-
stead of two, doubles the reliability
and halves the power requirements for
the particular distribution leg, as well
as saving the cost of the second ampli-
fier. It is apparent that the back-feed
principle could provide even greater
coverage, il it were applied to the two
amplifier cascade in Figure 1B,

Power Requirements
Onee the number and type of active
units is established, the system pri-

mary power requirements can be de-
termined. The total power required is
the sum of the power consumed by
the active deviees, the power dissi-
pated in the cable and the power losses
due to pole-mounted power supply
inetficiencies.

In CATV work, the term “power
supply”, is often applied to the device
used to reduce commercial 60 Hz 120
volt power to 30 or 60 volts ac. This
reduced voltage is carricd on the coax-
ial cable, along with the television sig-
nals, and is the primary input source
{or rectificr power supplies in the am-
plifier housings. The rectifier supplies
provide the de operating voltages for
the amplifiers,

The following factors should e
considered in the design of the power
portion of a CATV system:

Loop resistanee of the cable

30 or 60 volt power

Current drawn by each active
device

Real power consumption per active
deviee

Number of active devices per unit
length of the system

Effeets of input voltage level on
equipment operation, current drain
and power consumption

Loading of the pole-mounted, sup-
plies

Location of the pole-mounted, ac
supplies

Essentially, the loop resistance to
60 Hz is the de resistance of the inner
conductor and the outer conductor
conneeted in series. Loop resistance is
a function of the cross-sectional area
of the cable, the material used and the
length of cable. The resistance of the



inner conductor is far greater than that
of the outer conductor. The loop re-
sistance of a length of cable can be
measured by shorting the inner con-
ductor to the outer conductor at one
end and using a low range ohmeter to
measure the resistance between the
conductors at the other end.

The first article in this series stated
that a copper-coated, aluminum center
conductor could provide substantial
weight reduction without excessive
increase in signal attenuation. This is
true. However, a penalty is incurred in
the form of increased de resistance,
The de resistance of a 0.75 inch di-
ameter cable with a copper-clad center
conductor is about 0.98 ohms per
1,000 feet. The same size cable, with a
solid copper center conductor, has a
de resistance of about 0.68 ohms per
thousand feet. As a rule, the center
conductors of larger sized cables have
a greater cross-sectional areca and less
de resistance than smaller cables.

Designers of modern CATV sys-
tems will almost always prefer 60 volt
to 30 volt operation. The 60 volt
choice is almost mandatory for two
way systems.

The apparent power dissipated by
the CATV load is equal to the product
of the voltage across it and the current
through it (I+1). This apparent power
is constant, so, if the voltage is halved
the double. In other
words, a 30 volt supply must provide
twice as much current as a 60 volt sup-

current must

ply. The load is composed of the recti-
fiers in the amplifiers housings. The
current flows through the coaxial
cable.

The power dissipated by the cable
resistance is equal to the current
squared times the resistance (I12R). It

=~

is apparent that doubling the current
increases the cable’s 2R losses by a
factor of four.

The voltage (IR) drop in the cable
is possibly more important because the
regulators, in the de supplies for the
amplifiers, may not work properly if
the input ac voltage is too low. For ex-
ample, one manufacturer specifies £4%
output voltage regulation over input
voltage ranges of 20 to 30 or 40 to 60
Vac.

Let us assume we have a system us-
ing this manufacturer’s amplifiers. We
are supplying the ac through 2,000
feet of the 0.75 inch, copper-coated,
center-conductor cable previously de-
scribed. The cable resistance is 2 x
98 =~ 2

draw is 3 amperes for 60 volts. Auto-

ohms. Assume the current
matically the draw will be 6 amperes
for 30 volts. The IR drop for the cable
at 60 volts is 3 x 2 = 6 volts. The volt-
age applied to the rectifier will be
60 — 6 = 54 volts. This is well within
the 40 to 60 volt specification.

Now consider the 30 volt applica-
tion. The cable IR drop equals 6 x 2 =
12 volts. The voltage applied to the
rectifier will be 30 — 12 = 18 volts.
This is below the minimum 20 volt
specification,

Most CATV amplifiers can be ar-
ranged for either 30 or 60 volt opera-
tion by strapping the input power
transformer. The strapping may be in
the primary or secondary winding.

Figure 2 shows a transformer with
two primary windings. For 30 volt
operation, the windings are connected
in parallel 1o provide a 2:1 voltage
step-up at the sccondary output. For
60 volt operation, the windings are
connected in series to provide a :1
voltage transformation. Note that the



Figure 2. DC Power Supply Transformer Connection for 30 and 60 Vac Powering.

‘e

rectifier “sees’™ a 60 volt input in both
cases,

As previously stated, the product of
the voltage and current at the input to
the rectifier power supply is the “ap-
parent” power consumed. If the recti-
fier presents a purely resistive load to
the ac, the apparent power is also the
“rcal” power.

However. the de¢ power supplies for
most CATV amplifiers have an input
impedance with a reactive component.
The input voltage is out of phase with
the input current by several degrees.
Consequently the real power is less
than the apparent power.

Manufacturers  usually  provide
curves for their products, which show
the relationships between input cur-
rent, input voltage and real power. De-
signers should use these curves to cal-
culate the real power consumed by
their amplifiers.

To determine the location for the
first pole-mounted ac supply, the de-
signer starts at the last distribution am-
plifier in the system. lle consults the
amplificr manufacturer’s curves to de-
termine the input current to the last

8

amplifier at the minimum input volt-
age permitted by the systemn or inanu-
facturer’s specifications. This current
is used to caleulate the voltage drop of
the cable between the last amplifier
and the next upstream amplifier.

This voltage drop is added to the in-
put voltage for the last amplifier to de-
termine the input voltage to the next
to last amplifier. The current for that
amplifier can then he determined and
added to the current drain of the last
amplifier and used to calculate the
voltage drop in the cable between the
second to last amplifier and the next
one upstream.

This process is continued and the
voltage drop of each successive up-
stream ecable section is calculated. At
trunk or splitting locations, the total
current flowing into the junction point
is used to calculate the voltage drop in
the cable-scetion upstream from that
point. The location for the first pole-
mounted ac supply is the point where
the sum of the voltage drops equals
the voltage output of the supply.

Similar calculations are performed
as a first-cut approach to establishing
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the location for successive, upstream
ac supplies. \s the design proceeds fur-
ther upstream, establishing the power
supply locations becomes more of a
trial and error process.

When the designer calculates the
current drain for cach amplificr sta-
tion, he should also determine the real
power consumption. When the loca-
tion of the ac supply is established, the
total real power consumption should
be compared to the output power ca-
pacity of the supply. A 50% capacity
utilization is average for a good design.

The design ideal is to have 100%
utilization when the system is com-
pletely filled out and loaded. In other
words, in establishing a power supply
location, the designer keeps in mind all
present and planned options for the
stations served by the supply. When
these installations are completed, the
current drawn should be slightly less
than the supply’s capacity.

This ideal cannot be achieved but
the closer it is approached the more
efficient the system will be. The effi-
cicncy of the ferro-resonant supplics,
commonly used for ac power, im-
proves as their operation approaches
their rated output. The relationship is
shown in Table 1.

Emergency Power

Localized commercial power-out-
ages may affect only a few square
blocks as far as the power company
concerned. However, cable reception
can be disrupted at all subscriber loca-
tions downstream from the fault, be-
cause¢ the trunk amplificrs are con-
nected in series.

Two types of emergency supplies
arc commonly used to prevent service
disruptions caused by power-outages,

Table 1. Efficiency as a Function of
Rated Qutput-Ferro Resonant Supply.

The first type has been available for
some time. It is a pole-mounted, stand-
by supply containing a battery driven
inverter. If a power-outage occurs, the
input to the ac supply is automatically
switched to the inverter output and
power continues to be furnished to all
parts of the system.,

The principal disadvantage of this
emergency supply is the weight of the
batteries required to drive the inverter.
This weight is sufficient to preclude
pole-mounting in some areas.

The disadvantage is a result of the
method’s inefficicncy. The dc battery
power is inverted to ac. This ac is
transformed to the 60 or 30 Vac line
voltage. The line voltage in turn is con-
verted back to de by the amplifier
power supplies. The end to end effi-
ciency is about 40%. Ileavy, high-cap-
acity batteries are used to compensate
for the inefficiency. These batteries re-
quire substantial maintenance, in addi-
tion to charging.

A newer type of emergency supply
is available. It uses sealed batteries to
provide dc power directly to the am-
plificrs.

The sealed batteries require no
maintenance  other  than charging,
which is accomplished automatically.
The use of a scparate charger for cach
battery is recommended to prevent
overcharging, should one battery have

World Radio Histo



a higher internal resistance than the
other. This second type of emergency
supply is light enough to be strand-
mounted.

A disadvantage of this sccond meth-
od involves the cable voltage drops
which limit the number of amplifiers
that can be powered by one emer-
geney unit. The voltage is 23 Vde so
cable lusses soon become a problem,
particularly on distribution legs which
use aaller cable.

Some systems use this method but
only provide emergency power to the
trunk and bridging amplifiers. 1 the
distribution amplifiers are included,
the method becomes fairly expensive.

Our discussion has highlighted some
of the factors involved in designing to
power requirements. More detailed in-
formation is needed for an actual sys-
tem design.

Computer Control

Sysl(-m automation, lllr()ugh com-
puter control, appeals to many large
system operators. One such system is
Gill Cable TV, San Jose California.

Gill serves about 73,000 customers
with a nearly 1,500 mile distribution
system. The system contains about
11.000 amplifiers powered by 1,300
pole-mounted power supplies.

The system has two “head-ends™:
Hubs 1 and L. Lach one serves roughly
half the distribution area through inde-
pendent distribution networks.

Signals processed by the head-cud
and fed to the distribution come from
four sources:

I. Local signals received directly at
the head-ends.

2. Distant signals received directly and
by terrestrial microwave and trans-

10

mitted by 12 GHz, fin microwave
to the head-ends.

3. Direct-feed  satellite  programming
received at a receive only earth-
station and fed by 12 Gllz micro-
wave Lo the head-ends.

1. Locally generated programming fed
from Gills® studio to llub 1l by
dedicated cable and from there to
fHlub 1 by 12 Glz am microwave.
The programming includes:

Automated character generator
outputs.

Studio outputs.

Tape playback of movies.

Tape playback of sports events
recorded by Gill’s mobile van.
Satellite programming fed from
the earth station to the studio by
12 Gz, fm microwave.

Gill has long used computers for sys-
tem management and control. This
usage has been expanded over the
years and new f[eatures are presently
heing incorporated.

Two computers, and IBM System 3
and an IBM Series 1, are used. The
System 3 maintains complete demo-
graphic
scriber files include billing records and

and subscriber files. The sub-

technical information including origi-
nal signal The of
trouble calls and how they were re-

levels. number
solved is included. The computer also
issues work orders and tabulates the
information to provide statistics for
purposes of reliability and system
history. Thirty-one line terminals can
access the computer, to input and re-
tricve information. The System 3 is
operated by a separate division, Gill
Management Services which also offers
its services to other cable companies.



The Series 1 computer is used for a
number of tasks within Gill Cable it-
self. When the current svstems update
is completed, in December 1979 it
will have immediate control of 30,000
addressable descramblers. Using these
deviees, the computer is able to in-
stantly and individually turn 16 levels
of pay TV on and off.

The System 3 will input control
information to the Series 1 computer,
The Series 1 machine is used for hard-

ware control. One of its outputs is
connected, through an RF modulator,
to the cable. It continuously addresses
all descramblers in the field and sets
their status.

When a subscriber selects a pay
channel, the descrambler compares a
scramble level code, transmitted along
with the video information, with the
list of allowed levels received from the
Series 1. If a match is found, the pro-
gram is deserambled.

A few minutes reflection makes it
apparent that it is technically feasible
for this system to provide pay-by-view
services, Users could dial-up pay chan-
nels and be billed for actual viewing
time. The service would be similar to
the direct-dial, automatic toll-ticketing
service phone companies offer long-
distance users.

Pay-view service need not eliminate
subscription service. Several levels of
subscriptions as well as pay-view could
be accommodated. Gill’s control of
addressable descrambler operations re-
quires less than 30% of the Series |
computer capacity.

As an extension of its capability to
control premium services, hardware
and software are being developed to
allow the Series | to control basic sery-
ice in multiple dwelling installations.

11

This ability will eliminate the neees-
sity for connect and disconneet ser-
vice calls at these locations.

In an application unique to a large
operating system such as Gill, which
produces a significant amount of its
own programming, the Series 1 will
also be used to “computerize” the
video output operations. A complete
file of available program material will
he developed on the computer. Infor-
mation on movies will include such
particulars as tvpe, leading roles, play

out rights, ete. From this file, detailed
play out schedules will be developed
with time accuracies approaching one
second. When the computer reads this
schedule, it will directly control video
routing switchers, character genera-
tors, remote satellite receivers (via a
microwave telemetry link) and cue the
video operator. It will also generate a
log of events played and may even gen-
erate billing for advertisers.

Maintenance and Dispatch
Distribution system maintenance is
performed by about 25 technicians.
Their operations are direeted by a dis-
The dispatcher maintains
radio contact with head-end techni-

patcher,

cians and installation crews as well as
the 23
radios as well as vehicular installations
are used for this purpose. Keeping

maintenance techs. Portable

track of the portable radios is also a
part of the dispatcher duties.

At present Gill is using a “personal
type” microcomputer to improve the
accuracy and cfficieney of the dis-
patch operation. An explanation, of
how the dispatch office used to work,
will help in understanding how the
operation has been improved by the
microcomputer.



MAINTAINANCE
TECHNICIANS

Figure 3. Original Dispatch Operation.

Figure 3 illustrates the  original
operation. \s previously stated. the
IBM System 3 generates and clears
trouble calls. Twin., remote-control,
TV signal monitors allow a direct com-
off-air  and

signals. The dispatcher maintains con-

parison  of off-system
tact with the technicians by both
vehicularly installed and “*handi-talky™
radio.

Alarmm and control devices, in the
microwave svstem, monitor system
parameters and items such as building
temperature, emergency power gener-
ator status, ete... If an alarm oceurs,
audible and visual indications are pre-
sented by the alarm annunciator.

Formely, the dispatcher was ex-
pected to visually note any alarms and
keep an outage log cuntaining all infor-
mation. Immediate outage informatiorn:
was also physically carried to the Cus-
service

Area  where

complaints are received.

tomer Service

i

BLACKBOARD
LIST OF
TECHNICIAN
LOCATIONS

Courtesy Gill Cable TV

To efficiently dispatch personnel,
the dispatcher kept a blackboard list
of the status and location of the tech-
nicians. Finally the dispatcker logged
the: “*handi-taiky” radios in and out on
a daily basis and was expected to keep
accurate written records.

The problem was that too many
manual operations were required. As a
result, reeords were not accurately
kept

impossible.

and expansion was irtually

Microcomputer System
The

shown in Figurc 4. This system makes

microcomputer  system s
the dispatch operation more efficient
and adds significant capabilities.

The information input sources to
the dispateher are still the same. How-
ever, the microwave alarin annunciator
indications are connected directly to
the computers central processing urit
through an input/output port.



TV Signal
To Distribution
System

Figure 4. Present Microcomputer Svstem.

Three screens are available to the
dispatcher. One screen lists all outages
by channel and service arca. Micro-
wave alarms are also listed and there
are provisions for future expansion.

The second screen lists the status of
all maintenance technicians, with the
time that status became effective auto-
matically appended.

The third screen lists all portable
radios with appropriate information.

Automatic Logging

A daily outage log is automatically
gem'rated. Entries occur whenever a
channel or area outage is entered or
cleared. The same thing occurs when
microwave alarms arc entered or clear-
ed. Portable radio transactions are also
logged. Free-form entries are also per-
mitted. An internal, real-time clock
automatically appends the time of day
to all entries. Table 2 is a portion of a
typical daily log.

Courtesy Gill Cable TV

Table 2. Sample Portion of One Dav’s
Log.

When a microwave alarm occurs,
the dispatcher is alerted by a cue-tone
and a text message automatically



appears on the svstem’s outage sereen
and on the log. This lunction operates
24 hours a day. even while the dis-
patch office is elosed.

Portable radio check-outs and re-
turns  are entered with a few key
strohes. The information is stored in
random access memory for immediate
recall and translerred daily to dise for
backup.

A large, wall-mounted sereen in the
customer service area displays immedi-
ate service area and channel outage in-
formation from the dispatchers outage
sereen, This enables telephone opera-
tors to give more accurate information
to callers and prevents scheduling un-
necessary service calls when the prob-
lem is in the system.,

Remote Status Display

The video signals to the dispatchers
display are also conneeted through a
video distribution amplifier to a VHE
modulator. The modulator output is
connected through the dedicated cable
to Hub Il and through the 12 Ghz
microwave radio to Hub 1,

At these head-end stations, the sig-
nals are converted to a nonstandard
TV channel and inserted into the sys-
tem. \ny technician can monitor the
svstem status, using an ordinary tele-
vision receiver equipped with a special
converter. This capability reduces the
volume of radio traffic. It also enables
night standby technicians to monitor
system and microwave alarms, even
though the dispatch office is closed.

At midnight each day, a subroutine
is automatically initiated to search the
personnel files and summarize perti-
nent data in a brief report. The report
is displayed on the personnel status
screen.

I

Computer Selection

To select a microcomputer for this
application, Gill first listed what they
wanted the computer to do: then
translated this list into the following
computer requirements:

1. \ultiple. flexible digital 1/0 ports.
2. standard NTSC video input port.
3. Printer.

L. Dise storage.

5. At least 20 Kilobytes random acces:
memory bevond that required for
fanguage and disc operating sys-
tems.

6. Resident high-tevel language.

Readily available seevice and good
documentation.

\x configured, the system has 48 Kilo-
hytes of RAVM, a special clock, special
RON, dise storage and a printer.

System Performance

Gill’s experience with the micro-
computer has been generally satisfae-
tory. They find software development
and modification very straightforward.
Interfacing is also relatively simple.

The problems they have had result
from the fact that the computer was
designed and eonstrueted for the con-
sumer eclectronies market. Therefore,
its reliability was below par for 24
hour a day operation in an industrial
emvironment. Todayv. Gill is pleased
with the capabilities and cost/perform-
anee ratio of their installation. It has
significantly  improved cfficiency in
the dispatch area. This application
could not have justified a full mini-
computer, from a cost effectiveness
standpoint.

It should be pointed out that since
Gill made its purchase, some “‘home”



computers lrave been targeting the
small  business market. Presumably,
this fact is reflected in the design and
construction of their newer models.

CATV in the Future

Cable television s firmly estab-
lished as an entertainment medium. lis
future expansion in this market has
been predicted by trade publications,
professional journals and the mass-
media. The possible entry of CATV in-
to the subscriber wideband and special
services markets has not been as well
publicized. This subject is discussed in
the following paragraphs because we
believe it is interesting to Demodulator
readers.

Wideband  services include TV,
CATYV, Videophone, 64 Kb/s data and
carrier signals, PCM or FDM. These
services all require transmission facili-
tics with a bandwidth greater than the
300 to 3,000 llz nominal voice chan-
nel bandwidth.

Special services include health care,
viewdata, energy management, facsi-
mile, TWX and Telex. Terminal de-
vices using CRT’s, keyboards, micro-
processors and  special input/output

devices are substituted for the tele-
phone set. Practically all of these
services can be accommodated by
voiceband facilities.

Figure 5 shows the broadband capa-
bilities of different transmission facili-
tiecs. At the high-end is the coaxial
cable svstem as used in CATV. Theo-
retically, these systems can simultane-
ously handle 40 analog TV channels.

Currently, fiber optic systems can
handle only a few TV channels, due to
component linearity problems. When
these problems are solved, fiber opties
will equal or surpass coax in channel
capacity. The optical/electrical conver-
sion step adds to the cost of fiber
optic systems but they have the ad-
vantage of a much greater distance be-
tween repeaters.

Terrestrial and satellite microwave
systems are used for wideband com-
munications. This usage is expected to
increase over the next several vears, as
data transmission and video tele-con-
ferencing increase. Kven paired cable
can support 1.5 megabit per second
transmission, as in T-1 systems.

Against this background of compet-
itive services, CATV entries have been

Figure 5. Transmission Facility vs Broadband Capability.
1
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more of an exploratory nature than an
attempt at market penetration.

QUBE Experiment
A typical example is Warner Com-
munications Company’s QUBI experi-
ment in Columbus, Ohio. The QUBLS is
a two-way system wherein subscribers
use simple, hand-held transponders to
reply to opinion-type questions.
Frequency shift keyed, sub-channel
modems are used to send the eight-bit
word replies. lxtra reply capacity is
available for additional service such as
meter reading, burglar and fire alarms,
ete... but is not presently being used.
Responses are collected by com-
puter polling. The station reply also
provides information as to whether the
TV set is on or off, the channel being
viewed and the received signal Jevel,
Warner’s system is bidirectional. A
30-channel, addressable couverter, a
head-end controlled descrambler and a
reply encoder are located on the cus-
tomer’s premises. The downstream
path uses the 50-300 Mllz spectrum
and the upstream path uses the 5 to 30
Mllz portion. “Pay-view” service is
available. Experts believe the “QUBE”
approach will be adopted by other
CATY opcrators.

Rippling River Project

Rippling River is a planned com-
munity and convention center near
Wemme, Oregon. Eventually, 980 resi-
dential  units  will be constructed.

Individual residences will be equip-
ped with CATV controllers. Four and
cight unit condominiums  will be
served by a more sophisticated con-
troller. The CATYV system will offer:

1. TV and M broadcasting including

five off-the-air channels and a satel-
lite channel.

o

. |’ay-pcr-vi«‘w. premium movies, via
satellite.
3. Security system including:  entry

alarms. fire  alarms, cmergency
alerts and a light cycling outlet,

1. Energy conservation including:
temperature turndown, water-heat-
er control. sprinkler controls and

load leveling.

Other services provided are a message
waiting light system for rented rooms
and a Closed-Cireuit-TV  surveillance
system  covering the goll courses,
swimming pools, tennis courts and
night-parking areas. The system design
calls for an emnergency standby power
system with a minimum capacity of
four hours operation.

Home Terminals

Industry experts are predicting that
the 19807 will be the introductory
period for home terminals. The major
growth in this market will be coupled
to the growth of cable television. llow-
ever, a large market will also develop
around information retrieval systems
using the dial telephone network or
similar services provided by specialized
common carriers.

Figure 6 shows a design for a sub-
scriber terminal {or use with a coaxial
cable or optical fiber system. The fig-
ure shows scparate blocks for each
function but many of these wonld be
combined by very large scale inte-
grated cireuits. Microprocessors  and
codecs would be used extensively.

Video Teleconferencing
Video teleconferencing is another
potential market for CATV. Confer-



Figure 6. Subscriber Terminal,

ence sites within a 50 mile radius
could be linked by a combination of
cable and terrestrial microwave facili-
ties, including mobile stations.

Distant sites could be linked by
satellite. Teleconlerencing video could
he  transmitted simultaneously with
trans-

cntertainment  video or  the

ponders could be used for teleconfer-
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encing during the hours when they are
not relaying entertainment,

The teleconferencing video could
be relayed from the receive only earth
station to the conference sites by port-
able microwave. As far as the satellite
portion is concerned, the networking
cost is independent of the number of
conference sites,
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RCA has conducted teleconferenc-
ing tests between San Franciseo and
Anchorage with receive only participa-
tion at locations in Montana and
Nevada, Video teleconferencing with
two-way video for ecach conferenee
point is expensive. Up-link  transmis-
sion ix costly in itself and additional
expense is incurred because a terrestri-
al link is wsually required to conneet
the conferenee site to the updink site,

Bandwidth requirements  are  an-
other limiting factor on the use of
high-quality color video for teleconfer-
encing. Today s ordinary satellite tech-
nology requires the use of an entire
transponder  for each  direction  of
transmission. This is the equivalent of
1500 voice eireuits. Black and white
television requires about one half the
bandwidth of color. Slow-scan tele-
vision requires  even less. However,
these last two types ol transinission,
particularly slow-scan. have not gained
widespread user aceeptance.,

Several research and development
efforts are in progress to provide qual-

ity color video transmission with a
substantial reduction in bhandwidth.
Generally, these efforts involve digital
encoding and compression techniques.

The use of CATV satellite facilities,
with video origination at one or two
locations and two-way audio between
all sites. is a possible alternative to cur-
rently available video teleconferencing
systems. The andio transmission conld
use any combination of the wide vari-
ety of available telecommunications
svstems. Security bevond  simple
serambling is required.

The CATV industry is in an expan-
sion mode. Cable svstems operators,
transmission systems operators, equip-
ment manufacturers and program sup-
pliers are all enjoving a booming busi-
ness. This situation could well con-
tinue through the mid-1980s.

The Demodulator will continue to
monitor this industry and report de-
velopments.  [n particular, a more de-
tailed discussion  of  wideband sub-
seriber services will be presented in the
near future.

- ———-a—————————

We would like to express our sincere appreciation for the expert help we re-
ceived while writing the CATV articles. Mr. Joseph Van Loan, Director of
Engineering for Viacom Cablevision and Mr. David J. Large, Engineering
Manager, Gill Cable TV, were particularly helpful.

Mr. Van Loan contributed substantially to the discussion of amplitude-
modulated, microwave links presented in the first article. Mr, Large contri-
buted substantially to the discussion of Gill's facilities and graciously granted
us permission to excerpt a paper he presented at the Wescon Professional

Program in San Francisco.

We also want to thank the engineering staff of Teleprompter’s CATV facility
at El Paso, Texas and the entire staff of Sylvania Cable Television, also in

El Paso.
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The GTE Lenkurt Demodulator is circulated bimonthly to selected technicians, engineers and
managers employed by companies or government agencies who use and operate communica-
tions systems, and to educational institutions, Permission to reprint granted on request.
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