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ABSTRACT 

Pay-Per-View video programning has become a 
new source of revenue for cable operators. To 
achieve maximum potential, a true, low cost two­
way impulse delivery system is needed. Two-way 
cable systems are the most economical method to 
supply this need. However, minimal reverse cable 
plant rnaintainance results in significant ingress 
and impulse noise that can hinder two-way data 
communication. The communication system must be 
rugged and reliable to work in such an 
environment. A low cost, coherent PSK system has 
been developed and field tested. Results indicate 
that field performance correlates within 1-2 db of 
white noise tests done in the lab. Also, a safety 
"margin" of greater than 24 db has been observed 
in the field. 

INTRODUCTION 

With the advent of satellite delivery Pay­
Per-View (PPV) programming, the need for a low 
cost, true impulse delivery system now exists. 
Two-way cable represents the least expensive 
method of providing this service. However, the 
typical cable system's reverse plant has 
significant noise and ingress problems. This is 
the result of normal forward plant maintainance 
and minimal reverse plant maintainance. Upgrading 
these reverse plants to video quality levels is 
prohibitively expensive. However, a low cost data 
communication system has been designed to operate 
reliably in such a system and has been 
successfully field proven. 

TYPICAL TWO-WAY REVERSE PLANT CHARACTERISTICS 

A brief description of return plant 
characteristics is necessary before going into 
two-way cable data communication performance. A 
more detailed description of these characteristics 
can be found in Ref. l. 

There are five major degradation 
characteristics of a return plant: white noise, 
ingress, common mode distortion, amplifier 
nonlinearities and impulse noise. 

White noise is the thermal noise generated by 
a 75 ohm termination. In a two-way cable plant, 
the headend is the focal point for all signal 
sources, including white noise from all the 
terminations and return amplifiers. All the noise 

is "funnelled" into the headend. This "noise 
funnell ing" increases the thermal noise measured 
in the return plant at the headend. This noise 
can be found by using equation 1 assumming a 0 db 
system. 

WN floor (dbmv)=-59+10log(BW/4MHz)+nf+l0log(N) (l) 

where 
-59 

BW 
nf 

N 

= noise generated by a 75 ohm resistor 
in a 4MHz bandwidth, in dbmv 
bandwidth other than 4MHz 
amplifier noise figure (assuming 
the same for all amplifiers). 
total number of amplifiers in 
the cable system 

Ingress is defined as unwanted external 
signals entering the cable plant at weak points in 
the system with the most common weak points being 
drops and faulty connectors. Common ingress 
sources are amateur radio operators, citizens band 
operators, local AM braodcasts and local and 
international shortwave. Figure 1 is a plot of 
reverse plant ingress of an existing cable plant. 
The cable plant has 31,000 subscribers and 2312 
amplifiers. The solid bars indicate shortwave 
bands; the crosshatched bar citizens band; the 
diagonal bars amateur radio bands; and the dotted 
bar AM broadcasts. The white noise floor using 
equation 1 and 100KHz BW is -31 dbmv. 
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Fig 1 Reverse plant ingress of an existing cable 
system that has 31,000 subscribers and 2312 
amplifiers. 
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Common mode distortion is the result of 
nonlinearities in the cable plant that are not due 
to active devices but rather to passive devices. 
The nonlinear function is generated by corrosion 
in connectors, and results in a weak diode effect 
that creates distortion products. The forward 
plant contains many video channels separated by 6 
Mhz. The nonlinear effect of these "diodes" causes 
sum and difference frequencies; the sum 
frequencies fall into the forward plant's spectrum 
while the difference frequencies fall within the 
reverse plant's spectrum. Therefore, the reverse 
plant wi 11 have these products at 6, 12, 18, 24, 
and 30 Mhz. 

Amplifier nonl ineari ties, although not very 
cornnon, occur when marginally stable amplifiers 
are misterminated resulting in transmission line 
oscillations. 

Impulse noise is by far the most dominant 
peak source of noise in a return plant and it is 
caused by the presence of high voltage 1 ines at 
close proximity to the cable plant. Two kinds of 
impulse noise are caused by these high tension 
lines; corona noise and gap noise. These sources 
are primarily found on 300KV or higher lines and 
are random in nature. Weather conditions play a 
major role in the intensity of these noise sources 
with humidity being the prime factor. Corona 
noise is created by the ionization of the air 
surrounding high voltage lines while discharge or 
gap noise occurs when insulators break down 
creating a large spark or discharge. This occurs 
semi-periodically and takes on a sin x/x frequency 
distribution. Figure 2 shows a plot of impulse 
noise in the return plant at the headend of 
another cable plant. 

Fig 2 Impulse noise in the reverse plant of an 
existing cable system. 

TWO-~Y CABLE SYSTEM REQUIREMENTS 
FOR DATA~NICATION 

In 1 ight of the previous description of 
typical cable plants, the first major requirement 
for a data communication system is good noise 
performance. Noise performance is important in any 

252-1987 NCTA Technical Papers 

communication system. However, in the case of a 
two-way cable plant, the conditions can be severe 
due to the "noise funnell ing." Not only is white 
noise funnelled into the headend but ingress as 
well. Therefore, the data communication system 
must be extremely rugged and have good 
noise/interference performance. 

An advantage of two-way data communication on 
a cable system is that typical operation allows 
for data throughput to be less than 100% and still 
provide satisfactory performance. Return messages 
not received or received in error can be repeated 
automatically. This is true for either contention 
or polling systems. 

A second major factor is the cost of the 
equi[Xllent in the system. Obviously, the thousands 
of home terminal units (i.e. two-way, addressable 
decoders) connected to the cable system must be 
simple and inexpensive while the headend equipment 
may be more complex and costly. 

The reverse plant's spectrum is also 
important. Typically, the 5-30 Mhz return plant 
spectrum is divided into 4 video channels, 
T7,T8,T9,and Tl0. However, rarely more than two of 
these channels are ever used in the same system. 
This leaves sufficient roan for data communication 
channels, although this available bandwidth should 
not be wasted through indiscriminate use of the 
spectrum. Therefore, minimal bandwidth utilization 
for data signals is desired. 

Power levels of the signals on a return cable 
plant are required to be within certain ranges in 
order to not overload or "crossmod" the return 
amplifiers. This is especially important when 
there is video information being transmitted 
through the reverse plant to the headend. 
Typically, data signal levels into the input of a 
reverse plant 1 ine extender are 20-22 dbmv, in 
order to keep them 20 db down from any video 
signal carriers (40 dbmv). 

DATA COMMUNICATION TECHNIQUES 
FOR TID-WAY CABLE SYSTEMS 

Various techniques exist for digital data 
cornnunication on a cable medium. They are: 

l. Coherent PSK 
2. Noncoherent differential PSK 
3. Coherent FSK 
4. Noncoherent FSK 
5. Coherent ASK 
6. Noncoherent ASK 

Each of these techniques has advantages and 
disadvantages. In choosing which one to use, they 
must all be weighed against the particular 
requirements of a two-way cable system. Parameters 
such as signal power level, signal bandwidth, 
noise performance, and cost will determine which 
technique best fits the need of the cable 
environment. 



These six data communication techniques 
can be broken down into three categories and rated 
according to the requirements of a two-way cable 
system. Fig 3 (obtained from Ref 2) illustrates 
the comparison of these techniques. From this 
graph and the corresponding table, one can quickly 
draw same reasonable conclusions. 
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Fig 3 (a) Probabi 1 i ty of error curves for binary 
digital modulation schemes. (Note that the average 
signal power for ASK schemes is (A*A)/4 whereas it 
is (A*A)/2 for the others). (b) Table comparison 
of binary digital modulation schemes. (2*df=F2-Fl 
is the frequency shift and Fbit is the baseband 
data bit rate). Obtained from Ref 2. 

First, coherent methods of detection allow 
fo~ better noise performance at the expense of 
higher cost in the receiver. However, in two-way 
cable applications, the receiver is in the headend 
and cost is not as critical as it is for the 
transmitter in the home terminal units. Therefore, 
in terms of noise performance, coherent PSK has a 
great advantage over the other techniques. 

Secondly, the bandwidth requirement of FSK 
techniques is larger, due to nonlinear modulation, 
than PSK or ASK techniques that employ linear 
modulation. Not only does this take up more of the 
spectrum, but also allows for more ingress to fall 
within the signal bandwidth and degrade data 
throughput. Also, the phase linearity of the 
bandwidth-determining filter is more critical in 
FSK. Another aspect is that impulse noise, which 
is a prime source of ingress in a cable system, 
has an adverse affect on FSK systems since they 
~eal with the derivative of the phase function 
rather than with the phase function directly, as 
in PSK. Therefore, the cost savings of noncoherent 
FSK are cancelled by its larger bandwidth 
(equirements and poor performance in both white 
and impulse noise. 

Thirdly, in ASK techniques, signal level 
variation requires either the data decision levels 
to be varied or automatic gain control to be 
employed. This adds to the cost and complexity of 
the system and still gives relatively poor noise 
performance. In two-way cable systems, not only 
does the gain of the reverse plant vary with time, 
but the signal level from all the home terminal 
units will not be identical. On the other hand, 
PSK and FSK techniques allow for signal 1 imi ting 
since the data is contained in the carrier phase 
rather than in the amplitude. Consequently, gain 
or level variation is inconsequential for these 
techniques. 

Therefore, it can be cone 1 uded from the 
previous three points that the best technique for 
two-way cable data communication is coherent PSK 
since it offers the lowest bandwidth and the best 
noise performance. The cost of the home terminal 
unit's transmitter is low and the additional cost 
that is in the headend receiver is not 
prohibitive. Also, the superior performance in 
noisy cable environments allows for less effort 
and cost in the return plant's maintainance. 

NEW PSK DATA COMMUNICATION SYSTEM -- -- -- __.___ 

The two-way cable communication system used 
in the field tests employed binary coherent PSK 
techniques. The home terminal unit consisted of an 
addressable converter/decoder for reception of the 
forward plant's video and control signals and a 
PSK transmitter for transmission of digital 
information on the reverse plant. At the cable 
headend, a coherent PSK receiver was connected to 
the reverse plant's cable, which often consisted 
of multiple trunk lines. A computer was connected 
to the headend receiver for collection and 
statistical analysis of the received digital data. 
The computer also controlled the forward plant's 
data channel and video encoders. The cable systems 
themselves were typical two-way cable designs with 
trunk, bridger, and 1 ine extender amplifiers. A 
block diagram of the cable system test is shown in 
Fig 4. 

The home terminal uuit's transmitter is shown 
in Fig Sa. It can be seen that it is quite simple 
and straight forward, consisting of a crystal 
oscillator and a multiplier. This meets the 
requirement of low cost for the high volume home 
terminal unit. Another advantage of the PSK 
transmitter is that its linear modulation allows 
the signal bandwidth to be controlled by baseband 
filtering rather than by RF filtering. 

The headend's receiver is shown in Fig 5b. 
rhe receiver is more complex and sophisticated 
since it must employ coherent detection of the PSK 
signal. This means that the carrier must be 
regenerated from the incoming signal while it is 
being synchronously detected. In addition to 
amplification and narrow band filtering on the 
front end, the data packet must be detected and 
recognized in order to determine the beginning of 
the data as well as remove the phase ambiguity 

1987 NCTA Technical Papers-253 



that exists with all PSK systems. Packet 
detection is accomplished through digital 
correlation thus allowing accuracy and good noise 
performance. 
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Fig 4 Block diagram of a PSK data communication 
system connected in a typical cable plant. 
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Fig 5 PSK data communication system used in field 
test. 
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Error protection is employed through the use 
of acyclic redundant code (CRC) which flags all 
data packet messages that contain errors. No error 
correction is attempted since two-way cable 
communication systems are designed around 
repeating messages when errors occur. Finally, a 
<::omputer is used to analyze the data, providing 
the statistical information needed to characterize 
the data communication system • 

Additional parameters determine the 
communication system's performance. The carrier 
frequencies used were selected carefully by 
avoiding the known ingress frequencies and 
searching for "gaps" in the ingress spectrum. Two 
carrier frequencies were used in the field test; 
5.5 Mhz and 11.0 Mhz. These two frequencies fit 
well into the ingress spectrum and allow optiml1ll 
performance even when a minimally maintained 
reverse plant has severe ingress problems. 

The data bit rate was selected to be 45 
Kbi ts/sec. Since PSK is a 1 inear modulation 
technique, the bandwidth of the channel is equal 
to the bit rate. This determined the bandwidth 
required in the reverse plant's spectrum and in 
the headend receiver. A double-sided bandwidth of 
60 Khz was selected for the headend receiver. 
Regarding the bit rate, the trade-off was between 
faster throughput and lower bandwidth. Lower 
bandwidth not only has the advantage of conserving 
frequency spectrum but also of minimizing the 
chances of ingress falling within the data signal 
bandwidth. 

Signal levels on the reverse plant are of 
importance to the cable operator. When video 
sources are being transmitted along with the data 
signals, then data carriers should be small in 
order to avoid "crossmod" problems due to non­
linearities in the return amplifiers. However, if 
data carriers are too small, their performance in 
heavy noise or ingress will be degraded. These 
field tests were typically run with data cqrriers 
between 20-22 dbmv, which is 20 db below any video 
carriers on the reverse plant. It should be noted 
that when no return video services are offered in 
a particular cable system, these levels can be run 
higher since "crossmod" products 56 db down are 
not required for data communication as in video 
transmission. 

FIELD TEST RESULTS 

The two-way cable data communication system 
described above was taken to four different cable 
sites for system testing. Data signal levels from 
the home terminal unit were adjusted so that 
levels into a line extender on the reverse cable 
plant were 20 dbmv. Data packets were continually 
sent at a predetermined rate in order for the 
computer to calculate the statistical throughput 
of the system. Various conditions were simulated 
during the tests. In particular, the level of the 
data carriers was lowered in various increments 
unti 1 the overall system throughput was reduced to 
90% (i.e. 90% of the data packets were received 



without error). Operation of the PSK communication 
system with this reduced data carrier level then 
provided a performance "margin" for the cable 
system based upon actual system noise/ingress 
levels. 

Test site #1 had about 15,000 subscribers on 
the two-way plant, which consisted of three 
trunks. An FSK security system was already in 
service. 

Fig 6 shows the entire reverse plant 
spectrum, while Fig 7 shows an expanded view of 
the two data channels. Notice that the C/N around 
the two carriers is about 50 db while the C/N at 
the high end of the reverse plant's spectrum is 60 
db. The presence of impulse noise can be seen in 
both data channels with greater Clllounts in the 5. 5 
Mhz channel. The overall noise/ingress is snall 
since the average of the ingress peaks are greater 
than 30 db below nominal data carrier levels. This 
is an indication of a well-maintained system which 
is necessary when FSK data carriers are present or 
when video signals need to be transnitted back to 
the headend. 

-~.., 

26 .... -- Ulll!l. 

d/0.,. 

$ .. . , .. ~ I"" ...... \• 

~ ~~ ~ 1 r·~- , ...... - -.t 

~ IV "'JI \.)... .... ~~ J ., .... 
0 ... .. .. • J.7 !It 

Fig 6 Reverse plant spectrum at Site #1. 
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Fig 7 (a) Expanded view of 11 Mhz channel of Site 
#1. 
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Fig 7 (b) Expanded view of 5.5 t1hz channel of Site 
#1. 

The ingress that is present is the usual 
AM broadcast, amateur, and international 
shortwave bands. Also, impulse noise was present. 
The throughput under these conditions was 100%. 
Under these plant conditions, the data carriers 
were then lowered to 30 db below nominal level and 
Fig 8 illustrates that the throughput was over 
97%. 

Rec"d Good ~/ Cu•No! .. 
Ch .S.nt Rec"d lad ~ /Sent /S.nt lhc:"d Signal lloi.. /No1ae 
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Fig 8 Throughput results at Site #1 with carrier 
levels 30 db below nominal_ 

An overnight run with the data carriers 
reduced to 46 db below their nominal levels was 
also performed. Fig 9, which displays the reverse 
plant's spectrum, indicates that the impulse noise 
has increased substantially, but more so at the 
lower frequencies. The results, shown in Fig lliJ, 
indicate that 94% of the total data packets were 
received without error. However, the 5.5 Mhz 
channel throughput was reduced to 88.5% while the 
11 Mhz channel was still greater than 99%. This 
difference is due to the greater impulse noise in 
the 5.5 Mhz data channel. 

After further testing, it was determined that 
a throughput of 90% could be maintained with the 
data carriers reduced by 47 db. Therefore, the 
"margin" of this particular cable system was 
approximately 47 db. 
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Fig 9 Reverse plant spectrum, with impulse noise, 
at Site #1. 
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Fig 10 Throughput results at Site #1 with carrier 
levels 46 db below nominal. 

Test site #2 had approximately 15,000 
subscribers on the two-way plant. Four trunks, 
carrying all the plant's signals, were combined 
together in the headend. Fig 11 illustrates the 
two data carriers, some security data carriers (24 
Mhz) and the reverse plant's noise/ingress. The 
ingress can be seen to come up to within 20 db of 
the nominal carrier levels. 

The throughput under these conditions was 
100% since the carrier-to-noise (C/N) in the 60 
Khz bandwidth was better than 35 db despite the 
heavy ingress. Fig 12 illustrates this relatively 
good C/ N at 5.5 Mhz and 11 Mhz while the common 
mode distortion at 6 Mhz and 12 Mhz is noticeably 
large. Fig 13 shows the reverse plant with the 
data carriers reduced by 20 db. However, the data 
communication system still had an a v erage 
throughput of 97% at this reduced level. 
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Fig 11 Reverse plant spectrum at Site #2. 

(a) 

(b) 

Fig 12 (a) Expanded view of 11 Mhz channel at Site 
#2. (b) Expanded view of 5.5 Mhz channel at Site 
#2. 



Fig 13 Reverse plant spectrum at Site #2 with 
carrier levels 20 db below nominal. 

It was further determined that a throughput 
of 90% could be maintained with data carriers 
reduced by 30 db. Therefore, a "margin" of 30 db 
was given to this systan. 

Test site #3, a relatively new system, had 
about 3,000 subscribers on the two-way plant. 
The reverse plant was balanced and initially had 
low levels of ingress, 25-30 db below nominal 
carrier levels. However, some corona impulse noise 
was noticed on the plant. Under these conditions, 
it was found that 100% of the data packets were 
received without error. 

An overnight test was performed with the data 
carriers reduced to 30 db below their nominal 
levels. Fig 14 illustrates the reverse plant's 
spectrum for the evening and next morning. Note 
how the noise/ingress changed greatly during the 
night (by as much as 30 db) yet the 
throughput,shown in Fig 15, was 99%, even with 
carriers reduced by 30 db. Throughput remained 
constant through the night even though the 
noise/ingress varied greatly. This is due to the 
C/N in the two 60 Khz data channels changing very 
little (less than 2 db). 

Fig 14 (a) Reverse plant spectrum at night at Site 
#3. 

Fig 14 (b) Reverse plant spectrum next day at Site 
#3. 
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Fig 15 Throughput results at Site #3 with carriers 
30 db below nominal. 

A second overnight run with the data carriers 
43 db below nominal produced a throughput of 97%. 
Further tests indicated that a "margin" of 46 db 
(for 90% throughput) existed in this two-way cable 
system. 
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Test site #4 was about seven years old and 
had about 30,000 subscribers on its two-way plant 
with five trunks feeding the headend. The reverse 
plant had been maintained for 1200 security boxes. 
The plant had significant ingress as seen in Fig 
16 where the peak of the ingress came within 15 db 
of the nominal data carrier levels. Also, some 
noticeable CB interference was observed. Under 
these conditions, the throughput of the PSK data 
communication system was found to be 100%. 

Fig 16 Reverse plant spectrum at Site #4. 

A test was performed with the data carriers 
26 db below their nominal levels. Fig 17 shows 
that an average of 74% of the data packets were 
received without error. However, it should be 
noted that the 5.5 Mhz channel throughput is 
significantly less than the 11 Mhz channel 
throughput. Fig 18 reveals that the reverse 
plant's spectrum has a "canb" structure at the low 
frequency end (4-8 Mhz) and that the 5.5 Mhz 
channel did indeed have a lower C/ N ratio than the 
11 Mhz channel. It was subsequently found that a 
trunk amplifier had been osc i llating in the form 
of a pulse regenerative oscillator. 
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Fig 17 Throughput results at Site #4 with carriers 
26 db below nominal. 
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Fig 18 Reverse plant spectrum at Site #4 with 
carriers 26 db below nominal. Note "comb" 
characteristics in low frequency spectrum due to 
trunk amplifier oscillations. 

An overnight run with the data carriers 20 db 
below nominal was performed with results in Fig 19 
showing a throughput of about 90%. 'Ibis system had 
a significant amount of other ingress and comnon 
mode distortion that changed over time yet the C/N 
within the two 60Khz data channels changed only 
slightly thus allowing the data commun i cation 
system to perform very well. 
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Fig 19 Throughput results at Site #4 with carrier 
levels 20 db below nominal. 



After the oscillating trunk amplifier was 
replaced, a 4 db linprovement in system performance 
was observed. The "margin" for this test site was 
then determined to be 24 db. 

CONCLUSIONS 
The results of all the field tests were 

analyzed and canpiled. TWo basic conclusions can 
be made. 

First, the field tests demonstrated that the 
performance of the PSK data communication system 
worked well in the field and correlated very well 
against the white noise tests performed in the 
lab. Fig 20 is a graph of the system performance 
(throughput) at the four test sites over a variety 
of C/N ratios. It can be seen that there is a 1-2 
db degradation in the throughput at the test sites 
compared to the white noise test. The reason for 
this is that there is impulse noise in the field 
that has large peak power that can concam1nate 
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Fig 20 (a) Graph of 11 Mhz channel overall 
throughput versus C/N for all four test sites and 
white noise lab test. 

data but a low average power that does not show up 
in the C/N measurements. Therefore, the curve is 
shifted to the left of the white noise curve. 
This also explains why the throughput of the 5.5 
Mhz channel at Site ltl is noticeably lower; the 
signal 46 db below nominal was extremely small 
compared to the impulse noise present. Despite the 
existance of impulse noise, outstanding 
performance is still obtained. 

Second, there is plenty of safety ''marqin" in 
two-way cable plants for operation of PSK two-way 
data communication systems. The chart in Fig 21 
reveals the various "margins" in the four test 
sites described above. Factors that affect the 
margin are the amount of maintainance provided, 
the number of subscriber taps, the condition that 
the system is in, how well it was originally 
built, and the proximity of the ingress signals. 
Even in those systems where noise/ingress is 
severe, a 24 db margin is obtainable. Often, the 
margin is much greater. 
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Fig 20 (b) Graph of 5.5 ~1hz channel overall 
throughput versus C/N for all four test sites and 
white noise lab test. 
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By judicious selection of the PSK data 
comnunication parameters and carrier frequencies, 
large ''margins" of operation are obtainable, even 
in cable plants with minimal two-way maintainance 
and significant noise/ingress. 

This system has proven, in its largest 
installation to date, to be rugged and reliable. 
In three years of continuous operation in a 4500 
mile two-way cable plant, the system has been 
shown to be technically and economically 
successful. 
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Fig 21 Chart of four field test site margins. 


