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PREFACE

This effort was conducted by Syracuse University under the sponsorship
of the Rome Air Development Center Post-Doctoral Program for Air Force
Communications Service (AFCS). Mr. Robert Bigelow was the task project
engineer and provided overall technical direction and guidance. The

authors of this report are Dr. Jose Perini and Richard Bantel.

The RADC Post-Doctoral Program is a cooperative venture between RADC
and some sixty-five universities eligible to participate in the program.
Syracuse University (Department of Electrical and Computer Engineering),
Purdue University (School of Electrical Engineering), Georgia Institute
of Technology (School of Electrical Engineering), and State University
of New York at Buffalo (Department of Electrical Engineering) act as
prime contractor schools with other schools participating via sub-contracts
with the prime schools. The U.S. Air Force Academy (Department of Electrical
Engineering), Air Force Institute of Technology (Department of Electrical
Engineering), and the Naval Post Graduate School (Department of Electrical
Engineering) also participate in the program.

The Post-Doctoral Program provides an opportunity for faculty at
participating universities to spend up to one year full time on
exploratory development and problem-solving efforts with the post-
doctorals splitting their time between the customer location and their
educational institutions. The program is totally customer-funded with

current projects being undertaken for Rome Air Development Center (RADC),




Space and Missile Systems Organization (SAMSO), Aeronautical Systems
Division (ASD), Electronic Systems Division (ESD), Air Force Avionics
Laboratory (AFAL), Foreign Technology Division (FTD), Air Force Weapons
Laboratory (AFWL), Armament Development and Test Center (ADTC), Air
Force Communications Service (AFCS), Aercspace Defense Command (ADC),
Hq USAF, Defense Communications Agency (DCA), Navy, Army, Aerospace
Medical Division (AMD), and Federal Aviation Administration (FAA).
Further information about the RANC Post-Doctoral Program can be
obtained from Jacob Scherer, RADC/RBC, Griffiss AFB, NY, 13441, telephone

AV 587-2543, comM (315) 330-2543.
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1. INTRODUCTION

f A communication system distortion monitor must be capable of detecting
any appreciable noise or distortion which might occur in the transmitter,
amplifier, receiver, etc. This distortion might arise from overmodulationm,

intermodulation and loop component nonlinearities; in general, harmonic dis-

S

tortion of the intelligence component of the signal.

ISy, A

o EER

Consider the modulation input to the communications loop as x(t) and
the audio output from the receiver as y(t). If there occurs some form of
amplitude distortion such as introduced by an overloaded amplifier, the
3 system transfer function can be plotted as in Fig. 1. This system is there-

fore nonlinear and the transfer function can be approximated by the poly-

nomial:

y(£) = ag + a x(t) + azxz(t) + a3x3(t) ¥ hi (1)

Now, for a modulating waveform such as a simple cosine wave, x(t) = cos wot,
the above equation can be expanded to:
3a 3a

8 4 3
,(t> o (‘°+T+T+ oo-) + (.1 +T+ .oo) co.‘wot
e P |
+ g+t te)cos 2ot + ... (2)

= an-l-Ao cos wot +A1 cos Zwot +A2 cos &uot see

Therefore, the output of a nonlinear system contains harmonics of the input.

Hence, one way of evaluating the amount of distortion is to introduce a tome




y )

TRANSFER CHARACTERISTIC OF A NONLINEAR
SYSTEM FIGURE 1




x(t) into the system, and then observe the amplitudes of the harmonics of

y(t). The percent distortion is then defined as

2 2
Al + Az + ..

X Distortion = 2 x 100 (3)
A
0
where Ao is the amplitude of the fundamental frequency.

The above equation for percent harmonic distortion is modified by the
Distortion Monitor's circuitry to also include the adverse effects of noise
on system performance and speech distortion. Thus, the numerator of equa-
tion (3), instead of being a discrete series of harmonic amplitudes, is
actually evaluated as a continuous spectrum (except at the fundamental fre-
quency) of extraneous noise and harmonic components. Therefore, an inordi-
nately large amount of 60 Hz hum would result in a relatively large distor-
tion figure.

The fundamental frequency which the Distortion Monitor applies to the
communication loop is 500 Hz. This frequency is most relevant for the test-
ing since for male voices the most powerful sounds are approximately evenly
distributed over a frequency range from 500 to 1500 Hz, while the greatest

average power occurs at about 500 ﬂz.l

2. OPERATION
When the operator depresses the "distortion test" switch a 500 Hz sine
wave with a level of -35 dBm is injected into the system at the microphone

input in the control tower console. At the same time the muting circuits are

e Terman, Radio Engineering (New York & London: McGraw-Hill Co.
1947) p. 858, -
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disabled on all channels to allow signal feedback to the monitor.

As can be seen in Fig. 2, the test tone is routed through the tower
amplifier and telephone lines to the transmitter site where it modulates the
desired transmitter. Then the radiated signal is picked up in the receiver
site, demodulated and sent through the telephone lines and tower amplifiers
back to the control tower console where it is fed into the monitor. Note
that the tone has traversed all the system components and if any of them are
producing a distortion, the monitor will measure it. If there is no distor-
tion but a substantial change in the signal level occurs, then the gain
measurement will detect the problem.

Internally, the monitor is coupled to the system via an audiotrans-
former (1) (See Figure 3.) The signal is then fed to a 500 Hz band-reject
(2) and a 500 Hz band-pass (3) filter. The band-reject filter effectively
filters out the original 500 Hz and leaves only the noise and harmonic com-
ponents (Al, Az. «.+) while the band-pass filter passes only the fundamental
frequency (Ao). Both filter outputs are then fed to two RMS to DC converters
(4 and 5) which produce DC levels proportional to the RMS values of the AC
inputs (See equations at the outputs of 4 and 5). A one-quadrant divider
circuit (6) then divides the two DC levels; the band-reject output being the
numerator and the band-pass being the denominator. Note that the output of
the divide circuit depends only on the amplitudes of the signal components
from the filters relative to each other and not on the overall input ampli-
tudes. A buffer (7) is then used to condition the signal before it is sent
to the meter (8) for visual readout.

When a calibration check is desired, a square, triangular or sine
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wave is internally generated and processed through the monitor. These wave-
forms are calculated to give 46, 12 and O percent distortions. The accuracy
can be double checked by switching from the 100 to 25 percent scales and
noting any difference.

With all switches in the normal positions, the monitor reads the over-
all gain taken from the headphones output. Its reference is 0 dBm (1 mW at
600 ohms). When in the "gain test" position, however, the 500 Hz tone is
introduced into the system and the received signal is then measured to give
the system overall gain. Due to the fact that the test should include all
the system equipment, it is necessary to disable the muting circuits in the
receiver portion of the control tower so that the 500 Hz tone can reach the
control tower console. For simplicity this is done by disabling all muting
circuits at the same time. Therefore, to avoid microphonics, tests should

not be performed when another channel is being used in the transmit mode.

3. CONSTRUCTION

One important distinction of the Gain & Distortion Monitor is that it
features plug-in-module construction. This does away with much point-to-
point wiring which in some cases may lead to intermittent operation and
eventual failure. Also, these printed circuit boards can easily be removed
and modified or fixed if necessary, without returning the entire unit to
Syracuse University. Minor future changes can simply be accomplished Ly
plugging in a new bontdv.‘ ‘

Another iapo;tant foctﬁro 1-.tha electrical diagnosis system of test

jncklyloeucod on the rear panel. ngy the aid of an oscilloscope, each test




jack will show a voltage waveform from an appropriately located point within
the electronic circuitry. These voltage readings can then be used to diag-
nose most problems within the monitor without even removing the cover. (For
further explanations and a chart of voltages, see Appendix B.)

Whenever possible, large scale integrated circuits have been employed.
These circuits, like the true RMS-to-DC converter modules, effectively reduce
the component count thus increasing the reliability. Also, a large scale
integrated circuit is inherently more stable than its individual discrete

components.

4. EVALUATION AND RECOMMENDATIONS
Initial testing by actual in-the-field operation was performed at
Richards-Gebaur Air Force Base. At this installation, the flight controllers
recorded the distortion readings obtained for four different frequencies,
three times a day. A letter on "Report on Field Testing of G/A/C Communica-

tion Performance Monitor" is in Appendix A and a synopsis of the data follows .

Freq (MHz) High Low Mean Std. Deviations *Readings

124.2 60. 2. 21.00 4.33 68
236.6 25. 18. 21,90 1.71 71
289.4 40. 3. 16.50 11.81 70
324.3 22. 2. 10.76 2.93 70

‘nnlding in Z distortion; calibration checks were adequate and

within tolerance.

In a subjective evaluation of the voice quality by the various com-
trollers who used the monitor during the testing period, no problems with
voice quality were evident even though the average distortion reading was




about 20% with a high of 402. This indicates that an experienced listener

can tolerate a relatively large amount of distortion and that an acceptable

range of channel distortion might be less than 50% for voice quality to

remain tolerable. This suggests that a correlation study between distortion

and intelligibility should be carried out, perhaps with the use of the
Articulation Index Measuring equipment located at RADC. Once this is estab-
lished, then ranges of distortion for satisfactory (green), marginal (yellow)

or bad (red) conditions can be easily set and a three light display used to

T e

warn the operator.

This 3 condition system of evaluating voice quality is a highly de-
sirable feature which should be included in any future monitors since it

enables the controllers to tell at a glance the condition of the communica-

%.
i
¥
3
i

tions channel. However, to circumvent the problem of the correlation between
voice quality and percent distortion, as mentioned above, the monitor should
have an internal adjustment which would set the threshold of the yellow and
red conditions with respect to the distortion reading. Actual operation with
the monitor permanently installed at Richards-Gebaur AFB, along with Articu-
lation Index testing at RADC, could then be used to establish the subjective
limits of voice quality.

Other plans for the Gain and Distortion Monitor include using a sample

and hold technique which would allow measurements to be made during an in-
audisble amount of time each time the microphone is keyed. The results
would then be displayed for the flight controllers as one of three colored
lights. Also, a digital display could be included for use by technicians in
order to maintain the channel condition at maximum quality. Therefore, this

i t——




monitor would provide a constant, non-bothersome check on the entire communi-
cations system in order to immediately ascertain if the system parameters

are within a certain tolerance.
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APPENDIX A

REPORT ON FIELD TESTING
OF G/A/G COMMUNICATION PERFORMANCE MONITOR

T ETTIERRIR——————
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Report On Field Testing Of G/A/G Communication Performance Monitor

AFCS/0A/Dr Y.S. Fu

1. After a great deal of difficulty in keeping the Performance Monitor
on the air, it is felt that sufficient initial data has been gathered

to analyze if the concept, as currently conceived, should be pursued.
Recognizing the 0&M problem of voice quality recognition on the G/A/G
system and the need for a performance monitor above the purely subjective
interpretation of the controller or A/C pilot, I feel that this perform-
ance monitor, although it has merit, does not resolve the problem.

2. Testing difficulties, although causing extended delays, were minor,
f.e. a faulty relay in the monitor, burnt out power on 1ight. Interfacing
the monitor into the operational system caused the greatest difficulty.
The relay (and 24 volt source) required to defeat the mute relay in the
4-channel was somehow always being mysteriously disconnected, thereby
nullifying the test procedure with erroneously high distortion figures.
A local modification to utilize the manitor's internal 24 volt supply,
only succeeded in burning out the power supply. In any case, these

lems could be resolved by permanent installatior If the monitor
were modified so that the testing was automatically completed when the
channel in use was keyed, the major complaint of the user would be solved.

3. Discussions with various controllers who used the monitor during )
testing indicates that no problems with the voice quality were evident.

A reading of 60% on 26 Apr 76, frequency 124.2 MMz, correlated with
mintenance actions then in progress (PMI). The following summarizes
the data gathered:

Freq(Miz) High Low Mean  Std Deviations * Readings

124.2 60. 2. 21.00 4.33 68
236.6 25. 18. 21.90 .1 n
209.4 40. 5. 16.50 11.81 70
324.3 22, 2. 10.76 2.93 70
*Reading in % Distortion; Calibratfon checks were adequate and within
tolerance. |

g
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4. Observation is that the monitor is stable on channel measurements
re: 124.2, 236.6, 324.3) and it is highly suspect that difficulty
radio or more probability land lines) on 289.4 could be found if investi-
gated. This action has not been requested. The important point remains
that the basic problem has not been resolved since a Green, Red, Amber
condition cannot be identified from that data and a particular reading by
the controller, identified as a problem channel.

S. Recommend Or. Perini analyze the 1{mited data and the OPR re-evaluate
the requirement before proceeding with development of the ATC G/A/G
monitor "per se".

y A9,

MOBERT ¥. NETLL, P.3.
Chief, Eloct Engr Divisiocn




APPENDIX B

Electrical Diagonsis System

On the back panel of the Distortion Monitor are nine test jacks which
give easy access to eight test points within the monitor. The voltages and
waveforms at each point can be used to diagnose most problems which may arise.
A brief description of each test point follows:

; Brown - output of divider module

White - output of denominator RMS converter module;
denominator input of divider module

Yellow - input to denominator RMS converter module

e

Blue = input to numerator RMS converter module

Black = common

Orange - output of numerator RMS converter module
Green - input to band-pass and band-reject filters
Grey - output test waveforms from the buffer circuit

Red = input to the distortion circuit amplifier

On the following page is a chart which shows typical voltages produced
w;th the monitor in the calibration test mode. If a problem does arise, a
chart can be filled out by a technician and with a description of the
problem, mailed to:

. Dr. J, Perini/Bantel 1
Rm. 111 Link Hall ’.
Syracuse University
Syracuse, N.Y, 13210 (315) 423-4388
If the problem is uql:h. ve can cortfnct the ailment by letter or phone.

3
18
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APPENDIX C

Printed Circuit Boards

On the following pages are top view diagrams of the printed circuit

boards used in the Gain and Distortion Monitor. Note that each element

has a unique reference number which refers it to the schematic (at the end

of this report).

Below is a brief description of the function of each board.

D1 - 500 Hz oscillator produces sine, square and triangular waves.

D2 - band-reject and band~pass filters.
D3 - 2 identical boards (one is for the numerator and the other is for the

denominator of the divider); both convert their AC (RMS) inputs to a
corresponding DC level.

D4 - divider and distortion test buffer

D5 - calibration check and gain test buffers and amplifier

e i/
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APPENDIX D

Distortion Check

1. Select the frequency to be tested on the console.

2. Depress'gain' switch and note the value on the gain scale. Adjust the
headphone volume control (top right-hand side of the console) so that a
gain reading of 0 + 3 db is obtained. (This must be done for every fre-
quency.)

3. Release the gain switch and depress the 'distortion test' switch. If the
distortion (read on the 100X scsle) is below 25, further accuracy can be
obtained by switching to the 25% range.

4. After the distortion test is completed, make sure the scale switch is on
the 100X position so as not to damage the meter on the next test.

5. To check the accuracy of the distortion monitor, depress the calibration
check switch and set the right hand switch to 462, 12%, or 0X and read
the meter. Distortions of 12% and 0% should also be checked on the 25%
scale range.

Note: If the distortion is unusually high, check for 60 Hz hum.

#US QOVERNMENT PRINTING OFFICR: 1977-714-038/100
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