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INTRODUCTION  

In CATV systems with augmented channel capacity, the local oscillator 
of TV receivers could cause interference between neighbouring subscribers 
(1, 2, 10, 11). 

The purpose of this report is to determine the probability of local 
oscillator interference on cable systems. 

. In order to adequately protect neighbouring subscribers, isolation 
standards were established for the operators of CATV systems (3) and 
standard 'for minimum local oscillator level are being implemented. 

In this document, the parameters having an influence on the probability 
of local oscillator interference are identified and the extent of their 

influence is carefully evaluated. Only the parameters having a significant 
effect are considered. The probability of occurence for each of the 
parameters under consideration is then calculated. Reliability system 
analysis and iteration techniques are employed to obtain the maximum 
probability of local oscillator interference (4, 5). A computer program 
was written for the purpose. 

The impact of this interference problem  on. the  overall quality of 
service that can be provided with existing equipment is evaluated  and  
conclusions and recommendations are drawn up. 
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CHAPTER I  

PARAMETERS INFLUENCING riag OCCURENCE OF LOCAL OSCILLATOR INTERFERENCE 

In order to be able to evaluate the probability of local oscillator 
interference as correctly as possible, the various parameters bearing of 
it were identified and the extent of their effect was evaluated. The following 
is a list of the most important parameters: 

A) Level of local oscillator 

B) Isolation 

C) Susceptibility of the receivers 

D) Receiver type 

E) Level of cable signal 

F) Channel selection 

G) Viewing habits of the subscribers 

H) Proximity of the subscribers' receivers 

I) Quality factor 

J) Chance and wearout failure of the receivers 

K) Chance and wearout failure of the taps 

The above parameters had to be expressed in a form amendable to 
probability analysis, leading to the evaluation of the probability of 
local oscillator interference. 

A) Probability function for the level of local oscillator (PLOL): 

This function is defined as the "a priori" probability that 
the local oscillator level is more than what is defined as 
necessary to have the onset of interference. 

B) Probability function for the isolation of the subscriber (PISO): 

This is the "a priori" probability that the isolation is less 
than the minimum needed to protect the subscriber from local 
oscillator interference. 

/3 
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C) 

	

	Probability function for the susceptibility of the receivers 
(PTVS1, PTVS2): 

This is the "a priori" probability that the susceptibility 
level of the receivers is greater than what is required to 
just protect the subscriber from local oscillator interference. 

D) Receiver type (p
1 , P2' P3):  

The receiver set population of the cable system is composed of 
three type of sets; 	cable compatible receivers, receivers 
using a converter and standard receivers. The percentage distribu-
tion of each type is expressed as a probability function,. 

E) Probability function for the level of cable signal (PSL): 

This is defined as the "a priori" probability that the level of 
cable signal is less than the minimum required to protect the 
subscriber from local oscillator interference. 

F) Channel selection function (P
1' 

P
2' 

P3'
P4, P5' P6 ): 

A function defined as the probability of listening to an 
affected channel while the neighbouring subscriber is watching an 

interfering channel and vice-versa. 

G) Viewing habits of subscribers (PVH): 

This parameter is defined as the probability that two neighbouring 
subscribers are watching TV at the same time. 

H) Proximity of the receivers (PN): 

This parameter is accounted for by evaluating the probability that 
two subscribers are situated close enough to each other to experience 
local oscillator interference. 

I) Quality factor (FQ): 

This parameter, expressed in dB's, is defined in order to take 
into account the level of local oscillator interference that an 
average subscriber would be able to tolerate. It is not expressed 
as a probability function. Variations in the probability of local•
oscillator interference are observed when the tolerance level is 
modified. 

J) Chance and wearout failure of the receiver: 

This parameter could be expressed as the probability that, over thé 
years, the receiver will obey the original "W" curve and therefore 
maintain its susceptibility level. The same considerations can ,apply 
to the local oscillator leakage level available frOm the TV sets. 
Since such data are unavailable and since it is a second order effect, 
it was not considered in this analysis. 

. /4 



K) 	Chance and wearout failure of the taps: 

This parameter is defined as the probability that over the years, 
the taps will keep obeying the original probability distribution 
and maintain their specified isolation level. Data are not 
available on this parameter and since it can be considered a 
second order effect, it was ignored. 

•  The last two parameters were considered because the TV receivers and the 
taps are two components of a CATV system having a direct effect on local 
oscillator interference, but little or no maintenance action are devoted to 
them by the system operator. Therefore, their influence on the probability 
of local oscillator interference must be studied very carefully. 

In the second chapter, the mathematical techniques employed to evaluate 
the probability of local oscillator interference using the parameters described 
above will be explained. 
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• CHAPTER 2  

EVALUATION OF THE PROBABILITY OF 0OCURENCE 

Since the parameters affecting the probability of L.O. interference 
were defined in a way that lifted most of their interdependance, standards 
reliability analysis techniques can be employed in the evaluation of the 
probability of local oscillator interference. An interference event is 
occuring when a subscriber can observe local oscillator interference while 
watching a 30 minutes program. Therefore, the interference event could 
last up to but not more than 30 minutes. 

The model that was studied included only two subscribers. Interactions 
between three or more subscribers were not considered. Intuitively, one 
can come to the conclusion that  the  size of the system should not have any 
effect on the probability of local oscillator interference. However, as 
shown latter, it will have an effect on the count of local oscillator 
interference events. Where assumptions were necessary in the evaluation 
of the parameters entering in the analysis, worst case estimate were made. 

Follming measurements as well as theorical considerations, the density 
functions of each of the probability function were obtained (6). All 
distributions are Gaussians. The random variable of the distribution 
function for the following parameters; level of local oscillator, isolation 
of the subscriber and level of cable signal, were assigned selected levels. 
These levels were defined as the level at which we want to calculate the 
probability of local oscillator interference. This iterative technique led 

to the determination of the maximum probability of local oscillator 
interference. For the susceptibility of the receiver, the value of the 

random variable that could bring the onset of local oscillator interference 
was calculated using the following equation: 

TVS . LOL - SL - FQ - ISO 	(1) 

TVS . Susceptibility of the receivers that will bring the onset 
of local oscillator interference. 

LOL = Level of local oscillator at the onset of local oscillator 
interference. 

. SL = Level of cable signal at the onset of local oscillator interference. 

FQ . Quality factor. 

ISO = Isolation of the subscriber at the onset of local oscillator 
interference. 

The quality factor can be assigned any value up to 5 dB, Which was 

evaluated at the maximum amount of picture degradation that a non-trained 

'observer would tolerate. 

. . . /6 



The receiver susceptibility was selected as the dependant variable in (1) 
because it is the only element of the system over which CATV operator has 
little or no control. It is possible for the operator to adjust signal 
levels, change taps or drop linesin order to correct interference problemà 
but he has no control over the receiver. Any of the other parameters could 
be selected as the independent variable but the maximum probability is 
expected to be the same in all cases. 

Since there are three different types of receivers, many channels 
interfering/channels affected combinationswill exist. It is therefore 
necessary to determine the probability that each of the two subscribers in 
the model will have a given type of receiver. A multinomial distribution 
is employed for the case of two subscribers with three different types of 
TV receivers,uniformely distributed throughout the system. 

In order to have interference, one subscriber must listen to an 
interfering channel while the other is listening to an affected channel. 
This channel selection probability function is evaluated using standard 
combinatorial analysis techniques. It is a rather complex function 
agglomorating the receiver type probability function and the probability 
function for the susceptibility of the receiver. It depends on the type 
of TV receivers, the number of channels available on the cable system and 
the susceptibility of the receivers*. 

The probability that the two neighbouringsubscribers are watching TV 
at the same time is difficult to evaluate. Studie s .  have shown that the 
average Canadians is watching television for 3.5 hours every day‘ If we 
assume that for five of these period, both subscribers are watching TV at 
the same time, we obtain that the probability of watching TV at the same 
time as the neighbouring subscriber is .71. However, for a worst case 
evaluation, this probability was set to 1.0. So far, we have considered 
that the two subscribers are situated close enough to be able to interfere 
with each other. In a real system, not all subscribers can interfere with 
each other. However, in the analysis, although a two subscribers model 
is used, the probability of occurence that is obtained applies to single 
subscriber and not to a couple. Therefore, we need to know.the fraction 
of the population of the system that is in a position to experience and 
cause interference. This is a quantity difficult to identify. For a worst 
case situation, this probability function is set to 1.0, meaning that each 
and every subscriber in the system can cause or experience interference. 

Three distribution functions for local oscillator leakage level were studied: 

- distribution function for TV receivers manufactured up to 1976 
- distribution function for TV receivers manufactured after 1976 
- distribution function for the combination of all above mentioned data. 

* Note: See Appendix A and C 
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For each case, a different distribution of the three types of TV 
receivers were assumed. They are listed in Table 2.1. The distributions 
of the receivers are expected to be typical representations of CATV systems, 
before 1976,nowadays and after 1980. The receivers distribution were somewhat 
biasedtowards a large number of standards and cable receivers in order to 
maintain a worst case estimate. The density functions for isolation, 
susceptibilities and cable signal level remained the same for all types of 
local oscillator level distribution function. 

TABLE 2.1  

Distribution of the TV receivers 

LOCAL OSCILLATOR 	PERIOD REPRESENTED 	CABLE 	CONVERTER 	STANDARD 
LEAKAGE DATA 	BY THE DISTRIBUTION 	RECEIVER (%) 	RECEIVER (%) 	RECEIVER (%) 

Up to 1976 	Prior to 1976 	0 	30 	70 

After 1976 	After 1980 	10 	70 	20 

Combination of 	Nowadays 	5 	50 	45 
all above data 

The characteristics of all the density functions are summarized in Table 2.2 

Other operating conditions were as follows: 

- Thirty-five (35) operational channels are available on the cable and 
converter type receivers. None of the channels are off-set. 

- Twelve (12) operational channels are available on the standards receivers. 

- The probability of selecting any of the 35 channels was assumed to be 
uniform. 

- The interference to FM signals was not considered. 

- Interference due to second harmonics of local oscillator was not 
considered. 

Figure 2.1 is the block diagram showing how the probability function just 
described are treated to obtain the overall probability of local oscillator 
interference. The details of the analysis are given in Appendix I. The 
probability of local oscillator interference (PX) is obtained by multiplication 
of the series elements and addition of the ones in parallel. An iteration 
process led to the maximum value of the probability function. A computer program, 
listed in Appendix B, was written for the evaluation of the probability of 
occurence under varying operating conditions. 

• • • /8 



8 

TABLE 2.2  

Characteristics of the density functions associated with 
the parameters controlling local oscillator interference 

DENSITY 	 MEAN 	 STANDARIOr.DEVIATION 

FUNCTION FOR: 	 - a- g 

Local oscillator 
level 
Before 1976 	-14.7 	14.8 
After 	1976 	-24.0 	11.8 
Combination of 	-19.1 	13.5 
all data (nowadays) 

Isolation 	30 	 5 

Susceptibility 	-46 . 	4 
for Channels 
A and B 

Susceptibility 	-55 	4 
for all other 
affected channels 

Cable signal 	6 	5 
level 
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CHAPTER 3  

RESULTS'AND DISCUSSION  

A large number of measurements were taken, over a period of eight years, 
to evaluate the level of local oscillator leakage in TV receivers. The 
characteristics of the density functions associated with the measurements, 
grouped by year of receiver fabrication, channel type, etc., are summarized 
in Table D.1 of appendix D. Figure 3.1 shows clearly a large decrease of the 
mean of the local oscillator density functions over a period of about seven 
years. Mànufacturers of TV receivers managed to significantly reduce local 
oscillator leakage. Based on the local oscillator data, three types of cable 
systems were defined and studied. 

'System of type "A"  

Data taken on TV receivers built before 1976 were taken to represent a 
system operating about the middle of the seventies and having a distribution 
of standard, cable compatible and converter receivers representative of such 
a period of time. 

System of type "B"  

To simulate a typical contemporary system, local oscillators data for 
TV set manufactured before and after (including) 1976 were compiled. The 
system was analysed for a typical distribution of TV receivers. 

System of type "C"  

To represent a cable system operating in the eighties, local oscillator 
data for 1978 TV receivers were utilized. The distribution of the three types 
of TV receivers in such a cable system was obtained by taking into account the 
trend towards an increase in the use of set-top converters. 

For each of the three types of systems, the maximum probability of local 
oscillator interference was evaluated. For instance, when studying Table 3.1, 
one notices that the probability of occurrence decreased by more than three times 
when comparing a system operating in the mid-seventies with a system of the 
post 1980 era. However, the number indicating the probability of interference 
does not give much indication about the impact of local oscillator interference 
on the quality of the signal in a cable TV system. Also, it is rather difficult, 
using only the probability of interference, to evaluate the degree of improvement 
obtained with the lowering of local oscillator leakage. 

Therefore, extra functions were derived from the probability of occurrence. 
They are, the long term probability, the mean time between failure, the mean 
number of days between failure and the number of events. 

. . . 11 
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The maximum probability of local oscillator interference (PX) has been 
defined as the "a priori" probability of having an interference event. In 
cther words, this is the probability that at any given instant, any subscriber 
in any system of any size will observe interference effects while watching 
television. The long term probability (PLT) is the probability that one 
subscriber will observe one, two, three... etc., interfering events in a 
given period of time. As in the case of PX, this probability applies to one 
subscriber only, but the long term probability introduces the concept of 
period of operation of a cable system by considering the time spent by the 
subscriber watching television every day. 

In the evaluation of the number of interfering events or outcomes, the 
number of subscribers, i.e. the size of the system, must enter into the 
calculations. Therefore, it is a function describing the behaviour of a 
complete system of a given size. 

When proper debugging of the components is practised and good maintenance 
procedures are in effect, a cable TV system will be kept, throughout its 
operational life, in a condition where only chance failures can occur (4). 
Then, it is reasonnable to assume that for the failure condition of local 
oscillator interference, the exponential function of change failure would 
apply. 

-At 	-t/m R(t) 	e 	e 

Where 

R(t) = probability of survival function (or reliability) 

It is important to remember that the time d eis not a measure of the 
calendar life or the total accumulated operating life of the system since it 
began service. It applies only to the hours of any arbitrarily chosen 
operating period of time, regardless of how many hours the system has already 
been in service before the beginning of the operating period of time. In the 
exponential case, the mean time between failure or MTBF is 

m 	MTBF* . 1 

where A = failure rate ( = constant) 

The knowledge of the mean time between failure is very useful in 
reliability work since it can often be measured and it defines completely 
the reliability of systems during their useful life. It represents the 
statistical mean time at which failure occurs. However, for an operating 
time t = MTBF, there is a probability of 63.2% (or approximatively 63%) to 
have the occurrence of local oscillator interference. Since the probability of 
interference PX is utilized in the evaluation of the MTBF, the latter is the 
mean time between interference events observed by each and every subscribers. 

* Note: Since we are studying systems where maintenance is taking place, the 
mean time between failure (MTBF),  as.  opposed to mean time to failure 
(MTTF), is considered, the latter applying for case where no repairs 
are beihg performed. 

. . . 13 
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TABLE 3.1  

Summary of Results  

NID 
SEVENTIES 	NOWADAYS 	POST 1980  

Quality Factor (FQ) 	OdB 	5dB 	OdB 	5dB 	OdB 	.5dB 

Reliability (%) 	99.882 	99.922 	.99..895 	99..938 	99.954 	99.976 

Probability of L.O. 	11.8 x 10 	7.8 x 10-. 	10.5 x 10- 	6.2 x 10- 	4.6 x 10- 	2.4,x 10-  
Interference  (Px) 

Long term probability . .222 	.155 	.194 	.124 	.093 	.05 
(PLT) 

MTBF (hours)* 	424 	634 	478: 	806. 	1087 	2058 

Number of events 	1255 	839 	1112 	660 	490 	259 
(NE)* 

Number of days between 	121 	181 	137 	230 	311 	588 
interference 

Operating conditions at the onset of interference for maximum prdbability of interference 

!Local oscillator 	-5 	-5 	-10 	-5 	-15 	-10 
level (LOL) dBmV 

Signal level (SL) 	10 	9 	9 	9 	8 	8 
dBmV 

Isolation (ISO)dB 	34 	32 . 	32 	32 	30 	30 

Probabilities associated with parameters affecting the probability of occurrence 

1 	 - 	- 	 - 
TCS 	6.7.x.10 3  6.1 x 10 	8.7 x 10 	8.7 x 10

-3 	6.3 x 10 	6.3 x 10 

PTVS1 	.227 	.1056 	.1056 	.1056 	.04 	.04 

PTVS2 	. 	.933 	.841 	.841 	.841 	.69 	.69 

PLOL 	.272 	.272 	.272 	.15 	.223 	.118 

PISO. 	.788 	.655 	.655 	.655 	.5 	.5 

PSL. 	.788 	.726 	.726 	.726 	.655 	.655 

* For a system of 10,000 subscribers and operating for one  month. 

.14 
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From the MTBF, the mean number of days is easily obtained and, like 
the former, it describes . the statistical  nimber of days between interfering 
events observed by a subscriber. 

The results are summarized in Table 3.1 along with the operating 
conditions and the probability associated with each parameters bearing on 
the probability of occurrence. Table 3.1 shows clearly that the probability 
PCS, representing the probability of listenning to an affected.channel, is 
the one having the greatest influence on lowering the overall probability 
of interference. It is also the parameters over which the cable operators 
has practically no control. The  operating.  conditions of Table 3.1 are the 
minimum (or maximum) levels for which the probability of occurrence is 
maximized. 

To study more closely the behaviour and trends of the probability of 
interference, the system of type "B", i.e. the contemporary system, was 
selected. 

Figure 3.2 illustrates the change in the probability of occurrence vs. 
a function representing the probability associated with local oscillator 
level, L(LOL) and the isolation of the subscriber, I(IS0). More specifically, 
it is the level of local oscillator leakage and the isolation of the subscriber, 
represented as a probability function. The functions L(LOL) and I(ISO) do not 
represent the absolute value of the local oscillator level or the isolation 
of the subscriber. It is an arbitrary function that allows an easy and practical 
comparison of the effect of the probabilities associated with local oscillator 
and isolation level on the probability of local oscillator interference. 
Figure 3.2 indicates that the probability of occurrence is varying somewhat 
more rapidly with L(LOL) than I(IS0). Also demonstrated in Figure 3.2 is the 
effect of adding a quality factor of 5. dB. Although the mathematically "exact" 
evaluation of the probability of occurrence is represented by the case where 
FQ is 0 dB, the interference that would be noted by the subscriber is 
represented, for all intent of purposes, by the curve for FQ equal to 5 dB. 
Therefore, the results obtained for the case where the quality factor is 5 eB 
are a more realistic representation of the local oscillator interference problem 
as it affects the subscriber. Figure 3.3, as for Figure 3.2, was obtained 
for the case of maximum probability of occurrence. It also shows that the 
MTBF is more dependent on the function L(LOL) than on I(IS0). 

In Figure 3.4, the relationship between the number of days between 
interference events vs. L(LOL) and I(ISO) is represented. Since the number 
of days between interference events is obtained simply by dividing the MTBF 
by 3.5 hours (for 3.5 hours of TV viewing per subscriber, per day) the 
curves of Figure 3.4 is similar to Figure 3.3. Figure 3.5 shows the variation 
in the number of interference events vs. L(LOL) and I(ISO) for a system of 
10,000 subscribers in operation for about one month (1/12 of a year). A large 
reduction in the number of events can be observed when a quality factor of 5 dB 
is added. 

. . . 15 
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Figure 3.6, 3.7 and 3.8 are comparing the probability of occurrence, 
the number of interference events and the number of days between 
interference events for each of the-three.types of systems that were studied. 
When the three systems are compared, a rapid decrease in the probability of 
occurrence and in the number of interference events and a large increase in 
the number of days between interference is observed. It clearly indicates a 
very significant improvement in the reliability of the cable systems as the 
newer TV receivers are replacing the older one and as more converters are 
being installed. 

The variation of the probability of occurrence with the absolute value 
of local oscillator level was investigated. In order to obtain this information, 
the probability function associated with a given local oscillator level was fixed 
to unity. Therefore, if the local oscillator level is -10 dBmV, a probability 
of 1.0 means that there is a certainty that the leakage is -10 dBmV or more. 
All the remaining affecting parameters were still treated as a probability 
function. The same approach was taken to evaluate the variations of the 
probability of occurrence with the isolation of the subscriber. With such 
an approach the bell-shaped curves of the previous graphs are not possible, 
rather curves where the probability increases with increasing local oscillator 
leakage and decreases with the isolation of the subscriber are obtained. 

For comparison purposes, a common set of operating conditions was selected 
for the three types of cable systems being studied. The operating conditions 
are as close as possible to the conditions that are maximizing the probability 
of interference. They are: 

Quality factor: 5 dB 

Signal level : 9 dBmV 

Isolation 	: 30 dB 

Local Oscillator level: -10 dBmV 

The curves of Figure 3.9 showing the probability of occurrence, PXI, vs. 
isolation of the subscriber, clearly indicates a large reduction of interference 
with maturation of the cable systems. The probability decreased rapidly with 
increasing isolation, becoming very small for an isolation level of 35 dB. 

The variation of the probability of occurrence, PXL, with local oscillator 
level is presented in Figure 3.10. The probability levels at maxima which 
are different for each type of cable system. Interesting enough, the probability 
is . minimum for cable systems of type "A", the older systems, and maximum for 
type "B" systems, the contemporary systems, for future system, type "C", the 
probability decreases. By not treating the parameter local oscillator level 
as a probability function, the statistical reduction of leakage does not have 
any effect on decreasing the probability of occurrence. The parameter that 
was defined as the probability of listenning to an affected channel while the 
neighbouring subscriber is listenning to an interfering channel, Pcs, has now 
a dominant influence. Table 3.2 indicates that the probability PCS is minimum 
for type "A" system and maximum for type "B". All the others parameters being 
identical, the causes of the variations of PCS are the different distribution 

• • • 20 
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of cable compatible, converter and standard receiver among the cable 
systems, a parameter over which the operator of a cable system has no 
direct control. Also shown in Table 3.2 are the variation of the long 
term probability, PLT, and of the mean number of days between interference, 
ND, with local oscillator level. 

With system maturation, there is a net decrease of the overall 
influence of isolation on the probability of interference as indicated by 
the decrease in the steepness of the curves of figure 3.9. 

However, figure 3.10 seems to indicate that a reverse phenomenom 
applies in the case of local oscillator leakage. Figure 3.10 also indicates 
that the probability of occurrence becomes rapidly negligeable for all types 
of cable systems when the local oscillator level is less than -15 dBmV. 

. 24 



15 

o 
x 

• 
 - 

12 
1 

tu 

9 

re 
o 

6 

21 

18 

PROBABILITY OF OCCURRENCE VS ISOLATION FOR TFIREE TYPES OF 
CABLE SYSTEMS 

. 	 ; 

\ ' 

\  
\ \ 

\ \ 	 OUALITY•FACTOR 2  5dB 

\ \ 	 • 	 LOCAL OSCILLATOR LEVEL : 	-10 dBmV 

\ \ 	 SIGNAL LEVEL : 9 dBmV 

\ \ 
\ \ 

TYPE  

\ Y 
\ 
\\\ 
\\  
\\, 	 . 

TYPE 'S  

\ 
\ \ 
\\  

. 	 \\ 	

. 	 . 

\ \ 
\ 

\",\ 	

. 

. 	\\ 

. 	\\,‘  

\\ ' 

, 	 \`',,, 

\s.‘  
TYPE 'Cs 	 Ns,, 	

. 

\n,, 

. 	. 	 ',>, 
N.›.., 

:Is.. 
"..,_..„.. 	 . 

---.>., 
---2,..... 

—......,z.>„.....„...., 

5-0 
0

25 	 30 	 35 	 40 	 45 
ISOLATION OF THE SUSCRIBER ( dB) 

Fig. 3,9 Probability of Occurrence vs Isolation of the Subscriber forThree Types of Cable Systems. 



5.5 

-14.5 

a. 

ct 

o 5.5 

8 
0 

le 2.5 

Cjc 
a. 

1.5 

.5 

5 15 0 10 

PROBABILITY OF INTERFERENCE VS LOCAL OSCILLATOR LEVEL 

FOR THREE TYPES OF CABLE SYSTEMS 

QUALITY FACTOR i 5 dB 

• ISOLATION 1 30 dB 	 ' 

SIGNAL LEVEL! 9dBmV 	 • _ 

TYPE ° Bl.„ 

..--- ...- -- — 

..-••" 

	

•••••.. 	 TYPE °C I  
• 

/ 	 , 
. 	 . 	 % 

- 	 TYPE'A° 
\ 

	

/ 	 --- — --- — — — _ 
....-- 

/ 	 ..••••-•-' .- 

/ 

. 	 / 	
./ee•e 

	

/ 	  

/ 	0/ 

/ 

	

/ 	/ 	 . 

1/  

•

/1  

	

/ i/ 	 . 
, 

	

1/ 	 . 

1/  
// 

, 	-..'f' / 	1  
-35 	 -30 	 -25 	 -20 	 -15 	 -10 	 -5 

NI 
a‘ 	 LOCAL OSCILLATOR LEVEL ( dBmV) 

Fig. 3.10 Probability of Occurrence vs Local Oscillators Leakage for Three Types of Cable Systems 



TABLE 3.2  

SUMMARY OF RESULTS  

LOCAL OSCILLATOR 	NID  SEVENTIES 	NOWADAYS 	 AFTER 1980  
LEVEL 	PCS 	PLT 	ND 	PCS 	PLT 	ND 	' 	PCS 	PLT 	ND 
(dBmV) 	(x 10

-3
) 	 (x 10

-3
) 	 (x 10

-3
) 

-35 	•-• 0 	....0 	>10,000 	,-0 	.,,0 	>10,000 	----0 	--0 	>10,000 

-30 	--O 	-- 0 	>10,000 	---0 	.---0 	>10,000 	---.0 	,....0 	~210,000 

-25 	1.6 x 10
-3 

1.26 x 10
-4 

2.4 x 10
3 	

2.3 x 10
-3 

1.8 x 10
-4 

1.7 x 10
5 	

2.1 x 10
-3 

1.6 x 10
-4 

1.9 x 10
6 

-20 	.086 	6.6 x 10
-3 	

4,600 	1.22 	9.4 x 10
-3 

3,210 	.011 	8.5 x 10
-3 

3576 

-15 	1.1 	.082 	354 	1.6 	.116 	247 	1.4 	.105 	275 

-10 	4.2 	.279 	93 	6.0 	.374 	65 	5.4 	.343 	72 

-5 	7.0 	.418 	56 	9.92 	.536 	40 	8.8 	.494 	45 

	

8.36 	.476 	47 	11.69 	.596 	34 	10.2 	.546 	39 

5 	8.92 	.499 	44 	12.38 	.617 	32 	10.7 	.564 	37 

10 	9.0 	.502 	44 	12.5 	.62 	32 	10.8 	.566 	37 

15 	9.0 	.502 	44 	12.5 	.62 	32 	10.8 	.566 	37 

Operating conditions: 

FQ = 5 dB 

ISO = 30 dB 

SL = 9 dBmV 
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CONCLUSION  

In the evaluation of the results obtained in this study, one must 
keep in mind that the calculation of the probability of occurrence was 
carried out for worst case situations. Very conservative estimates were 
made of the parameters for which little or no data was available. Although 
the analysis took into account the effect of most of the hardware related 
parameters affecting interference, other. parameters, more subscribers 
dependent, where left out or evaluated, wherever possible, as a worst 
case situation. For instances, the analysis assumes equal popularity for 
all of the 35 TV channels on the cable systems, hardly the case. However, 
the popularity of any given channel is too system dependent to be taken into 
account in such a general analysis. Also, it is assumed that all the 
subscribers are watching TV at the same time, and dhat all the subscribers 
have one neighbour close enough to cause or experience interference, 
certainly not a very realistic situation. However, any other approach to 
the problem would greatly limit the generalization of the results. Also 
not taken into account, is the subscriber's personnal taste for a given 
program, notwithstanding the previous comments on the overall popularity 
of the program. For instance, we could easily have a situation where two 
neighbouring subscribers are watching weekly programs on channels in an 
interfering/affected relationship, leading, given the appropriate technical 
conditions, to one subscriber experiencing weekly interference problems. 
Such a situation could not be taken into account in this analysis.but 
would easily lead to a complaint. However, this analysis should provide 
an excellent idea of the, extent of the local oscillator interference problem 
and identify the most important affecting parameters. 

Throughout the study a strong emphasis was placed on the evaluation of 
the impact of the local oscillator interference problem on the quality of 
the picture and its effect on the subscribers. The question is: what level 
of interference and at which repetition rate will cause enough degradation 
of the picture quality to generate a complaint? 

The reduction of the probability of interference brought about by a 
general decrgase of the local oscillator leakage for recently built 
receivers was clearly demonstrated by simulation of systems operating over 
a period of about ten years, i.e. 1975 to 1985. For instance, the analysis 
has established that the overall probability of occurrence decreased 4from 
7.8 x 10-4  for a typical cable system operating in 1975 to 2.4 x 10 for 
a 1985 system; or the reliability increased from 99.922% to 99.976%. 

It is rather difficult to establish if this is a significant improvement. 
In order to help in this evaluation, functions describing the impact of 
interference on the subscriber and on the whole cable system were developed. 
The concepts of length of time spent watching television and the period of 
operation of a cable system were introduced. Referring to the conditions 
of the above example, the reliability of 99.922% translated into a probability 
of 15.5% that a subscriber can observe interference once a month. The 
number of interference events for a system of 10,000 subscribers operating 
for one month is then 839 and the mean number of days between interference 

28 
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is 181. Remember that there is only a probability of about 37% that there 
would not be any interference event in 181 days. However, this is a good 
comparison point. For the post 1980's system, the long term probability 
is 5%, the number of interference event is now 259 by month and the number 
of days between interference events is 588 days, or over a year and a half. 
Therefore, a reliability figure of 99.976% means that each subscriber has 
approximately one chance out of three to be able to watch television for 
over  l  years without observing a local oscillator interference event 
lasting no more than 30 minutes. The time span for mid-seventies system, 
under the same odds, was less than half a year. It is safe to assume 
that few people will complain about interference events occurring at 
such a low rate. 

The influence of the probability of listening to an affected channel 
while the neighbouring subscriber is listening to an interfering channel (PCS), 

• is clearly demonstrated. This parameter depends on the subscriber's taste 
for a given program, on the susceptibility of the TV receivers and on the 
type of receiver in the subscriber's living room, all parameters very hard 
to control directly by regulations or hardware improvement. Therefore, it 
tends to limit the extent to which anyone can reduce the overall probability 
of interference. For cable system operating conditions leading to the 
maximum probability of interference there is a rapid decrease of the 
probability of occurrence with augmentation of the subscriber isolation. 
Total isolation levels around 35 dB are a practical compromise between 
adequate protection and technical feasibility; thirty dB's are supplied by 
the tap itself and about five dB's by losses in connectors and drop 
cables. For the case where the intrinsic value of local oscillator 
leakage is treated as the independent variable, there is a rapid reduction 
in the probability of occurrence for leakage below -15 dBmV. 

Therefore, it is the opinion of this author that, for adequate protection, 
the isolation of the taps and the local oscillator leakage of TV receivers 
should be distributed according to a normal distribution having the following 
characteristics. 

With five dB's of losses in connectors and drop cable, the distribution 
function for effective isolation of the subscriber should have the following 
characteristics. 

Distribution function for the effective isolation of the subscriber: 

mean: 35 dB (j  2 dB) 
standard deviation: 5.0 dB (± 1 dB) 

Therefore, the distribution function for the isolation of the taps 
should be specified as follows. 

Distribution function for the isolation of the taps: 

mean: 30.0 dB (4 2dB) 
standard deviation: 	5.0 dB (7 ldB) 

* See Appendix E for a complete discussion on the selection of the 
characteristics of the distributions. 

. . . 	29 
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Distribution function for local oscillator leakage: 

	

mean: 	-25.0 dBmV ( It- 2 dBmV) 

	

standard deviation: 	10.0 dBmV (+ 2 dBmV) 

Further evaluation of the maximum probability of occurrence for 
systems having the proposed distribution functions was carried out. 
The resulteclearly indicate that the proposed distribution functions 
for local oscillator leakage and effective isolation •of the subscriber 
are providing ample protection under the worst conditions of TV receivers 
distribution in a cable TV system. 

* See Appendix F for detailed information. 

. . 30 
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APPENDIX A  ' 

EXANPLE OF CALCULATIONS OF THE PROBABILITY OF LOCAL OSCILLATOR INTERFERENCE  

The following basic operating conditions were assumed throughout the 
analysis described in the report: 

i) 	3 types of receivers - standard receivers 
- converter receivers 
- cable compatible receivers 

	

ii) 	35 available channels on cable and converter receivers. 

	

a) 	Evaluation of'PISO, PLOL, PTVS1, PTVS2, PSL, PN and PVH  

Where: 

PISO : Probability that the isolation is less than what is 
needed to avoid interference. 

PLOL : Probability that the local oscillator level is more than 
what is needed to have the onset of interference. 

PTVS1 : Probability that the TV susceptibility for other , 
PTVS2 	affected channels is more than what is required 

to avoid interference. 

PSL 	Probability that the signal level is less than what 
is required to avoid interference. 

PN 	: Probability .that the two subscribers are close enough 
to experience interference. 

PVH : Probability that the two subscribers are watching TV 
at the same time. 

In order to evaluate the various probability, we need to know the 
density functions associated with each of the parameters. Previous studies 
have shown that all the probability functions were normal. (6). Various 
levels for each of the parameters were selected and the level of TV 
susceptibility that would.bring the onset of interference was then evaluated 
using equations(1) of Chapter 2. The independent variable X for each of the 
normal probability distribution was evaluated using: 

X= (XR - 11) /ci  

where XR = random variable distributed normally 

p=  mean 

a = standard deviation 

The probability P is computed using an approximation by C. Hastings, for 
digital computers (9). 
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PN and PVH were given the value of 1.0 at all time for worst case 
evaluation. Table A.1 summarizes the characteristics of the density 
functions, the levels of the random variable that will bring the onset 
of interference, the calculated independent variable associated with 
each of the distribution functions and the calculated probability. 

TABLE A.1  

Characteristics of the probability distribution function for this example 

PROBABILITY 	STANDARD 	RANDOM 	INDEPENDENT 
FUNCTION 	MEAN 	DEVIATION 	VARIABLE 	VARIABLE 	PROBABILITY 

11 	a 	XR 	X 

PLOL 	-24.0 	11.8 	-24 	0 	.5 

PTVS1 	-46.0 	4.0 	-54 	-2 	.02275 

PTVS2 	-55.0 	4.0 	-54 	.25 	.598706 

PISO 	30 	5 	30 	0 	0 5 

PSL 	6 	5 	0 	1.2 	.11507 

MI 	- 	- 	- 	_ 	1.0 

PVH 	- 	- 	- 	- 	1.0 

Table 4.2 gives  the value of the other parameters used in the calculations. 

TABLE A.2  

Levels of the parameters used in this example 

PARAMETERS DESCRIPTION 

Calculated TV susceptibility that will 	-54 
bring the onset cf local oscillator 
interference (TVS) 

Quality factor (FQ) 	 OdB 

%  of  cable compatible receivers 	10% 

% of converter receivers 	 70% 

% of standard receivers 	 20% 

Average number of programs watched per night 	7 

Average number of nights (per month) 	30.42 • . . 32 
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h) 	Evaluation of PCS  

PCS: Probability of listening to an affected channel while 
the neighbouring subscriber is listening to an 
interfering channel. 

The three parameters, distribution of receivers, susceptibility 
of the receivers and channel selection are closely 	related and 
the evaluation of an overall probability function PSC must be carried 
out. The multinomial function is utilised to evaluate the distribution 
of three types of TV sets among two subscribers. The density function 
for the multinomial distribution is: 

x1 	x 	x 
2 	n f (x x2' 	xn) = 	n! p 

P1 	P2 

	

X x 1 	x 

	

1°  2 ° 	n 

This distribution applies to a set of mutually exclusive 
results R1 R2 e 

	.:R  where: n- 

PUtij p. and Z p i  =1  
i=1 

In n trials, R
1 
 occurs xl  times, E2  occurs x2  times etc..., such that 

xl t x2 t 	xn 
= n 

For our purposes we can write: 

P (R1)  - probability of having a cable compatible set receiver = pl  - 

P (R2 ) = probability of having a converter receiver = p2  

P (R3 ) = probability of having a standard receiver = p 3  

n = number of TV sets = 

R=3 
x. = x1  x2 x3 = 2 K-1 « 	i  

Pi = P 1 4. P2 	P3 = 
i=1 

If we have 3 types of receivers, they can be distributed among 
two subscribers in six different ways: 

2 0 à 
f (2,0,0) = 	 p i  p, p, 	p1

2 (2 cable receivers) 
2! 0! 0! 	̀ 

1 

.33  



- 33 - 

f (0,2,0) = 	2!  	
020 

 p 
0! 2! 0! 	

l  p2  p 3  = p2
2 

(2 converter receivers) 

f (0,0,2) = 	2! 	p p p 	p 	(2 standard receivers) 
0 0 2 	2 
1 2 3 - 3 

f (1,1,0) = 4122 (1 cable and 1 converter receiver) 

f (0,1,1) = 2p 2p 3  (1 cable and 1 standard receiver) 

f (1,0,1) = 2p2p3  (1 converter and 1 standard receiver) 

If p l  = 10%; type 1 = cable TV receivers 

p2  = 70%; type 2 = converter TV receivers 

p3  = 20%; type 3 = standard TV receivers 

PI
2 
= .01 

p2
2 
 = ." 

p3
2 
= .04 

411) 2  = .14 

2p 3p 1  = .04 

2p 2p 3  = .28 

Defining: 

N - number of available channels on type 1: 35 channels 
1 - 

N - number of available channels on type 2: 35 channels 
2 

13 
 - number of available channels on type 3: 12 channels _ 

n - number of affected channels on type 1 by type 1 = 25 
1 - 

n2 = number of affected channels on type 1 by type 2 = 0 

n3  = number of affected channels on type 1 by type 3 = 9 

0! 0! 2! 

. . .34 
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n4 m 
number of affected channels on type 2 by type 1 = 25 

n5 = number of affected dhannels on type 2 by type 2 = 0 

n6 	number of affected channels on type 2 by type 3 = 9 

n
7 
 - number of affected channels on type 3 by type 1 I: 7 
 - 

n8  = number of affected channels on type 3 by type 2 = 0 

n9  - nuMber of affected channels on type 3 by type 3 = 0 

P1
- probability for the case of two cable receivers 
- 

P2 = probability for the case of two converter receivers 

P3 = probability for the case of two standard receivers 

P 4  = probability for the case of one cable and one converter receiver 

P5 - probability of the case of one cable and one standard receiver _ 	 an 

 P
6 
 - probability for the case of one converter and one standard receiver 
 - 

We have: 

P i 
- 2n

1  - 2 x 25 = .040816 - 

N
1
2  

35
2  

P - 2n - 0 
3 - 	9 - 

N
3
2 

P4 - - n 2  n4 - 
- 0 1- 25 = .02041 

N
1 
x N2 	35

2 

.03895 P
5 
 - n

3 
 4- n

7 
 = 9 4- 7 = -  

Ni  x N3  35 x 12 

P6 - 
- n

6 	
n8  - 9 4e- 0 = .02143 - 	 

N2 x N3 35 x 12 

• • • 35 
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The overall probability is obtained by writting: 

6 

1. 1 Pi  

However, some modification must be done to the above calculations 
in order to take into account the susceptibility of the TV sets, which 
is not uniform for all channels. 

For channels A and B, the susceptibility is different from the 
susceptibility of the other channels. 

Defining: 

PTVS1 = S' = probability that the susceptibility for channels A 
and B is less than a certain value Xi  (dB), which 
is the value that will bring the onset of interference. 

PTVS2 = S" = probability that the susceptibility for all other 
channels will be less than a value X1 (dB), which 
is the value that will bring the onset of interference. 

n1= n1 ' 1- n1" . 

where 

n1  - number of affected channels on type 1 by type 1 (as defined  - 
previously) 

1 
n
1 = 2,• channels A and B. 

n1 = 23, all other affected channels. 

P 1  = 2n1  = 2(n ' 1  .1-  n1" )  

N
1
2 N1

2 

To take into account the difference in susceptibility, we must write: 

P1 - 2n1 x S  -2n1  x S 

2 N
2 
1 	N1 
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The first term of the equation can be interpreted as the 
probability that the affected channels on type 1 receiver are 
channel A and B multiplied by the probability that the susceptibility 
of the type 1 receiver is less that the value that will bring the 
onset of interference. 

Similar expressions are obtained for 

p
2' p3, P 4  P 5  . We then have: 

2 
PCS = p 1

2, 	p22 ,, 	
„ 

2 + P3 	210113 21'4 t 21) 11) 31' 5 	2P2P3P6 

Substituting, we find: 

PCS = .0054314 

c) Evaluation of PX  

PX: probability of having an interfering event. 

The probability of local oscillator interference is: 

PX = PLOL x PISO x PSL x PCS x PN x PVH. 

PX = .00015625 

PX(%) = .015625% 

d) Long term probability  

The long term probability is evaluated  b,r using the Binomial 
Distribution: 

_r (1-p)  n-r 

p = probability of having interference. 

1-p = probability of not having interference. 

r = number of interfering events. 

n = number of watching events. 

n = VE • W 

Where 

VE = number of prograMs watched per night per subscriber. 

W 	number of nights. 

• • 	37 
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For the example under consideration: 

VE = 7 programs 

W = 30.42 nights 

n = 213 watching events 

r = 1 interfering event 

p = PX = .00015625' 

q = 1 p = .9998437 

The probability that a subscriber will experience two, three, etc. 
events a month is evaluated as follows: 

P (0) = probability there will be no interference = qn 

1 	n-1 P (1) = probability it will happen once . 	n! 	 P (1-P) 
1! (n-1)  

n-2 B (2) = probability it will happen twice = 	n! 	p
2 (1-p) 

2! (a-2)! 

P (3) = probability it will happen three times 

etc. 

n! 
 3! (n-3)!  

3 	n-3 (1-p) 

The probability that it will happen at least once a month is: 

PONCE = 1 - P(0) = .0327 

Simarly; 

PTWICE = Probability that there will be two interfering events 
or more. 

PTWICE = 1 - (P(0) + P(1)) = .0054 

P3TIMES 	Probability that there will be three interfering 
events or more. 

P3TIMES = 1 --- (P(0) + P(1) + P(2)) = .0000059 

P4TIMES = Probability that there will be four interfering 
events or more. 

P4TIMES = 1 - ( (0) 	P(1) + P(2) + P(3) = .00000005 

. . . 38 
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e) Evaluation of the number of outcomes of interfering events  

PX = probability of occurence 

PX = nx and nx = PX • NX 
NX 

where nx = number of local oscillator interference-events 

NX = total number of trials or number of TV watching 
events in a given period of time. 

Only half of the TV watching events in a given period of time are 
events that can possibly be interfered with. However, two watching 
events are necessary for one interference event. Then, we can write: 

NX = ne  ns  

2 

Where ns  = number of subscribers in a system 

.ne  = total number of trials (or watching events) per subscribers. 

ne  = VE x W 

Where VE = number of programs watched per night per subscribers 

W = number of nights 

For the example under consideration: 

If VE = 7 programs 

W = 30.42 nights 

n - 10,000 subscribers s - 

NX = 1,064,700 watching events 

nx = 166 outcomes of local oscillator interference events. 

' f) Evaluation of the failure rate "X" and of the mean time between  
failure "MTBF"  

Assuming that the probability of local oscillator interference behaves 
according to a condition where only chance failures can occur then, the 
exponential reliability function describes the behaviour of the system for 
this kind of failure condition (4). 
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-At 
P - e R 

P 	probability that the event of local oscillator interference R 
will not occur. 

A = failure rate 

Pu = 1  -e 
 

P - probability that the event of local oscillator interference U 
will occur. 

If: Pu = .000156248 

-At 
PR - 	U 

- .999844 PR  _ 

At 	.00015624 

Since we are taking about 30 minutes programs, 

t = .5 hours 

A = .00031251 

= 3.125 x 10-4 failures/hours 

MTBF = 1 = 3,200 hours 

Since every subscribers is watching 3.5 hours of television per night 
the mean number of days between interference is: 

D = M1BF = 914 days or 2.5 years. 
3.5 
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APPENDIX 33.  

COMPUTER PROGRAM 
ELIT 1.C1 	• 
*TY ' 

1.000 C .• 	PEGGEAM  LOI  TO EVALUATE IRE FECIAEIL1TY PX CF LOCAL 
2.000 C 	. CSULLATC-R INTERFERENCE GN CAIN SYSTEMS - 
3.000 C , 
4.0 0 0 C • 	

. 

5.CCO 	DCULLE PEECISION PTVS1,PITVE2,PSL,PLCL,PISC,PCS,P11,P22,P33,X ' 

6.000 	. LGUELE PREC1SIUN P,P21,FP1,PP2,FF3,PP4,TCIAL,VE1  

7.000 	COULEE PRECISION PP,QC,P0,P1,P2,F3,F4,PONCE 
6.000 	LCEELE PRECISION FThICE,P3TIES,F4TIMES 	• 

9.000 „ LCLELE PEEC1SIGN PN,EVE,FX 
10.000 . 	DOUILE PRECISION (A-E,0-2) 

 

11.000 ' 	DIMENSION .ITIM(4) 
12.000 	DIMENSION 	SNS(25),SNT(25),SNE(25) 	• 	• 
13.000 	' 	DIMENSION SMCN(3) 	

, 

14.000 C 	. 	. 
15.000 C  . 	. 
16.000 	' 	D4TA,ITIM/L1 1 ', 1 2,'3', 1 47 	 . 	. . 	. 
17.000 	DATA. SMONP1!,'12','67' 	• 

. 	, 
. 	

. 

. .. 
	, 

• . 	• 	' 

15.000 C 
19.000 C 
2 0 . 000  C PARAMETERS EEFINITION 
21.CCC C 	t 
22.00C C 
23. 000 	COMMON X,P,È 
24.000 C 
25.CCC C 
26.000.0 	TVS1=TV SUSCEPTIEILITY  FOR  ChANNEL A AND  

27.000 C 	TTIS2=1V SUCEPTILILITY FCR C.ThERS AFFECTEL ChANNELS 

C 	SL=SIGNAL LEVEL 
M.GOC C 	LCL=LC LEVEL , 

30.0CC C 	1SC=1SCIATICN, 
31.0CC C 	FC=ÇUAL1TY FACTOR 	, 
32.0CC C 	CA=% CF GRLINARY RECEIVERS 
33.000 C 	CG4 CI CCNUETEES RECEIU.I.S 
34.0CC C 	C11.=7. OF CAILE RECEIVERS 
35.000 C 	PLCL=PEOE. TEAT TEE  LU  LEVEL IS MCRE TEAN hEAT IS NEELED TO FA 

36.000  C 	VE TEE ONSET GF INTERFERENCE 
37.00C C 
3E. 000  C 	PISC=PFCE. TEAT TEE ISOLATION IS LESS TFAT hFAT IS NEEDEE TO 
39.0CC, C 	A\CID INTERFERENCE 
4C.00C 
41.000 C 	PIVS1=FRCE. lhAT TEE TV SLSCEFTILILITY  FOR  CHANNEL A AND  h 
42. 000  C 	IS MOLE TEAN 1.1.AT hCLLL A4CIL :INTERFERENCE 
43.000  C 
44. 00 0  C 	PTIVS2=FECE. TEAT. TEE 1V SIEGER.  FOR  CTUERS AFFECTEE ChANNELS 

45.000 C 	IS LCRE TEAN hIAT IGGLE AVCIE 1NTELFERENCE 
4C.00C C 
47.000 C 	PSL=PROI. THAT  TEE SIGNAL LEVEL IS LESS TFA1' 1FeT IS NEELEL TC 

C 	AVCIL INTERFERENCE 
C 

5C.00C C 	PN=FICE.TE/1 ThO SLLSCPIEEFS ARE CLOSE MACE TC E>PERIEME 

51.000 C 	LU  INTLEFEEENCE 
52.000 C 
53. 000  C 	PCS=PhOt. CF LISTENNING TC iN AFFECTER  CLANNEL VhILE THE 

54. 000  C 	NEICLECURC IS LISIUNINC II AN INIFLIEFING ChANNEL 

55.00C C 
56.000 	PVF=PICE. lEAT  TEE  TWO SIESCRIEEI, S ARE EATC11NC. TV AT THE 

57.0 00 C 	SAME lirE 
5E. 000  C 	P11=EICF. ThAT THE RECEII.LE IS CAFLE 
5c.,.CCO C 	P22=FECE. TEAT RECEI\EF IS CCNURIER 
ff.((( 	I% - =1-1.(1 	9} A' 	11.(1.1\f-1 

• • • 41 
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C 

399 

C 

C 

C 

CUTPUT(108)  ' FOR 
INPUT(101)ISS 
IF(ISS.EQ.1) CO TO 399 

CCCCC 	 • 
CCGCCCC 

OUTPUT(108)'FOR DEFAULT CONDITIONS,TYFE 2' 
INPUT(101):1NN 
iF(INN.EQ.'2) CO TO 100 

OUTPUT(108).'*********"* INPUTS 

A RANGE CF PARAMETER VALUE,TYPE 1' 

C 

42 • 

- 41 - 

L1.0CC 
(2.GC0 
E3.GCO 

05.00C 

66.000 

e7.cce 
6E.00C. 

65.COG 
7C.COG 

71. 000 
72.000 

73.CCO 
74.GCC 
75.0CC 

76.000 
77.00C 
7E. 000 

79.CGC 

EC.CGO 
bl.CCO 

E2.CCC 

E3.CCC 
E.4.CCC 

E5.CCC 

E6.COG 
E7.GCC 

ES..00C 

E9.CCC 

9.C.GCC 
91.CCC 

92.010 

93.000 
54.00C 
95.CGC 
96.CCC 

97.CCC 

9E.CGC 

99.0CC 
1CO.CCC 

1C1 .CGC 

1C2.UCC 

1C:.000 
1C4.C(C 

1C5.GCC 
1C6.0CC 
1C7.CCO 
10E.CCC 

1CS.00C 
11C.CCC 
111.CCC 

112.CCC 

113.CCO 

114.0C( 

115.CCO 

116.CCC 
117.(GC 
11E.CCC 
119.0CC 

12L.CCC 

121.000 
 122.CCC 

123.(GC 
1:4.CCC 
1:5.C(C 
12:.((( 

PX= PPCE. GF LAVING Al. INTENIEN1NG LUNT 

	

RANGE OF VALUES 	• 
°UPI-T(1GO" 
GUTPUT(ICE)" 
CUTPC1(1GB)'********** EY YGUR CCMMAND  

CUTPUT(IGE)' 
OUTPUT(1CO" 
(LTPC1(108)" 
GUTPUT(108)'NCTE: FOh SUE CALCULATIONS TLE PECLALILITY FUNCTION' 
GUTPUT(108)'CF THE FOLLGhING PARAMETERS IS NCT EVALUATED :' 
GUITUT(1C8)'ISOLATION,LCCAL CSCILLATGE LEVEL,SUSLEFTIEILITY FOR 
CUTPUT(ICE)'CLANNEL A AND L,SUSCEPT1L1LITY FCR OILER AFFECTED' 
GUTPUI(ICE)'GEANNELS,CALLE SIGNAL LEVEL.' 
GUIFLT(108) 1 IN SUE CASES, ENTER ZER0(0),FOR TEE MEAE,STANDARD' 
OUTEUT(108)'DEVIATION ANL VALUE CF TLE RELEVANT PARAMETER(SP 
OUTFUT(1C8)'ThE PROLABILITY ASSOCIATED 1.ITH 111E PARAMETER(S)' 
CUTP1.T(108)RILL BE SET TO GNE(1.C)' 
OUTPUT(108)" 

	

OUTPUT(108)" 	 - 
OUTPUT(108)" 

IFLAC=0 
CUTFIT(10E)'ENTER MEAN,STANLARE DEVIATION AND LEVEL' • 
GUIPUI(10E)'CF  LOCAL  OSCILLATOR LEVEL (LIMV)' 
INPU1(101)MEANLC,STDLO,LCL 

CUTPUT(1C6)'ENTER MEAN,STD. EEV. AND VALUE CF ISOLATION' 

1NPUT(101)MEANISO,STLISC,ISO 

OUTPUTOCEPENTER YEAN,STE.  LEV.  AND VALUE OF TV' 

CUTFUT(ICE)'SUSCEPT1BILITY FCR CRANNEL A AND B' 
INPUT(ICOMEANTVS1,STLTVS1,TVS1 

OUTPUT(1C8)'ENTEE MEAN,STD. LEV. AND VALUE OF TVi 

GUIPUT(ICE)'SUSCEPTIEILITY FOR CTEEE AFFECTED CHANNELS' 
1NFUT(IC1)E1-EANIV.92,ESTDTVS2,7TVS2 

OUTPUT(10E)'ENTER MEAN,STD. LEV. AND VALUE CF CABLE SIGNAL' 
CUTPUT(ICE) 'LEVEL' 
INPUT(101)MEANSL,STESL,SL 

CUTPUT(10E)'ENTER GUALITY FACTOR' 
INPUT(101)FQ 

OUTPUT(100'ENTEE  E CF CAELE,CONVEFTER ANC,  STANLARE RECEIVERS' 
1NPUT(101)CIV,CO,CA 
GETPLT(ICE)TENTEE AVERAGE UMLER CF PROGRAM 1-.ATCEEP PER NIGHT' 
1NFUT(ICI)VE 

OUTI1T(ICU)'ENTER NUMEEE CF NIGPTS' 
INPUT(1LOW 

1 
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127.000 	OUTPUT(108) , ENTER PRoBABILITY THAT Two NEIGHBOURS ARE CLOSE ,  
128.000 	OUrPUT(108) , ENOUGH To INTERFERE wiTH EACH OTHER ,  
129.000 	INpuT(101)pN 
130.000 C 
131.000 	ouTPUT(108) , ENTER THE PRoBABILITY THAT THE TWO SUBSCRIBERS ,  
132.000 	OUTPuT(108) , ARE WATCHING TV AT THE SAmE TImE ,  
133.000 	INPUT(101)PVH 
134.000,C 
135.000 C 
136.000 398 IF(ISS.EQ.1) GO TO 130 
137.000 	GO TO 101 
138.000 c 
139.000.0 	DEFAULT VALUES 
140.000 C 
141.000 	100 IFLAG=0 
142.000 	MEANL0=-24 
143.000 	STDLO=11.8 
144.000 	LOL=-24 
145.000 	MEANIS0=30 
146.000 	, STDIS0=5 
147.000 	. I 50=30 
148.000 	MEANTVS1=-46 
149.000 , 	STDTVS1=4 
150.000 	TVs1=-46 
151.000 	mmEANTVS2=-55 
152.000 	SSTDTVs2=4 
153.000 	TTVs2=-55 
154.000 	mEANSL=6 
155.000 	SrDSL=5 
156.000 	sL=0. 
157.000 	FQ=0 
158.000 	CrV=10 
159.000 	CO=70 
160.000 ' 	CA=20 
161.000 	VE=7 
162.000 	W=30.42 
163.000 	PN=1.0 
164.000 	pVH=1.0 
165.000 	GO TO 101 
166.000 C 
167.000 c 	RANGE OF VALUES 
168.000 C 
169.000 130 IFLAG=1 
170.000 	SL=-6. 
171.000 	LOL=-35 
172.000 	IS0=25 
173.000 	'FQ=0 
174.000 c 
175.000 101 Tvs=L0L-sL-F0-iso 
176.000 c 
177.000 	ouTpur(108)' 
178.000 	OUTPUT(108)" 
179.00 0 	ouTpUT(108) ,  
180.000 	ouTPUT(108)' ' 
181.000 	OUTPUT(108)1 1 
182.000 	oUTPUT(108)" 
183.000  

184.000 	OUTPUT(108) 1 ******** OPrRATING  CONDITIONS  */"*"*" 
185.000  

186.000 C 
187.000 	IF(IOFLAG.EQ.1) 	Go ro 431 
188.000 c 
189.000 	ouTpuT(108)' 43 
190.000 	oUTPUT(108)" 	 • • • 
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151.0CC 	OU1PUT(108)' 
192. 100 	CUlFLT(IC ) 'b.C. 	CIAIUELS 	CALLE ISNL CUVEnEE RECEIVERS:35' 
153.0OC 	0U1FU1(10E)'IUNEER CF ChANNELS ON STANDARD NECEIVERS:12' 
194.0CC 	GUTPUT(ICO'NUHEER CF AFFECTED CLANNELS CN CAELE AND' 
195.0CC 	GUIPUT(1OE)'CONVERTER RECEIVERS(NC OFI-SET1INC):25' 

CUTPLT(100'NUMBEK CI AFFECTED CHANNELS ON STANDARD RECEIVERS:9' 
197.CCO C 
190.000 	10FLAG=1 
199.00O C 
2C000CC 431 WRITE(1C8,530)L0L 
201.CCO 530 FOREAT(//,26X,26EL0CAL OSCILLATOR LEVEL IS:,F8.3,1X, 
2C2.000 	14HDENV,3X) 	 • 
203.00C C 
204.000 	WRITE(108,531)150 
205.000 	531 FORMATC37X,13hISCLATI0N IS:,E8.3,1X,2EDB) 
206.000 C • 
207.00C 	RRITE(10E,532)TVS1 
208.6CO 532 FONYAT(16X,36HTV SCSCEPTIETLITY FOR CHANNEL A AND B:,F8.3',1X; 
205.0CC 	12HDB) 	• 
210.000 C 	• • 	• 	 • 
211. 000 	WITE(102,533)1TVS2 
212.0CC 533 FCRHAT(8X,45ETV SUSCEPTIBILITY FOR CTHER AFFECTED ChANNELL,à, 
213.000 	141iI 5 :,F8.3,1X,2HDB) 	 • 

214.000 C . 	, 
215.COC 	1RITE(10E:,534)TVS 	

. 	. . 	. 

216.00C 534 FORNAT(8,47hTV SUSCEPTIEILITY FOR THE ONSET OF INTEBFERENCEOS, 
217.000 	13HIS:,F8.3,1X,21iDB) 
21b.GCC C 
219.0CC 	1RITE(1085.35)SL 
220.CCO 535 FORMA“27XMECAELE SIGNAL LEVEL IS:,F8.3,1X,21iDB) 
221.000 C 	, • 
222.000 	REITE(108,536)CTV 
221.0CC 530 FORMT(28X,24R% OF CABLE:RECEIVERS IS:,FE.3,1X,11a) 	, 
224.0G0 C 
225.0CC 	WRITE(108,537)CO 
226.0GC 537 FCNHAT(24X.,.28E% OF CONVERTER RECEIVERS IS:,1.8.3,1X1H%) 

227.0CC C 
22E.00C 	kRITE(108i53E)CA 	• 
229.00C 53E FGENAT(23):,271i% OF STANDARD RECEIVERS IS:,F8.3,1X,1H%) 
230.000 C 
231.000 	1sRITE(108539)FQ 
232.000 539 FCRHAT(32X,19EÇCALITY FACTOR IS:,FE.3,1X,2EDB) 
233.00C C 
234.000 	1,R1TE(108,540)VE 
235.000 540 FCREAT(11X;40hNUEEER OF PRCORAIS WATCRED PER NIGHT IS: 
236.000 	1,FE.3) 
237.CCC C 
238. 000 	RRITE(IC8,541)W 
239.000 541 EONNAT(31X,2CENU1EER CF NIGHTS IS:,FE.3) 
240.CCC C 
241.0(.0 C 	EVALUATION CF PLOL,PISC,FTVSI,PTTVS2,FSL,PVE 
242.CCO C 
243.CCC C 
244.CCO 	IF(STELO.EC.C.0) CC TO 256 
245.000. 	X=(LCL-NEANLO)/(STDLO) 
246.00C 	CALL SNORN(X,P,D) 
247.000 	FLOL=1.GCOCOCOCCO-P 
24E.0CC 	IF(PLCL.CT.1.0) PLOL=1.0 
249.000 	IF(ELCL.LT.C.CCC0000001) PLOL=0.000UCC0001 
250.000 	GO TO 265 
251.000 256 PLCL=1.0 
252.000 C 
253.0CC 205 IF(EIDISG.EÇ.C.0) .  CG TO 257 	 . . . 44 

254.0 00 	X-(ISO-NLANISC)/(5_1L1SC) 
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255.000 
 251.000 

257.000 
2.5L.CCO 
259.000 
260.000  
261 .000 

 262.000 
263.000 

 264.000 
265.000 
266.000 
267.000 
268.000 

 269.CCO 
270.000 
271.000 
272.000 
273.000 
274.000 

 275.00C 
276.CCO 
277.GGC 
278.000 
279.000 
280.000  
2.1 .000 

 282.000 
283.000  
284.000 

 285.600 
286.GCC 
2£7.00C 
286.000 
2tS.CCC 
290.010 

 291.00G 
2S2.GGC 
293.000 
254.GGO 
295.000 

 296.000 
297.000 
29.000 
299.000 
3CG.000 
301.000 
302.000 

 3C3.CCC 
3C4.CCC 
3(5.CGC 
3C6.CLO 
3C7.CCO 
308.100 
3C9.0CC 
310.1C0 
311.000 
312.000 

 313.0CC 
314.CC.0 
:15.000 
31C.CCC 
317.C (O 
318.00C 

C 

269 

; 

- 44 

CALL bl\CEI, U,P,D) 
P1SC=P 
11.(PISG.C.1.1.0) PI&O=1.0 
11(FISO.L7.C.00C0000001) P1SC=C.0000OC0001 
CC  TC 266 

257 P1S0=1.0 

266 11(STLTVb1.EG.0.0) GO TO 258 
X=(TVS-UANI‘S1)/(STDT‘S1) 
CALL SI\CRM(X,P,D) 
FIVS1=P 
11(rusi.c.1.1.0) PTVS1=1.0 
IF(PTVS1.LI.C.00000C0GC1) FTVS1=0.0C00000001 
GC TO 267 

258 FTVS1=1.0 

267 IF(SSTDIVS2.EC.0.0) CO  10 259 	- 
X=(TVS-NYEALT\S2)/(SSTLTVS2) 
CALL S/CRM(X,P,D) 
PTIVS2=F 

• 	IF(PTTVS2.GT.1.0 PTTVS2=1.0 
IF(PITVS2.LT.0.C.0000C0001) FTTIS2=0.0000000001 
GO TO 268 

259 PTTVS2=1.0 

268 IF(STDSL.EÇ.0.0) GO TC 260 
X=(SL-LEAI\SL)/(STDSL) 
CALL U.CE1,.(X,I,L) 
PSL=P 1  
IF(FSL.U.1.C) FSL=1.G 
1F(ISL.LT.0.000C000001) PSL=0.0000000C01 
GG IC 269 

260 PSL=1.0 

EVALUATTà OF PCS 

P11=CIV*.01 	- 
F22=C0*.01 
P33=CA*.01 
PZ1=(2*P1VS1)+(23*PTTVS2) 
PP1=1, 21*2 
991=1511(35*35) 
PP2=PP1/2 
PZ3=2*PIVS1 
523=923+(7*PITVS2) 
923=9131(35*12) 
FY3=(7*FITVS2) 
FY3=n3/(35*12) 
TP3=F23i 9Y3 
FP4=1, 7.3 
PCS=FF1*P11*P11 
PCS-PCS+2*P11*P22*PF2 
PCS=PC942*F11*F33*593 
PCS=PCS42*P22*P33*FP4 

FI, GE. OF LAVMC  Ai  INTEEFEEING EVUT=FX 

PX=ILCL*P1SC*FSL 
1-X=P>.* 1 CS*11n 

F.X=FX*PVL 
FPX=IX*1C0 

•• 



319.600  C 
326.600  C 
321.660 
322.000  
323.666 

 324.CCC 

325.00C 
326. („CC 
327.CCC 
328.000 C 
329.000 
33O.CCC bC 
331.000 

 332.CGO 81 
333.CCG 
334.CCO 62 
335.GCC 
33C.00C  83  
337.006  
338. 600  ' 64 

339.CCC 
240.660  86 
341.(AC 
342.660  66 
343.CCC 
344. (6C  65 
345.0CC 
346.0GC 
347.CCC 67 
346.CCC 
349.CCC 

350.000 C 

351.000 C 
352.000 C 
353.000 C 
354.000 C 
355.000 C 

356.000 C 
357.000  C 
358.000  
359.000 
360.000 
361.000 
362.000 C 
363.000 C 
364.000 	› 
365.000 
36 ,3.000 
367.000 
368.000 
309.000 
370.000 
371.000 
372.000 

373.000 
374.000 
375.000 
376.000  
377.000 
378.000 

:379.000 

390.000 C 
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OUTFUT(106)" 
CUTPUT(108)" 
CUTPUTOCO' ' 
OtTPUT(106)" 
GuTpuT(1001********************************************1 
curnimot*******************ou**********************t 
cuTpur(106) , ************************************************ ,  

WEITE(108,80)PLCL 	 . 	• . 
90 PMAT(2X,51iPLOL=,F16.10) 	

, • 
WRITE(108,61)PISO 

F0RIAT(1X,5EPIS0=,F16.10 
RRITE(108,82)PTVS1  
FOR1'AT(6EPTVS1=,F16.10) 	 . 

99ITE(108,83)PTTVS2 	 - 
FORMA1(7EPMVS2=,F16.10)  
RRITE(1C8,E4)PSL 	

• 

	

. 	. 

FORNAT(2X,4HPSL=,F16.10)  

l!;RITE(1C6,86)PCS, 	; • 	. 
, 

FOREAT(2X,4hPCS=,916.10)  

RRITE(108,66)FVh  
ç 

F0EEAT(2X,4LPVH=,F16.10) 	 . 1,  

1II1E(106,65)PE  
F0FEAT(3X,3hPE=,F16.10) 	" • . 	. 
uTpuT(108)1e:**********************************ei*************t 

UITE(108,67)FPX 	 ., ! 
FtMAT(2X,31ETEE PROLALILITY TEAT TEE EVEET ,/,2X, 	' 

147E 0F LOCAL OSCILLATOR It.TERFEREhCE RILL ()CCU' IS:,F16.10,1H%) 
cuTFLT(108)1********************************************1 

LONG TERM PROBABILITY 

OUTPUT(108)'*************LuNG TERM PROBABILITY*************' 
OUTPUT(108)t '  . 	. 

OUTPUT(108)" 	 " 
! 	

. 
• . 	, 
' OUTPUT(108) 7  ' 

• • 	• TOTAL=PPX 

VE1=VE*0 
PP=TOTAL/100 
QQ=1.-TOTAL/I 00 
PO=QQ**VE1 
P1=VEI*PP*(00**(VE1-1)) 
P2=VE1*(VE1-1)/2 
P2=P2*PP*PP 
P2=1, 2*(QQ**(VE1-2)) 

P3=(VE1*((VEI-l)*(VE1-2)))/6 
P3=P3*PP*PP*PP 

p3=p3*(QQ**(VE1 -3)) 
POECE-(1.-P0)*100 
PTWICE=(1.-(P0+PI))*100 
P3T1MES-(1.-(P0+P1+P2))*100. 
P4TINES=(1.-(P0+1, 1.4-P2+P3))*100 	 . 	46 



OUTPUT(108)'NUMBER UF 
00TPUT(108)'EVENTS 

NUMBER OF 	NUMBER OF 	PROBABILITY 'OF' 
NIGHTS 	PROGRAMS 	OCCURENCEW' 

FOR1'IAT(2X,A4,3X,F7.3,5X,F7.3,5X,F16.10) 

WRITE(108,36) 

WRITE(108,36) 

WRITE(108,36) 

WRITE(108,36) 

IT1M(1),W,VE,PONCE 

1TIM(2),W,VE,PTWICE - 

ITIM(3),W,VE,P3TIMES 

ITIM(4),W,VE,P4TIMES 

OUTPUT(108)" 	 ' 	• • • 

OUTPUT(108)" 	.  . 	. . 	. 
OUTPUT(108)" 	 . 

OUTPUT(108)" 	 . 
amT(1001**************************************************1 

OUTPUT(108)" 

OUTPUT(I 108)" 

OUTPUT(108)'NUMBER OF 
OUTPUT(108)'SUBSCRIBERS 

TOTAL=PPX 

PP=TOTAL/100 

DO 801:1=2,6 
ouTeuT(104)" 
j=1 	*,*•. 

SNI=(VEW)/2 
SNS(I)=1.0**I 	• 

REPEAT 801,FOR SN1=8NI,SNI*6,SNI*2 
SNT(I)=SNS(I)*SNI 
SNE(1)=SNT(1)*PP 

WRITE(108,802)SNS(I),S1ON(J),SNT(I),SNE(I) 
FOWAAT(F10.1,6X,A3,2X,F17.2,1X,F9.3). 

J=J+1 	. • 
CONTINUE' 

NUMBER OF 
MONTHS 

• 
, 
1 

NUMBER OF 	NUMBER OF. ' 

TRIALS 	EVENTS." 

IF(IFLAG.NE.1) GO TO 99 

LOL=L0L+5 

IF(LOL.GT .-5) GO TO 501 
GO f() 101 : 47 

OUTPUT(108)' 

OUTPUT(I08)' 
OUTPUT(108)' 
OUTPUT(108)' 
PR=1-11p 
NX=DLOG(PR) 

TT=.5. 

AL=-XX/TT 
SMTBF=1/AL 

WRITE(10C,505)AL,SMTBF 

505 FORMAT(F16.10,5X,F16.2) 
OUTPUT(108)'' ' 

OUTPUT(108)' 

OUTPUT(108)' 

MTBF' FAILURE RATE 
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381.000 
382.000 

_33.000 C 

384.000 C 
385.000 C 

386.000 C 

387.000 36 
388.000 C 

389.000 C 

390.000 
391.000 

392.000 

393.000 
394.000 C 

395.000 C 

396.000 

397.000 
398.000 

399.000 

400.000 
401.000 

402.000 

403.000 
404.000 

405.000 

406.000 

407.000 

408.000 

409.000 

410.000 
411.000 

412.000 
413.000 
414.000 

415.000 
416.000 602 

417.000 

418.000 801 

419.000 C 

420.000 C 

421.000 C 
422.000 

423.000 
424.000 

425.000 

426.000 
427.000 

428.000 

429.000 

430.000 

431.000 

432.000 
433.000 

434.000 

435.000 
436.000 C 

437.000 C 
436.000 C 

439.000 

440.000 C 

441.000 

442.000 
443.000 

• 

r• 



444. 100 501 
445.000 
446.000 
447.CCO 
446.000 502 
449.000 
45G.CGO 
451.000 
452. 000 5C3 
453.000 
454.CGC 
455.00G 
456.CGG 99 

457.CCO C 
456.000 C 
459.000 C 
460.CCC C 
461.CCC C 
462.000 C 
463.00C C 
464.000 C 
465.0CG 
466.000 C 
467.000 C 
468.CCO C 
469.COC 
47G.000 C 
471.CCC C 
472.000 C 
473.CCC 
474.000 C 
475.CCG C 
476.000 C 
477.GCC C 
476.010 C 
479.COG C 
4EC.CCC C 
421.CGC C 
462.000 
483.000 C 
424.000 C 
4E5.CCO C 
4E6.GCC C 
467.000 
486.00C C 
4B (:-CCC 
4SG.GCC 

4',1.LCC 

4£3.01C 
4S4.00C 
495.CCO 
496.000 
4:7.CCG 
496.CCO 
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LOL=-35 
ISO=ISC+5 
IF(ISO.G1.45) CO TO 502 
CG TO 101 
160=25 
SL=SL+5 
IF(SL.CT.14) CO TO . 503 
CO TO 1C1 
SL=-6. 	• • 
FQ=FQ+5 
IF(FQ.CT.5) Co  .TO 99 • 
GO TO 101 
END 	• • 

SOL ROUTINE SNORM 

PURPCSE 
COMPUTES Y = P(X) = PROBABILITY TEAT  THE  RANDOM VARIABLE Ti 

• DISTRIBUTED NCRMALLY(0,1), IS LESS TEAN GR EQUAL TO X. • 

F(X), THE.CEDIRATE OF THE NORMAL DENSITY AT X, IS ALSO 
CCMPUTED. 	 • 

USAGE 
CALL SNORM(X,P,D) 

DESCRIPTION OF PARAMETERS 
X--INPUT SCALAR FCR WEICE P(X) IS COMPUTED. 
P--OUTPUT FRCBALILITY. . 	. 
D--OUTPUT  DENSITY. 

RE1, ARKS 
MAXIMUM  ERROR IS 0.00(.0007. 

SUE ROUTINES  AND SUEPRCGRAMS REQUIRED 
NONE 

METECD 
LASED CM APPROXIMATIONS IN C. HASTINGS, APPECXIMATIONS FOR 
DIGITAL COMPUTERS, PEIMCETCM UNIV. PRESS, PRINCETON, N.J., 

• 1955. SEE EQUATION 26.2.17, UANDECCK OF MATEEMATICAL 
FUNCTICNS, ABRAMCRITZ ANE STECUN, LOVER PULLIGATIONS, INC., 
NEW YORK. 

SUEROUTINE nORM(X,P,D) 

IMPLICIT LOULLE FRECISICN(A- 8,C-2.) 
AX=AES(X) 
T=1.C/(1.C+.2316419*AX) 
D=O.39E9423*EXP(-Xe-X/2.0 
P = 1.0 	L*T*((((1.330274*T - 1.821256)*T + 1.781478)*1 - 

1 0.3565630*T i 0.3193815) 
IF(X)1,2,2 	 • 

1  F1.0-R 
2 RETURN 

END 
--EC* LIT AFTER 498. 

. . 48 
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APPENDIX C  

This is a list of channels that can be affected by various combinations 
of cable compatible, converter and standard receiver on a 35 channel system 
without off-setting. 

TABLE C.1  

CHANNELS IN OPERATION 	CHANNELS 
IN THE SYSTEM 	AFFECTED 

2 	FM  
3 	FM  
4  
5 	A  
6 	B  
A  

C 	7  
- D • 8  

9  
F 	'10* 

• 	 G 	• 11  
12  
13  

8 
	

K.  
- 9 	 L  
10 	• M  
	11 	N  

12 	0  
13 	P  
J 	Q  

	

 	R  
	L  	S  
	M  	T  

N 	U  
0 	V  
P 	W  

ci  
R  
S  
T  
U  
V  
W 

. 	. 49 
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TABLE C.2  

TYPE OF 	TYPE OF 
INTERFERING 	AFFECTED 	CHANNELS THAT CAN 
RECEIVER 	RECEIVER 	BE AFFECTED 	TOTAL 

Standard 	- 	A, B, J, K, L, II, 	9 
N, 0, P 

Standard 	Converter 	A, B, J, K, L, M, 	9 
N, 0, P 

Standard 	Cable 	A, B, J, K, L, M, 	9 
N, 0, P 

Standard 	Standard 	 - 	0 

Cable 	- 	A, B, H, I, 	7, 	8, 	9, 	25 
10, 	11, 	12, 	13, 	J, 
K, L, il, N, 	0, 	P, 
Q, R, S, 	T, U, 	V, W. 

Cable 	Converter 	A, B, H, I, 7, 8, 9, 	25 
10, 	11, 	12, 	13, 	J, K, 
L, M, N, 	0,'P, 	Q, 	R, 
S, T, U, V, W 

Cable 	Cable 	A, B, H, I, 	7, 8, 9, 	25 
10, 	11, 	12, 	13, 	J, K, 
L, M, N, 0, P, Q, R, 
S, 	T, 	U, V, W 

Cable 	Standard 	7„  9,  10, 11, 12 	6 

Converter 	Standard 	 - 	0 

Converter 	Cable 	 - 	0 

Converter 	Converter 	 - 	0 

• • • 50 
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APPENDIX D  

Data on Local Oscillator Leakage Level  

The data for the evaluation of the mean and standard deviation for 
the local oscillator levels were obtained from measurements made over a 
period of eight years in various locations across the country (7). The 
data were assembled and classified under various headings and the mean 
and standard deviation of each classification were evaluated and compared. 
The results are summarized in Table D.1. The significance of the data 
was evaluated using t - tables (1) and the following expressions (8). 

E = 

where 

E = standard error of the mean 

N = number of measurement 

a = standard deviation of the distribution 

-t = 1-I/E 

where 

t = t factor (to be compared with values tabulated in t - tables) 

= mean of the distribution 

The calculated t - factor is then compared with tabulated t values to 
determine the significant point, taking into account the appropriate number 
of degrees of freedom (usually equal to one minus the number of measurements). 
All data were found to be significant to at least the .5% level. Therefore, 
the data are an excellent representation of the existing conditions. 

. . .51 
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TABLE D.1  

Data on local oscillator leakage level 

STANDARD 	NUMBER OF 
DESCRIPTION OF DATA 	MEAN 	DEVIATION 	MEASUREMENTS 

11 	a 	N 

Data obtained in 1971 (Ottawa) 	- 8.48 	12.4 	189 

Data obtained 	Standard channels 	-16.6 	9.72 	261 
in 1976 
(Ottawa) 	Mid-band channels 	-12.8 	9.72 	165 

Superband channels 	-16.7 	6.22 	50 

Combined data 	-15.3 	10.3 	476 

Data obtained 	pre-76 receivers 	-17.8 	18.1 	407 
from 
Moncton 	post-76 receivers 	-26.5 	15.1 	495 

combined data 	-22.6 	17.1 	902 

Data obtained 	Standard channels 	-22.9 	10.6 	969 
on 1978 
receivers 	Mid-band channels 	-22.5 	6.71 	90 
(Ottawa) 

Superband channels 	-35.0 	9.32 	17 

combined data 	-23.0 	10.4 	1,076 

Data supplied by Cable TV 	-15.3 	10.9 	791 
operator (mixed channels and 
years) 

Combined data for pre-76 sets 	-14.7 	14.8 	1,072 

Combined data for post-76 sets 	-24.0 	11.8 	1,571 

ALL DATA 	 -19.1 	13.5 	3,434 

. . 52  
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APPENDIX E 

SETRCTION OF THE CHARACTERISTICS OF THE NORMAL DISTRIBUTION 

FOR ISOLATION AND LOCAL OSCILLATOR LEAKAGE  

Isolation  

The previous calculations have shown that with a subscriber isolation 
level distributed normally and having a mean of 30 dB and standard deviation 
of 5 dB, adequate protection from interference was given to the subscriber. 
If we assume that 30 dB of isolation can be provided by the tap alone and 
five more dB's by losses in the drop cable, we will obtain an effective 
subscriber isolation with the following characteristics: 

mean: 35 dB (.11. 2 dB) 
standard deviation: 	5 dB ("4- 1 dB) 

The probability P/ that the distribution function for the effective 
isolation of the subscriber could be worst than the one used in the analysis 
is: 

P 	P (p30 dB) 

= P (t30 - (35)) 
5 

e 16% 

Assuming that the standard error of the standard deviation is 1 dB. 

Pa. P (a>6 dB) 

= P 	- 5 ) 

e 16% 

PI= 16% x 16%:L=. 3% 

There is a 97% confidence level that the mean and standard deviation of 
the proposed distribution function for effective isolation of the subscriber 
will not both be worst than the ones used.in  the analysis. Then the distribu-
tion function for the isolation of the taps becomes: 

mean: 30 dB (4. 2 dB) 
standard deviation: 	5 dB Ci 1 dB) 

These specifications are already within the technical capabilities of 

the taps manufacturers. 
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Local Oscillator Leakage  

The analysis showed that adequate protection from interference is 
provided when the leakage level is distributed normally with a mean of 
- 24 dBmV and a standard deviation of 11.8 dBmV. We propose the following 
characteristics for the distribution of local oscillator leakage of 
future receivers. 

mean: -25 dBmV <± 2 dBmV) 
standard deviation: 10 dBmV (i 2 dBmV) 

The probability PL that the local oscillator distribution function 
will be worst than the one used in the analysis is: 

Pp= P (11>- 24 dBmV) 

= P (;>-• 24 - (- 25)) 
10 

P - 46% p_ 

Using the data of Table D.1, the standard error of the standard 
deviation was found to be about 3 dBmV. Therefore, the probability that 
the standard deviation would be 11.8 dBmV or greater is: 

Pa r. P (a >11.8) 

= P (t.?,11.8 - (10)) 
3 

Po•m.: 27.4 7  

pL.27.47, x 46%1=12.6% 

The confidence level for having a distribution function for local oscillator 
leakage where both mean and standard deviation are better than the one providing 
adequate protection, as shown in the analysis, is about '87%. The overall 
confidence level is: 

Po . 1 - (PI x PL) = 1 - (.126 x .03)e299.6% 

Therefore, there is a probability of 99.6% that the means and standard deviations 
of both of the proposed distribution will not all be below the means and standard 
deviations of the distribution used in the analysis. 

Similar calculations can be done to evaluate the probability to have worst 
cases distributions,  i,e.  distributions with the following characteristics. 

Effective isolation 	mean: 33 dB 
standard deviation: 	6 dB 

Local oscillator 
leakage 

mean: -23 dBmV 
standard deviation: 	12 dBmV 

The probability to have such distributions is about 1.2%. 

Also, the probability that the means and standard deviation of both 
distributions will be outside the proposed limits is less than .6%. 
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APPENDIX F  

EVALUATION OF THE MAXIMUM PROBABILITY OF OCCURRENCE  

FOR SYSTEMS CHARACTERIZED BY THE PROPOSED DISTRIBUTION FUNCTIONS  

The Evaluation of the maximum probability of occurrence was carried out 
earlier for local oscillator leakage and effective isolation distribution 
functions having the following characteristics. 

Effective isolation of the subscribers 	mean: 30 dB 
standard deviation: 	5 dB 

Local oscillator leakage mean: -24 dBmV 

standard deviation: 	11.8 dBmV 

These conditions were shown to be able to provide a reliability of 99.97% 
for the occurrence of interference with 10% cable compatible receiving, 70% 

converter receivers and 20% standards receivers, which could be typical of a 
mid-eighties cable TV system. This level of protection was deemed quite 
adequate and the following distribution functions for effective isolation of 
the subscriber and local oscillator level are proposed: 

Proposed Characteristics of the Distribution Functions  

*Effective isolation of the subscriber; mean: 35 dB (-I- 2 dB) 
• a : 	5 dB 	11 dB) 

Local oscillator leakage; 	mean: -25 dBmV (+ 2 dBmV) 

• a : 	10 dBmV (.1- 2 dBmV) 

The proposed distribution functions represent an excellent compromise 
between adequate protection and technical feasibility for both the cable 
operators and the TV manufacturers. Also, there is a probability of less 
than 1% that the characteristics of both of the proposed distributions will 
be below the characteristics of the distributions used in the analysis. 

To obtain a better insight of the protection afforded to future cable TV 
systems, the maximum probability of interference was evaluated for two more 
hypothetical systems using the techniques described previously. In one case, 

a system of 50% cable compatible receiver, 40% converters and 10% standard 

receivers was studied, i.e. system of type "D". The second system, type E, has 

100% cable compatible receivers and represents a worst case estimate. The 
results are summarized in Table F.1 and F.2 where they are compared to results 
for type C systems. Table F.1 and F.2 clearly indicated that ample protection 

is provided to system of type "D". Even for type "E" systems, 100% cable 
receivers, the protection is only marginally lower than what was deemed adequate 
for type "C". 

* Note: The effective isolation of the subscriber included 30 dB of tap isolation 

and 5 dB of connectors and drop cable losses. 
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TABLE F.1  

Summary of Results  

SYSTEM OF 	SYSTEM OF 	SYSTEM OF 
TYPE 	"C" 	TYPE 	"D" 	TYPE 	"E" 	. 

Distribution of Cable 	ConverterStandard Cable 	ConverterStandard Cable 	ConverterStandard 
receivers 	Receiver Receiver ReCeiver ReceiverReceiver Receiver Receiver Receiver Receiver' 

(%) 	(%) 	(%) 	(%) 	(Z) 	(%) 	(7.) 	(%) 	(%)  

10 	70 	20 	50 	40 	10 	100 	0 	0 

Quality Factor 	0 dB 	5 dB 	0 dB 	5 dB 	0 dB 	5 dB 

Reliability (%) 99.954 	99.976 	99.964 	99.988 	99.937 	99.974 

Probability of 	4.6 x 10
-4 

2.4 x 10
-4 

.00036 	.00012 	.00063 	.0026 
interference 

Long term 	.093 	.05 	.074 	.025 	.125 	.055 
probability 

MTBF (hours) 	1087 	2058 	1385 	4197 	796 	1891 

t  Number of 	490 	259 	387 	127 	669 	232 
events 

Number of days 	311 	588 	396 	1199 	227 	540 
between events 

i 

Operating Conditions at the Onset of Interference for Maximum Probability of Interference 

kocal oscillatory -15 	- 10 	- 15 	- 10 	1 	- 15 	- 10 
level (dBmV) 

	

-1 

Signal level 	8 	8 	5 	2 	5 	5 
(dBmV) 

1 
Isolation (dB) 	30 	30 	35 	35 	I 	35 	35 

__-1 

Probabilities Associated with Parameters Affecting the Probability of Occurrence 
- 

PCS 	6.3 x 10
-3 

1.08 x 10
-2 	

1.7 x 10
-2 

1.88 x 10
- 	

1.88 x 10
-2 

6.3 x 10
-3 

PTVS1 	.04 	.04 	.0122 	.0668 	.0122 	.0122 

PTVS2 	.69 	.69 	.50 	.773 	.50 	.50 

PLOL 	.223 	.118 	.1587 	.0668 	.1586 	.0661 

PISO 	.5 	.5 	.501 	.50 	.50 	.50 

PSL 	.655 	.655 	.421 	.212 	.421 	.421 
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TABLE F.2  

Characteristics of the Distribution  Functions  for  Local Oscillator and Effective Isolation 
of the Subscriber 

SYSTEM OF TYPE "C" 	SYSTEM OF TYPE 
"D" & "E" 

11 	a 	 a 

Local Oscillator Level 	-24 dBmV 	11.8 dBmV 	- 25 dBmV 	10 dBmV 

Effective Isolation of the 	30 dB 	5 dB 	35 dB 	5 dB 
Subscriber 

.. 

The probability of occurrence was also calculated for the worst case 
distribution functions. The probability of having both distributions at 

this worst case estimate, which is approximatively 1.2%, must be taken into 
account in the calculations. The results are summarized in Table F.3, clearly 
showing that ample protection is available to type "C" and "D" systems. 

Therefore, the proposed distribution functions for local oscillator 
leakage and effective isolation of the subscriber will provide ample protection 
to the subscribers under the worst conditions of TV receivers distribution 
in a cable TV system. 

a 



- 57 - 

TABLE F.3  

Summary of Results for Worst Cases Estimates of the Distribution Functions 

SYSTEM OF TYPE "D" 	SYSTEM OF TYPE "E" 

Distribution of Receivers 	Cable 	Converter Standard 	Cable 	Converter Standard 
Receiver 	Receiver 	receiver 	Receiver 	Receiver 	Receiver 
(%) 	(%) 	(%) 	(%) 	(%) 	(%)  

50 	40 	10 	100 	0 

Quality Factor 	0 dB 	5 dB 	0 dB 	5 dB 

Reliability 	99.9989 	99.9995% 	99.9982 	- 99.9991 

Probability of Occurrence 	1.03 x 10
-5 

1.8 x 10
-5 	

9. x 10
-6 

5. x 10
-6 

Operating Conditions at the Onset of Interference for Maximum Probability of Interference 

Local Oscillator (level dBmV) 	-10 	-10 	-10 	-10 

Signal level (dBmV) 	8 	8 	8 	8 

Isolation (dB) 	35 	30 	35 	30 

Characteristics of the Distribution Fonctionsfor Local Oscillator Level and Effective 
Isolation 

li 	Œ 

Local Oscillator Level (dBmV) 	-23 dBmV 	 12 	
. 

Effective Isolation (dB) 	33 	 6 
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