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I. SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

The Foster Channel Block Monitor (FCBM) consists of an electronic switching unit
and an AGC monitor/display unit. These two main system elements, when used to switch
the carrier of a transmitter on and off using a specific switching waveform and to monitor
the behavior of the receiver AGC voltage during the transmitter off-time, allow detection
of interfering on-channel signals. Further, the interfering signal can be characterized by
its signal strength in three discrete ranges. Presence of the interference can be displayed
to the system operator who can then take appropriate action to minimize the effect of the
potential channel blockage on information transfer.

Through careful selection of the transmitter switching waveform, effects of the
switched-carrier operation on message intelligibility and on interchannel interference due
to switching harmonics can be minimized and kept within FCC requirements for air/ground
communications systems. The quality of reception in the receiver was not affected by the
modifications.

Specific conclusions based on this work are:

I . It is possible to retrofit standard FAA ground equipment to implement the
FCBM function.

2. FCBM detects interference of as ittle as 10 gv/M, and displays the output
on front panel indicator lights. A series of lights can be used to indicate different
signal levels, if desired.

-j

3. The THD of the transmitted spectrum is 0.66%.

4. The retrofit of typical (AN/GRR 23 and T-1 108) ground transmitter/receiver
equipment is estimated to cast $250 (1979) in parts and $500 (1979) in labor.

5. No receiver, transmitter or tower cob control functions are lost by the
retrofi t.

6. Retrofit of cab control equipment is estimated to cost $100 (1979) in parts
and $200 (1979) in labor.

7. The most effective indication of blockage must be determined through use.

The following recommendations are made:

I. Equip a typical airborne Tx/Rx unit for two-ended demonstration capability
and for evaluation of displays appropriate for cockpit use.

2. Carry out system demonstrations at various air traffic facilities for comments
and suggestions.



3. Carry out a hard retrofit of a TR set for installation in parallel with commissioned
equipment at an FAA site; perhaps an FSS, for on-line evaluation by operational personnel.

4. Invite tests by pilots using the airborne unit.

II. INTRODUCTION

This Final Report describes the work accomplished by the Avionics Engineering
Center, Ohio University, in support of Contract FA79WA-4318, "Application of the Faster
Channel Block Monitor (FCBM) to Air/Ground Communications". The purpose of this program
is to demonstrate the operation of the FCBM retrofit on contemporary ground transmitter/
receiver equipment.

Theory of operation is presented, together with documentation of the required
modifications to existing voice communication equipment. Results of tests on the modified
transmitter and receiver are included, illustrating the minimal effect of FCBM operation on
intelligibility and interchannel interference. Photo documentation of the transportable
FCBM demonstration pal lets is presented; these pallets and their antenna masts are designed
for simulation of the ATC tower cab communications installation at various demonstration
sites.

I
Ill. FCBM - SYSTEM DESCRIPTION

A. Statement of the Problem. The potential for interruption of information transfer
in radio communications exists whenever two or more persons have transmitting capability
on a single frequency. The potential is definitely present, therefore, on VHF air/ground
communications channels used in the air traffic system and the various aviation advisory
channels. Interruption or blockage of information may occur for several reasons.

1. Insufficient signal strength at the receiver to allow successful detection
of the information. This problem occurs generally because of excessive distance 6etwen
transmitter and receiver, lack of line-of-sight at VHF, or because of receiver insensitivity.
In general, air/ground communications outlets on the ground are sited appropriately for
their intended purpose, and pilots are assigned frequencies and altitudes which are ser-
viced by ground stations known to provide adequate signal strength. Modern airborne and
ground receiving equipment is generally very sensitive.

Insufficient signal strength, then, should rarely be the cause for unsuccessful
communications in the air/ground system.

2. Presence of interference at or near the frequency being used. As has
been noted, both ground and airborne receivers used in the air/ground system are sensitive
to signal strengths of 3 microvolts or less. The presence of relatively small amounts of
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on-frequency interference may garble the desired message by causing heterodyne noise or

audio distortion. At worst, the co-channel interference may capture the receiver, blocking
the desired message altogether.

This on-frequency or 'in-band' interference can result from the presence of harmonics

or intermodulation products of transmitters operating at other frequencies. This harmonic
interference is generally quite low-level in nature, and is regulated by FCC regulations on
transmitter performance. Some problems are noted in locations where aircraft operate near
very high-power commercial FM stations, but the difficulty is not general in nature.

The primary cause of information loss in the air/ground communications system is
co-channel interference; defined as two or more transmitters operating simultaneously at
the same (within 1-2 KHz) frequency. This interference causes blockage or garble of

desired messages, even with relatively low levels of interfering signal, since the receiver
cannot differentiate among the transmitted signals on the basis of frequency.

Channel blockage occurs under several scenarios:

1. A pilot listens on a channel for a few seconds, and then keys his microphone
to call an FSS, unaware that his receiver squelch is 'hiding' an ongoing transmission from
another aircraft. As a result, the FSS may not hear the original message nor the interfering
pilot's message.

2. At an airport, the pilot of a taxiing aircraft and the ground controller chance
to key their microphones simultaneously to send messages. As a result, a second aircraft
fails to hear the ground controller's message and hears instead a heterodyne squeal. This
scenario is borne out in investigations of the Tenerife accident in 1977 [1] and the San
Diego accident in 1978 [2J.

3. An approach controller gives a vector to an aircraft in a terminal area, but
due to a simultaneous transmission by a second aircraft, the vector clearance is not received.
The controller has to repeat the clearance. In a busy terminal environment, the controller
may not expect a 'roger' to every transmission, and may have to repeat the clearance after
determining from radar that the turn was not made.

B. Desired Solution. In all these scenarios, at the very least, the offending
transmitter shuld Ge given an indication that interference is present on the channel
and the option should be present to prevent a transmitter from operating until the channel
is clear. Additionally, information about the strength of the existing signal should be dis-
played for the information of the transmitter operator.

C. The Foster Channel Block Monitor. The Foster Channel Block Monitor (FCBM)
is a device which monitors the interference level of a communications channel during
transmissions. The method used to implement this function is to reduce periodically the
transmitted carrier to zero for a short time and during this time sample the receiver AGC
signal to determine the level of co-channel signal.

-3-
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A block diagram of the system is shown in Figure 1. The system controller and
sequencer receives a pulse from the sample timing circuit. The controller then ramps the
transmitter power toward zero. When the power reaches zero output, the receiver AGC
is unclamped and allowed to float toward its natural value, the value corresponding to
the level of the received signal. After a sufficient settling time, the receiver AGC is

compared to three preset levels. The status of these three comparisons is stored and dis-
played as the level of the interfering signal. The three levels are controlled individually
and would be set to indicate the following situations. The first light would indicate an air-
craft within a range of 50 miles. The second would indicate 5 to 10 miles and the third
would indicate an airplane 0 to 2 miles away. The exact distance at which an aircraft
radio would trigger a particular light would vary according to atmospheric conditions,
terrain and transmitter power.

The "phoneme interval" is a period of silence which occurs in all human speech.
The phoneme interval detector produces a pulse whenever the modulation voltage has
been below a preset threshold voltage for 7 msec. According to research done on phoneme
intervals [3], if a 7 msec silence occurs in the human speech pattern, thesilence will continue
for at least 8 msec more. Consequently, the phoneme interval detector allows the sampling
to occur at a time when no information is being transferred.

The sample pulse timing circuit takes the input from the phoneme interval detector
and generates the timing pulses which are not closer than 0.5 sec in time nor further than
1.5 sec.

The FCBM requires that the transmitted carrier be reduced periodically to zero
output so that the received signal may be sampled. By switching the carrier off, undesired
sidebands are produced, the magnitudes of which depend upon the waveform used to switch
the carrier. The analysis which follows presents the reasons for choosing the final switching
waveform and gives the bounds on the levels of undesired sidebands.

The spectral analysis was approached using both analytical methods and computer
models. The analysis was separated intoin-band and out-of-band components, and both
are presented below.

The response of the transmitter with a switched output can be obtained by representing
the transmitter output by the unswitched output multiplied by a switching function.

fs(t) = f(t)S(t) (1)

where fs(t) is the switched transmitter output

f(t) is the unswitched transmitter output

S(t) is the switching function.

-4-
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The square wave switching waveform S(t) is shown in Figure 2 with period T and off-time a.
4i By expanding the switching function in its Fourier series, the sampled signal can be written

in the form:

sin nir a

fa(t) f(t) (1 +2 TT 2os t (2)
s T n=1  n cra T

T

Taking the Fourier transform of the sampled signal yields [4]:

sin nna
Fs) M F F(w) + aT na F(w- n ws (3)

t n-

n 0

where W = 2n
s T

The resulting spectrum is the sum of the spectra of a series of signals each having the same

shape in the frequency domain as the unswitched signal, but shifted in frequency by a multiple
of the switching frequency as shown in Figure 3.

In order to calculate the out-of-band signals generated by switching the transmitter
carrier, a computer program was written to sum the contributions of each of the signals from
Equation (3). The program listing is included in Appendix A. The program sums the square
of the voltage responses calculated from Equation (3) over a range of frequencies. Table
I summarizes the results of this program giving adjacent-channel responses compared to
the in-bond carrier level.

Normalized Power
Frequency Range watts dB

12.5 KHz to 37.5 KHz 0.2 8 x 10- 5  -56
(1st adjacent channel)

37.5 KHz to 62.5 KHz 0.55 x 10- 6  -63
(2nd adjacent channel)

62.5 KHz to 87.5 KHz 0.24 x 10 -66
(3rd adjacent channel)

Table 1. Adjacent Channel Interference for the Square
Wave Switching Waveform.
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Figure 2. Square Wave Switching Signal.
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Figure 3. Frequency Domain Plot of the Switched Signal Spectrum.
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The Fourier series for the case of the trapezoidal switching waveform (Figure 4)
can be determined by a development parallel to that presented for the square wove switching

4 waveform. The Fourier series for the trapezoidal waveform is:

T T +T 2 o cos n uT - cos n sT2
1 T+2 1 2 ° c°nsl-CnsT2

s(w) T F(w) + T T - ) F(w -n w S)

Tn=- O (n w )

n' 0 (4)

Il Table 2 presents the power level of interfering harmonics in the 3 adjacent channels. A
comparison of Tables 1 and 2 shows that the interference generated by the trapezoidal
switching waveform is at least 46 dB down from that produced by the square wave switching
waveform in any 25 KHz bandwidth. The adjacent-channel interference levels conform to
FCC requirements as set forth in Volume 5, Part 87.71.

Normalized Power
Frequency Range watts dB

12.5 to 37.5 KHz .68 x 10- 10  -102
(1st adjacent channel)

37.5 KHz to 62.5 KHz .20 x 10- 1l  -117
(2nd adjacent channel)

62.5 KHz to 87.5 KHz .36 x -124
(3rd adjacent channel)

Table 2. Adjacent Channel Interference for Trapezoidal
Wave Switching Waveform.

To obtain the in-band distortion, a program was written which calculates the Fourier
transform of the transmitted signal (Appendix B). Three different switching waveforms were
modeled with this program. The waveforms are shown in Figure 5. Table 3 summarizes the
total harmonic distortion caused by these waveforms. The amplitude of the harmonics drops
off with a sin x/x factor so higher-frequency components contribute less distortion than the
lower frequency components. Ninety percent of the THD is contained within 100 Hz of
the unswitched spectrum. This indicates that significant improvement can be obtained by
filtering the audio signal at the receiver to remove the low-frequency components without

*. interfering with the information content of the signal.
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Figure 4. Trapezoidal Wave Switching Waveform.

Square ft
Wave fM

t

Trapezoidal
Wave f(t)

t

Sine f(t)
Wave

j t

Figure 5. Transmitter Switching Waveforms.
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Im

Switching Total Harmonic
Waveform Distortion (9/6)

Square wave 0.99

Trapezoidal wave 0.66

Sine wave 0.60

Table 3. In-Bond Distortion.

Although the sine wave switching waveform produced lower THD than the trapezoidal
waveform, the trapezoidal waveform had smaller components at the higher frequencies and
thus reduced the adjacent channel interference. Because the in-band distortion of both
waveforms was found to be acceptable, the trapezoidal waveform was chosen for use in the
final implementation.

Periodic switching of the transmitted carrier causes a spreading of the audio

spectrum that is equivalent to mixing the audio signal with the signal in Figure 6. The
result is an audible click that can be heard in the received signal when receiving a high-
level RF signal. Flight tests indicate that the click is only noticeable within several
hundred yards of the transmitting antenna. After take-off the signal was faintly detectable
to a distance of about 1 mile where it was lost in the noise. The click can be reduced
considerably by switching the transmitted signal during periods of no modulation in the
transmission. At these times the frequency spectrum of the click consists only of frequencies
below 100 Hz. The click is then attenuated by the aircraft receiver and speaker. Although
reception of the transmitted click was very noticeable in the immediate vicinity of the
transmitter, at no time did the click impair the reception of the transmitted information.

-1.0

-100 100 Frequency (Hz)

Figure 6. Audio Switching Waveform in the Frequency Domain.
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Modifications to the receiver caused no degradation in the receiver performance
and did not affect the received signal quality in any detectable manner. The modifications
required to implement FCBM capabilities on standard FAA cab transmitters and receivers
has no effect on the normal operating characteristics of the modified transmitters and
receivers.

IV. EQUIPMENT MODIFICATION

A. General. FAA delivered the equipment detailed in Table 4 to Ohio University

an July 17, T r modification to FCBM operation and production of transportable
demonstration pallets. The equipment was bench-checked in the unmodified state and
found to operate within specifications. Both transmitter and receiver units were retuned
to 123.2 MHz for system testing using this frequency and crystals were obtained.

The transmitter/receiver pair was mounted in one rack cabinet and the tower cab
control units in another, for portability. Appropriate cable harnesses were fabricated.
Ftpllu 7 and 8 show the completed cabinets and equipment. Two antenna masts were
obtained and modified to accept the antennas supplied by FAA, as shown in Figure 9.

For evaluation of FCBM operation, two VHF transceivers equipped for field operation
were made available, one modified for variable-signal-level output and the other used for
receive-only monitoring of the channel (see Figure 10).

B. Modification of Transmitter and Receiver. The transmitter and receiver were
each modiaied by the addition of a printed circuit board. The circuit boards are mounted
in the respective units and are controlled by a third circuit board mounted in a separate
box.

The schematic for the transmitter board is shown in Figure II. The switching wave-
form is received from the control and sequencer board and used to control the transmitter
power output. Control of the transmitter power is achieved by multiplying the transmitter
power control signal by the switching waveform in an analog multiplier. This additional
circuitry is added within the automatic power control loop in the transmitter. Figure 12
shows the modifications to the transmitter circuitry.

i.1 The receiver board operates by sampling the AGC line of the receiver. The
value of the AGC filter capacitor at RE5 in Figure 13 was changed from 10 If to 0.68yf.'I The time constant of the AGC circuit is such that it reaches steady state conditions within
3 msec of a change in the RF signal level. When the transmitter carrier is romped down
to zero output, the AGC circuit is given 3 msec to settle. After the settling time, the

*. AGC signal is compared to three preset levels to detect the level of the interfering signals.
The comparator outputs are connected to the display board to be latched for display.
Figure 14 shows the schematic of the receiver board.
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Figure 7. Receiver and Transmitter.
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Figure 8. Cob Control Unit.
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Figure 9. Receiving and Transmitting Antennas.
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Figure 10. Monitor Receiver.
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Description of Equipment Equipment Type

VHF-Transmitter T-1 108

VHF- Receiver AN/GRR23

Transmitter Antenna FA-8132C

Receiver Antenna FA-9429

Audio Chassis FA-9334-1

Audio Module FA-9334-2

Lamp Module FA-9334-3

Selector Chassis FA-9334-5

Selector Module FA-9334-6

Blank Panel FA-9334-7

Jack Unit FA-9334-8

Power Supply Assembly FA-9334-4

Power Supply Module FA-9334-12

Table 4. GFE Equipment Received by Ohio University.

The schematic for the phoneme interval detector (PID) is shown in Figure 15. IC
16 with the associated resistors and diodes forms a full-wave rectifier. The modulation
voltage from the transmitter is fed through C1 and rectified. The rectified signal is com-
pared to a reference voltage in IC15. When level of the rectified modulation voltage is
below the reference value, transistor Q] is shut-off and capacitor C2 is allowed to charge
through resistor RI 1. When transistor Q1 remains off for more than 7 msec, capacitor C2
charges to half the power supply voltage triggering the comparator in IC 14. The output
of IC 14 goes low indicating to the switching delay generator that a 7 msec silence has
occurred in the modulation waveform and a sample should be taken.

The switching delay generator is shown in Figure 16. Dual timer in IC 13 generates
the minimum and maximum time duration between samples. Each cycle of the sampling
interval starts when the timers are reset. Timer A generates a 0.5 sec pulse during which
sampling is inhibited. After timer A times out, the switching delay generator waits for a
low indication from the PID to enable another sample. If signal from the PID is not received
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before timer B times out (1.5 sec), then the signal from timer B triggers the timer in IC 18
to generate a sample pulse. The signal from IC 18 triggers a sample pulse in the switching
sequencer circuit and resets the timers in IC 13 to start another cycle. The PID eliminates
the possibility of a synchronous blindspot caused by two FCBM-equipped transmitters that
were sampling at the same time and also reduces the interruption of information by sampling
generally during intervals when no modulation is being transmitted.

The schematic for the switching sequencer circuit is shown in Figure 17. This cir-
cuit generates the transmitter carrier switching waveform along with the signals which
enable the receiver sampling. The input pulse from the switching delay generator toggles
the flip-flop in IC 3-A. The 0 output from this flip-flop disables the preset function on
the shift registers in IC's 4, 5 and 6. The parallel outputs from these shift registers are
initially all high. The outputs are summed through a bank of weighting resistors to achieve
any desired rising and falling waveform. The output of this network is initially at its
highest value. The serial input to the shift registers is initially low since the flip-flop in
IC 3-B was cleared at the beginning of the cycle. Each clock pulse, the frequency of which
is controlled by IC 7, propagates another zero into the shift register and the corresponding
resistor no longer contributes any current to the summing junction of IC 8-A. After 15 clock
cycles all the shift register outputs are low and the counter in IC 2 is enabled. The output
of the shift register remains at its lowest level through 12 counts of the clock signal. On
the twelfth count, nand gate IC 11-A sets the flip-flop in IC 3-B which causes the serial
input to the shift register to be a high level. The high level propagates through the shift
register and, after 15 counts, the high level is restored to the output. IC 11-B detects the
end of the cycle and resets IC 3-A. IC 11 C-D and IC I A-B decode the states of the timing
circuit to produce the signals required to synchronize the receiver and transmitter boards.
IC 8 A-B and IC 9 amplify and filter the transmitter switching waveform to obtain the level
required by the transmitter board.

The display board shown in Figure 18 accepts the comparator outputs from the receiver
board and timing signals from the control and sequencer board and latches the level of the
interfering signal for display on the front panel. The display board which mounts in a spare
control panel in the cab control unit also provides a switch from which the operator can
disable the FCBM function.

Figure 19 is the cabling diagram which shows the interconnection between the
circuit boards.
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boards. Mr. Tom Smith wrote the computer program to calculate the in-band harmonic
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Appendix C. Graph of Signal Strength Vs. Distance
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Appendix D. Circuit Doard Photographs
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Figure D-1. Transmitter Board Mounted in the Transmitter.
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Figure D-2. Receiver Board.
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Figure D-3. Control and Sequencer, PID and Delay Generator Circuitry.
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