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ABSTRACT 

This phase of the project was performed in response to FAA Form 
9550-1, AAF-4l0-77-08, dated August 17, 1977, as extended by 
memo dated December 11, 1978. This report covers the findings 
of the Distance Measuring Equipment (DME) traffic counts from 
selected facilities. Several facilities tested during the data collection 
period in 1977 showed loading in excess of 50 percent. This report 
provides an update of the (DME) traffic loading at the Los Angeles, 
California and Oakland, California, VORTACS. The results show 
both facilities experienced an increase of approximately 20 percent 
in (DME) traffic loading. Further testing should be performed to 
provide periodic updates of (DME) traffic loading at other key facilities. 
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PURPOSE 

To update cur rent distance measuring equipment (DME) traffic loading 
at the Los Angeles, California VORTAC, and the Oakland, California 
VORTAC. The data obtained will provide an update of data previously 
collected. 

BACKGROUND 

Development of a method for recording the number of distance measuring 
interrogations to a very high frequency omnirange - TACAN (VORTAC) 
was assigned to the National Aviation Facilities Experimental Center 
(NAFEC) in March 1970. Report No. FAA-RD-71-109, dated February 
1972, "lnvestigate and Analyze DME Traffic Load," details the method 
and approach actually developed. Application of the method is described 
in the following reports: 

FAA-RD-74-93, Distance Measuring Equipment and Traffic Loading 
Capacity lnvestigation. 6/72. 

FAA-78-48-LR, Distance Measuring Equipment Traffic Loading 
Capacity lnvestigation (1977), 7/78. 

FAA-79-4-LR, Distance Measuring Equipment Traffic Loading 
Capacity at Key Biscayne, Florida, 2/79. 

Several facilities tested during the data collection period in 1977 showed 
loading in excess of 50 percent. Some concern was also expressed as to 
whether any change in the signal-to-noise ratio occurred during commer
cial power failure when standby diesel power was in use. This report is 
a result of the tests performed at the Los Angeles, California VORTAC, 
and the Oakland, California VORTAC, to provide an update to establish 
the present level of traffic loading as compared with previous levels 
taken in 1974. 

TEST CONFIGURATION 

The measurement technique was employed at the Key Biscayne, Florida 
VORTAC (ref: NA-79-4-LR) during corn-mercial power operation and 
during diesel power operation. The equipment consisted of a Hewlett 
Packard 5328A programmable counter, a Tektronix 4051 graphic 
syste.m with a direct view storage cathode ray tube with full American 
National Standard Code for Information Interchange (ASCII) character set, 
General Purpose Interface Bus (GPIB), and a tape drive consisting of a 
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3M DC 300A cartridge with a capacity of 300K bytes which is an integral 
part of the 4051 graphic system, and a Hewlett Packard 59300A HP- IE 
digital clock which controlled the sampling time of the data being collected. 

The test setup during this phase of the test is portrayed in Figure 1. 
Video output of the intermediate frequency (IF) amplifier from the RTB-2 
was fed to the HP-5328A counter A input. (The video signal was taken 
from the beacon of the RTN-2 TACAN system or from the future-use jack 
on the rear of the GRN-9A receiver.) Terminals 13 and 14 on Terminal 
Board 11511 (the traffic overload warning to the RTC-2) was connected 
to the voltmeter portion of the HP-5328A counter. It should be noted that, 
in the AN/GRN-9 beacon, there is no interrogation overload circuitry. 
The output of the counter and an HP-59309A clock were connected to the 
4051 terminal via an IEEE-488 instrumentation bus. 

The programmable Hewlett-Packard 5328A counter has the capability of 
precisely measuring the trigger point which was used to insure that only 
valid interrogations above the noise would generate a count. It took 54 
one-second video output samples per minute, averaged the samples, and 
then stored them on the 3MDC300A cartridge. The beacon test points 
were selected to record all inter rogations being received before decoding 
takes place. At this test point, a count of 5400 pulses per second (PPS) 
represents a fully loaded system). A printout of data recorded during 
this operation is shown in Figure 2. The first column is the average of 
54 interrogation counts taken during a 60-second period; the second 
column the date; the third the time; the fourth is a measure of the interro
gation overload voltage; and the last column is the sequential number of 
the sample taken. 

The average 48 volts shown for the interrogation overload voltage is the 
normal voltage measured at TB11511-13 and 14 in the RTB-2 receiver. 
When an overload condition occurs, this voltage goes to zero. 

FIELD TEST RESULTS 

Graphic displays of the time of day, versus percent of traffic loading, are 
shown in Figures 4 through 10. A fully loaded system would be indicated 
by a count of 5400 pps. The percent of loading was calculated by dividing 
the measured interrogation pulses by 54. The data displayed on the graphs 
were recorded at the rate of 54 samples per minute, averaged and then 
printed out as shown in Figures 2 and 3. 
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The range of (DME) traffic loading in percent past and present recorded 
at Los Angeles, California and Oakland, California are shown in the 
following tables: 

Table 1 Range of DME Traffic Loading 

Los Angeles, California 
1 2 

Traffic 
Loading % Day of Week 

6-32 
4-34 
9-21 

Tuesday 
Wednesday 
Thursday 

Oakland, 
1 

Traffic 

California 
2 

Loading % Day of Week 

1-18 Monday 
1-13 Tuesday 
1-12 Wednesday 
1-13 Thursday 
1-18 Friday 

3 

Date 

7/17/77 
7/18/77 
7/19/77 

3 

Date 

7/12/77 
7/17/77 
7/18/77 
7/12/77 
7/13/77 

4 
Traffic 
Loading % 

11-50 
10-50 
16-52 

4 
Traffic 
Loading % 

3-28 
2-40 
2-37 
2-32 
2-38 

5 6 

Day of Week Date 

Tuesday 
Wednesday 
Thursday 

4/3/79 
4/4/79 
4/5/79 

5 6 

Day of Week Date 

Monday 
Tuesday 
Wednesday 
Thursday 
Friday 

4/2/79 
4/3/79 
4/4/79 
4/5/79 
4/6/79 

The interrogation overload relay voltage being monitored at the Los Angeles, 
California VORTAC, went to zero volts at 0931 hours on April 3, 1979, 
for approximately 1 minute. The recorded data shown in Figure 2 does 
not show that the interrogation rate recorded during this period was at a 
level that would normally activate this relay. A count of approximately 
2500 pulse pairs would normally activate this relay. One possibility of 
this relay becoming energized is the presence of an interferring CW 
signal. 

Analysis of the data collected at the Los Angeles, California, and Oakland, 
California VOR TACs showed that an increase in the interrogation rate was 
experienced at both facilities. The table below is a tabulation of the 
changes, which were derived from averaging the peaks of the interrogation 
rates during a five-day data collection period in 1977 and subtracting the 
re sults from the average of the data collected during a similar five-day 
period in 1979. 
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Facility Percent Change Interrogation Rate 

Los Angeles, California +20% 
Oakland, California +22% 

To prove that the standby diesel generator did not introduce noise into the 
receiver, during interruption of commercial power, the one at the Los 
Angeles VORTAC was operated during April 5, 1979. No increase in 
noise level or other effect on operation of the beacon was noted. Figure 
5 is a plot of the data collected during this operation. 

CONCLUSIONS 

1. The Los Angeles, California VORTAC is being interrogated at 
rates in excess of 50 percent during heavy traffic periods. 

2. The standby diesel generator did not adversely affect beacon 
operation 
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RECOMMEND A TraNS 

1, T hat other facilities be retested to provide further inputs as 
to trends in traffic increase. 

2. Funds be made available to purchase additional equipment to 
monitor more facilities utilizing remote monitoring techniques. 

T his project was accomplished under NPD 04- 309, Subprogram 042
306-810. For further information, contact Harold Postel, ANA-120, 
or Edward M. Sawtelle, NAFEC Program Manager, ANA-120, telephone 
F TS-8-346-3913, commercial 609-641-8200, extension 3913. 
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r.I>N_ORTN-2

IF Video nut IF Video OUt 
-I(A) (B) (F) (E) 

TInterrogation 
bverload (0 )
'oltage 

r 
-F 

I 

(C) 

I 
(D) (H)
 

A - RTN-2 Beacon Receiver 
B - Tektronh 4051 Terminal 
C - Hewlett-Packard 5328A Programmable Electronic Counter 
D - Hewle~t-Packard 59309A Clock 
E - ORN-9 Beacon Receiver 
F - Tektronix 4051 Terminal 
o - Hewlett-Uackard 5328A Programmable Electronic Counter 
H - Hewlett-Packard 59309A Clock 

Figure 1. Test Configuration 

FAA WJH Technical Center 
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Figure 2. Print of Data Collection Record 

lnte rr ogations Date 

LAX,lA,CALRTB-2

1923.778 3
 
1896.833 3
 
2312.148 3
 
2173.556 3
 
2141.463 3
 
2292.796 3
 
2175.852 3
 
2190.685 3
 
2315.259 3
 
2486.556 3
 
2364.852 J
 
2453.956 3
 
2689.148 3
 
2568.833 3
 
2634.241 3
 
2699.937 3
 
2584.379 3
 
2996.815 3
 
2392.963 3
 
2994.444 3
 
2494.944 3
 
2621.611 3
 
2218.874 3
 
2438.639 3
 
2985.639 3
 
2122.852 3
 
2992.481 3
 
1847.648 3
 
1826.907 3
 
1448.318 3
 
1812.759 3
 
1619.879 3
 
1830.519 3
 
1547.759 3
 

Interr. 
Time Voltage 

84:93:98:S3:48 
8 54 48.3
 
8 55 48.5
 
8 56 48.4
 
8 57 48.3
 
8 59 48.4
 
9 8 48.4
 
9 1 48.4
 
9 2 48.4
 
9 3 48.3
 
9 4 48.3
 
9 5 49.4
 
9 6 49.3
 
9 7 48.4
 
9 8 48.3
 
9 9 48.3
 
9 18 48.3
 
9 11 48.5
 
9 12 48.3
 
9 13 48.3
 
9 14 48.3
 
9 15 48.3
 
9 16 48.4
 
9 17 48.4
 
9 18 48.3
 
9 19 48.3
 
9 29 48.4
 
9 21 48.4
 
9 23 48.3
 
9 24 .48.4
 
9 31 9.9
 
9 32 48.4
 
9 33 40.4
 
9 34 48.4
 
9 35 48.4
 

Sample
 
Number
 

1
 
2
 
J
 
4
 
5
 
6
 
7
 
8
 
9
 

18 
11
 
12
 
13
 
14
 
15
 
16
 
17
 
18
 
19
 
29
 
21
 
22
 
23
 
24
 
25
 
26
 
27
 
28
 

~: ~
 
31
 
32
 
33
 
34
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Figure 3. Print of Data Collection Record 

Interr. Sample 
Intc:rrogations Date Time Voltage Number 

LAX,LA,CAL RTB-2 94:95:99:31:48 
2179.148 5 8 32 49.5 1
2972.019 5 8 33 48.5 2
2095.463 5 8 34 49.5 3
2696.722 ·5· 8 35 48.5 4 
2899.759 5 8 36 48.4 5 
2118.444 5 9 37 48.5 6 
1839.889 5 8 38 43.4 7 
2021.en 5 8 40 48.5 9 
169B.296 5 8 41 48.4 9 
1576.259 5 8 42 48.5 19 
1998.685 5 8 43 48.5 11 
2235.722 5 8 44 48.4 12 

\~ 1968.333 5 8 45 . 48.5 13 
2203.815 5 8 46 48.4 14 
2292.284 5 8 47 48.4 15 
1996.778 5 8 48 48.4 16 . . 2021.889 5 8 49 48.5 17 
2HH.l11 5 8 59 48.3 18 

" 1879.093 5 8 51 48.4 19 
2266.685 5 8 52 48.4 29 
2123.759 5 8 53 48.5 21 
2Ba8.944 5 8 54 48.4 22 
1838.741 5 8 55 48.4 23 
2304.222 5 8 56 48.4 24 
1798.389 5 8 57 48.4 25 
2156.667 5 8 58 48.5 26 
2629.537 5 8 59 48.4 27 
1756.963 5 9 e 48.4 28 
1989.444 5 9 1 48.4 29 
1943.333 5 9 2 48.4 38 
1931.185 5 9 4 48.4 31 
1994.648 5 9 5 48.4 32 
1874.685 5 9 6 48.5 33 
1779.956 5 9 7 48.4 34 
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APPFNDIX A 

Distribution 

AAF-I 
AAF-400 (5) 
AED-I 
AEM-I 
ANA-I 
ANA-2 (2) 
ANA-4 (2) 
ANA-5 
ANA-64 (3) 
ANA-IOO 
ANA-120 (25) 
ANA-200 
ANA-400 
ANA-500 
ANA-600 
ANA-700 
ARD-I 
ARD-700 
ATF-I 
AWE-I 
AWE-437 


