AD-AOB1 430 NATIONAL AVIATION FACILITIES EXPERIMENTAL CENTER ATL-=-ETC F/G 20/14
MEASUREMENT OF INTERFERENCE=-TO=NAVIGATION/COMMUNICATION AVIONIC==ETC(U)

DEC 79 E M SAWTELLE. J G DONG
UNCLASSIFIED FAA=NA=T79=7 FAA=RD=79/104

.. i
< '




Report No. FAA-RD-19-104 \F\'FW 7

e B

MEASUREMENT OF INTERFERENCE-TO-NAVIGATION/COMMUNICATION
AVIONICS FROM CABLE TELEVISION (CATV) SYSTEMS

= EDWARD M. SAWTELLE
. JAMES 6. DONG NTIC
F“ \ e e i D .
v o) § MAR 3 1880
— .
Se C
= "
<C
DECEMBER 1979
Document is available to the U.S. public through
the National Technical Information Service,
Springfield, Virginia 2216,
Prepared for
o~ U.S. DEPARTMENT OF TRANSPORTATION
) FEDERAL AVIATION ADMINISTRATION
,' jj Systems Research & Development Service

Washington, D.C. 20590

QN O on NoOw




NOTICE

The United States Government does not endorse products
or manufacturers. Trade or manufacturer's names appear
herein solely because they are considered essential to
the object of this report.




Technical Report Documentation Page

" Report No. 2. Government Accession No. 3. Recipient's Cotalog No.

-RD-79-104

IONICS FROM CK'LE TELEVISION'TEATV) SYSfEﬁ. ~

= _— = 4

Title and Subtitie
C) ASUREMENT OF _INTERFERENCE~TO= yVIGATIONLCOMMUNICATION
Vv

- - Performing Organization Report No.

7. Author's) / 4

f_‘Dj dward M./Sawtelle o™ James G./Dong {J_ AA-NA-79-7 ¥
S 9. Parlorminrg Qvgm.lxo'ion Non:o o'nd Addl.l.t T - 10. Work Unit No. (TRAIS)

Federal Aviation Administration

National Aviation Facilities Experlmental Center v T ottt Bt ING,

e . S R Contract or Gra
Atlantic City, New Jersey 08405 ' 5) ;i 213-662-810
) /}/} -ﬁ/ 13. Typ f Rapor' and Period Covered

12. Sponsoring Agency Name ond Address o —— ?
U.S. Department of TranSportatxon

i';"\ LEinal /¢ \,J
Federal Aviation Administration J n“Sep 49 78
e igg = B)
Systems Research and Development Ser 1/ef r7?/"1 ﬁ#‘ 4. Sponsoring Agency Code
Washington, D.C. 20590 SRDS, ARD-450

15. Supplementary Notes

This project was performed by NAFEC for the Plans, Policy, and Allocation Section

\ of the Spectrum Management Branch to support the Frequency Management Branch in

engineering interference-free assignments. ‘ 7
\ 12 L

16. Abstract
Airborne measurements of cable television (CATV) leakage were made at selected

cities to compile a representative sampling of interference effects. Different
altitudes were used in the flight-grid-type pattern. Ground measurements were also
accomplished by the Federal Communications Commission (FCC) at the sites tested to
determine any correlation between the ground and air measurements. The cities
selected for discussion in this report were chosen to show various CATV effects
detected by the data collection systems. A statistical analysis was performed on the
data upon finding that direct airborne position correlation to strong ground leak
points was not possible. The analysis provided the mean for each run of a grid and a
comparison to determine if significant differences existed between runs. Where no
significant differences were found, the condition was due to ambient noise exceeding
signal level. Laboratory measurements were made to further confirm and define the
interference of CATV leakage to VOR receivers. Recommendations include maximum
signal level for CATV cable leakage that may be tolerated in the communication and
navigation bands. A further recommendation was made that the CATV industry use
frequencies in the navigation band which are separated from Federal Aviation
Administration (FAA) navigation frequencies by 25 kilohertz.

17. Key Words 18. Distribution Stotement
CATV Interference Document is available to the U.S. public
Data Processing Oscilloscope through the National Technical Infor-
Airborne Receivers mat ion Service, Springfield, Virginia
Statistical Analysis 22161
19. Security Classif. (of this report) 20. Security Classif. (of this page) 21. No. of Pages | 22, Price
Unclassified Unclassified 51
Form DOT F 1700.7 (8-72) Reproduction of completed poge authorized v . ) y
2408 R




= o @
2 = £ *982:01°€ 1D "ON BOIIED (S “GZ'ZS 901id “SINSEIW PuE SIUBIaM JO SIUN
—_ ——] - £ ‘987 '1GNd "ISIy SEN 23S 'S8IGEel Pa|Ielap a10W PUB SUOISIBAUOD 108X3 SO0 404 (AIDeX3) pS°Z 2 Wi L,
2R 986 2e do = m ‘|)| 2t
e — = . aimesadway i
w = — a, snis|a) .ye) 6/5 Hayuesyey 8,
aimesedwal (zZ¢€ ppe aumesadwey = nlt.ll
'R vayuaied uow) 5/ 515D 2% 2 ENae——x 198x3) JHNLVYIdWIL
M . w Sial8w 21gNd 9’0 spieA 21gno nvs
X @ = = o €
198x3) JUNIVHIdWIL = = qu s1098W 21GnD £0°0 199} 21gnd &
o s 1 sial) 8'E suoj|eb 126
pA spieh 21qnd &1 s1918W 21GNd s = = ] S6°0 suenb b
€ u 199} 21Gna sE s1919w 21qnd s = I | wo siund W
_n.a suo||eB 9z'0 sion| 1 = = — | vNon sdno 2
- suenb %'t . sy | = = i o o i L gk
_h suid vz sia| 1 @ = = 0] St suoodsa|qe) dsqy
203 $80uN0 pInjy £0°0 s W w == — e S Suoudswe =
@ = -
IWNT0A = = JNNTOA
- —_— e —
=) = — = (91 000Z)
3 6 e 3 _— - b Sauuo) 6’0 Su0) Loys
Suo} Uoys —.— (6% ooom—...-&e : o = = = ] sweb0j 1y Sv°0 spunod q
q spunod 4 1" = = 6 sweit 82 sasuno zo0
20 saduno GE0'0 sweisb 6 - = =
~ = S— I1|
= == (ybiam) SSYIW
140iam) SSYw - —= = e
bl = - ey sase)oay v0 saie
- I.m e 20 $1910W0| 1y asenbs 92 $o|1w esenbs o
sese 5z (;w 000°01) Sase100y L] - = e M sie18w asenbs 80 spieA asenbs K
2w s9|1w azenbs v'o $1319W0| 1) asenbs 2 = ml M sig)ew asenbs 600 199} asenbs M
ng spieA asenbs r4as siajaw asenbs 2 o = S ] $1913WNUad asenbs 5’9 sayour asenbs 4
M sayour asenbs 91’0 $1010WIUSD asenbs 20 = e @
8 == CELT] :
vidy = =
< o wy S1910W0| 1) 9L so|w w 1
" = S— w si1esw 60 spieA pA
e sopw w.o Si030wo| 1y o = —= - ~ wo S1918WNUBD 0€ 199} Yy
pA spied 1L s s * = = wd s1010WIIUBD 5Z. soydur ™
] 199y £E si910w w = -
u saypu 0 si1918wued wd = === n.|l| 3
w sayour v0°0 S1918uwn || 1w uny = B i
—= = HI9NN
8 — £
HIONDY . = —
f=d = &= 1oquig pui4 o) Aq Adnyny mowy no) weym 1oquisg
joquAg puig o) Aq Aidningy MOUYy ROj WOYM _ |oquAg 9 —= =
SOINSERNY DI WOI) SUOISISAND) dewixosddy M —= = 0 SOINSEIy UGN 0) SUOISIPAUD) Iewixoiddy

SHOL1IV4 NOISHIANOD JIH1IN \




FEDERAL AVIATION ADMINISTRATION
SYSTEMS RESEARCH AND DEVELOPMENT SERVICE
SPECTRUM MANAGEMENT BRANCH

STATEMENT OF MISSION

The mission of the Spectrum Management Branch is to assist the Department of
State, National Telecommunications and Information Administration, and the
Federal Communications Commission in assuring the FAA's and the nation's
aviation interests with sufficient protected electromagnetic telecommunica-
tions resources throughout the world and to provide for the safe conduct of
aeronautical flight by fostering effective and efficient use of a natural

resource-—-the electromagnetic radiofrequency spectrum.

This objective is achieved through the following services:

. Planning and defending the acquisition and retention of sufficient radio
frequency spectrum to support the aeronautical interest of the naticn, at
home and abroad, and spectrum standardization for the world's aviation

community.

. Providing research, analysis, engineering, and evaluation in the develop-
ment of spectrum related policy, planning, and standards, criteria, mea-
surement equipment, and measurement techniques.

; Conducting electromagnetic compatibility analyses to determine intra/
intersystem viability and design parameters, to assure certification of
adequate spectrum to support system operational use and projected growth
patterns, to defend aeronautical services spectrum from encroachment by
others, and to provide for the efficient use of the aeronautical spectrum.

2 Developing automated frequency selection computer programs/routines to
provide frequency planning, frequency assignment, and spectrum analysis
capabilities in the spectrum supporting the National Airspace System.

Providing spectrum management consultation, assistance, and guidance to

all aviation interests, users, and providers of equipment and services,
both national and international.
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INTRODUCTION

PURPOSE.

The purpose of this project 1is
threefold: (1) make airborne measure-
ments to determine field strength of
interfering signals resulting from
leakage radiation in cable television
(CATV) systems; (2) in cooperation
with the Federal Communications
Commission (FCC) and CATV industry,
provide airborne measurement support
for the Institute for Telecommunica-
tion Sciences (ITS) airborne measure-
ment system; and (3) provide
information for the determination of
the feasibility of predicting air-
borne CATV interference from ground
measurements only.

BACKGROUND.

In the interest of preventing leakage
in CATV systems from interfering with
airborne receivers, Systems Research
and Development Service (SRDS) has
requested an investigation of CATV
interference be accomplished. The
importance of the problem was appar-
ent from interference uncovered at
Harrisburg, Pennsylvania. In April
of 1976, aircraft using a newly
assigned approach control frequency
experienced CATV interference from
the local CATV system. Four pilot
carrier frequencies operating in
different parts of the system pro-
duced audio heterodynes in airborne
receivers. Laboratory test results
showing the susceptibility of air-
borne receivers to CATV signals are
documented in reference 1.

In April 1977, the FCC rejected the
recommendations of the air transport
industry through Aeronautical Radio,
Inc. (ARINC)/Air Transport Associa-
tion (ATA) and the Federal Aviation

Administration (FAA) to prohibit the
use of the aeronautical spectrum by
CATV systems until adequate enforce-
ment regulations were developed and
the state-of-the-art of leakage moni-
toring became adequate. Consequently,
information was required to develop
procedures and criteria to minimize
interference to aeronautical radio
services from CATV signal leakage.

DESCRIPTION OF AIRBORNE TEST

EQUIPMENT.

Two measurement systems were employed
in the airborne tests. The Tektronix
digital processing oscilloscope (DPO)
and the ITS measurement system. The
DPO is a broadband system while the
ITS is a narrowband system.

The primary measurement system
(figure 1) used in the CATV investi-
gation was a DPO which employs TEK
signal processing system (SPS) BASIC
software. The software retains many
of the standard features of the
original Dartmouth BASIC. With the
SPS BASIC high level support package,
the user is able to write drivers
with BASIC language commands used to
control and handle data to and
from the DPO system peripheral
devices.

The storage medium selected for the
system was a dual-drive floppy disk
which employs flexible Mylar disks
with magnetic surfaces as a recording
medium. One diskette can store
256,000 bytes (8 bits each). Maximum
data transfer rate is 27,500 bytes/
second.

A scope, processor, and spectrum
analyzer are contained in the main-
frame. The processor has an analog
signal interface, analog-to-digital
(A/D) and digital-to-analog (D/A)
converters, a memory to store digi-




and alphanumeric
information, and a digital asynchro-

tized waveforms

nous parallel bus. The bus allows
the digital devices to work indepen-
dently or in concert. Device prior-
ity is established by a serial line.

The front panel of the processor 1is
functionally divided into three
sections: Display Source, Data
Handling/Memory Location, and Program
Call.

1. Display Sourte. These push
buttons select the waveforms from
memory and/or plug-ins.

2. Data Handling/Memory Location.
These buttons control the Start and
Stop of the waveform digitizing
process and choose the memory loca-
tion and which waveform is to be
displayed.

3. Program Call. These are three
buttons that indicate CPU BUSY,
RESET, and CONT.

The remaining 13 push buttons are
users definable and give remote
capabilities over the external
controller. These buttons allow the
calling of special programs or sub-
routines. An overlay can be used to
label buttons for special programs.

The spectrum analyzer is basically a
tuned receiver with selectable
frequency ranges, spans, intermediate
frequency (IF) bandwidths, and a
linear or log detector all integrated
into the scope display. Additional
characteristics include: fully
calibrated displays, with 1 kilohertz
(KHz) to 1800 megahertz (MHz) in one
display, 30 Hz to 3 MHz resolution,
70 decibels (dB) on screen dynamic
range, intermodulation (IM) distor-
tion 70 dB below full screen, and
-128 decibels per 1 milliwatt (dBm)

sensitivity in combination with a
tracking generator. The spectrum

: analyzer and generator provide dot

marker functions. The generator sweep
rates are controlled by the spectrum
analyzer and the output level is con-
trolled from the tracking generator.
The output frequency of the generator
is the same frequency as the analyzer
at any instant of the sweep. The
auxiliary output is used to drive the
frequency counter which registers
from 50 Hz to 550 MHz with a pro-
scaler to give precise frequency
measurements.

The controller is a minicomputer with
a versatile instruction set and a
memory of 28 thousand (K) 1l6-bit
words. Front panel functions are
RUN/HALT, RESTART, AND POWER.
Indicator lights indicate the state
of the processor, the bus, and
the power supplies. All address/data
functions are performed on the
graphic terminal. A read-only memory
(ROM) program in the controller
allows extensive controller-terminal
communication. The hardware and
software interfaced to the controller
allows program control of data
acquisition and analysis.

The machine-language instruction set
for the controller is practically
identical to that of Digital Equip-
ment Corporation (DEC) PDP-11/40. By
removal of the small grant continuity
cards, empty slots are available for
the addition of DEC circuit boards
coupling into the LS-11 bus. With
the addition of a DEC ADV11-A A/D
converter circuit board, 16 single-
ended inputs can be accommodated.
At each input a full scale range of
10.2 volts (V) bipolar (=5.12 V to +
5.12 V) can be tolerated. Only two
inputs were required to join the
instrument amplifiers receiving the
automatic gain control (AGC) voltages




to the navigation and communications
receivers.

Position information obtained from
the inertial navigation system (INS)
was supplied to both the ITS system
and the DPO system. The serial
output from the INS was converted to
parallel by a circuit board fabri-~
cated in the laboratory to supply the
proper input to the DSC DRV-1ll cir~
cuit board. This additional inter-~
face unit was used to connect
parallel-line transister-to-transis-
tor logic (TTL) or diode-to-transis-~
tor logic (DTL) devices to the
LSI-11 bus.

The ITS data recording system (figure
2) was comprised of the following
modules: tape recorder, inertial
navigation system interface/clock,
fixed tuned receiver, tape recorder
logic circuits, microcomputer, and a
Texas Instrument (TI) terminal.

Data printed on the terminal were
from samples placed in "bins" corre-
sponding to signal levels. The
equipment has a sampling rate of
5,000 samples per 25 seconds. Nine
bins were devised with 10 dB differ-
ence between bins to cover the
receiver range of =140 to -50 dBm,
The histogram of the data collected
was also recorded on magnetic tape.
Detailed information on the ITS data
collection system is available from
the FCC.

Figure 3 depicts the airborne system
configuration used for data collec~-
tion. The antenna locations are shown
in figure 4. The ITS equipment was
connected to the forward antenna
while the FAA equipment was connected
to the other.

DISCUSSION

TEST PROCEDURES AND RESULTS.

GENERAL. Two independent measurement
systems, one FCC the other FAA, were
used in the airborne CATV interfer-
ence tests. Both systems were
operated by FAA personnel during
the airborne tests. However, the
printed data from the TI terminal and
the magnetic tape recordings were
released to the FCC for their analy-
sis and interpretation.

The flight patterns employed were
grid type flown at various altitudes
(1,500, 5,000, and 10,000 ft) over
selected cities that would provide
representative samples of interfer-
ence in CATV installations. Included
in the investigation were new and old
CATV installations that would provide
a good comparison of systems with
high signal leakage levels versus
those with low signal leakage levels.
Results of their interference mea-
surements would be used to define
the affected portions of service
volumes after communication/
navigation. Specific test locations
included Atlantic City and Bridgeton,
New Jersey; Harrisburg and Coates-
ville, Pennsylvania; Independence and
St. Joseph, Missouri; Leavenworth and
Lawrence, Kansas; Salisbury and
Hagerstown, Maryland; and Arlington,
Virginia. In addition, antenna
calibration tests were accomplished
for the FCC at the National Aviation
Facilities Experimental Center
(NAFEC) and Forbes Field in Topeka,
Kansas.

BROADBAND FLIGHT TEST DATA COLLEC-

TION AND ANALYSIS. The DPO system

sl



used in data collection was pro-
grammed to record the image of the
spectrum after every 77 intervals of
signal maximums which was a con-
venient number to limit image usage
of floppy disk storage. Analog data
of receiver AGC and altimeter voltage
were processed by the analog-to-
digital converter and stored. The
latitude and longitude of the INS was
not recorded by either the FCC or FAA
systems because of a malfunction in
the INS bus, but the position at the
start and finish of each run was
manually recorded by observing the
position displayed on the control
display unit of the IN5 located in
the cockpit. During ftlight data
collection the reference frequency of
the spectrum analyzer was corrected
for drift periodically through use of
the tracking generator which was
provided a center frequency accuracy
within 10 Hz. Maximum sensitivity of
the spectrum analyzer under opt imum
conditions is =128 dBm. The dynamic
range of the analyzer as used was 70
dB. Data were collected with the
spectrum analyzer settings as
follows:

Resolution ~ 30 kHz

Frequency Span - 50 kHz

Time/Div. = 5 ms

Phase Lock - ON

Input Attenuation - 0 dB

Ref. Signal Level - =60 dBw
Vertical Amplifier = 10 dB/Div,

With the exception of Harrisburg and
Atlantic City, none of the CATV sites
measured with the DPO system produced
signals distinguishable above the
ambient noise level.

Both the Harrisburg and Atlantic City
cable systems have been in operation
for more than 15 years, as cowmpared
to the systems measured in the
mid-west which have been operating

only 3 to 5 years. The Harrisburg
system 18 in the process of being
replaced. The following discussion
will be limited to data on Atlantic
City, Harrisburg, Coatesville, and
Hagerstown. The FAA data and analy-
818 are available ftrom the NAFEC
program manager for the remaining
sites with the exception of Arlington
where the DPO equipment experienced a
fatlure due to vibration; however,
testing was continued with the FCC
equipment . Sites for which data
analysis is not included in this
report are shown in figures 5
through 11.

The maximum signal level data were
recorded for each plot to show
sequential variation in signal lovel.
The data were also treated statis-
tically. The plotting of data was
done to allow a geographic comparison
of runs to determine if nonlinear
addition of a signal was occurring.
The scales of these plots, with the
exception of the dBm scale, have no
relation to the data other than to
assist in the plotting. Signal
levels were corrected for a 10 dB
loss between antenna and analyzer.

Where possible, a mean value lor each
run was computed and a reference
distribution for 95 percent proba-
bility was determined for the runs
listed in the tables. While the
conclusions of the study were based
mainly on the analysis of the signal
vnrintinns. run means, and spectrum
analyzer images, an analysis of
variance (reference 2) was conducted
on many of the data for the con-
venience of the reader. Included in
the tables were the pooled variance
and the F ratio calculated as
follows:

F o= (ST/V)/(SR/(N=V))




where: ST = between treatment sum of
squares
V=degrees of freedom
SR = within treatment residual
sum of squares
N = total number of observa-
tions

The group mean was calculated from
the tables and equals the grand total
of all observations (G) divided by
the total number of observations

(N).

ATLANTIC CITY FLICHTS. The course
flown at Atlantic City is shown in
figure 12, 1In figure 13, runs 1, 3,
5, and 7 are plotted from flying
course No. 1, while runs 2, 4, and 6
contain data from course No. 2. The
start of each data plot is on the
right. Geographically, the end (left
side) of odd numbered runs corre-
spond with the start of even numbered
runs at the right of figures 13
through 15. The even numbered runs
exhibit significant changes in level
in the first half of the data and are
at a lower level. The converse is
true for the odd numbered runs.

Representative images of the spectrum
analyzer are included in figures 16
and 17. As may be seen in these
figures, the CATV radiated signal at
117.999 MHz 1is substantially above
the noise level.

The statistical treatment of data is
made for each altitude. The esti-
mated mean is computed for each run
(single pass across the city) and the
data is then tested for significant
difference in the means by the
reference distribution and the F
test. The only surprise in the data
was in table 1 for run No. 1, which
registered the highest mean even
though the flightpath for the
run was not over the city but along

the beachfront. The grand mean (G/N)
for the 1,500 foot data is =-76.13
dBm.

Single runs were made at 5,000 and
10,000 feet, respectively, and a
comparison between the two runs are
shown in table 2. As shown, substan-
tial difference exists between the
two means. Run 8 was made at 5,000
feet while run 9 was at 10,000 feet.
An appropriate decline in signal
level was measured which would
indicate that the level of signal
from other sources was low and that
there was no significant phase
addition of individual CATV leakage
sources.

HARRISBURG FLIGHTS. The flight grid

of Harrisburg is shown in figure
18. 1In figure 19 the 1,500 foot data
plots are those runs flown roughly
parallel to the course of the river.
Figure 20 depicts the data for runs
flown perpendicular to the river. As
expected, run 3 shows a higher level
than the others in this set. The
higher level is confirmed in table 3.
However, run 9 in table 4 due to its
location over the city was expected
to be at a high level, but was not.
Run 11, the run with the highest mean
for the second set was flown perpen-
dicular to the first set and was also
the farthest from the center of the
city. For plots of runs at 5,000 and
10,000 feet, see figures 21 and
22. Analysis of these runs are
presented in tables 5 and 6.

The grand means for the runs at
1,500, 5,000, and 10,000 feet
were -88.16, -91.86, and -82.98,
respectively. The grand mean ex-
cludes run 17 in which the DPO
apparently drifted off frequency from
117.999 MHz and had a calculated mean
of -143 dBm. The single run 16 was
approximately over the same course




as run 3 and, therefore, could be
expected to be a high level. No
explanation could be found as to why
run 15, over the same course, did not
also show a high mean. The repre-
sentative spectrum analyzer images
are presented in figures 23 and 24,
The 117.999 MHz CATV signal is
clearly seen above the noise level
and occupies a significant portion of
the swept spectrum.

COATESVILLE FLIGHTS. The flight grid
of Coatesville 1is shown in figure
25. The data for Coatsville are
representative of cities for which
the 117.999 MHz CATV signal was not
apparent in the spectrum analyzer
image. No plots of data are shown
since no signal rises above the noise
level. Statistical treatment of the
data 1is tabulated in tables 7
through 9. The grand mean for the
signals is =-94.6 dBm. This level
represents the peak level of noise
rather than signal.

HAGERSTOWN FLIGHTS. The flight grid
of Hagerstown is shown in figure 26.
In tables 10 and 11 there are no
significant differences between the
grand means of runs 1 to 13 and runs
21 to 27 which have means of -86.9
dBm and -86.8 dBm, respectively. The
radiated signal was not seen on the
spectrum analyzer even when the
several dipoles were attached to the
CATV system. An additional test
was conducted at Hagerstown to
determine if a heterodyne signal
existed on the VOR receiver audio
output when tuned to the CATV pilot
carrier. The pilot carrier frequency
was the same as the Harrisburg VOR,
112.5 MHz. The result was an audio
beat frequency which was received on
the VOR test receiver at 1,500 feet
(460 meters (m)) and above to 10,000
feet (3,050 m). At times the hetero-
dyne was strong enough to block the

VOR Morse code identification. The
Harrisburg VOR 1is approximately 50
nautical miles (nmi) from Hagerstown.
Subsequent tests by the FCC confirmed
that the CATV was responsible for the
heterodyne. No other effects to the
VOR system were observed during the
flight test.

GRAND MEANS COMPARISON. The resolu-
tion over which the maximum desired
signal was selected was approximately
20 kHz and i3 representative of a VOR
receiver resolution. The grand means
for cities/airports was found to be
significantly different. This
difference is largely due to the
ambient noise signals appearing in
the measurement resolution and not to
the difference in CATV si nal
measured. Table 12 presents these
grand means for comparison.

LABORATORY VOR INTERFERENCE TEST.
The frequency interference measure-
ments were accomplished using the
equipment configuration shown in
figure 27. A minimum very high fre-
quency omnirange station (VOR) signal
of 5 uV was selected for the labora-
tory test which 1is the signal level
employed in FAA airborne checks.

The signal levels that will cause a
"flag" indication (nonoperational
status of the receiver) are shown in
figure 28. Signals as low as -109
dBm and -106 dBm will cause a flag at
#30 Hz and +9,960 Hz, respectively,
from the tuned receiver frequency.
These effects are the result of zero
beats occurring between the interfer-
ing signal with normal carrier and
subcarrier from the VOR. At all test
levels, it was found that if the
interfering signal was modulated, it
was audible when the receiver audio
output was monitored with earphones.
Additional laboratory analysis is
found in reference 1.




It can be inferred that leakage from
a CATV system radiating at a fre-
quency employed by a VOR station can
cause the receiver to be unreliable.
This is particularly true, if the
aircraft is over the on-frequency
CATV leakage area and the VOR re-
ceiver is tuned to a distant VOR
station. The field intensity availa-
ble from a distant VOR station can be
obtained from figure 29 which was
extracted from reference 3.

UNCERTAINTIES. Due to an INS program
variation, no INS data were recorded.
The loss of INS position informaticn
had little effect on the value of
other data recorded. The principal
DPO problem appears to be the equip-

ments inability to deal with the
adjacent ambient noise level which
varies considerably from city to
city.

The tests for Arlington were modified
so that the ambient noise could be
measured separately from the on-
frequency interfering signals.
Unfortunately, a failure in the DPO
prevented recording with the broad-
band equipment. Also an error
resulted from a computer program
problem that caused every value of
the 1l1th sample to appear to be
several dB higher than those preced-
ing and following. The effect was not
great since it was a small constant
added to all runs and did not affect
the between run comparison and it
resulted in less than 1 dB effect on
the mean at the -90 dB level.

The communications receivers were
tuned to 118.0 MHz, and the AGC was
recorded. However, due to the high
nonlinearity of the response at the
low level of desired signal, little

information was gained from the
receivers' AGC recording.

The VOR navigation receivers were
not operated because the frequency
selected was not within the VOR
frequency band. The frequency,
118.0 MHz, used in the FCC fixed
tuned receiver was selected to avoid
FM interference observed when the
receiver was tuned at 108 MHz.

CONCLUSIONS

1. Flight-test data indicate that
television cable systems, except for
Atlantic City and the old (reportedly
being replaced) Harrisburg systems,
radiated at a level equal to or below
the ambient noise level and would not
interfere with the avionic communica-
tion receivers.

2. The measured level of noise
varies approximately 20 dB based on
the flight-test data at 1,500 feet
above cities tested.

3. Laboratory tests indicate that
VOR receivers will experience inter-
ference at levels as low as -109 dBm
to -106 dBm at 10 KHz off frequency
from the VOR carrier. The inter-
ference may be either in the audio,
flag, or bearing, or a combination of
the three. Flight tests confirmed
the audio interference.

4. There was correlation between air
and ground CATV leakage measure-
ments which indicates that ground
measurements are adequate, but in
congested areas where numerous
man-made structures impose restric-
tions on ground measurements, limited
airborne testing 1is a requirement.



RECOMMENDATIONS

1. It is recommended that the
combined effect of radiation from
all cable television leakage sources
be maintained below the sensitivity
of VHF air-ground communication
receivers. In areas of excessively
high environmental noise (i.e., at or
above the receiver threshold, typical-
ly -100 dBm), radiation from CATV
systems should not increase the
ambient noise level by more than
3 dB. These conditions could be
satisfied by airborne measurements
made with a receiver equivalent in RF
and IF frequency responses to the
RTCA minimum performance standard for
VHF communications receivers. The
receiving antenna should be of
standard commercial grade with
approximately 0 dB gain over iso-
tropic and located on the aircraft

per manufacturer’s instructions.
Measurements should be made during
periods of minimum environmental

noise at an altitude not to exceed
1,500 feet AGL. The CATV system
should be monitored continuously on
the ground so that new leaks which
could increase the interfering signal
level in the airspace can be detected
and repaired as quickly as possible,

2. The CATV industry should be
requested to separate all radiation

in the avionic navigation band (108.0
MHz to 117.95 MHz) 25 KHz from FAA

navigation frequencies. The CATV
carriers in the band should be
required to have a frequency stabili-
ty of +5 KHz (approximately 0.004
percent) percent to insure required
separation allowing for drift between
FAA and CATV frequencies. The radi-
ated signal should not exceed the

levels listed in recommendation 1.
3. The CATV data base for the
avionic band should be incorporated

into the FAA communications frequency
selection program so as to auto-
matically detect contravention of the
60 nmi separation of cochannel usage.
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TABLE 1. ANALYSIS OF DATA FOR ATLANTIC CITY RUNS 1 THROUGH 7,

AT 1,500 FT
RUN OF FREEDOM
1 -71.5738 169
2 -78.4631 76
3 -77.9723 56
4 -76.5772 76
s -75.4439 109
6 -77. 7939 87
7 -76.5192 87

REFERENCE DISTRIBUTION= 1.31683 FOR 93° PROBABILITY
P(l.l.ED UARIANCE OF ONE ALTITUDE= 41.396S

OF SQUARES : ST= 3361.5 SDO= 29968.8 SR= 26619.3
3 ?615%%

SUM OF Y~2: 3.79138E+06 G=—49489 .3 N= 649
F RATIO WHITH 6., 643 OF FREEDOM= 13.3331

Note: SD is the total sum of squares of deviation and SA is the
correction factor

TABLE 2. ANALYSIS OF DATA FOR ATLANTIC CITY RUNS 8 AND 9,
AT 5,000 AND 10,000 FT

RUN MEAN DEGREES OF FREEDOM
8 -88.682 87
9 =51.748 189

REFERENCE DISTRIBUTION= 3.62183 FOR 95X PROBABILITY
PCILED UARIANCE OF ONE ALTITUDE= 334.49
OF SQUARES : ST= 6073.63 SDO= 71968.2 SR= 65894.6
491%0“
+06 G=-17185.3 N= 198

SIH OF Y 1.56355E
F RATIO HITH 1, 197 DEGREES OF FREEDOM= 18.13578




TABLE 3. ANALYSIS OF DATA FOR HARRISBURG RUNS 1 THROUGH 5,

AT 1,500 FT
RUN MEAN OF FREEDOW
1 -91.7381 26

2 -91.6349 98

3 -83.9539 %8

4 -68.4113 96

s -87.7351 76

REFERENCE DISTRIBUTION= 952916 FOR 95% PROBRBILITY

POOLED URRIANCE OF ONE ALTITUDE= 21.0845
SUM OF SQUARES: ST= 4763.3 SD= 14198.3 SR= 9424.75 S&=
3. 52431E0%

SUM OF Y~2: 3.53858E+06 G=-39668 . 1 N= 451
F RATIO WITH 4, 447 DEGREES OF FREEDOM= 36.35049

TABLE 4. ANALYSIS OF DATA FOR HARRISBURG RUNS 8 THROUGH 11,

AT 1,500 FT
RUN MEAN DEGREES OF FREEDOM
8 -86 . 5647 98
9 -92.3933 76
10 -68.68246 54
11 -81.1674 43

REFERENCE DISTRIEJTIGP 1.20787 FOR 95% PROBABILITY
POOLED VARIANCE OF ONE ALTITUDE= 25.6958
SUM OF SQUARES: ST= SD= 10758.3 SR= 6989.25 SA=

SUM OF YA2: 2.12997E+86 G=-24140.9 N= 273
F RATIO WITH 3, 272 DEGREES OF FREEDOM= 48.8926

3 3
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S———



TABLE 5. ANALYSIS OF DATA FOR HARRISBURG RUNS 12 THROUGH 15,

AT 5,000 FT
RUM MEAN DEGREES OF FREEDOM
12 -93. 2657 8
13 -90. 7822 131
14 -92.6395 87
15 -92.0031 87

REFERENCE OISTRIBUTION= 1.23217 F(R 95 PROBABILITY
POOLED UARIANCE OF ONE ALTITUDE= 38.7389

SUM OF SQUARES: ST= 355.75 SO= 13577
3. 3414&0“

SUM OF YA2: 3. 3J702E+86 G=—-36376
F RATIO WITH 3, 393 OEGREES OF msznm- 3. “172

SR= 13221.3

TABLE 6. ANALYSIS OF DATA FOR HARRISBURG RUNS 16 AND 17,

AT 10,000 FT

RUN MEAN OF FREEDOM
16 -02 98 58
17 -143.682 131

REFERENCE DISTRIBUTION= 1.66116 FOR 95X PROBABILITY
P(II.ED UARIANCE OF ONE ALTITUDE= 80.5933

OF SQUARES:
+06

ST= 200448 SO= 226963
19833&05

SUM OF Y~2: 3.42528E G=-27181 N= 231
F RATIO WITH 1, 230 DEGREES OF FREEDOM= 2386 .41

11

SR= 18336.3




TABLE 7. ANALYSIS OF DATA FOR COATESVILLE RUN 1, AT 1,500 FT

RUN MEAN DEGREES OF FREEDOM
1 -99.614 142

REFERENCE DISTRIBUTION=0.582356 FOR 95 PROBABILITY

POOLED VARIANCE OF ONE ALTITUDE=12.5358

SUM OF SQUARES: ST=0 SD=1792.63 SR=1792.63 SA=
1.41898E+06

SUM OF YA2: | 42077E+06 G=-14244.8 N=143

F RATIO WITH ©,143 DEGREES OF FREEDOM=1.35724E+37

TABLE 8. ANALYSIS OF DATA FOR COATESVILLE RUNS 11 THROUGH L7,
AT 1,500 FT

RUN MEAN DEGREES OF FREEDOM

11 -102.327 133

12 -94.2395 133

13 -94.20803 87

14 -92.671 76

15 =92.7943 98

16 -92.9183 76

17 —94.1386 ]
REFERENCE DISTRIBUTION= 1.45624 FOR 95% PROBABILITY
POOLED UARIANCE OF ONE ALTITUDE= S4.7182
SUM OF SQUARES: ST= 9543 SD= 48334.5 SR= 38789.5 SA=
6.51497E+06

SUM OF Y~2: 6.36330E+06 G=-682351 N= 715
F RATIO WITH 6. 789 OF FREEDOM= 29. 8773

12




TABLE 9. ANALYSIS OF DATA FOR COATESVILLE RUNS 17 AND 18,

AT 1,500 FT
RUN MEAN DEGREES OF FREEDOM
17 ~94.1396 6S
18 -92.7486 54

REFERENCE DISTRIBUTION= .5358484 FOR 95 PROBABILITY
POOLED VARIANCE OF ONE ALTITUDE= 4.63958

SUM OF SQUARES: ST= 58 SD= 614.75 SR= 356.75 Sh=

1.85796E+06 . :
SUM OF Y~2: 1. 05B8358E+96 G=-11314.3 N= 121
F RATIO WITH 1, 120 DEGREES OF FREEDOM= 12.3011

TABLE 10. ANALYSIS OF DATA FOR HAGERSTOWN RUNS 1 THROUGH 13,

AT 1,500 FT

RUN MEAN DEGREES OF FREEDOM
1 -66.9336 54
2 86 . 3646 120
3 -87.0148 76
4 -87.8332 98
S -66.7776 76
6 -86.8892 87
4 -66.3166 43
8 -86.9922 189
9 -87.1478 87
10 -87.0072 76
11 -67.024 120
12 -86.8981 87
13 -06.8423 76

SI..H(FS?*.WE& ST= 59 SO= 3137 SR= 3878

46833E
SUM OF YA2: 8.47146E+06 G=-97475. 4 Ne 1122
F RATIO WITH 12, 1110 DEGREES OF FREEDOM= 1.




TABLE 11. ANALYSIS OF DATA FOR HAGERSTOWN RUNS 21 THROUGH 27, AT 1,500 FT

DEGREES OF FREEDOM

NRBRENRE
8kl

ey
$2RAHDS!

s

REFERENCE DISTRIBUTION= 391354 FOR 95X PROBABILITY

POOLED VARIANCE OF ONE ALTITUDE= 2.86686

SUM OF SQUARES: ST= 13 SO= 1311.5 SR= 1496.5
3.97972E+06

SUM OF Y~2: 3.98123E+06 G=—435639.8 N= 328
F RATIO WITH 6, S22 DEGREES OF FREEDOM= .872635

14

Sa=




TABLE 12. GRAND MEANS COMPARIONS

Location Altitude

1,500 feet 5,000 feet 10,000 feet

(dBm) (dBm) (dBm)
Coatesville -94.6
Harrisburg -88.2 -91.9 -83.0
Atlantic City -76.1 . -80.6 -91.7
Hagerstown -86.9
Independence -73.2 =73.7
Salisbury -85.4 -85.8 -69.0
*Forbes Field -94.8

*Forbes Field, Topeka, Kansas FCC Antenna Calibration

15
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FIGURE 7.

FLIGHT GRID OF ST. JOSEPH, MO
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FLIGHT GRID OF COATESVILLE, PA

FIGURE 25.
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FIGURE 27. EQUIPMENT CONFIGURATION FOR SIMULATED VOR SIGNALS
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