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Many new receiver designs include
microprocessor control eircuitry which
replaces the more rigid hardware cir-
cuits previously used. Its software
architecture lends itself to designs that
permit the microprocessor to control
functions previously requiring complex
hardware configurations. The results
of software control provide performance
and specifications that equal or exceed
hardware designs, while providing
reductions in cost, size and power
consumption. This two-part article
discusses the advantages of software
control.

Introduction

Servo loop theory, as implemented in
software/hardware design, is utilized
to create more flexible receiver func-
tions. Receiver Automatic Gain Control
(AGC), when implemented by software,
provides superior performance with
more diversified attack and decay times
to meet the specific requirements of the
different types of detection modes.
Automatic Frequency Control (AFC)
operates as an ideal function, not
limited by hardware design constraints.
The Beat Frequency Oscillator function
(BFO), when implemented in software,
substantially reduces hardware require-
ments. Using special software routines,
fast frequency scanning can be per-
formed with synthesizer-like accuracy.
Special routines also substantially
reduce receiver downtime by providing
built-in test and internal diagnostics
functions which locate and define
receiver faults.

Software AGC

Automatic gain control permits a
receiver to change its gain character-
istics, keeping a constant signal ampli-
tude at the AM detector. When the
types of modulation as well as control
range are as diverse as in a surveil-
lance receiver, the AGC requirements
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become extremely complex. The rate of
AM modulation, SSB attack and decay
time, pulse and CW reception (all over a
signal amplitude range in the order of
100 dB) demand a rigidly designed
AGQC circuit. Fortunately, the software
design can use tools beyond normal
components such as sample-and-hold-
forever and sample-and-forget routines.
Figure 1 illustrates a simplified block
diagram of a typical receiver/micro-
processor interface.

The simple block diagram of the micro-
processor section is similarly repeated
for each software function. However,
space is conserved by using 16 input
A/D converters and other multi-
function integrated circuits.

Overview of Software AGC

In a software AGC system, the micro-
processor is placed at the control point
of the loop. It obtains signal level
information from the AM, AM peak,
and LOG detectors, and has gain
control at various points in the signal
path. The signal level is sampled, and
the gain is adjusted for optimum per-
formance. Depending on the type of
signal being detected, the AGC char-
acteristics should be changed to provide
the ideal results. With hardware AGC,
this requires different AGC control cir-
cuits, which would be space prohibitive
in a compact receiver. Software AGC,
however, allows various attack, decay
and hold characteristics without, addi-
tional hardware cost or space
requirements.

A flow chart showing the operation of a
software AGC system is shown in
Figures 3, 4, and 5. This system offers
two types of AGC characteristics. The
firstis a fast attack, fast decay which is
intended for AM or FM operation. The
other is a fast attack, hold and slow
decay, for use with PLS, CW and SSB
operation. The goals and operational
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Figure 1. Software-controlled AGC.
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characteristics of both types of AGC
will be explained in the following
paragraphs.

The fast attack, fast decay AGC is
intended for signals with constant
carriers. While in this AGC mode, the
AM detector is sampled using a pattern
that is non-repetitive for time periods
less than 25 ms. This non-repetitive
sampling is important, as it avoids the
chance of the software being
synchronous with the modulation of
the carrier. It is required because the
microprocessor does not sample the
AM detector continuously, as in a
hardware AGC configuration. Figure 2
illustrates an example of the non-
repetitive sampling.

The A/D converter input from the AM
detector is averaged in a low-pass filter,
having a 3 ms time constant. By con-

trolling automatic gain to the peak
value read on the AM detector during
each 25 ms sample window, the AGC
action will function properly on low
duration, low repetition-rate modula-
tion schemes. By peak picking the
AGC, it is capable of working reliably
without tracking modulation on signals
having repetitive rates as low as 40 Hz.
This allows the decay time to remain
very fast (75 ms for a 50 dB change).

After the peak value of the sample
window is picked, the microprocessor
will adjust the gain controls to center
the signal at the optimum point within
the AM detector range. The software
allows for two correction rates. If the
signal is greater than 10 dB from the
optimum point, the AGC goes to a fast
mode, where 10-dB corrections are
made every 5 ms until the signal is
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Figure 2. Non-repetitive AM detector sampling.

within +10 dB of the optimum point.
Once that level has been obtained, the
software AGC switches to slow correc-
tion. In this mode of operation, 1 to 3 dB
corrections are made at a rate of one
every 25 ms. Once the gain control has
been adjusted to place the signal within
3 dB of the optimum point on the AM
detector curve, no further corrections
are made until the signal deviates from
this 3-dB dead zone. The AGC will stay
in slow correction unless the signal
exceeds the +£10-dB limit, at which time
fast correction is re-entered.

The fast attack, hold, slow decay AGC,
which will be called HOLD AGC, is
used for receiving signals with pulsed
carriers. The attack characteristics of
this type of AGC are the same as those
explained for use with AM or FM
detection. Instead of the typical slow-
decay AGC for this type of signal
reception, a hold, slow decay is created
in software. This means the signal does
not have to be re-attacked, as the soft-
ware AGC is capable of holding the
exact level that was present before the
signal went off the air. If no signal
reappears within a predetermined time,
a slow decay will be started. This type
of intelligent AGC, which would be
difficult to implement in hardware, is a
simple task for software.

Discussion of AGC Flow Charts

The following paragraphs explain the
software AGC flow chartsillustrated in
Figures 3, 4, and 5. The AGC control is
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shown in Figure 1. Figure 3 shows the
initilization of the LOG COUNTER to
control the timing for the non-repetitive
sampling. It is loaded to 10. The AM
VAL, a storage location for the peak
AM detector reading, is located to 0.
The software now decides which
detector to read: the AM detector, if
NORMAL AGC or the AM PEAK
detector, if in HOLD AGC mode. Once
the reading has been taken, a decision
to enter into NORMAL OR FAST AGC
is made. If FAST AGC is entered, the
current detector reading is stored in
AMVAL.InNORMAL AGC, thelarger
of the new reading or the old reading is
saved in AM VAL. For each count in
the LOG COUNTER, the LOG detector
is read and the COR LEVEL is tested
(CHECK COR). After the last LOG
reading, the LOG COUNTER is
decremented and the loop, starting at
the AM reading, is repeated until the
LOG COUNTER is 0. At completion of
the sample loop, control is passed to
FINE AGC CORRECTIONS. This
sequence tests for a signal 10 dB above
the midpoint of the AM detector. If
present, fast AGC is enabled and
control is returned to AGC control. If no
signal is present, the HOLD
COUNTER is tested for 0, indicating
the system has not detected a signal
dropping below the lower 10-dB thres-
hold. A positive response allows the
lower 10-dB limit to be tested; if the
signal is below this limit, and HOLD
AGC is not on, FAST AGC is enabled
and control is returned to AGC

BEGIN

LOGCTR = 10

AM VAL =0

HOLD AGC
O'PN

READ
PEAK
DETECTOR

1N AM VAL

ATy YES | STORE READING
2

{(FasT Acc)

READING YES | REPLACE AM VAL
WITH READING

=AM VAL
?

LOGRD = LOG CTR
DECR LOG CTR

FINE
AGC CORBECTIONS

RECEIVER SERVICE
FUNCTIONS

Figure 3. Flow chart software AGC control sequence.

CONTROL. In the case where HOLD
AGCisenabled, the HOLD COUNTER
is loaded to 60, which will cause no
further decay for approximately 1.5
seconds. A negative response to HOLD
COUNTER 0 test, indicates a hold in
progress and bypasses the lower 10-dB
limit test.
At this point, the dead-zone windows
will be checked. If the signal is below
the dead zone, and HOLD AGC is off, a
correction to a maximum of 3 dB will be
performed and control will be returned
to AGC CONTROL. If HOLD AGC is
on, the HOLD COUNTER is tested for
one. If the test is positive, 1 dB of
attentuation is removed and the HOLD
COUNTER isloaded to four, causing a

decay rate of 10 dB/sec. Control is then
returned to AGC CONTROL. If the
HOLD COUNTER was not one, the
HOLD COUNTER is decremented and
controlis returned to AGC CONTROL.

When the signal is above the lower
dead-zone limit, a test for the upper
dead-zone limit is made. If the signal
falls below this limit, AGC is at rest, no
correction is required and control is
passed to AGC CONTROL. A signal
above the upper dead-zone limit causes
a maximum of a 3-dB correction to be
made. After this correction, control is
given to AGC CONTROL if HOLD
AGC is not enabled. In the case where
HOLD AGC is enabled, the peak
detector is dumped and HOLD
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COUNTER set to 60. The peak detector
is dumped so the results of adding
attenuation can be sensed. The HOLD
COUNTER is set so that the AGC will
not start decaying as a result of the
peak detector being dumped. Control is
now returned to AGC CONTROL. This
completes the discussion of the FINE
AGC CORRECTIONS Flow Chart.

The remaining AGC flow chart is the
section called FAST AGC (Figure 5).
This section shows how fast corrections
are made (approximately 10 dB/5 ms).

6

The first test checks for a signal greater
than 10 dB above the AGC point. If the
signal is below this limit and above the
lower 10-dB limit, FAST AGC is can-
celled and control returned to AGC
CONTROL. When the signal is above
the upper 10-dB limit, 10 dB of atten-
uation is added. If HOLD AGC is on,
the peak detector is dumped and HOLD
COUNTER is set to 60. The AM PEAK
detector is then read and control is
given to AGC CONTROL. If HOLD
AGC is off, control is returned to AGC
CONTROL. In the case where the sig-

nalis below the lower 10-dB limit, 10 dB
of attenuation is removed. The AM
detector is read and control is returned
to AGC CONTROL. This concludes the
explanation of the AGC CONTROL
Flow Charts.

. Typical Software AGC
Responses

Shown in Figures 6 through 9 are
typical responses of the AGC loop to

different types of signals. In each figure
the top plot shows the signal applied to

the input. The bottom plot shows the
software AGC response, a typical
hardware AGC response, and the AM
detector window. The plots are shown
as change in attenuation versus time.
Figure6isthe AGC response to a22 dB
increase in signal level while in the
NORMAL AGC mode. The software
AGC shows a fast response (10 dB/5
ms) until the AGC is within 10 dB of the
signal. Then, slow corrections are made
until the final valueis reached. The plot
shows the ability of the software to
cause the AGC to slew very quickly to
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within a few dB of the final value, and
then change to a slower rate to make
the remaining corrections. This
increases the stability of the loop and
helps avoid overshooting the final
value.

Figure 7 shows the response of a 22 dB
decrease in signal level while in
NORMAL AGC. The software AGC
enters the fast correction mode after
sensing the signal below the 10-dB
lower limit on the AM detector. In this
mode it corrects at a 10 dB/5 ms rate
until the signal is within the 10-dB
lower limit. Then, in slow correction, it
continues until the signal falls within
the 3-dB dead zone of the AM detector.
Since the software AGC must see the
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signal below the lower 10-dB limit for
the full sample window, the decay is
allowed to work quickly, without
danger of the AGC following the
modulation, as in a fast decay hard-
ware AGC. The plot shows the software
AGC settled within 60 ms, while the
hardware AGC takes longer than
150 ms.

Figure 8 shows the AGC response to a
signal that slowly decreases, drops out,
then reappears at the original level.
This example is shown using HOLD
AGC, as used in PLS, CW, or SSB
detection modes. In the case of the slow
decrease, both types of AGC are able to
follow the signal. When the signal
drops out, the software AGC starts its

hold timer, keeping attenuation set at
the last valid level, while the hardware
continues to decay. When the signal
returns, the software AGC still has the
gains set to allow acquisition in the AM
detector. The hardware must reattack
the signal when it returns. After the
signal drops out again, the hold is
again restarted in the software AGC.
Using its hold-forever ability, the soft-
ware holds for approximately 1 second
then starts a slow decay until it senses
the signal return. The key here is the
intelligent ability of the software AGC
to follow a small signal change and
hold on a signal dropout.

Figure 9 shows the NORMAL AGC
response to an 85-dB increase in signal

level. One of the most significant
abilities of software AGC is shown
during alarge signal change where the
time savings of the dual rate is very
important.
The other key advantage is that soft-
ware AGC is a controlled loop, no
matter where the signal is with respect
to the current AGC level. In a hardware
AGC circuit, once the signal is outside
of the AM detector range, the system
enters an open-loop condition. This
could lead to a ringing condition as the
AGC voltage tries to settle. The soft-
ware AGC gives the receiver designer
new tools that are only limited by his
ability to provide the proper informa-
tion to the programmer.
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