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PREFACE
 

The Electromagnetic Compatibility Analysis Center (ECAC) is a Department of 
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Telecommunications and the Chairman, Joints Chiefs of Staff, or their designees, who 
jointly provide policy guidance, assign projects, and establish priorities. ECAC functions 
under the direction of the Secretary of the Air Force and the management and technical 
direction of the Center are provided by military and civil service personnel. The technical 
operations function is provided through an Air Force sponsored contract with the liT 
Research Institute (" TR I). 

This report was prepared for the Systems Research and Development Service of the 
Federal Aviation Administration in accordance with Interagency Agreement 
DOT-FA70WAI-175, as part of AF Project 649E under Contract F-1962S-73-C-0031, by the 
staff of the liT Research Institute at the Department of Defense Electromagnetic 
Compatibility Analysis Center. 
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American Standard Yl0.19 (1967) "Units Used in Electrical Science and Electrical 
Engineering" issued by the United States of America Standards Institute. 
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SECTION 1 

INTRODUCT ION 

BACKGROUND 

The Federal Aviation Administration (FAA) has instituted a 
program that im~lements the Air Traffic Control Advisory Committee 
recommendations for an air traffic control system that will be 
adequate for the 1980's and beyond. The Discrete Address Beacon 
System (DABS) is being developed to succeed the Air Traffic Control 
Radar Beacon System (ATCRBS) as the primary means of air traffic 
control surveillance. DABS will support higher levels of air traffic 
control automation than have been planned for the Automated Radar 
Terminal System (ARTS) and the National Airspace System (NAS), and 
it is capable of supporting Intermittent Positive Control (IPC) and 
air traffic control communications via a data link. Additionally, 
DABS has the potential to improve upon the aircraft-tracking capacity, 
azimuth resolution, and ranging accuracy of the present ATCRBS. 

It has been proposed that DABS operate on the IFF frequencies of 
1030 ~ffiz and 1090 MHz. Therefore, DABS must be interoperable with 
the existing ATCRBS, and compatible with AIMS and TACAN/DME services. 
The FAA has tasked 2 the DoD Electromagnetic Compatibility Analysis 
Center (ECAC) to determine the EMC impact of the DABS on TACAN/DME 
services. 

The signal structures and DABS operating characteristics con­
sidered in this analysis were provided by MIT Lincoln Laboratory, 
the FAA's System Engineering Contractor (SEC). ECAC initially 
analyzed, from an EMC standpoint, the impact of two selected DABS 
signal structures on TACAN X mode equipments 3. A second task, the 
subject of this report, is an EMC assessment of the impact of an 
expanded set of DABS signal structures and operating characteristics 

lReport of Department of Transportation Air Traffic Control Advisory 
Committee, Volumes 1 and 2, December 1969. 

2Task Assignment 16 of Interagency Agreement DOT-EA-70WAI-l75. 

3Initial Interference Assessment of the Discrete Address Beacon System 
(DABS) on TACAN (X Mode), March 1973 (Unpublished FAA report). 
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FAA-RD-74-l4 Section 1 

on both X and Y mode TACAN/DME equipments. The susceptibility of 
individual TACAN/DME· equipments to DABS emissions was determined 
experimentally. The EMC assessment was based on the application 
of the experimental data to the analysis of hypothetical (but 
expected) DABS environmenti. 

OBJECTIVE 

The objectives of this analysis were to: 

1. Determine the degree of interference to TACAN/DME systems 1 
that would result from operating DABS with its proposed signal structures. 

2. Determine frequency and distance separations necessary to 
preclude DABS interference to TACAN/DME interrogators, and define the 
level of beacon interference as a function of percent count down. 

APPROACH 

In order to assess the interference impact of the DABS on the 
TACAN/DME system, it was first necessary to determine the suscep­
tibility of these equipments to DABS-generated interference. This 
was accomplished through a test program, conducted at the National 
Aviation Facilities Experimental Center (NAFEC) in Atlantic City, NJ. 
In this program the susceptibility of representative TACAN and DME 
equipments to each of the proposed DABS signal structures was measured. 
Measurements were made for the on-tune case and for various frequency 
differences (~f) between the DABS emissions and the victim receiver. 

The interference cases considered in this analysis are illustrated 
in Figures 1 and 2. In each case the potential interference source 
is a DABS sensor or transponder emission acting upon the receiver of 
a TACAN/DME beacon or interrogator. 

The criteria selected for declaring degradation to the TACAN/DME 
interrogator were the DABS signal levels above which the interrogator, 
operating with a desired signal at the minimum discernible signal 
CMOS) level, was unable to acquire and maintain azimuth lock and range lock. 

TACAN/DME beacon interference can be related to percent deadtime, 
where percent deadtime is defined as the percentage of time that the 
beacon cannot process a valid interrogation due to the presence of 
the interference. Thus, DABS interference would deny replies to valid 
interrogations. This reduction in replies could in principle result in 
the failure of the interrogator to acquire range lock. Any DABS-generated 
deadtime will add to the deadtime normally present in the beacon. The 
amount of internally generated deadtime is largely a function of the 
beacon 10adLlg. Consequently it was not possible to se~tle on a single 

8 
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Figure	 1. Possible iuerference paths for the DABS uplink signal 
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interference level that would be applicable for all situations. 
Therefore, it was decided to use a family of interference 
levels corresponding to percent deadtime values of 0.5, 1, 2, 
etc., up to a maximum value of 10 percent in increments of one 
percent. This approach will allow those responsible for TACAN!DME 
system performance to make a technical judgment of the level of 
interference that can be tolerated without degrading the TACAN!DME 
system. 

In the downlink analysis, the X and Y mode TACAN!DME beacon re­
ceivers and the Y mode TACAN/DME interrogators were considered as 
the potential victims of the DABS transponder operating on 1090 MHz. 
The DABS air traffic environment used in the analysis was supplied 
by MIT and is considered to be representative of the northeastern 
U. S. in the 1980 time frame. The first step in this analysis was 
the determination of the pulse density, i.e., the number of DABS 
replies per update period, that would be received by the victim 
receiver in the DABS environment. Plots were made of the number 
of pulses (DABS replies) versus their respective received power 
levels. This information, along with the measurement data, was 
used to assess the impact of the proposed formats on each potential 
victim. This process was repeated for various frequency separations 
between the victim receiver and the DABS downlink transmit frequency 
(1090 MHz). In this manner it was possible to determine the frequency 
separations required for (1) insuring that the Y mode interrogator 
will acquire azimuth/range lock and (2) limiting the percentage of 
deadtime in the X and Y mode TAc.aJ'~/DME beacon to a fixed maximum value. 

In the uplink analysis the X and Y mode TACAN!DME interrogator 
and beacon were considered to be the potential victims of the DABS 
sensors operating on 1030 MHz. The environment analyzed consisted 
of a deployment of DABS sensors (interrogators) that would provide 
single coverage of an aircl'aEt operating at an altitude of 2000 feet 
within a 200 nmi radius of Nc~ York City. 1152 DABS-equipped aircraft 
were assumed to be wi tld.ll 200 nmi of New York, at al ti tudes between 
1000 and 45,000 reet. Fiest, the number and signal level of DABS 
interrogations that would be received by the potential victim in the 
DABS environment were calculated. These calculations took into 
consideration the DABS sensor antenna pattern and transmitter PRF. 
Next the pulse density information was used, along with the measure­
ment data, to make an assessment of the impact of the proposed DABS 
signal formats on each potential victim. This procedure was repeated 
for various frequency differences between the DABS sensor and the 
victim receiver. In this way it was possible to determine the fre­
quency separations, for each combination of TACAN/DME victim, DABS 
format and DABS PRF combination, th~t would either preclude inter­
ference or prevent interference from iexceeding a specified level, 

11 



FAA-RD-74-14 Section 1 

assuming a minimum distance separation of one nautical mile. Once 
these frequency separations were found it was possible to generate 
curves showing the frequency-distance (F-D) separations required 
for interference-free operation of TACAN/DME equipments. 

Because certain details of the DABS design were not available 
at the time this investigation was in progress, certain idealizations 
and certain worst-case assumptions were necessary. The testing of 
equipment was carried out using rectangular pulses with very fast 
rise and fall times. Free-space path loss was used in all cases. 
DABS ground antennas were represented by a three-·level model in some 
cases and a four-level model in other cases. It was assumed that all J 
DABS uplink transmissions were of a single type at one power level. 
Similarly, it was assumed that all DABS downlink transmissions were 
of a single type at one power level. F:quipment availability dictated 
the number of TACAN/DME devices that were actually tested. 

Because of these idealizations, the results should be regarded with 
some appreciation for the approximations involved. Although approximate, 
the results in this form serve the intended purpose of identifying the 
interference cases worth investigating further. 

12
 



SECTION 2 

ANALYSIS 

GENERAL 

With the DABS operating on 1030 and 1090 MHz there is a potential 
for interference to the TACAN/DME system. Specifically, the DABS use 
of 1030 MHz could result in interference to X and Y mode TACAN/DME 
beacons and interrogators, whereas the use of 1090 MHz could result 
in interference to the X and Y mode beacon and the Y mode interrogator. 

TACAN/DME SYSTEM 

The TACAN/DME system provides an aircraft pilot with slant range 
and bearing (TACAN only) to a selected ground beacon. The aircraft 
determines its distance to a beacon by interrogating it and timing 
the reply. Bearing is derived by analog techniques. 

Two modes of operation are available for TACAN/DME use: the 
X mode and the Y mode. The X mode uses the entire TACAN/DME band 
(962 to 1213 MHz). In the )' mode, only the 1025 to 1150 MHz band 
is used. 

In both the X and the Y nodes, the basic channeling increment is 
1 MHz. The channels are paired so that the aircraft and the selected 
ground beacon transmit on frequencies separated by 63 MHz. 

The channel pairings for the X and the Y mode TACAN/DME are 
shown in Figure 3. In the X mode the beacon transmits in either the 
962-1024 MHz or the 1151-1213 MHz band and the aircraft transmits 
in the 1025-1150 MHz band. If the aircraft is on channel IX, it 
transmits on 1025 MHz and receives on 962 MHz. The corresponding 
beacon on channel IX transmits on 962 MHz and receives on 1025 MHz. 
If the aircraft is on channel 64X, it transmits on 1088 MHz and 
receives on 1151 MHz. The corresponding beacon on channel 64X trans­
mits on 1151 MHz and receives on 1088 MHz. In the Y mode, both the 
aircraft and the beacon transmit in the 1025-1150 MHz band. If the 
aircraft is on lY, it transmits on 1025 MHz and receives on 1088 MHz. 
The corresponding beacon on lY transmits on 1088 MHz and receives on 
1025 MHz. If the aircraft is on channel 64Y, it transmits on 1088 MHz 
and receives on 1025 MHz. Its corresponding beacon on channel 64Y 
transmits on 1025 ffiiz and receives on 1088 MHz. 

DABS CHARACTERISTICS 

The DABS surveillance system may be thought of as a modified 
ATCRBS. It is a network of sensors, each measuring range and azimuth 

13 
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of aircraft within its coverage limits, and obtaining aircraft identity 
and altitude from coded replies. The chief difference between ATCRBS 
and DABS is that each DABS interrogation is addressed to a specific 
aircraft rather than to all aircraft simultaneously. Each aircraft 
recognizes and replies only to its own discrete address. The system 
schedules interrogations in such a way as to prevent garbling of the 
replies. Provisions have been made to add new aircraft to the discrete 
address roll call. 

Since aircraft are addressed individually in DABS, the surveillance 
system automatically provides a natural vehicle for a data-link, between 
the ground sensor and the aircraft, that can be used for air traffic 
control purposes, including Intermittent Positive Control. The DABS 
design will accommodate this double function through the selection of 
an appropriate modulation format and coding techniques. 

The pertinent DABS operating characteristics and signal formats 
used in this analysis were supplied by the system engineering con­
tractor. Five candidate signal formats were proposed for use in the 
DABS uplink signal. An uplink preamble, consisting of three 0.8 ~s 

pulses, is common to all five. These three pulses occur at 0, 2, and 
3.5 flS, respectively, after the start of a DABS uplink interrogation. 
The message portion starts at the 5 ~s point in the interrogation. 
Shown in TABLE 1 are the five message formats considered in this 
analysis. The DABS uplink operating characteristics considered are 
shown in TABLE 2. As indicated, two different sets of operating 
characteristics were considered, one set for formats 1, 2, 3 and 4 
and another set for format 5. 

For the DABS downlink, five candidate signal formats. were proposed 
by MIT. The five formats had a common preamble consisting of three 
l-flS pulses. These pulses occurred at the 0, 2, and 4 ~s points in 
the DABS downlink reply. The downlink reply message starts at the 
6-~s point. TABLE 3 contains the pertinent parameters of the five 
proposed message formats. A description of the downlink operating 
characteristics is contained in TABLE 4. 

TACAN/DME INTERROGATOR INTERFERENCE 

In the presence of an interfering signal, degradation of inter­
rogator performance can take several different forms. For example, 
if the potential victim is a TACAN interrogator, the possible forms 
of performance degradation are: 

a. inability to acquire azimuth lock. 
b. presentation of erroneous bearing information. 
c. inability to maintain a bearing indication. i.e., azimuth 

breaklock. 

15 
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TABLE 1
 

DABS UPLINK MESSAGE FORMATS
 

DABS 
Uplink 
Format 

1 

2
 

3
 

4
 

5
 

Data 
Rate 

(Mb/s) 

2.0,.
 

2.0
 

4.0
 

4.0
 

3.2
 

Message 
Length

ell s) Modulation _JI 
50
 

30
 

25
 

25
 

32
 

IPulse Amplitude Modulation, RZ 
! 

Pulse Amplitude Modulation, RZ 

Pulse Amplitude Modulation, NRZ 

Differential Phase Shift Keying 

Differential Phase Shift Keying 

RZ - Return to Zero 
NRZ - Non-Return to Zero 
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TABLE 2
 

DABS UPLINK OPERATING CHARACTERISTICS
 

A.	 UPLINK FORMATS 1, 2, 3, and 4
 
Transmit Frequency - 1030 MHz
 
Interrogation Rate - 300, 500, or 1000 pu1ses/s.
 
Transmitter power (excluding antenna gain) - 1 kW (+60 dBm)
 
Interrogator scan rate - IS/min (4 5 per scan)
 
Average number of hits/aircraft/scan = 3
 

ANTENNA PATTERN
 
Mainbeam Gain (3 dB width) +23.5 dBi (3.2°)
 
Side lobe Gain (width) - 6.5 dBi (36°)
 

-12.5 dBi (144°) 
Back10be Gain (width) -17.5 dBi (144°) 

-22.5 dBi (32.8°) 
1---------------------------------------j 

B.	 UPLINK FORMAT S
 
Transmit Frequency - 1030 MHz
 
Interrogation rate - 300 or 500/s
 
Transmitter power (excluding antenna gain) - 250W (+54 dBm)
 
Interrogator scan rate - IS/min (4 s/scan)
 
Average number of hits/aircraft/scan = 1.5
 

ANTENNA PATTERN
 
Mainbeam Gain (3 dB width) +28 dBi [4° (ground to air)]
 

+22 dBi [4° (ground to ground)] 
Side lobe Gain (width) - 5 dBi (23°) 
Back10be Gain (width) -11 dBi [189° (remaining 144° of 

back10bes to have infinite 
attenuation] 

17
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TABLE 3 

DABS DOWNLINK MESSAGE FORMATS 

-~-I-----_·_·--r 

DABS T Data , Message
 
Downlink
 Rate I, Length
 

Format
 S

(Mbl/S~----l: t)18 0 -:.u.U:.:: Modulation 
Amplitude Modulation, NRZ 

1---7---+--------+---- Amplitude Modulation, NRZ 16 

40 

8 o~t Pulse Amplitude Modulation, NRZ 

9 Modulation, NRZ 

10 3.2 4 Modulation, NRZ 

'------~-------_. - ­
RZ - Return to Zero 
NRZ - Non-Return to Zero 

TABLE 4 

DABS DOWNLINK OPERATING CHARACTERISTICS 

Transmit Frequency 

Transmitter Power 

Antenna Gain 

Coverage 

1090 MHz 

250W (+54 dBm) 

o dBi 

J, 2, or 3 sensors/target 
(Formats 6, 7, 8, 9). 
2 sensors/target (Format 10) 
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d. inability to acquire range lock. 
e. presentation of erroneous range information. 
f. inability to maintain a range indication, i.e., range 

break1ock. 

For the DME interrogator, the forms of performance degradation 
are the same as d., e., and f. for the TACAN interrogator. 

In the test program, it was determined that the TACAN inter­
rogator function most susceptible to interference was the ability 
to acquire azimuth lock. That is, for a given set of test con­
ditions, acquisition of azimuth lock was precluded at an interference 
signal level which was lower than that at which the other forms of 
performance degradation occurred. For the DME interrogator, the 
most susceptible function proved to be the ability to acquire range 
lock. Shown in TABLE 5 are sOlTle of the measured interference power 
levels at which azimuth lock and breaklock occurred in the TACAN 
interrogator, and range lock occurred in the DME interrogator (com­
plete data set contained in APPENDIX A). Based on these tests, an 
interference condition was said to exist when, as a result of the 
presence of the DABS emissions, the TACAN/DME interrogator failed to 
acquire azimuth/range lock when receiving a desired signal at the 
MDS level. 

The interference mechanism associated with the inability of the 
interrogators to acquire azimuth/range lock is the reduction in re­
ceiver gain due to the presence of an interfering pulse train 
(AGC capture). The interfering signal was decoded by the inter­
rogator and processed by the automatic gain control (AGC) circuitry 
along with the desired signal. One purpose of the AGC is to main­
tain a constant signal level in the interrogator receiver, 1. e., at 
the detector output. The effect of these decoded interference signals 
on the AGC is similar to that which occurs when there is an increase 
in desired signal level. That is, the AGC reduces the gain of the 
receiver in an attempt to maintain some predetermined detector out­
put. When this occurs, the corresponding reduction in desired signal 
level results in the loss of amplitude modulation and reference-burst 
information needed for azimuth determination. The fact that AGC 
capture is the interference mechanism was verified experimentally by 
observing that acquisition of azimuth lock and azimuth break10ck were 
accompanied by changes in the AGC voltage. 

The interrogator AGC voltage is a function of the average re­
ceived power. The implication of this is that there should be some 
correlation between the interference average power and break lock/ 
acquire lock levels. TABLE 6 is a tabulation of the average inter­
ference power levels corresponding to azimuth acquire lock and break 
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TABLE 5 

MAXIMUM DABS SIGNAL LEVELS ABOVE wHICH A TACAN/DME 
CANNOT ACQUIRE AZIMUTH/~ANGE LOCK, ~~D THE DABS 

LEVELS AT ~BICH AZIMUTH BREAKLOCK OCCURRED 
THE TACAN INTERROGATOR 

'"ri 

~ 
I 

;;0 
o 
I 

.....]INTERROGATOR +>­
SIGNAL I 

i-' 

IN
 .j:>.
 

I DABS Signal Level Aba~-'--------------1 DABS Signal Leve·~--.~:b~:,~---1 
I 

Which the TACA:\ Will '<at I DABS Signal Level For I I\'nich the TACA.'~/DME ;'i~ i 1. Not I 
i DABS PRF. Acquire Azimuth Lock i A:imuth Breaklock I Acquire Rarge Lac\:
I (PPS] I (dBm) I (dBm) , (clBm) i

'I 

~-----I-·~---------·---_·_.j---------_·_-_·_-------------------'---.--....----~ 

,	 1 11K' - 74 5I • _ I ' . 
I	 1.0K I -74.0 

800 I -72.0 

600 I -71.0 

I 500 I -70.0 
N 
o OO -69.0 

200 -59.0 
I ~ 

Notes:	 DABS signal format #4 
DABS signal frequency 

I' - ., 1 • 
L • '" 

I ·-71.0 

1·:'0.0
 

-69.0
 

-68.0
 

I ~·67~O I 
I -~;;.o I 

__	 .l.	 ._~_. . 

was used.
 
same as victim receiver frequency
 

TACAN victim: ARN/2lC, desired sigI~al level = -85 dBm. 

- 72 0 
• 

-66.0 

-66.0 ! 
-6J.O i 
-62.0 

-62.0 
i
I 

> -36.0 I 
. ._~ ,. -------.l 

(worst-case :3i tuation) . 

DME victim: Collins DME 860E-2, desired signal Jevel = -86 dBm. 
(Desired signal levels for victim equipments represent worst-case conditions.) 

C/J 
('I) 
(") 
rl' ..... 
o 
::l 

N 

..
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TABLE 6
 

AVERAGE ON-TUNE INTERFERENCE POWER FOR AZIMUTH-ACQUIRE LOCK AND
 
BREAKLOCK FOR THE TACAN X MODE INTERROGATOR
 

tv .... 

Average Interference Power (dBm) 

DABS Fonnat # 1 Fonnat # 2 Fonnat # 3 Fonnat # 4 
-­

PRF Acquire ! Break ! Acquire ~Break Acquire 

U~~~k_1 
Acquire Break 

(PPS) Lock Lock 

I 

Lock Lock Lock Lock Lock 

1. 6K I I-91 -88 

I 

-91 -89 I -99 -96 -89 -87 

1. OK -91 -89 -92 -90 i -99 -96 I -89 -87 
I800 -92 -89 -92 -90 I -99 -9& -89 -87 

600 -92 -89 -92 -90 -99 -96 -89 -86 

500 -92 -89 -92 -90 -98 -96 -89 -86 

400 -91 -89 -91 -89 -97 -94 -88 -86 

300 -90 I -88 
I 

-91 -89 - -97 -94 -88 -85 

200 -86 -84 I -88 -85 -96 -93 -86 -83 

ISO -83 -81 

I 
-86 -84 -95 -92 

I 
-72 -69 

Note: TACAN signal level represents worst-case condition. 
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lock in the TACAN interrogator for various DABS PRP's and formats. 
'The average interference power is obtained from the measured peak 
power by reducing the peak power by a duty factor, defined as the 
product of PRF; and pulse Hidth, expressed in decihels. It is 
evident from TABLES 6 and 7 that, for a range of PRFs, there 
·'.':i5 ::S iJ correlat i',',n b'.:twecn the average interference power and 
azimuth acquire and bTeaklock levels in the TACAJ~ interrogator. 
Thus by computing the average power of the interfering signal or 
signals it is possible to predict the occurrence of lock or break­
lock. 

A further examination of the data in TABLES 6 and 7, and the 
original test data in APPENDIX A, indicates that this average power 
concept is only valid for PRF's above a certain point. This is 
attributed to saturation or limiting effects in the receiver. For 
any given AGC setting there is a limited range of signal levels which 
the receiver will process linearly. Any signals which exceed the 
upper limit of this range will saturate the receiver, with the re­
sult that the detector output for that signal remains constant for 
further increases in signal level. This means that any received 
DABS signals having a peak power equal to or greater than the 
saturation level will have the same effect on the interrogator as 
a signal at the saturation level. The saturation levels for each 
of the proposed DABS signal structures were detel~ined experimentally. 

TABLE 8 contains the saturation levels and the acquire lock 
average power levels that were used in this analysis. The values 
shown are for the TACAN interrogator, since this particular piece 
of equipment is the most susceptihle to interference. Hence, any 
criterion that precludes interference to the TACAN interrogator 
would adequately protect the other equipments. 

The interrogator off-frequency rejection to the various DABS 
formats was determined experimentally. The term "off frequency 
rejection" is defined as the difference in DABS signal levels, in 
dB, between an on-tune signal and an off-tune signal of the same 
PRF, that result in the same interference effect, e.g., azimuth 
breaklock. It was determined that the interference mechanism was 
the same for off-tuned interfering signals as it was for on-tune 
interfering signals. In both cases, an interference condition 
existed because the interference controlled the receiver AGC action. 
The off-frequency rejection curves used in the analysis are presented 
in APPENDIX A. 

Once the saturation level, acquire lock average interference 
power level, and off-frequency rejection had been determined for 
a signal structure, the following procedure was used to assess the 
impact of an environment of interfering signal sources on the 

22 



TABLE 7 

AVERAGE ON-TUNE INTERFERENCE POWER FOR AZIMUTH ACQUIRE LOCK AND 
BREAKLOCK FOR THE TAC~~ Y MODE INTERROGATOR 

Average Interference Power (dBm) 

DABS __Form!t # _~l ---r::=_~Grma-: # 2 Fonn'--.a-t----'---#-3-----.----F-o-rm-at-#-4------I 

PRF I Acquire T Break j---.I,cquire I Break Acquire Break Acquire Break 

(PPS) ~ Lock t-. ~--t L~~~~ Lock i Lock ~ Lock Lock Lock 

1.6K I -91 , -89 I -88 I -86 I -86 -82 -80 I -77 

loOK I -93 I -91 -88 I -86 I -86 [ -84 -79 -77 
N 
Vl 800 I -92 I -90 I -89 i -86 I -86 -83 -78 -76 

600 I -91 ! -89 I -88 j -86 I -86 -84 -78 -76 

500 . -91 I -88 

400 

300 

200 

ISO 

-90 

-89 

-87 

-83 

-87 

-86 

-83 

-80 

-88 I -86 i -85 -83 -78 -76 

-88 I -86 I -84 -82 -78 -76 

-88 I -85 I -84 -82 -77 -75 

-86 -84 I -s;: ! -80 - 74 - 72 

-85 II -78 I -81 I -76 -73 -67 

Note: TACAN signal level represents worst-case condition. 
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TABLE 8
 

SATURATION LEVELS (PEAK POWER) AND ACQUIRE LOCK AVERAGE POWER
 
LEVELS FOR THE TACAN INTERROGATOR
 

~--_._----- ­ -- .'­
Y Mode InterrogatorX Mode lnterrogator 

Acquire LockAcquire Lock 
Saturation AverageAverageSaturation 

Power Level LevelPower LevelDABS Level 
(dBm) (dBm)Format (dBm)(dBm) --+ 

-91-69I -69 -92 

-88.5-652 -69 I -92 
I -61 -863 -69 -98 
I 
t -784 -55-68 -89 

Sa -89-91 -67-70 
b 

N.A. -70 -946 N.A. 

-70 -95N.A.7 N.A. 

-928 N.A. N.A. -71I 
-939 N.A. N.A. -71I 
-98N.A. N.A. -7010 I 

-L 

aNo raw data was available for Format #5; the indicated levels are 
extrapolated. 

bNot applicable. 
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interrogator. First, the received signal level from each source was 
computed. Next, any frequency difference between the victim and inter­
ference sources was accounted for by reducing the received signal levels 
by the appropriate off-frequency rejection. This, in effect, converts 
the received signal to an equivalent on-tune signal. All of the 
equivalent on-tune signals having a level greater than the saturation 
level were placed at the saturation level. Finally, an average inter­
ference power level was summed from a tabulation of the interfering 
signal levels. This computed value of average interfering signal 
power was then compared to the threshold value for acquisition of 
azimuth lock. If the computed value exceeded the threshold level, an 
interference condition was assumed to exist. A sample calculation 
using the method described above is shown on page 36. 

TACAN!DME BEACON INTERFERENCE 

The question of what constitutes degradation of beacon performance 
is not clearly defined. No well-defined degradation level exists, similar 
to acquire lock in the interrogator, which can be adapted to assess the 
impact of the DABS on beacon performance. However, it is possible to 
discuss the interference effect of the DABS signal on the TACAN!DME 
beacon. As will be shown, the interference effect of the DABS is similar 
to the self interference that is inherent in the beacon. 

The normal beacon output consists of 3600 TACAN pulse pairs, of 
which 900 are azimuth reference bursts and 2700 are divided between 
squitter (noise-generated pulses) and replies to interrogations. The 
beacon restricts the time interval between any two of the 2700 pulse 
pairs to a minimum of 60 microseconds. Once the beacon replies to a 
noise input or valid interrogation there will be no further replies for 
at least 60 ~s. This is because, when either a noise signal or a valid 
interrogation is decoded by the receiver, the decoder is disabled for 
the next 60 ~s while the signal is further processed and a reply is 
eventually transmitted. Hence there is a deadtime associated with 
each decoding cycle, during which the receiver will not decode and 
process another interrogation, valid or otherwise. 

As the beacon traffic increases (i.e., as the number of aircraft 
being serviced by the beacon increases) two effects are noted. First, 
the number of squitter output pulse pairs is reduced and, second, as a 
result of the deadtime, the probability of reply to a valid interrogation 
is reduced. The designed upper bound on the reply percentage is that, 
under conditons of 100 percent loading, the beacon will reply to a 
minimum of 70 percent of the valid interrogations 4. The overall effect 

4MIL-STD-291B, Standard Tactical Air Navigation (TACAN) Signal. 
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of this inherent self-interference, i.e., the reduction in replies 
because of deadtimc, is to reduce the probability that an inter­
rogator will maintain or acquire range lock. 

The effect of an interference signal on the beacon is to 
further increase the amount of beacon deadtime. Depending on the 
structure of t.he int.erfering signal, there are two mechanisms by 
which deadtlme can be generated. If the interference signal 
structure is not decoded in the beacon, a variable deadtime, de­
pendent on the interference signal level, will be generated as a 
result. of the activation of t.he beacon's echo suppression circuitry. 
If the interfering signal is decoded by the beacon, the resulting 
deadtime will be similar to that generated by a valid interrogation. 
When the interfering signal is decoded, a fixed amount of deadtime 
is generated over each of several levels of signal strength, whereas, 
for non-decoding interference signals, the resulting deadtime varies 
continuously with the interference signal level. The more severe 
case is that in which the interference is decoded by the beacon. 
The deadtime associated with an interference signal that decodes will 
be constant and at a maximum value for a wide range of interference 
signal levels. For a non-decoding signal, deadtime will be less 
than this maximum value for the same range of signal levels. 

The question of how much interference-generated deadtime can be 
tolerated is not readily answered. It was not possible to establish 
any fixed percentage of deadtime as a degradation criterion, because 
not enough is known about beacon loading or the impact of additional 
deadtime on the ability of the interrogator to acquire or maintain 
range lock. Hence no attempt was made in this analysis to assess the 
degree of degradation to beacon performance that would result from the 
presence of DABS emissions. It was possible, however, to determine 
the percentage of deadtime that would result for various combinations 
of DABS signal structure, operating characteristics, and frequency/ 
distance separations. 

During the test program, it was found that all of the proposed 
DABS signal structures except Fonout 4 were decoded by both the X 
and Y mode beacons. The one exception was the case in which the 
victim was a Y mode beacon. The deadtime associated with each DABS 
signal structure was determined experimentally, in the presence of 
a desired signal at the MDS level. 

Figure 4 shows the deadtime generated in the RTB-2 X mode beacon 
by DABS downlink format number seven. As indicated, deadtime was a 
function of the interference signal level, even when the interference 
was decoded by the beacon. The dcadtime associated with interfering 
signals at the levels in Region I was the result of the detected inter­
ference pulses having an advantage over a detected desired signal at 
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INTERFERENCE SIGNAL LEVEL IN dBm 

Figure 4. RTB-2 X mode deadtime for DABS downlink format 7. 
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the MDS level. That is, the interference effectively masked the 
desired signal. As the interference signal level was increased 
(Region II) decodes began to appear at the decoder output, accom­
panied by the 60 ~s decoder inhibit gate. The deadtimes shown 
for this region are approximate average values. Averaging was 
necessary in order to account for the fact that the interfering 
signal in this region did not always decode. If the interference 
signal level was in Region III, the deadtime was solely a function 
of the resulting decode. For an interference signal in Region IV, 
the deadtime was determined by the echo suppression. Foy suffi­
ciently large interference signals, the deadtime generated through 
echo suppression exceeded that resulting from the decode. Further 
increases in the interfering signal level (Region V) resulted in 
a constant deadtime. This is attributed to the fact that the dead­
time generated via echo suppression had obtained its maximum value. 
Curves similar to Figure 4 were generated for each proposed DABS 
format and potential TACAN/DME beacon victim. 

The beacon off-frequency rejection of the DARS signal was based 
on the percentage of reduction in the replies to valid interrogations 
as described in APPENDIX A. It was experimentally determined that, 
when the DABS signal was off-tuned from the beacon receiver frequency, 
the interference mechanism was the same as for an on-tune DABS signal. 
Beacon deadtime was generated because the DABS signal ei ther \~as de­
coded or activated the beacon echo suppression.· Hence, using the 
measured off-frequency rejection, an off-tuned DABS signal of a 
particular level can be related to an effective on-tune signal. 

The following procedure was used to determine the percentage of 
deadtime resulting from the presence of the DABS signal. First, the 
received signal level from each DABS source was determined. Next, 
each interference pulse was equated to an equivalent on-tune pulse 
by making use of the off-frequency rejection characteristics of the 
TACAN beacon receiver. Then, with the aid of the appropriate dead­
time curve, the deadtime resulting from these signals was computed. 
Finally, the average percentage of deadtime per second was computed. 
A sample calculation is shown on page 29. 

DOWNLINK ANALYSIS 

In the downlink analysis the potential victims were assumed to 
be the X and Y mode beacons and the Y mode interrogator. The TACAN 
equipments were subjected to a hypothetical deployment of DABS­
equipped aircraft, as specified by the System Engineering Contractor. 
It is considered to be representative of the environment which will 
exist in the northeastern U. S. in the 1980 time period. 1152 air­
craft, ranging in alt i tude between 1000 and 4S, 000 feet, were de­
ployed within a 200 nmi. radius of New York City. For the purpose 
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of this analysis, the victim beacon was located at JFK Airport and the 
victim interrogator was located at 10,000 feet above JFK. These 
particular victim locations were selected because they represent worst 
case locations within the environment analyzed. TABLES 9 and 10 show 
the number of DABS-equipped aircraft that would be received by the 
beacon and interrogator victims at each signal level. 

By processing this environment in conjunction with the DABS 
operating characteristics and measurement results, it was possible 
to make an assessment of the effect of the proposed DABS formats 
on the TACAN/DME beacon and interrogator. Specifically, frequency 
separations were calculated that would prevent interference to the 
interrogator and that would prevent beacon deadtime from exceeding 
a specified percentage per second. 

Sample Beacon Calculation 

To illustrate the procedure used to calculate the interference 
effect of DABS on the TACAN X mode beacon, consider the following 
assumptions: 

Victim -	 X mode TACAN Beacon (RTB-2) Receiver 

DABS Signal -	 Downlink format number 7 

Coverage	 Triple coverage (each aircraft is 
interrogated by three DABS sensors) 

Interrogations/Sensor	 Three (each aircraft is interrogated 
three times per scan by each DABS 
sensor) 

Update Time	 Four seconds (an aircraft is illuminated 
by each sensor once every four seconds) 

Transponder Transmit 
Frequency -	 1090 MHz 

First the total deadtime is computed for the environment of DABS 
transponders. This computation treats each aircraft as the source of 
a single DABS reply once every update period. The total deadtime for 
these conditions is the sum of the deadtimes caused by each contributor. 
The deadtime corresponding to the received signal level from each con­
tributor is found from Figure 4. The average per-second deadtime can 
then be found from the following: 

Per Second Deadtime = i!JjInterrogations/Sensor) (Sensors/Aircraft) 
4 
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TABLE 9
 

RECEIVED DABS SIGNAL LEVEL AT TACAN/DME BEACON VICTIM
 
LOCATED AT JFK
 

Received Signal 
Level (dBm)a 

Number of 
DABS-Equipped Ale 

Received Signal 
Level (dBm)a 

-73 

Number of 
DABS-Equipped AIC 

-42 1 53 
-45 1 -74 47 
-49 2 -75 S5 
-53 1 -76 S4 
-S4 2 -77 58 
-55 2 -78 80 
-56 4 -79 68 
-57 3 -80 46 
-58 3 -81 53 
-59 6 -82 42 
-60 4 -83 36 
-61 3 -84 44 
-62 12 -85 31 
-63 9 -86 19 
-64 11 -87 23 
-65 12 -88 26 
-66 29 -89 23 
-67 31 -90 7 
-68 21 -91 12 
-69 38 -92 20 
-70 26 -93 5 
-71 36 -94 8 
'-72 49 -95 5 

aSignal level of -70 dBm represents the range from -69.5 to -70.5 dBm, etc. 
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TABLE 10 

RECEIVED DABS SIGNAL LEVEL AT TACAN/DME INTERROGATOR VICTIM
 
LOCATED 10K FT ABOVE JFK
 

Received Signal 
Level (dBm) a 

Number of 
DABS-Equipped AIC 

Received Signal 
Leve 1 (dBm) a 

Number of 
DABS-Equipped AIC 

-47 2 -75 76 
-52 4 -76 63 
-54 3 -77 72 
-55 1 -78 60 
-56 4 -79 54 
-57 1 -80 63 
-58 1 -81 67 
-59 5 -82 50 
-60 4 -83 54 
-61 7 -84 49 
-62 4 -85 33 
-63 6 -86 37 
-64 4 -87 21 
-65 8 -88 23 
-66 12 -89 19 
-67 22 -90 15 
-68 25 -91 11 
-69 29 -92 8 
-70 28 -93 11 
-71 21 -94 6 
-72 59 -95 4 
-73 45 -96 4 
-74 53 -97 3 

aSignal level of -70 dBm represents the range from -69.5 to -70.5 dBm, etc. 

31 



FM-RD-74-l4 Section 2 

where: 
N

x = Total deadtime t.T. (P )="'--' l'r 

i=l 

~r. DearlLime per aircraft 
l 

i Nwnber of aircraft 

P = Received power
r 

For this example, this reduces to: 

Per Second Deadtime = (X) (3) (3) (ps/s)
4 

The beacon's off-frequency rejection of the DABS signal can be 
found in TABLE 11. For example, for a frequency difference of 2 MHz, 
the off-frequency rejection of the beacon is 24 dB. The 29 contrib­
utors that would prouuce a -66 dSm signal at the beacon if they were 
co-channel (TABLE 9) would now have an effective on-tune signal level 
of -90 dBm. Once the environment is processed to account for the 
frequency difference, the procedure for finding the resulting dead­
time is the same as that outlined for the co-channel case. 

TABLE 12 contains the computed values of percent deadtime for the 
set of conditions considered in this example. These results are based 
on the assumption that the transmit frequency of the DABS transponders 
is 1090 MHz. The results can be extended to account for variations in 
transponder transmitter frequency. This has been done for the following 
distribution of transponder frequencies: 

PROB(Tx Freq. 1090 MHz) .3058
 
PROB(Tx Freq. == 1089 MHz) .- .2222
 
PROB(Tx Freq. = 1091 MHz) ::: .2222
 
PROB(Tx Frcq. 1088 MHz) == .1111
 
PROB(Tx Freq. 1092 MHz) == .1111
 
PROB(Tx Freq. == 1087 MHz) = .0138
 
PROB(Tx Frcq. 1093 MHz) = .0138
 

TABLE 13 lists the percentage of deadtime for this distribution. 

Interrogator Calculations 

The procedure used to determine the impact of the downlink formats 
on the interrogator is the same as the uplink analysis. The results of 
the downlink analysis can be found in APPENDIX B. 
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TABLE 11 

TACAN X MO,;E BEACON OFF -FRFQUENCY REJECTION OF 9ABS DOWNLINK
 
FORMAT 9
 

H a 

(~Iz) Off-Frequency Rejection (dR)h 

1.,. II 
,'l.ll 
.',1,', 
.'(. \J 

~'/ . () 
n, 
:X,
 

8 I "'l,
 

I~~ -__~~~ ~__ 
;\1\[ is fr":-4ucllcy tlifft.'rencc 

rt.' .... civcr and 1090 Mllz. 
hctwccll L('aeon 

hThi ..; J.lta aSSume.;, rcctang1l1ar IlAHS plJlsl's. 

) 
!'FRt'f\'j ;li -\l)I'[~11 IN AN 

1l00'iNl.l\I\ 1 ql~'\\-;' 9 (llAB'; 

IAH!.i 12 

X MOil I TAl:,\N hb\CO~ RJ:"llrl:rJ\[(; 
mANo..;PO~lll H rRA\:';MJTTFR FlU"t). 

FHOM [lABS 
'0 1090 ~flfz) 

At' :1 

(Mil.:! Pen'cnt [Il',ldt imc h 

17. R 
X, ,11 

lj'l 

, 1 
. H": ~l 

.SlJ! 
t1:;7 
;(I) 

! I', I '"'1lw!ll"\ dlfrt'l"('llll' ht'lWt'('l1 

11\{',v' ;IIHI I (j~)() ~1I!: 

h'llll .... d~l;:l 100'11/",1 (",I'i(' '1"A('A~ 
',I g,llil J I (-V,' I. 

L\BLi' I') 

" 
/If i:.; fn'qllenc)' di ff('rence hetween 
J'ACAN Tee l' i v('r :lnd 1090 :'-til?. 

hThis data as .... l1Illl' ... worst-caSe T:'I.(I\)" 
signal level. 

33 



----------

FAA-RD-74-14 Section 2 

UPLINK ANALYSIS 

For this part of the analysis, both X and Y mode TACAN beacons 
and interrogators were the potential victims. The DABS environment 
t·'Jas gener8ted by rCl'lo::cing present ATCRBS inte-rYogators with DABS 
jnteTYogator~ and ~~?1 ng additional DABS j~t~rrogators to provide 
no-hole DABS coverage 2000 feet above ground for the northeastern 
United States. The vict.im TACAN interrogator was lccated 6000 feet 
above the DABS antenna at JFK. The victim TACANiDr'1E beacon was 
located at the JFK VORTAC, which is assumed to be 1.7 nmi. from the 
DABS interrogator. The received DABS signal level at each potential 
victim was computed. For these computations the PRF of the sensor 
and its antenna pattern were considered. TABLE 14 1 i st,s the number 
of pulses at each of several signal levels, as received by the TACAN! 
DME beacon in a four second period, assuming a DABS PRF of 1000 
interrogations per second. 

TACAN!DME Beacon As~essment

The procedure used to determine the impact of the DABS uplink 
emissions on the beacon is the same as that described in the downlink 
analysis. Preliminary calculations of this type indicate that, in 
the interesting cases, the large majority of detectable DABS signals 
come from a single DABS interrogator. Accordingly, the remainder of 
the calculations apply to the case of a single DABS interrogator. The 
percentages of beacon deadtime resulting from the DABS emissions, for 
various frequency differences between the beacon receiver and the DABS 
uplink transmitter, are shown in TABLE 15. 

Once the frequency separation is found that corresponds to a 
specific percent beacon deadtirne, it is possible to determine the 
frequency-distance separations that would be required to maintain 
that percent deadtime. This amounts to finding the frequency-distance 
separations that result in the same attenuation of the DABS emissions 
as obtained for the minimum distance separation and frequency separation 
which resulted in that percent deadtime. For example, for the conditions 
described in TABLE 15 a two percent beacon deadtime will occur at the 
minimum distance separation of 1.7 nmi (path loss = 103 dB), if there 
is a frequency separation between the beacon receiver and the DABS 
interrogator of 24 MHz. This 24 MHz frequency separation corresponds 
to a 34 dB off-frequency rejection of this particular DABS signal. 
lienee for the condition being considered. a two percent beacon dead-
time will occur if there is a 137 dB attenuation of the DABS emissions. 
The frequency-distance separations shown in TABLE 16 are those for which 
the sum of the patl1 loss and heacon off-frequency rejection is 137 dB. 
Therefore, for these frequency-distance separations. the beacon will 
experience a two percent deadtime as a result of the presence of the 
DABS signal. 
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FM-RD-74-l4 Section 2 

Sample Interrogator Calculation 

The procedures used to assess the impact of the DABS uplink signal 
on the TACAN interrogator, and to determine the frequency-distance 
separations required for non-interference, are illustrated below. 
For this example the following conditions are assumed: 

Victim - TACAN X Mode Interrogator
 
DABS Signal - Uplink Format Number 4
 
DABS PRF - 300/s
 
Distance between DABS and victim - 1 nmi.
 

The number of DABS interrogations for a four second scan of the nABS 
antenna, as a function of signal level at the victim interrogator, 
is shown in TABLE 17. The received signal levels shown require 
adjustment to account for the 6 MHz difference between the DABS up·· 
link frequency (1030 MHz) and the closest X mode interrogator receive 
frequency 0024 MHz). This is accomplished by reducing the received 
signal levels by the measured off-frequency rejection (TABLE 18) of 
the X mode interrogator. This converts the received off-tuned signal 
to an equivalent on-tune signal. The following procedure was then 
used to determine if the interrogator would acquire azimuth lock in 
the presence of the DABS emissions. First, equivalent on-tune DABS 
signals having a level equal to or greater than the saturation level 
were placed at the saturation level. For this example, there were 
2028 DABS interrogations per 4-second interval at or above the -68 dEm 
saturation level. Next, the total received interference power was 
computed. This was accomplished by summing the average powers of all 
the interference signals. This computed value of total received inter­
ference power is that which would be received in a 4-second scan of 
the DABS antenna. The average interference power is obtained by 
reducing this value, if expressed in dBm, by 6 dB. For this example, 
the average interference power was found to be -85.8 dEmo This computed 
value of average interference power is then compared to the threshold 
value for acquiring azimuth lock (-89 dEm). For the case being discussed 
it is obvious that an interference condition exists, i.e., the inter­
rogator will not acquire azimuth lock. This procedure was then repeated 
for successively greater frequency separations until the ~fs were found 
that resulted in an average interference power at least 1 dB below the 
degradation level. TABLE 19 contains the calculated values of average 
interference power versus ~f for this example. For the conditions 
assumed, a frequency separation of 12 MHz would be required to prevent 
interference to the TACAN X mode interrogator. 

The frequency-distance separations that will preclude interrogator 
interference can be determined once the frequency separation has been 
found that results in non-interference at the minimum distance separation. 
The technique used to generate this F-D information is the same as that 
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described earlier in the section dealing with the TACAN/OME beacon. 

APPENDIX B contains the complete results of the uplink analysis. 
These results are presented in the form of graphs showing the F-D 
separations that will (a) prevent interference to the TACAN inter­
rogator (prevent azimuth lock) and (b) keep the percentage of deadtime 
in the TACAN/DME beacon below a fixed value. 
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SECTION 3 

CONCLUSIONS 

Interference to the TACAN/DME system from the Discrete Address 
Beacon System can be controlled through observance of the frequency­
distance separations specified in this report. Application of these 
frequency-distance separations will allow the TACAN/DME interrogator 
to acquire azimuth/range lock in the presence of the DABS emissions, 
and will limit the beacon deadtime resulting from the DABS emissions 
to acceptable values. 
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APPENDIX A 

TEST RESULTS 

INTRODUCfION 

The purpose of this appendix is to document the results of 
experimental tests to determine the susceptibility of TACAN/DME 
equipment to interference from the DABS, operating on the ATCRBS 
frequencies of 1030 MHz and 1090 MHz. Three main areas were 
investigated: the effects of DABS emissions on TACAN/DME beacpn 
receivers, the effects of DABS emissions on TACAN/DME interrogator 
receivers, and the off-frequency rejection of these receivers to 
DABS signals. 

Ten DABS signal formats (five uplink and five downlink) were 
simulated using the DABS signal simulator developed by the Systems 
Engineering Contractor. The simulator permits controlled variations 
in signal format, frequency, message length and, through the use of 
variable attenuator, power level. The following receivers were 
tested as potential victims: 

1. Butler DME-lOO beacon 
2. RTB-2 TACAN beacon 
3. AN/ARN-2IC TACAN interrogator (2) 
4. AN/ARN-2lB TACAN interrogator 
5. Collins 860E-2 DME interrogator 

BEACON TESTS 

To determine the effects of DABS interference on TACAN and DME 
beacons, a known level of interference was introduced into the 
receiver of a loaded beacon and the resulting degradation to the 
beacon was measured. The actual equipment configuration used in 
this test is illustrated in Figure A-I. The beacon, a Butler DME-lOO 
X mode, contained internal test circuitry which enabled the simulation 
of actual operating conditions, including provision for controlling 
the number of interrogations coming into the beacon and the desired 
signal level. With these controls set to produce approximately 
2000 interrogations per second and a reply rate of 70%, the DABS 
signal was added to the simulated environment. For each DABS format, 
a PRF was selected and the beacon reply count was recorded as the DABS 
power level was varied. This procedure was repeated for each of 
several PRF's of interest. Each reply count was then expressed as a 
percentage of the count when no DABS interference was present, and 
these percentages were plotted as a ~unction of interference signal 
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level. An example of reply counts and percentage replies for one 
uplink DABS format (2MB, PAM RZ, 50 ~s) is shown in TABLE A-I. 
Figure A-2 is a graph of these results. Graphs of similar results 
for each of the other DABS formats are shown in Figures A-3 through 
A-IO. 

The Butler DME-IOO was modified for Y mode operation and the 
test procedure was repeated. These results are contained in 
Figures A-II through A-19. 

The same test was then performed using an RTB-2 X mode TACAN 
beacon as the victim. A similar set of data was taken; however, 
for this equipment, only X mode operation was tested. Figures A-20 
through A-28 contain these results. 

Off-Frequency Rejection Data 

Using the same test configuration as previously described, 
off-frequency rejection data for the DME beacon was obtained in 
the following manner. With no DABS interference present and the 
beacon set up for the same reply rate as before, the number of 
replies from the beacon was counted and recorded. An on-tune 
signal (PRF = 3200) was then introduced and its level was varied 
until a reply count of approximately 70% of the no interference 
count was observed. This signal level, and the resulting reply 
count, were recorded. The interference signal was then reduced 
in steps of 2 dB and the corresponding reply counts were recorded 
as a function of signal level. The DABS signal simulator was then 
tuned to a frequency 1 MHz below the beacon receiver frequency. For 
this frequency difference, and a range of other frequency differences, 
the procedure was repeated, producing the data in TABLE A-2. In each 
case, the DABS signal simulator was off-tuned to produce the desired 
frequency differential (~f). The reply counts in each case were 
converted to percentages of the count when no DABS interference was 
present, and plotted as a function of interference signal level 
(Figure A-29). From the graph so obtained, values of "off-frequency 
rejection" (the difference in signal levels, between the on-tune 
interference and the off-frequency interference, needed to produce 
an equal reply percentage in each case) were measured and recorded 
for values of "percentage replies" equal to 90, 85, 80, 75, and 70 
percent. The values of OFR from each percentage level were averaged 
for each 6f, as in TABLE A-3, and plotted, as in Figure A-30. For 
each DABS format, this procedure was repeated and an off-frequency 
rejection curve was generated. The resulting curves are shown in 
Figures A-3l through A-34. 

The off-frequency rejection curves for the TACAN beacon were 
obtained in a manner very similar to that used with the DME beacon. 
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DABS FORMAf : UPLINK, 2 MB, PAM HZ, 50 ~s 

VICTIM: X MODE DME BEACON 
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Figure A-2. Percent replies vs interference signal level and PRF. 
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DABS FORMAl : LJfJUNC<, 2 Me. PAM f(Z. 30 p.s 
VICTIM: X MODE eME BEACON 
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Figure A-3. Percent replies vs interference signal level and PRF. 
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DABS FORMAT: UPl.IMK, 4 MB, PAM NRZ, 25 Jls 
VICTIM: X MOOt DME BEACON 
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Figure A-4. Percent replies vs interference signal level and PRF. 
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DABS FORMAl' : UPUNK, 4 MS, DPSK • 25 ~s 
VICTIM: X MODE DME BEACON 
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Figure A-5. Percent replies vs interference signal level and PRF. 
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DABS FORMAT: UPLINK. 2MB. DPSK, 50Jls 
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Figure A-6. Percent replies vs interference signal level and PRF. 
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DABS FORMAT; DOWNLINK, 1MB, PAM NRZ, 80 jots 

VICTIM: X MODE OME BEACON 
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Figure A-7. Percent replies vs interference signal level and PRF. 
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DABS FORMAT :DOWNLINK I MB, PAM NRZ, 40 JJs
 
VICTIM: X MODE OME BEACON
 

100 

80 

PRF=400 

PRF=800 

L __+_-1PRF=1200 

-300",~_-9---·· ---- -
......L__.-,PRF=1600 

60~--+-

20 

j.J _ 
_._ - - _. __ ----1._----'------'o

-90 -80 -10 -60 -50 -40 -30 -20 
I NTERFERENCE SIGNAL LEVEL IN dBm 

Figure A-8. Percent replies vs interference signal level and PRF. 
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DABS FORMAT: DOWNLINK 2MB,PAM NRZ,50IJs 
VICTIM: X MODE DME BEACON 
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DABS FORMAT : UPLINK, 2 MS, PAM RZ, 50 pol 
VICTIM: Y MODE [)ME BEACON 
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Figure A-II. Percent replies vs interference signal level and PRF. 
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Figure A-12. Percent replies vs interference signal level and PRF. 
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DABS FORMAT : UPLINK, 4 MEl, PAM NRZ, 25 J.l1S 
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Figure A-13. Percent replies v s interference signal level and PRF. 
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DABS FORMAT; UPLINK, 4 MB, DPSK, 2!5)J6 
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Figure A-l4. Percent replies vs interference signal level and PRF. 
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DABS FORMAT: UPLINK, 2 MB, DPSK, 50}ls 
VICTIM: Y MODE DME BEACON 
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Figure A-IS. Percent replies vs interference signal level and PR.t,. 
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Figure A-l6. Percent replies vs interference signal and PRF. 
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DABS FORMAT : DOWNLINK, I MS, PAM NRZ, 40,us 
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Figure A.-I7. Percent replies vs interference signal level and PRF. 
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DABS FORMAT' DOWNLINK, 2 MB, PAM 1'RZ,50 J4' 
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Figure A-lB. Percent replies vs interference signal level and PRF. 
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DABS FORMAT . DOWNLINK, 2 MS, PAM NRZ 140 JJs 
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Figure A-19. Percent replies vs interference signal level and PRF. 
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DASS FORMAT: UPLlNK,2MB, PAM RZ, 50JA-s 

VICTIM I RTB - 2 XMOOE BEACON 

100 ­

-----~ \ 
I
i 

II) 
III 
..J 
0..
 
III
 --1

i
I 

lie ... 
Z
 
III
 I

U otO'------­

lie
 
III
 I-t--,­
0.. 

-- --1---------+-----+----1-I - I 
20 t-----+-~---J~----ll-+-----l------f_-----+_--_, 

I 

--~---- 1---- ---- ---- -------1-----+-----,f---- ­

PRFII 3200 
~OO -90 -~ -M -~ -~ -otO -30 

INTERFERENCE SIGNAL LEVEL IN dBm 

Figure A-20. Percent replies vs interference signal level and PRF. 
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DABS FORMAT: UPLINK, 2MB,PAM RZ, 30Jlos 

VICTIM' RTB-2 XMODE BEACON 
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Figure A-2l. Percent replies vs interference signal level and PRF. 
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DABS FORMAT' UPLINK 14MB I PAM NRZ I 2e~. 
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Figure A-22. Percent replies vs interference signal level and PRF. 
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DABS FORMAT' UPLINK, 4MB, DPSK, 25p.1
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Figure A-23. Percent replies vs interference signal level and PRF. 
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DABS FORMAT: UPLlNK,2MB, DPSK, 50fLI 
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Figure A-24. Percent replies vs interference signal level and PRF. 
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DABS FORMAT' DOWNLINK, 1MB, PAM NRZ, 8~ 

VICTIM: RTB-2 XMOOE BEACON 
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Figure A-2S. Percent replies vs interference signal level and PRF. 
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DABS FORMAT: DOWNLINK. 1MB. PAM NRZ. 4O~1 

VICTIM'RTB-2 XMODE BEACON 
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Figure A-26. Percent replies vs interference signal level and PRF. 
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DABS FORMAT: DOWNLINK, 2MB, PAM NRZ, 50",. 

VICTIM: RTB-2 XMOOE BEACON 

100~ r~J
__'"~--_rl_~-"' '---1 __ 
Ii' 

I t 'PRF =1600 I
BOI--J----l----""----- - -r- T-l~-l
 

f------­ 1­ --f---r--T--l 
60 --+'-"--- ~. -1-· _-----L_~"~ 

: PRF =2000 I 

I I i II--'-'1"'----"'-- --""'--'-'l--"----t------~'-----+--
I ,I 

. f·· IL-+­
nul I----r!--.I-[--­

I I 
I ,
I , 
I !20 "---+---~----+-----1 

I : 

I 

+-1-----1 
-~0\,-0-=------=9~0-----=8~0----"~70~~~-~60~==.~50~iE:~~L---...,J30 

INTERFERENCE SIGNAL LEVEL IN dBm 

Figure A-27. Percent replies vs interference signal level and PRF. 
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DABS FORMAT' DOWNLINK, 2MB, PAM NR%,40~. 
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Figure A-28. Percent replies vs interference signal level and PRF. 
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TABLE A-2 

NL~BER OF REPLIES VERSUS INTERFERENCE SIGNAL LEVEL AND FREQUENCY 

VICTIM DABS 
X Mode DME Beacon Format: Uplink, 2MB, PAM RZ, 50115 

Receive Freq: 1051 MHz PRF: 3200 pps 

I.P.L.* Replies %** 

!!.f :: 10 MHz!!.f 0 None 1482 -
-69 1096 73.9 
-71 1206 81.4 
-73 1321 89.1 
-75 1365 92.1 
-77 1412 95.3 
None 1481 -

None 1403 
-36 1028 n.s 
-38 1146 ,;jO,9 

-40 1229 86.7 
-42 1300 91. 7 
-44 1326 93.6 
None 1435 -

!!.f :: 1 
,. 

MHz tJ.f :: 22 MHzNone 1400 -
-63 1027 73.2 
-65 1144 81.5 
-67 1222 87.0 
-69 1254 89.3 
-71 1334 95.0 
None 1406 -

None 1441 ,,~ 

-39 1063 75.0 
-41 1191 84. () 
-43 1283 90.5 
-45 1333 94.1 
-47 1342 94.7 
None 1392 -

!!.f :: 2 MHz None 1494 -
-63 1040 68.9 
-65 1148 76.1 
-67 1297 84.7 
'::69 1369 90.7 
-71 1437 95~2 

None 1523 -

I1f :: 50 MHz 

!!.f :: 6 MHz 

* I.P.L. Interference power level (dBm). 

None 1445 -
-49 1065 73.3 
-51 1192 82.1 
-53 1268 87.3 
-55 1323 91. 1 
-57 1383 95.3 
None 1457 -

**	 % :: Reply count expressed as a percentage of the count 
when there is no interference. 
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None 1461 -
-28 1013 68.8 
-30 1113 75.6 
-32 1193 81.1 
-34 1245 84.6 
-36 1328 90.3 
None 1480 -
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Figure A-29. Percent replies vs interference signal level and frequency. 
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TABLE A-3
 

OFF-FREQUENCY REJECTION OF X MODE DME BEACON, DABS FORMAT NUMBER 1
 

t,f 
(MHz) 1 2 6 10 22 50 

Percent 
Replies 

90 5.3 5.3 19.7 32.4 30.9 38.3 

85 5.2 5.0 19.6 32.4 30.4 38.3 

80 5.2 4.2 20.1 32.4 30.1 38.4 

75 5.3 3.9 20.0 32.4 29.9 38.4 

70 5.3 3.7 18.7 32.4 29.3 38.5 

Avg. OFR 
(dB) 

5.3 4.4 19.6 32.4 30.1 38.4 
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Figure A-30. X and Y mode DME beacon off-frequency rejection of DABS uplink formats land 2. 
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Figure A-32. X and Y mode DME beacon off-frequency rejection of DABS format 4. 
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Figure A-34, X and Y mode DME beacon off-frequency rejection of DABS formats 8 and 9. 
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Minor differences in procedures included: (1) reducing interference 
signal levels in steps of 1 dB, vice 2 dB, in the measurement of 
reply counts, and (2) making measurements only to lIf = 22 MHz, vice 
50 MHz. These OFR curves are Figures A-35 through A-39. 

INTERROGATOR TESTS 

The effect of DABS interference on TACAN interrogators was 
measured using a quali tative, rather than quantitative, test 
procedure. Using an AN/ARN-22 beacon simulator to generate the 
desired signal at the MDS level, the Ni/ARN-21 TACAN interrogator 
was set up to simulate range and bearing lock. The DABS Signal 
Simulator was again used to introduce interference into the environ­
ment. In this case, however, the criterion used to determine degra­
dation was the power level of the interference signal at which the 
azimuth indicator portion of the interrogator broke lock. After 
repeated experimentation it was found that, in every case, the range 
indicator portion would remain locked to the simulated beacon signal 
and give a correct reading at much higher levels of interference 
power than would the azimuth indicator (hence the assumption that 
azimuth lock is mOl'e susceptible than range lock to DABS interference)" 

Wi th no interference present, the interrogator was all owed to 
lock onto the simulated beacon signal. Then, with an initial inter­
ference PRF of 5000 pel' second, the DABS signal was introduced and 
its level was increased until the interrogator broke lock. Once 
this break-lock power level was determined and recorded, the inter­
ference power was very carefully lowered to find the maximum inter­
ference level at which the interrogator would re-acquire lock. This 
procedure was repeated for a range of interference PRF values for 
each DABS format. As the figures in TABLE A-4 indicate, in most 
cases the maximum interference power level for acquire lock was 
approximately 3 dB below the level required for break-lock. Test 
results for representative DABS formats are given in TABLES A-S 
through A-lO. 

Off-Frequency Rejection Data 

The azimuth break-lock criterion was used in determining 
interrogator off-frequency rejection to DABS interference. The 
equipment was set up as in the previous interrogator tests. With 
the DABS signal simulator tuned to the same frequency as the 
interrogator receiver, the interference signal level was increased 
until the azimuth indicator broke lock. This was done for each of 
four interference PRF's: 3000, 2000, 1000 and 800. The DABS 
simulator was then off-tuned and the procedure was repeated for 
a series of frequency differentials between the interrogator re­
ceiver and the DABS signal. Sample results are shown in TABLE A-II. 
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TABLE A-4 I­~ 

INTERROGATOR TESTS 
INTERROGATOR DABS 

ARN/21C #16314 Format: Uplink, 2 MB, PAM, RZ, 50~5 

Receiver Freq: 1024 MHz Signal at Receiver MDS Level = -85 dBm 
No Interference AGC = 2. 9SV 

DABS SiltTlal level for Breaklock t; Acquire A: l:'TIL.lth 

DABS Periodi~~. \Iessagc 

~AB, Periodio DABS Random \loci fied for Y ~lode '32usj 

DABS 
~RF 

rpps, 

? I. 
B-ro: \ik. 
:dBr.; 

AGe at 
Break 
(\'01 tS! 

~fin. P. I. 
to .l.cqui re 

(dBm; 

P.1. 
Breah. 
(dBm) 

1­
ACe at 
Break 
(\olt,) 

\Iin. P.I. 
to .\'.::,{ui re 

(dB'!\; 
r. I. Break 

, dRmi 

~1in. p. 1. 
to ACliuire 

(dBml 

I 1. 6k 
1. Ok 

800 
600 
500 

"' 
-76 
-75 
-14 
-73.5 

3.0 
3.0 
3.0 
3.0 
3.0 

-30 
-78 
-78 
-7:.5 
-76.5 

.­
-75 

_.0 

-70.5 
- '0 

2.95 
3.0 
3.0 
3.1 
3.1 

-~9 

- i • 

-'~. 5 
--3 
-, 

I 
- -8 

-:-. ; 
- -5.5 
- ~l 

- -2. S 

2.95 
2.93 
2.95 
3.0 
3. a 

I 
-80 
-79.5 
-77.5 
- ;'6 
-75 

~OO -72 3.0 -74 -69 3.15 - -1 - -l). 5 3.0 -72.5 
300 -69.5 3.0 -71. 5 -6' 3.15 -69 -68. :; :;. as - 71 
200 -64 ,). :; -66 -6~ 3. ~ -6 - -63 3.15 -65 
150 -60 3. :: -62 -61 3,::: -6~ -58. S 3.2 -62 

ex> 
0\ 

~ 
"0 
§ 
P­
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>< 
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TABLE A-5 

INTERROGATOR TESTS 
INTERROGATOR DABS 

ARN/21C, #16314 Format: Uplink, 2 MB, PAM, RZ, 30~s 

Receiver Freq: 1024 MHz Signal at Receiver MDS Level = -85 dBm 
No Interference AGC = 2.95V 

00 
-..J 

DABS Signal Level for Breaklock ft Acquire -\:::--~:.-

;·\8S Periodic, ~Iessagc 

DABS Periodlc DABS Random 'Ioolfiod for Y 'lode (12 ~s) 

DABS P. i , AGe at ~lin. P. T. P. I. AGe at Min. f o:i. ~1in . P. I. 

F~F Breuk B!,pak tv Acqui re Break Break to ;i:-1~1 ~t .,. 3re3J. .l.GC to ..'\cqui re 

'PPS} ( -:BTi',;' ~\'olt5 (dBm) (dBm) (\01 ts) (eiBL', jEt (\'Q1 t 5) (dBm) 

1. 6k -76 2.98 -78 -76 3.0 - -8 --:; 3.05 _ 7S 

1. Ok -"'5 3.0 "" - 74 3.0 - -6 --1 .3 .1 -73 
800 -74 3.0 _76 , c 3.05 --~ - -C 3.1 -73 
600 -:3 3.0 -is -70.5 3.1 -:.:' -69 3.1 -71 
500 -n.5 3.03 -73.5 -69 3.2 -71 -08 3.15 -70 
400 -69 3.1 -71 -68 3.15 - -0 -67 3.15 -69 
300 -68 3.1 -70 -66 3.2 -68 -65.5 3.2 -68 
200 -63 3. ~ -66 -64 3.2 -hb -61. 5 3.25 -63.5 
150 -61 3.2 -63 -62 3.2 -63 -5.t 3.25 -62 
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" TABLE A-6 ~ 
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INTERROGATOR TESTS 
INTERROGATOR DABS 

AR'J"/21C #16314 Format: Uplink, 4 MB, PAM, NRZ, 25~s 

Receiver Freq: 1024 MHz Signal at Receiver MDS Level = -85 clBm 
No Interference AGC = 2.95V 

DABS Signal Level for Breaklock & Acquire ·\zimuth 

DABS RandomDABS Periodlc 

AGC at "fin. F. I . P. I.~lin. P.I.P.1. AGC atDABS 
to ~cquireBreakBreakto AcquireBreak Break?RF 

(dBm;(\'01 ts)(dB",). PPS' (dBm)r dB~.~ (Vol ts) 

-80 -84-82.5 -84.5 ::'.961. 6k 2.95 
-81-83 ::'.95-80I. Ok 3.0 
--8-79 3.0-82 - 76 I 800 2.97 

_78 - -4 3. OS-81 -76600 2.97 
- 753. I500 -76. :; - 79.5 - 733.0 -,-76400 - 74 3.05 3.1 - 7-l 

- -1 :).15 ~ -3300 - 73 - 76 3.1 

I - -1-69-70_5 -72.5 3. ~200 3.1 
-70. ;; -68150 -68.5 3. : - ,-'3.15 

DABS Pe:~Qdi c • .\!es5:qe 
'lodi fied for Y ~!oje (7 J.l~) 

~fin . P. I. 
P. I. Break -\>JI.­ to \cqui re 

(dBm) ~:0:~3 dBm! 

-69 :3. (!~ -72 
-68 :3.05 - 70 
-67 :;.1 -69 
-65.5 3.1 -67.5 
-64 3.15 -66 
--62 _5 ~. : -64.5 
-61 :5 . .: -63 
-57 3. : -59 
-52 3. ~.3 -S 7. a 

00 
00 

:g 
(J) 

=:s 
0.­
1-" 
>< 
»0 
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TABLE A-7 

INTERROGATOR TESTS 

INTERROGATOR DABS 
ARN/21C, #16314 Format: Uplink, 4 MB, DPSK, 25~s 

Receiver Freq: 1024 MHz Signal at Receiver MDS Level = -85 dBm 
No Interference AGC = 2.95V 

00 
\D 

DABS Signal Level for Breaklock &Acquire A.zimuth 

DABS P?~iodic, Mes~agc 

DABS Period i c DABS Random \IoJified for Y Mode (7lls) 

DABS ? I. AGC at \1in. P. I. P.1. ,~GC at ~hn. P. I. Min. P.I. 

PRF Break Break to Acquire Break Break to Acquire P.1. Break AGC to Acquire 

(PPS) (dEm'j (Vol ts) (dBm) (dBm) (Volts) (dBm) (dBm) (Volts) (dBm) 

1. 6k _.... .:. s 3.05 -74.5 -73 :i.OS - -5 -63 3.1 -66 
I. Ok - '1 3.1 -74 -71 3.1 -""'3 -61 3.1 -63 

800 -70 3.1 -72 -69 3.1 - :"2 -59 3.15 -61 
600 -69 3.1 -71 -67 3.15 - -1 -58 3.15 -60 
500 -68 3.1 -70 -66.5 3.15 -69 -57 3.15 -59 
400 -6- 3.1 -69 -66 3.15 -68 -56 3.15 -58 
300 -63 3.15 -65 -64 3.15 -66 -54 3.15 -56 
200 -5 - 3.15 -59 -60 3.2 -62 -49 3.15 -51 
150 -46 3. ~ -57 -55.5 3.2 -5-.5 -43 3.25 -49 
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TABLE A-8 I ..... 
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INTERROGATOR TESTS 
INTERROGATOR DMS 

ARN/21C #16314 Format: Uplink, 2 MB, DPSK, 50~s 

Receiver Freq: 1024 MHz Signal at Receiver MDS Level :: -85 clBm 
No Interference AGC :: 2.95V 

\D 
0 

D\BS Signal Level for Breaklock &;cquire :\: i --1Jt'r, 

~ABS Feriodic, ~cssage 

DABS Periodic DABS Random l·kJ':ified for Y ~!ode (32;"'5) 

DABS 
PRF 

'?FS' 

?1. 
Break 
(dBm) 

AGe at 
Break 
(1"01 tsl 

~li n. r. I. 
to -\.cqui re 

(dBm) 

P. I. 
Break 
(dBm) 1.~GC at 

Break 
(Vol ts} I ~1iTl . P. I. 

to .-\cquire 
(dBm' 

- • ,. .2 reak 
'::8::-. I .\l,C 

llolts) I 
~·lin . P. I. 
to Acquire 

(dBm) 

I l. 6k 
1. ,Jk 

-78 
-76.5 

2.9B 
3.0 

-80 
- ~8. 5 

", 
- 75 

3.0 
3.05 

-80 
-­

-­
--.:;. 

3.0 
3.0 

-79 
-, 

800 -75 3.0 -78 -73 3.05 -75 -­~ 3.0 -77 
600 -74 3.0 -77 _"I 3.1 - ­~ - -3 3.05 -75 
500 -73 3.0 - 76 -70 3.1 -73 - -1.3 3.1 -74.5 
~OO -71 3.05 - -~ -69.5 3.1 - 71 . .3 -:~ 3.1 -72 
300 -69 3.1 - -1 -68 3. IS --0 -0 3.1 -70 
200 -60 3.15 -62 -64 3.15 -66 -C1 3.15 -63 
150 -55 3. ~ -58 -62 3.15 -64 -:;.! 3.15 -s '7 
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TABLE A-9 

INTERROGATOR TESTS 
INTERROGATOR 

ARN/21C #16314 Format: Downlink, 1 MB, PAM, NRZ, 40~s 

Receiver Freq: 1024 MHz Signal at Receiver MDS Level = -85 dBm 
No Interference AGC = 2.95V 

~;"PRF 
: PPS, 

P. I . 
Bre3.k 
(dEm; 

DABS Signal Level , 
DABS Per lod', c 

AGC at r ~in. P. I. P. J. 
Break to Acqui re BrcCik 
(\'01 t 5) (dBm) (dBm) 

for 3reaklock 

DABS Random 

I 
AGC at 
Break 

I (Volts) 

& Acq:JiTE' ;:: :::l!.lt~ 

\lin. P. r. 
to ;: <:.;.iyc­

r"dE:r;' 

DABS Periodic, ~essagc 

\lodified for Y ~lode (22 !Js) 

Min. P. I. 
;:'. I. Break AGC to Acquire 

,clEm; ("a1ts) (dBm) 

I. 6k -82 3.0 -85 -80 3.0 -83 -81 3.0 -83 
I.Ok -80 3.0 - 8' -77 3.0 - -9 -79 3.0 -81 

800 -80 3.2 -82 -76 3.0 - -9 -78 3.0 -80 
600 -78 3.0 -81 -75 3.05 -­ -77 3,0 -79 
500 -77 3.0 -79 -74 3. I --6 -75 3.1 -77 
400 -7S 3.05 -77 -73 3 _1 --:; - 74 3.1 -76 
300 -73 3.1 -75 - 72 3.1 - -~ '0 3.15 -74 
200 -69 3.15 -71 -70 3.2 - -70 3.15 -72 
150 -65 3.2 -68 -67 3.2 -09 -63 3.2 -69 
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TABLE A-10 I 
I-' 
~ 

INTERROGATOR TESTS 
DABSINTERROGATOR 

ARN/21C #16314 Format: Downlink, 2 MB, PAM, NRZ, 40~s 

Receiver Freq: 1024 MHz Signal at Receiver MDS = -85 dBm 
No Interference AGe = 2.95V 

ID 
N 

DABS Signal Level for Breap:lock 8 Acquire Azimuth 

DABS PeI,iodic. Hessage 

DABS Periodic DABS RandoCl ~lodified for Y ~Iode (22 ils) 

DABS ? I. .~GC at Min. P. I . P. I. AGe "t ~hn. P.I. ~ir.. ? 

PRF Brealo Break to Acqui re Bre-ak Bre:l~ to Acr~'...liTe F. I. Break AGC tc 1::- ..... :~-:-

(PPS' (dk, (Volts) (dBm) (dBm) .- ";Q 1t:. ~ (dBm) :dBm) (l'oIts) 'dB:--

I I. 6k -81 3.0 -83 -80 ·;) -83 - 79 3,0 -8; 
J. Ok -79 3.0 -81 -75 - -R _ic.S 3.0 .. 

800 -78 3.0 -80 _c6 ..:;:'- .. c8 - c6 3. OS --S 
600 - 76.5 3.0 -78.5 -74 .1 -76 -75 3.1 - , 
500 -75.5 3.0 -77.5 -72 .1 -75 - .. 3.1 .. -6 

400 -74 

I 
3.1 .. 76.0 - 72 · 1 -7-1 -7~ 3.15 - 4 I300 -73 3.1 -71 · 13 ~:- .3 ..-75 -Il S.2 " 

200 -69 3.2 -71 - 70 - "'2 .. f,8 3 ') - -( 

~150 -68 3. :: -70 -6R -70 -t(, 3.2 -e.9 

-6" 
'"0 
Cll 
::l 
p...
f-l. 
X 

>­
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TABLE A-ll 

DME!TACAN INTERROGATOR OFR TESTSa 

INTERROGATOR DABS 
AN!21C #16314 Format: Uplink, 2 MB, PAM, RZ, SO~s 

Desired Signal Level -85 dBm PRF: Periodic 
No Interference AGC Level = 3.05V 

!if = 0 DABS P. L. AGC 
PRF (dBm) (Volts) 

3.0k -79 3. 1 
2.0k -79 3.1 
1.0k -77 3.05 

800 -76 3. 05 

!if = +8 MHz DABS P. L. AGC 
FRF (dBm) (Volts) 

3.0k -60 3.1 
2.0k -60 3.1 
1. Ok -58 3.1 

800 -57 3.1 

!if = +1 MHz DABS l'. L. AGC 
PRF (dBm) (Volts) 

3.0k -68 3.1 
2.0k -67 3.1 
1. Ok -65 3.1 

800 -63 3. I 

lif = +10 MHz 
_. 

DABS P. L. AGC 
PRF (dBm) (Volts) 

3.0k -43 3.1 
2.0k -42 3.1 
1.0k -40 3.1 

800 -39 3.1 

lif = +14 MHz!if = +2 MHz DABS P.L. AGe 
PRF (dRm) (Volts) 

3.0k -73 3.1 
2.0k -73 3.1 
1.0k -71 :;. 1 

800 -69 3. I 

DABS P.L. AGC 
PRF (dBm) (Volts) 

3.0k -53 3.1 
2.0k -52 3.1 
1. Ok -50 3.1 

800 -49 3.1 

!if = +4 MHz 
PRF 

DAI3S P. L .1 AGe(d:;IV 
:':')3.0k 

2.0k 
I . () k -6~ I.)' I

-6U 3.1 
800 -5~) 3. I 

'--. 

lif = 22 MHz 

!if = +6 MHz DABS P. L. AGC 
PRF (JBm) (Volts) 

3.0k -59 3.08 
2.0k -58 3.08 
1.0k -56 3.05 

800 -55 3.05 

a
DABS power levels and interrogator AGC voltages were recorded at 
azimuth breaklock. 

93 

DABS P. L. AGC 
PRF (dBm) (Volts) 

3.0k -50 3.1 
2.0k -49 3.1 
1.Ok -48 3.1 

800 -47 3.1 

DABS P. L. AGe 
PRF (dBm) (Volts) 

3.0k -40 3.1 
2.0k -39 :;.1 
1. Ok - 38 3.1 

800 -37 3. I 



The off-frequency rejection for the various frequency differ­
entials was then computed for each PRF. This was accomplished by 
computing the difference between the signal level necessary for 
azimuth break-lock at ~f = 0 and the level required for break-lock 
at each other value of ~f. The average value of OFR at each fre­
quency differential was computed (TABLE A-12) and the resulting 
averages plotted. Resulting OFR curves for the various DABS formats 
are shown in Figures A-40 through A-44. 

Special note should be made of the fact that these off-frequency 
rejection curves include interference reaction factors within the 
victim equipments, e.g., the interfering signal may be interpreted 
as a valid signal by the victim receiver, resulting in the generation 
of false replies. As such, these curves do not represent just the 
intrinsic properties of the victim equipments. They illustrate the 
interaction of the equipments with the particular interference signals 
being tested. 
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TABLE A-12 

OFF-FREQUENCY REJECTION
 
FORMAT #1 UPLINK 2 MB PAM, RZ, 50~s
 

OFR (dB) 

PRF
 

3.0k 

2.0k 

1. Ok 

Average 
OFR 

/:if = 0 

0 

0 

0 

0 

0 

1 

11 

12 

12 

13 

1 "J 
~ ... 

2 

6 

6 

6 

7 

6 

4 

16 

17 

17 

17 

17 

95 

6 

20 

21 

21 

21 

8 

19 

19 

19 

19 

21 19 

10 

36 

37 

37 

37 

37 

14 

26 

27 

27 

27 

22 

29 

30 

29 

29 

30 

39 

40 

39 
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APPENDIX B 

RESULTS 

In the following data, the proposed DABS signal formats are 
referred to as Formats 1 through 10. These numbers correspond to 
formats as follows: 

DABS Format Data Rate Modulation Message Length 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

2 
2 
4 
4 
3.2 
1 
1 
2 
2 
3.2 

MB 
MB 
MB 
MB 
MB 
MB 
MB 
MB 
MB 
MB 

PAM, 
PAM, 
PAM, 
DPSK 
DPSK 
PAM, 
PAM, 
PAM, 
PAM, 
PAM, 

RZ 
RZ 
NRZ 

NRZ 
NRZ 
NRZ 
NRZ 
NRZ 

50 jlS 

30 jlS 

25 jlS 

25 jlS 

32 jlS 

80 ]lS 

40 ]lS 

80 jlS 

40 jlS 

40 jlS 

Data in this appendix has been 
first deals with the effects of DABS 

divided into two 
uplink formats, 

sections. The 
and the second 

deals with the proposed downlink formats. Each of these sections 
is further subdivided to consider TACAN/DME beacons as victims, 
followed by interrogators as victims. The contents of the figures 
in this appendix are as indicated below: 

Figure B-1	 Plot of percent deadtime as a function of t:"f for 
DABS format #1, with the RTB-2 X mode beacon as 
victim. 

Figure B-2 Plots of frequency-distance separation required to 
through B-4 produce the data in Figure B-1. The curves represent 

various fixed percent deadtimes. 

Figure B-5 
through B-16 Similar to Figures B-1 through B-4 except that DABS 

formats 2, 3, and 4 are considered. 

Figure B-17 
through B-19	 Plots of percent deadtime as a function of t:"f and of 

frequency-distance separations required to produce 
these curves. DABS f~)rmat #5 is considered, with the 
RTB-2 X mode beacon, tl'ansmit power == 250W, as victim. 
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Figure B-20 
through B-22 

Figure B-23 
through B-44 

Figure B-45 

Figure B-46 

Figure B-47 
through B-55 

Figure B-56 
through B-67 

Figure B-68 
through B- 72 

Figure B-73 
through B-80 

Figure B-8l 
through B-85 

Figure B-86 
through B-93 

Similar to Figures B-17 through B-19 except that 
beacon transmit power = 2.5 kW. 

Similar to Figures B-1 through B-22 except that 
the victim is RTB-2 Y mo'de beacon. 

Plot of average interference power level received 
at victim X mode TACAN interrogator when DABS 
format #1 is used as the interfering signal. 

Plot of frequency-distance separations required to 
preclude interference in the situation illustrated 
in Figure B-45. 

Similar to Figures B-45 and 8-46 except that DABS 
formats 2, 3, 4, and 5 CPT = 250W and PT = 2.5 kW) 
are considered. 

Similar to Figures B-45 through B-56 except that the 
victim is a Y mode TACAN interrogator. 

Plots of percent deadtime for the RTB-2 X mode beacon. 
DABS signals considered are proposed formats 6, 7, 8, 
and 9. These values do not taken into account any 
variations in DABS transponder transmit frequency. 

Similar to Figures B-68 through B-72 except that 
transmit frequency tolerance of the DABS transponder 
is considered to be 1090 ± 3 MHz. 

Similar to Figures 8-68 through B-72 except that the 
victim is the RTB-2 Y mode beacon. 

Similar to Figures B-8l through 8-85 except that 
transmit frequency tolerance of the DABS transponder 
is considered to be 1090 ± 3 MHz. 
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Figure B-94 
through B-97 

Figure B-98 
through B-105 

Figure B-106 
through B-109 

Figure B-110 
through B-116 

Figure B-117 
through B-121 

Figure B-122 
through B-126 

Plots of percent deadtime for the Butler DME-lOO 
X mode beacon. DABS signals considered are proposed 
formats 6, 7, 8, and 9. These values do not take 
into account any variations in DABS transponder 
transmit frequency. 

Similar to Figures B-94 through B-97 except that 
transmit frequency tolerance of the DABS transponder 
is considered 'to be 1090 ± 3 MHz. 

Similar to Figures B-94 through B-97 except that the 
victim is the Butler DME-100 Y mode beacon. 

Similar to Figures B-106 through 8-109 except that 
transmit frequency tolerance of the DABS transponder 
is considered to be 1090 ± 3 MHz. 

Plots of computed values of total average interference 
power received at the victim Y mode TACAN interrogator, 
DABS signals considered are proposed formats 6, 7, 8, 
and 9. These values do not take into account any 
variations in transponder transmit frequency. 

Similar to Figures B-117 through B-121 except that 
transmit tolerance of the transponder is considered 
to be 1090 ± 3 MHz. 
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a: COLLOCATED DABS PRF = 300/s 
b: COLLOCATED DABS PRF = 500/s 
c: COLLOCATED DABS PRF =I,OOO/s
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Figure B-1.	 Percent deadtime vs ~f for RTB-2 X mode, DABS 
format #1. 
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Figure B-5.	 Percent deadtime vs ~f for RTB-2 X mode, DABS 
format #2. 
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109 



---

--
---

'E 
c 

,100 
I- ­ DEA~ 

a - 4.0% 

D - 3.0% 

c - 2.0% 

d - 1.0%!SO ~--

~-_.-

Il 
~-- 1_~=_~50/0~ 

H ~._- ~-----

I 

~ I 

t 
~._- ----- f--,-- .. ­H 

~--- --r-----­
I, 
I 

\ \ 
,1 

- - ~----f-----.
.\
 
\
 
\\ 
\ \

5 

\ ~\ \ 
,\\\1\ 

~.

\\l\~ 
a c d e 

\b 1\ " '"
 
1
0 10 20 30 40 50 

Af IN MHz 
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CURVE a: COLLOCATED DABS PRF = 300/1
 
CURVE b: COLLOCATED DABS PRF = 500/1
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Figure B-37.	 Distance separation vs ~f for RTB-2 Y mode, 
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Figure B-71.	 Percent deadtime vs A£ for RTB-2 X mode, 
DABS format #9, downlink freq. ::: 1090 MHz. 
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Figure B-80.	 Percent deadtime vs 6f for RTB-2 X mode beacon 
DABS format #10, downlink freq. = 1090 ± 3 MHz. 
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Figure B-81.	 Percent deadtime vs ~f for RTB-2 Y mode beacon 
DABS format #6, downlink freq. = 1090 MHz. 
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Figure B-82. Percent deadtime vs ~f for RTB-2 Y mode beacon 
DABS format #7, downlink freq. = 1090 MHz. 
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Figure B-83.	 Percent deadtime vs ~f for RTB-2 Y mode beacon 
DABS format #8, downlink freq. = 1090 MHz. 
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Figure B-84.	 Percent deadtime vs 6f for RTB-2 Y mode beacon 
DABS format #9, downlink freq. = 1090 MHz. 
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Figure B-85.	 Percent deadtime V5 lIf for RTB-2 Y mode beacon 
DABS format #10, downlink freq. = 1090 MHz. 
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Figure B-86.	 Percent deadtime vs ~f for RTB-2 Y mode beacon 
DABS format #6, downlink freq. = 1090 ± 3 MHz. 
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DABS format #7, dow~link frcq. = 1090 ± 3 MHz. 
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Figure B-88. Percent deadtime vs ~f for RTB-2 Y mode beacon 
DABS format #8, downlink freq. = 1090 ± 3 MHz . 
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Figure B-89.	 Percent deadtime vs ~f for RTB-2 Y mode beacon 
DABS format #9, do~~link freq. = 1090 ± 3 MHz. 
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Figure 8-92.	 Percent loading vs ~f for RTB-2 Y mode beacon 
DABS format #7, downlink freq. = 1090 ± 3 MHz. 
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Figure 8-94.	 Percent deadtime vs ~f for Butler DME X mode beacon 
DABS format #6, downlink freq. = 1090 MHz. 
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DABS format #7, downlink freq. = 1090 MHz. 
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Figure B-96.	 Percent deadtime vs ~f for Butler DME X mode beacon 
DABS format #8, downlink freq. = 1090 MHz. 
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Figure B-99.	 Percent deadtime vs 6f for Butler DME X mode 
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Figure B-103.	 Percent loading vs ~f for Butler DME X mode 
beacon, DABS format #7, downlink freq. = 1090 
± 3 MHz. 
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Figure 8-104.	 Percent loading vs ~f for Butler DME X mode 
beacon, DABS format #8, downlink freq. = 1090 
± 3 MHz. 
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Figure B-105.	 Percent loading vs ~f for Butler DME X mode 
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± 3 MHz. 

208 



-----

---- - - --- - -- - ---

IOO.------,--------r------------, 

a: SINGLE 

b: DOUBLE 
c: TRIPLE 

10 --. _. ---_.­ --._-­

------ -.--­

001 
--~:~=: :.~~~~ ~~~- ­

--_.. _- - ---- - -- --- ­
-- _. --- ._­

~ 
I	 I 

o 001 L. - --_.- .L	 L.-­L ...J 

COVERAGE 

COVERAGE 
COVERAGE 

'-=+===+::==--==1 
_._----1------+-----+ 

-----<----1 

==-~-_-:_-~-~~ 
-----_.-+-----~.---""" 

..·t.•..•.. : •. -~.=-+----~ 

. 0 2 4 6 10 
~f IN MHz 
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Figure B-107.	 Percent deadtime vs I1f for Butler DME Y mode beacon 
DABS format #7, downlink freq. = 1090 MHz. 
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beacon,DABS format #9, downlink freq. = 1090 MHz. 
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Figure B-IIO.	 Percent deadtime vs ~f for Butler DME Y mode
 
beacon, DABS format #6, downlink freq. = 1090
 
± 3 MHz. 
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Figure B-112. Percent deadtime vs ~f for Butler DME Y mode 
beacon,DABS format #8, downlink freq. = 1090 
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Figure B-113.	 Percent doadtime vs t:,f for Butler DME Y mode 
beacon,DABS format #9, downlink freq. = 1090 
± 3 MHz. 
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Figure 8-114.	 Percent loading vs ~f for Butler DME Y mode 
beacon, DABS format #6 and #7, downlink freq. = 
1090 ± 3 MHz. 
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Figure B-115.	 Percent loading vs lIf for Butler DME Y mode 
beacon, DABS format #8, downlink freq. = 
1000 ± 3 MHz. 
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Figure B-116.	 Percent loading vs ~f for Butler DME Y mode 
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Figure B-119.	 Average interference power vs ~f for Y mode TAC~~ interrogato~DABS 
format #8, do"~link freq. = 1090 MHz. 
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Figure B-120.	 Average interference power vs ~f for Y mode TACAN interrogator, DABS 
format #9, downlink freq. = 1090 MHz. 
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Figure 8-121.	 Interference power level vs ~f for Y mode interrogator, DABS format 
#10, downlink freq. = 1090 MHz. 
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Figure B-122.	 Average interference power vs ~f for Y mode TACAN interrogato~ DABS 
format #6, downlink freq. = 1090 ± 3 MHz. 
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Figure B-123.	 Average interference power level vs ~f for Y mode TACAN interrogator, 
DABS format #7, downlink freq. = 1090 ± 3 MHz. 
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Figure B-124. Average interference power level vs ~f for Y mode TACAN interrogator, 
DABS format #8, downlink freq. = 1090 ± 3 MHz. 
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Figure B-125.	 Average interference power level vs bf for Y mode TACAN interrogator; 
DABS format #9, downlink freq. = 1090 ± 3 MHz. 
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Figure B-126.	 Interference power level vs 6f for Y mode interrogator, DABS 
format # 10, downlink freq. = 1090 ± 3 MHz. 
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