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) INTRODUCTION

This technical memorandum deals with the commutated automatic ga’n
control (AGC) system that has been designed and built for the Ohio
University prototype Loran-C recelver (refer to Figure 1), The current
version of the prototype receiver, the Mini L-80, was tested initially in
the summer of 1980, The receiver uses a Microcomputer Associates™ Super
Jolt microcomputer to control a memory-aided phase-locked loop (MAPLL).
The microcomputer also controls the input/output, latitude/longitude con-
version, and the recently added AGC system. (For a more detailed
description of the receiver operation, refer to ™ 80 "A Loran-C
Prototype Navigation Receiver for Gemeral Aviation."([1])

The Ohio University recelver uses an envelope generator and zero
crossing detector to produce a "Loran pulse” which is used by the MAPLL
to track the Loran station. It was observed that significant errors in
the time differences occurred when very strong or weak stations were
included in the Loran chain being tracked [2]. Ixperiments with a Loran
simulator revealed that this error was caused by a phase shift and that
this phase shift was due solely to the signal-to-signal ratio of the sta-
tions being tracked. For example, a 10 dB signal-to-signal difference
produced approximately a ten microsecond error while a 20 dB difference
produced approximately a 25 microsecond error. (These results were
obtained with an Epsco Loran simulator.)

To reduce or eliminate this error, a commutated AGC was proposed
at the December 1980 NASA Joint University Program meeting (refer to
Figure 1-A). The AGC samples the peak of the envelope for each station
and stores the resulting voltage on a capacitor. This stored voltage 1is
then used to control the gain of the input RF signal. The microcomputer
switches the AGC sample from station to station. This paper describes
the circuit designed for the AGC and will also present bench and f£light
test results. The AGC circuit described actually samples starting at a
point 40 microseconds after a zero crossing determined by the software
lock pulse ultimately generated by a 30 microsecond delay and add network
in the receiver front-end envelope detector. Thus this sample point will
be at about the peak of the ground wave signal and not necessarily at the
peak of the envelope delayed by strong skywave contamination. Throughout
this report the reference to "peak of the envelope” has this restricted
meaning. The whole idea of AGC control is to adjust the level of each
station signal such that the early portion of each envelope rise is about
at the same amplitude in the receiver envelope detector.

The final design is an expansion of the original proposed design
(refer to block diagram Figure 2, as well as Figures 3, 4, and 5). It
consists of three major parts: A) The sample circuit, B) the DC gain cir-
cuit and, C) the AGC amplifier circuit.

IT. SAMPLE CIRCUIT

The sample circuit is a two-stage sample~and-hold system with three
separate channels, the switching of these channels controlled by the
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LORAN~C RECEIVER COMMUTATED AGC

* To be Added to Loran=C Low-Cost Prototype
*  Commutated, Sampled AGC
Avoids Front~End Phase Shift Problem

*  Five Chips Required for Breadboord

+  Permits Present AGC for Search Mode
¢ Minimum Lood on Computer

Figure 1-A, Proposed Commutated AGC,
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The above schematic is of the commutated AGC circuit designed for the Ohio University

Loran=C receiver. All of the IC's are CMOS, This circuit is designed to sample the peak
of the envelope of a Loran pulse to obtain an AGC voltage.

Figure 3. Sample Circuit.
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microcomputer. All integrated circuits are CMOS, and the supply voltage
is +12 voltas., This supply voltage 1is necessary because the sample
voltage levels are in the range of 5 to 7 volts. It is important to note
that this design has not yet been optimized for minimum chip count.

The amplitude of a station's envelope varies with that station's
signal strength (refer to Figures 6 and 7). The two cascaded 4047
monostables create a delayed pulse to sample the peak of the envelope.
The first 4047 triggers on the equals pulse (zero crossing; refer to
Figure 8), and delays 40 microseconds. The second 4047 triggers on the
negative edge of the 40 microsecond delay output and produces a 20
microsecond sample pulse (refer to Figure 9). The delay and duration of
the sample pulse is optimized to sample the peak of the envelope for the
weak as well as the strong station.

The envelope from the RF front-end is passed through a voltage
follower, 12LM353, and into the 4051 analog demultiplexer. The 4051 has

on-chip address decoding; therefore, the two control lines are decoded to:

scarch mode
channel one on
channel two on
channel three on

OO
—C O

Note that the control lines are ANDed with the sample pulse so that each
channel samples the peak of only one station's envelope. Each Loran sta-
tion consists of eight pulses, and, therefiore, the station is actually
sampled eight times (refer to Figure 10). These eight 20 microsecond
sample pulses are of sufficient duration to charge the 25 microfarad
capacitor to the desired final value (the voltage of the peak of the
envelope). Each station is sampled on a separate AGC channel every group
repetition interval (GRI). The 4016 analog switch is configured for the
negative of the logic of the 4051; therefore, the two- to three-line
decoder is needed. The 4016 controls the "hold" for each channel. When
a receiver channel is on, the corresponding switch for that channel in
the 4016 is off. This allows the first stage capacitor to be charged
while a constant voltage from the previous GRI charge 1s outputted from
the second stage capacitor to the AGC amplifier. The .68 microfarad
capacitor in the second stage of the sample-and-~hold 1s large enough to
hold a constant voltage for .l second, the maximum GRI value. The second
4051 is enabled in the same manner as the first 4051 except that it is
not pulsed. In addition, a +5 volt signal is applied to the 00 channel
on the second 4051 to serve as a recelver gain setting used during
Loran-C station search. The multiplexed output of the AGC sample voltage
is represented in Figure ll.

The software changes to implement the procedure outlined above are
minimal since the recelver operating software tracks each station indi-
vidually. When the microcomputer starts its search rovtine, the 00 chan-
nel 1s activated to output the constant +5 volt search voltage to the AGC
amplifier. When all three stations are being tracked, the commutated AGC
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18 activated and the envelopes for each station are sampled separately.
It is not important to identify which Loran-C station is ¢# a certain AGC
channel since the microcomputer provides the necessary sycaronization as
a function of basic receiver operation.

III. DC GAIN CIRCUILT

The three AGC sample voltages are equual to the peak voltages of the
envelopes of thelr respective stations. Therefore, a strong station
stores a higher sample voltage than a weak station. The voltage--
controlled amplifier designed for this AGC system~requires a higher
control voltage to amplify the weak stations; thevefore, an inverter cirv-
cuit was designed for this purpose. The circuit actually has a two-fold
purpose-inverting and increasing the gain of the sample voltages. An LM
353 dual op~amp was chosen for this circuit. Referring to Figure 4, one
can see that one~half of the chip is used for a voltage follower while
the other half serves as the gain/inverter. The trimpot on the input to
the second op—amp controls the gain of the AGC output voltage while the
other trimpot controls the DC level of the output. The adjustment of
these trimpots for proper AGC operation will be explained in Section V of
this report.

IV.  AGC AMPLIFIER

The AGC amplifier utilizes a CA3J028A differential cascade amplifier
(refer to Figure 5). The accompanying circuit has been optimized for
this particular AGC application. (Refer to TM 79 "Automatic Gain ;
Control" for a complete clrcuit description as well as test: results [3].)

V. OPERATION

As stated previously, the gain and DC level trimpots of the DC gain
circult must be adjusted properly for optimum AGC performance (refer to
Figure 12). As this graph indicates, the best AGC amplifier performance
lies in approximately the three to eight volt range. The adjustment pro-
cedure is as follows:

1. Set the gain to unity (adjust the 10K ohm trimpot to its full
value),

2. Set the DC level to +8 volts and allow the receiver to track
all three stations and,

3. Increase the gain from unity until the lowest AGC voltage is
equal to approximately 4 volts.

The properly functioning AGC will be similar to Figure 13. This adjust-
ment procedure outlined above allows for the use of different antenna-
preamp combinations which may possess different DC components in the
input RF. It is impottant to note that once the DC gain circuit is prop-
erly adjusted to match a certaln antenna-preamp combination, it need not
be adjusted further.
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VI. TEST RESULTS

The firet test of the AGC system performance was the use of the
Epsco Loran simulator to provide different signal-to-signal ratios and
record the results. An example of such an experiment appears in Figures
14, 15, and 16, A ten millivolt input signal was used, which is charac-
teristic of the signal strengths encountered with "live” Loran signals.
The GRI was set at 99,600 microseionds and the time differences (TD's)
were set to resemble those received off the air at Clippinger Labs,
Athens, Ohio (TDY=42,594,3 microseconds, TDZ=56,775.9 microseconds).
These results are approximated, observed time differences:

Figure # Attenuation AGC DY 1mz
14 none on 42,594,5 56,776.0
16 20dB station Y on 42,605 56,776
15 20dB station Y of £ 42,622 56,776

CONCLUSION: The AGC has little or no effect on "perfect” Loran signals,
meaning that there 1s no degradation of performance with the AGC in opera-
tion. Also, twenty dB of signal to signal difference is an extreme case
which might be encountered only at the limit of a Loran coverage area.

Following a number of simulator tests, the receiver was tested with
a live signal., The first step was to obtain an accurate value for the
correct time differences as recorded at Clippinger Labs. The Loran chain
used was the U,S. Northeast, GRI=99,600 microseconds. Four receivers were
tested and the results are as follows:

Receiver IDY TIDZ
Texas Instruments 9900 42,594.4 56,776.0
Trimble 10A 42,594.3 56,775.9
TDL 302 42,595 56,776
OU Mini L-80 (no AGC) 42,600 56,775

To obtain enough data points for a good statistical sample, sixty minutes of
data was collected with the Ohio U. Loran receiver on October 20, 1981

from 4:00 to 5:00 pem., thirty minutes without AGC, and thirty minutes

with AGC. Each of these thirty-minute segments was broken into ten~

minute blocks for a total of six blocks, 550 to 600 data points each.

The atmospheric conditions were: 1l1ight cloud cover with moderate

spherics activity observed on an oscilloscope. A statistical analysis
package available on Ohio University's IBM 370/158 was used to obtain the
results shown in Figures 17 and 18. Most of the accuracy displayed is not
significant but the trends are evident.

CONCLUSION: The addition of the AGC improved the value of TDY by approxima-
tely four microseconds. The overall accuracy of the receiver is approaching
+] microsecond. One point of special interest is the greater variance of
TDY with the AGC on. This is due to the occasional sampling of cross-rate
interference.

-16-
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The wmost important test of a prototype navigation receiver is a
flight test. Ohio University's DC-3 flying laboratory made two Loran data
collection flights on August 29th and 3lst, 1981, The flights were center-
ed around south~central Ohio and in areas of light thunderstorm activity.
The operational Loran receivers were: TI 9900, Trimble 10A, and O. U,

Mini L-80, The results of the August 29th Columbus to Albany via Zanes-
ville leg are presented graphically in Figure 19. (August 3lst data is
omitted from this report because the results are essentially the same.)
The 0. U, recelver data was hand-collected and it appears with the flight
path plotted by the TI 9900,

CONCLUSION: The plot shows a very close alignment of the two paths. Note
the slight (less than .5 nautical miles) north bias of the 0. U, receiver
path. These plots were obtained with latitude/longitude data and not time
difference data. The latitude/longitude conversion employed in the 0. U,
receiver does not use any overland propagation delay corrections in the
calculations., This bias is due mainly to lack of propagation delay
correction rather than large time difference errors.

VII. CONCLUSIONS

The addition of AGC to the 0. U. Loran-C receiver has improved the
accuracy of the time difference calculations to within approximately +
1.5 microseconds of the observed time differences for a given position.
This translates to an improvement of absolute accuracy of approximately
0.5 nautical mile. Tests of Ohio University's receiver with and without
the AGC have indicated these results. The majority of error now present
in the positional data supplied by the Ohio University receiver is due to
the lack of propagation delay corrections.

Two additional refinements could improve the performance of the AGC
system further: 1) A filter to reduce the effect of cross-rate inter-
ference on the sampling of the envelopes, and 2) An AGC amplifier with
more dynamic range for an even greater signal-to-signal gain. Complete
sof tware control would eliminate the adjustments outlined in Section V,
thus the receiver would require no manual gain adjustments. Other soft-
ware development could allow for the tracking of all the Loran stations
in a particular chain. The three most suitable signals would then be
used to obtain positional data.

VIII. SUMMARY

A commutated automatic gain control system has been designed and
constructed specifically for the Ohio University prototype Loran-C
recelver. The AGC is designed to improve the signal-to-signal ratio of
the received Loran signals. The AGC design does not require any analog
to digital conversion and it utilizes commonly available components. The
AGC system consists of three major parts: 1) the sample circuit, which
samples the peak of the envelope of the Loran signal to obtain an AGC
voltage for each of three Loran stations, 2) a DC gain circuit to comtrol
the overall gain of the AGC system, and 3) an AGC amplifier to amplify

-21-
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the input RF signal. The performance of the AGC system has been observed
in bench and flight tests and it has improved the overall accuracy of the
Ohio University receiver considerably.
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