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Summary   The conventional agc weighted diversity combiner is implemented on the
assumption that the agc system of each receiver is tracking the rf fading envelope perfectly
(i.e., such as to maintain the linear i-f output amplitude constant). The departure from
optimum (maximal-ratio) combining which results from imperfect tracking is determined
by computer solution of the nonlinear differential equation of the agc system for particular
deterministic rf fading envelopes. The performance of the agc weighted combiner is
compared with maximal-ratio and equal-gain combiners, both as a function of time and
fade rate. It is shown that under certain conditions the equal-gain combiner outperforms
the agc weighted combiner. It is also shown that by using both the a-m (detected linear i-f
envelope) and the agc voltages for weighting the combiner the limitations arising from the
response time of the agc system can be overcome. It is also indicated how an optimum
diversity selector can be implemented by using both the a-m and agc voltages.

Introduction   When narrow-band radio frequency (rf) waves are transmitted in the earth
environment (atmosphere, reflecting surfaces, etc.) the envelope amplitude experiences
random fluctuations or fading with time. When more than one signal can be obtained from
the same source (by means of different paths, frequencies, polarizations, etc.) the fading
amplitudes usually tend to be independent and are called diversity signals. Diversity
combining techniques (1) attempt to combine these diversity signals to improve (or
maximize) the output signal-to-noise ratio (SNR) over that of any single channel. Most
combiner studies have been concerned with the statistical performance of the various
combining techniques for certain fading distributions (such as Rayleigh) without concern
for the frequency limitations of specific implementations.

Most combiners in use today utilize the automatic-gain-control (agc) voltages of the rf
receivers for weighting signals. The slow response time (2) of the agc system is the most
serious limitation of these combiners. The primary objective of this study was to examine
quantitatively the dynamic limitations of an agc weighted combiner and to develop some
tools for further study. The nonlinear differential equation describing the receiver agc



** local means that the measurement (e.g., rms) is made over an interval of time which is short
enough that the amplitude of the rf envelope can be regarded as constant

system is derived. An expression for the agc time constant in terms of the parameters of
the receiver and agc integrator is derived. The nonlinear differential equation is solved by
computer methods for particular deterministic rf fading envelopes. These results are used
to calculate the output SNR of an agc weighted combiner as a function of time for different
agc time constants. The time domain results are converted to bit error probability,
averaged and plotted as a function of fade rate. All results are compared with the
performance of maximal-ratio and equal-gain combiners. All results and examples are
given in terms of a dual channel combiner, however, the results can be applied to any
desired number of channels. When the rf fade rate is too high for the agc loop to track, the
agc weighted combiner fails to perform as a maximal-ratio (optimum) combiner. For the
nontracking condition it is shown that the optimum weighting signal is a function of the
a-m (linear i-f envelope) and agc voltages. A modification is suggested for incorporating
this improvement in existing agc weighted combiners. An a-m weighted combining system
with common agc is presented. An optimum selector using the a-m and agc voltages is also
suggested.

Maximal-Ratio Linear Combining   A linear combiner sums the signal plus noise of a
number of diversity channels after applying appropriate weighting factors. The output of a
linear combiner can thus be described by the following equation

(1)

where Sj(t) and Nj(t) are the instantaneous signal and noise voltages of the jth diversity
channel and So(t) and No(t) are the resulting output signal and noise voltages. An
implementation of equation (1) appears in Figure la. The SNR at the output of the
combiner can be written in the form

(2)

provided the following assumptions (1) are made regarding the input signals and noises:

A.  The signal and-noise in each diversity channel are statistically independent.

B.  All signals are coherent (phase aligned).

C.  The noise components are uncorrelated and have mean values of zero. In equation (2)
Sj and Nj are the local** rms voltages of the input signals and noises and So and No are
the,local rms combiner output signal and noise voltages. It has been shownt (1) that the
output SNR is maximized when the coefficients aj are equal to



(3)

where Nj
2 is the mean square noise voltage of the jth diversity channel. When the

coefficients in equation (2) are given by equation (3) the output SNR is maximized and
equation (2) reduces to the form

(4)

which is the output SNR of a maximal-ratio combiner.

In this study, attention will be directed primarily to the dual channel combiner and for
convenience equation (2) will be written in terms of one weighting coefficient as follows:

(5)

where

(6)

and aR will be called the combining ratio. The dual channel combiner can be implemented
as shown in Figure 1b. From equation (3) the combining ratio can be written as:

(7)

for a maximal-ratio dual channel combiner.

Characteristics of an RF Receiver and Its AGC System   The performance of an agc
weighted combining system is very much dependent upon the characteristics of the rf
receiver and its agc system. The rf receiver signal and noise characteristics and their
relationship to the agc system will be presented for perfect agc tracking of the rf input
signal and for the situation where perfect tracking is not assumed. These relationships will
be used later to derive combiner performance equations.



Receiver Characteristics with Perfect AGC Tracking of the RF Input Signal   A
simplified diagram of an rf receiver appears in Figure 2 with the agc system detailed to
display the parameters of importance in this study. A fullwave coherent a-m detector is
assumed since it is easier to handle analytically and would be ideal in practice. An
operational agc integrator is assumed which is normally found in modern receivers.
Equations relating the rf receiver parameters in Figure 2 will be presented in this section.
All relationships presented here are applicable to the perfect agc tracking condition,
however, some are not so restricted and apply in general.

The agc system operates to maintain the a-m output voltage ea equal to the bias voltage V
of the agc integrator as the envelope es of the rf input signal es(t) varies. When the agc
system is able to perfectly track the changes in the rf envelope es, (such as to maintain ea

essentially equal to V) the relationship between the agc voltage eg and the rf input
envelope es can be expressed by:

(8)

where es is expressed in rms voltage. From equation (8) the input signal strength can be
expressed in terms of the agc voltage for the static or perfect tracking condition:

(9)

The constants K1 and K2 are fundamental to the receiver performance and should be
considered further at this time. First, it should be noted that they can be determined
experimentally under static rf signal conditions. From equation (9) it is seen that the
reciprocal of K2 is the rms input signal strength es corresponding to zero agc voltage. The
constant K1 can be expressed in terms of the differentials of es and eg as follows:

(10)

from which K1 can be evaluated from the change in agc voltage resulting from a given dB
change in rf input.

The voltage gain G of the receiver can be expressed (Appendix A) as a function of the agc
voltage

(11)

where



(12)

and where the constant              Is the ratio of the rms to the average absolute value of a
sinusoid. By use of equation (11) the receiver rms output signal S can be expressed in
terms of the agc voltage and rf input signal

(13)

The principal noise at the linear i-f output of an rf receiver is thermal in origin and is
generated in the first amplifier stage. The effective input rms noise voltage can be
expressed by

(14)

where
k = Boltzman’s constant
T = absolute temperature (degrees Kelvin)
B = effective receiver bandwidth
F = receiver noise figure

The receiver rms output noise voltage N can thus be expressed by use of equations 11 and
14 as

(15)

If equation (13) is divided by equation (15), the output SNR is seen to equal the effective
input SNR

(16)

and thus to be directly proportional to the input rf signal strength. By substituting equation
(9) into equation (16), the receiver output SNR for static or perfect tracking conditions can
be expressed by

(17)



The a-m output voltage ea (input to the agc integrator) is defined to be the average absolute
value of the linear i-f signal S(t). From equation (12) ea and S are related by the equations

(18)

which combined with equation (13) gives ea as a function of the agc voltage and input
signal strength

(19)

Receiver Characteristics When Perfect AGC Tracking of the RF Input Signal is not
Assumed   The receiver characteristics will be considered under conditions where the agc
system is unable to perfectly track (maintain ea =V) the rf input signal envelope es.
Equations (13), (15) and (19) express the receiver output signal and noise in terms of the
agc voltage eg and input signal strength es. These equations apply under all conditions
whether the agc system is tracking perfectly or not. However, to use these equations for a
given input fading signal es the resulting agc voltage eg must be known at each point in
time. The following nonlinear differential equation (derived in Appendix A)

(20)

defines the dynamic relationship between the input signal strength and agc voltage. Since
equation (20) is nonlinear, numerical methods are required for its solution for arbitrary
input signals. The steady state solutions presented here were obtained with a fourth-order
Runge-Kutta approximation. A parameter called the agc time constant Jg is normally used
as a measure of the response time of an agc system. This is defined by most receiver
manufacturers as the time for the agc voltage to change from 10% to 90% of the difference
between its initial and final values for a 6 dB step increase in the input signal strength. The
agc time constant can be expressed by the equation (derived in Appendix B of
Reference 3)

(21)

where
esi = initial value of es before step change
esf = final value of es after step change



For a 6 dB step increase in rf signal strength the ratio of signal strengths in equation (21)
equals one half and the agc time constant becomes

(22)

which is the definition assumed for all calculations in this paper.

Realistic fading rf signals can be simulated by the phase cancellation between two
sinusoids as illustrated in the vector diagram in Figure 3. Initially the fixed amplitude
vectors A and B are set at a fixed phase difference 0/o. Vector B is then sinusoidally
modulated with respect to the fixed phase angle 0/o with a peak phase deviation of 0/m. The
resultant vector is proportional to the signal strength as indicated in Figure 3. When the
phase angle 0/o is zero the fading signal will be symmetrical otherwise it will be
nonsymmetrical. All results presented are for symmetrical fading signals. By this method
diversity signals can be generated with envelope amplitudes which can be described by the
following equations

(23)

(24)

where the angle )0/  is an offset phase that determines the separation between the nulls in
the two fading rf envelopes. Symmetrical signal envelopes with two fades per second of 20
dB and separated by 60E appear in Figure 4. These signals appear in terms of the effective
input SNR (es/ne)The response of a receiver agc system to this rf fading signal (#l channel
used for illustration) appears in Figure 5 for four different time constants. The a-m signal is
normalized with respect to the agc integrator bias voltage V. For an agc time constant of
10 ms the agc loop is able to track the fading envelope nearly perfectly as indicated by the
small deviations of the a-m signal ea from its perfect tracking value of V and by the large
variations of the agc voltage. The tracking ability progressively deteriorates with increase
in agc time constant until at 10 seconds essentially no tracking is achieved as indicated by
the near constant agc voltage.

Derivation of Performance Equations for an AGC Weighted Combiner   The
performance of an agc weighted combiner will first be considered under conditions where
the receiver agc system is able to perfectly track the rf fading signal envelope. Its
performance will then be examined under conditions where perfect tracking is not
assumed. The performance of the equal-gain combiner will also be considered for
comparison with the agc weighted combiner.



Performance Equations of the Perfect Tracking AGC Weighted Combiner   When
the input signals of a dual channel combiner are maintained equal (S1 =S2) the combining
ratio given by equation (7) reduces to

(25)

where the result is also expressed in terms of the SNRs since this form is used so much in
practice. It was shown in equation (15) that the receiver output noise was a function of the
agc voltage. If the output noises of a dual channel receiver are expressed by equation (15)
the dual channel combining ratio in equation (25) becomes

(26)

which expresses the optimum combining ratio, for perfectly tracking receivers, in terms of
the agc voltages. AGC weighted combiners are implemented on the basis of the combining
ratio in equation (26). In terms of Figure 1b and Figure 2 an agc weighted combiner can be
constructed as in Figure 6. Note that this combiner considers only the agc voltages in
weighting the linear i-f signals from the two receivers and is in no way sensitive to whether
the receiver agc systems are tracking the rf signals perfectly or not. The linear i-f output
signals and noises are given respectively by equations (13) and (15). The output SNR of an
agc weighted combiner can be obtained by substituting equations (13), (15) and (26) into
equation (5)

(27)

Equation (27) expresses the output SNR of an agc weighted combiner in terms of the
effective input SNRs and agc voltages of the two receivers. Equation (27) is true in general
whether or not the receivers are perfectly tracking the input signal strengths since
equations (13) and (15) are similarly unrestricted. When perfect tracking is achieved the
relationship between the agc voltages and input signal strengths can be expressed through
use of equation (9) by

(28)



The output SNR for the perfect tracking condition is given by substituting equation (28)
into equation (27)

(29)

which is seen from equation (4) to be the output SNR of a maximal-ratio combiner which
maximizes the combiner output SNR.

Performance Equations of the AGC Weighted Combiner When Perfect Tracking Is
Not Assumed   Equation (27) will always give the output SNR of an agc weighted
combiner provided the agc voltage corresponding to the input signal strength for each
receiver is known. When the agc system is not perfectly tracking the input signal strength
this relationship can be obtained through a numerical solution of the agc system equation
(20). Some particular solutions will be presented in the following two sections.

It was shown by equation (29) that when the agc system is perfectly tracking the rf signal
strength the agc weighted combiner becomes a maximal-ratio combiner. It is also of
interest to consider the combiner output SNR at the other extreme when the fade rate is so
high that no tracking by the agc system is possible. Under this condition the agc voltage
becomes essentially constant and is representative of the average signal strength only.
Under these conditions the output SNR of an agc weighted combiner becomes (derived in
Appendix C of Reference 3)

(30)

where fF is the fade rate and ‘s is the average value of the rf signal strength

(31)

where T is the period of the fading signal envelope.

The equal-gain combiner is the principal competitor (1) to the maximal-ratio and agc
weighted combiners. It is therefore useful to derive its time domain performance equation
for comparison. In a dual channel, pre-detection, equal-gain combining system the gains of
both receivers are maintained equal and the output signals are added coherently without 



weighting (i.e., aR=1). With these conditions the output SNR of an equal-gain combiner
can be obtained by substituting equations (13) and (15) into equation (5).

(32)

It is seen from equation (30) that at high fade rates and for equal average signal strengths
the output SNR of an agc weighted combiner becomes equal to that of an equal-gain
combiner.

Computed Performance of an AGC Weighted Combiner for Specific RF Fading
Signals    The performance of the agc weighted combiner will be compared with the
maximal-ratio and equal-gain combiner; first with symmetrical equal average rf fading
signals and then for symmetrical unequal average rf fading signals.

Combiner Performance with Symmetrical Egual Average RF Fading Signals   The
performance of an agc weighted combiner(1) will be examined for the symmetrical, equal
average rf fading signals in Figure 4. A steady state numerical solution of the agc system
differential equation (20) is performed for the agc voltages at discrete times with respect to
the fading signals. The agc time constant assumed for this example is 100 ms and
corresponds to the plot in Figure 5b. The receiver constants assumed for all calculations
are, K1=l, K2=44.6X106, and ne=0.445µV rms. These agc voltages and the corresponding
signal strengths are inserted in equation (27) to compute the output SNR at each point in
time. These values are plotted in Figure 7 at each discrete time to display the output SNR
of an agc weighted combiner over one fading cycle of the signals in Figure 4. The output
SNRs of a maximal-ratio and an equal-gain combiner are computed from equations (29)
and (32) respectively and also plotted in Figure 7 for comparison. The maximal-ratio
combiner is seen to be equal to or superior to either the agc weighted or equal-gain
combiners at every point as it should. It is also seen that the equal-gain combiner
outperforms the agc weighted combiner over a significant interval near this minimum
signal strength.

It is of interest to compare the performance of combiners as a function of fade rate fF for a
given agc time constant Jg. Since combiner performance is equally sensitive to changes in
fF and Jg the parameter fF Jg becomes a convenient one to use. To achieve a measure of the
average combiner performance the combiner SNR at each discrete time is converted to bit
error probability (BEP) by the curve in Figure 8 and averaged over the fading interval. A
plot of combiner performance for values of the parameter fF Jg between 0.01 and 100
appears in Figure 9. It is seen in Figure 9 that as the parameter fF Jg becomes small the
performance of the agc weighted combiner approaches that of the maximal-ratio combiner
as expected. Also as the parameter fF Jg becomes large the performance of the agc



weighted combiner approaches that of the equal-gain combiner as predicted by equation
(30). It is interesting to note that for fF Jg greater than about 0.12 the equal-gain combiner
out performs the agc weighted combiner. The bit error probability of the agc weighted
combiner exhibits a dramatic increase with increase in fF Jg, reaching a maximum at a
critical value of fF Jg which for this example is about 0.3. This characteristic is typical of
the agc weighted combiner for certain fading signals and is associated with the frequency
response of the agc system. The response curves for the agc system for fF Jg =0.2 (near the
peak of the curve in Figure 9) appear in Figure 5b.

Combiner Performance with Symmetrical Unequal Averase RF Fading Signals   The
performance of an agc weighted combiner(4) will be examined for the symmetrical rf fading
signals in Figure 10 with average values differing by 6 dB. Comparison of the performance
of the combiners in the time domain for an agc time constant of ten seconds appears in
Figure 11. The longer agc time constant was used for this example since this is the region
of poorest performance. The nature of the performance curves are a little different here
than in Figure 7, but the equal-gain combiner still outperforms the agc weighted combiner
in the important region near minimum signal strength. The average bit error probability of
an agc weighted combiner for the unequal average signals in Figure 10 appears in
Figure 12 as a function of fF Jg. The performance approaches that of the maximal-ratio
combiner for small values of fF Jg as with equal average signals. However, as fF Jg

increases the BEP of the agc weighted combiner equals that of the equal-gain combiner at
about fF Jg =0.2 and asymptotically approaches a value much higher than that of the equal-
gain combiner. This performance appears to be characteristic of the agc weighted
combiner for unequal average signals when the stronger sigpal approaches or drops below
the weaker signal during the nulls in the stronger signal (as happens in Figure 10). Since es1

is 6 dB greater than es2 equation (30) reduces to

which shows that channel #1 is always weighted twice as high as channel #2. This
weighting is proper for only two points in the fading sequence as can be seen in Figure 11.

Suggestions for Combiner Improvement   It has been demonstrated that the errors of an
agc weighted combiner arise from the frequency response characteristics of the agc system
(this assumes coherent signals). These errors occur because agc weighted combiners are
implemented on the assumption that the receiver output signals are maintained constant,
which is true only for perfect agc tracking of the rf signal strength.



An A-M/AGC Weighted Combiner   Equation (7) indicates that both signal and noise
must be considered for optimum combining. By use of equation (18) the optimum
combining ratio in equation (7) can be expressed in terms of the a-m output signals rather
than the rms output signals

(33)

The a-m output signals are more suitable (3) for weighting signals and more easily obtained
than the rms. The ratio of the mean square output noises can be expressed by equation (26)
which permits equation (33) to be written as

(34)

which expresses the optimum combining ratio in terms of the receiver a-m and agc output
voltages. Equation (34) suggests that an optimum combiner can be implemented by using
both the receiver a-m and agc voltages for weighting signals. An implementation based on
equation (34) should be optimum for all fading signals which can pass through the receiver
and LPF bandwidths (see Figure 2).

A possible application of equation (34) is the modification of existing agc weighted
combiners to overcome the limitations arising from the response time of the agc system.
The necessary modification of the agc weighting signals can be seen by rewriting equation
(34) in the following form

(35)

by use of the identities

Equation (35) shows that the weighting signals are optimized by subtracting a logarithmic
function of the a-m voltage from the agc voltage. Note that equation (35) reduces to
equation (26) during perfect tracking when the a-m voltages equal the integrator bias
voltage V. An implementation of equation (35) appears in Figure 13 which shows that a
logarithmic amplifier and a linear slimming network are necessary to optimize each
weighting signal. It should be noted that the performance of the a-m/agc weighted
combiner in Figure 13 is not dependent upon the agc time constant.



An A-M Weighted Combiner   It is seen from equation (34) that when a dual channel
combining system is operated with a common agc voltage the optimum combining ratio
reduces to

(36)

Equation (36) suggests an a-m weighted combiner and one possible implementation
appears in Figure 14. Note in Figure 14 that the common agc system operates to maintain
the combined output signal at a constant level. How well it succeeds depends upon the
relationship between the fade rate and the agc time constant. However, failure of the agc
system to maintain the output signal at a constant level does not cause the combining ratio
to become sub-optimum.

An A-M/AGC Controlled Signal Selector    A possible implementation of an optimum
diversity selector will be suggested. The object of an optimum diversity selector is to
choose the channel with the maximum SNR. Equation (16) indicates that this problem can
be reduced to determining which receiver channel has the maximum input signal strength
(since the noise originates in the receiver front end). Equation (19) can be written as

(37)

which shows that the input signal strength is directly proportional to the ratio of the a-m
voltage and an exponential function of the agc voltage. Thus, a system designed to select
the channel with the maximum magnitude of this ratio will select the channel with the
maximum output SNR.

Conclusions

1. The agc weighted combiner is a maximal-ratio (optimum) combiner only when the
agc loop can track the rf fading signals perfectly.

2. For certain fading signals, an agc weighted combiner reaches a condition of poorest
performance at a critical fade rate. The performance will be better either above or
below this critical fade rate.

3. At low fade rates (relative to the critical), the agc weighted combiner approaches the
performance of a maximal-ratio combiner - this is true independent of the nature of
the fading signals.



4. At high fade rates (relative to the critical) and for equal average rf fading signals the
performance of the agc weighted combiner approaches that of the equal-gain
combiner.

5. At high fade rates (relative to the critical) and for unequal average rf fading signals,
the performance of the agc weighted combiner can be worse than that of the equal-
gain combiner.

6. By using both the a-m (a signal proportional to the i-f envelope) and agc voltages for
weighting, a maximal-ratio combiner can be implemented which is not limited by the
tracking rate of the agc loop.

7. An optimum diversity selector can be implemented Using both the a-m and agc
voltages of the rf receiver.

8. An expression for the agc time constant can be written in closed form as a function of
parameters of the receiver and agc integrator.
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Appendix A: Derivation of Differential Equation of the AGC System

The differential equation relating the agc voltage eg to the receiver rms input signal
strength eg is derived on the following assumptions (most of which are satisfied in practice
and all of which are practical):

1) A fullwave coherent a-m detector is used in the agc loop. Therefore the
average input to the agc integrator ea will be the average absolute value of the
linear i-f output signal. (Noncoherent a-m detectors are often used in practice



- the performance of these systems will depart from the ideal assumed here
because of dc bias components at low SNR.

2) The bandwidth of the i-f amplifiers in the receiver and of the LPF following
the coherent a-m detector are sufficiently wide to pass the rf fading envelope
without distortion.

3) The receiver noise has a mean value of zero and will contribute no dc
component at the output of the coherent a-m detector.

4) The voltage gain of the receiver is essentially an instantaneous function of the
agc voltage (i.e., able to track without error the maximum rate of change of
the agc voltage).

5) The open loop gain of the operational amplifier in the active integrator is
sufficiently high that negligible errors result by assuming it to be infinite. The
input leakage current is sufficiently low that the integrator can be considered
ideal.

Under static (or perfect tracking) conditions (such that ea is held essentially equal to V) the
relationship between the agc voltage eg and rf signal strength es (expressed in rms) can be
expressed by the equation (equation (8) in report)

(A-1)
For this derivation it will be convenient to express equation (A-1) in terms of the average
absolute value of the rf input signal strength. To achieve this write equation (A-1) in the
form

(A-2)
where      is the average absolute value of the rf input signal e,(t) and       is defined by

(A-3)

where the constant                is the ratio of the rms to the average absolute value of a
sinusoid. The average absolute value of the rf signal strength can thus be expressed by

(A-4)



or from equation (A-2) by

(A-5)

The voltage gain of the receiver can be expressed in general by (condition 2 above)

(A-6)

where ea is assumed to be the average absolute value of the linear i-f output signal S(t).
Under static (or perfect tracking) conditions the output signal ea will equal V (the bias
voltage of the agc integrator) and equation (A-6) can be written

(A-7)

Since equation (A-5) and equation (A-7) are both applicable under static (or perfect
tracking conditions) they can be combined to obtain an expression for the gain of the
receiver as a function of the agc voltage (equation (11) in report)

(A-8)

As a consequence of the assumptions under condition 5, equation (A-8) is seen to give the
receiver gain for both tracking and nontracking (dynamic behavior of ea) conditions. Since
equation (A-6) and equation (A-8) apply for all conditions, an expression for ea can be
obtained by substituting equation (A-8) into equation (A-6)

(A-9)

where equation (A-4) has been used to express equation (A-9) in terms of the rms of es(t).

Equation (A-9) expresses the i-f output envelope ea as a function of the rf envelope es and
the agc voltage eg. Note that the constants K1 and K2 involved in equation (A-9) can be
obtained from measurements made for static values of the rf signal strength es and agc
voltage eg (see equation (A-1).

The input current to the operational integrator (see Figure 2) is related to the time rate of
change of the output voltage by the equation

(A10)



where C is the capacitor in the feedback loop. The integrator input current is directly
proportional to the voltage across the input resistor R and can be expressed by

(A-11)

Combining equations (A-10) and (A-11) results in a differential equation relating the linear
i-f envelope e. to the agc voltage eg

(A-12)

By use of equation (A-9), the desired differential equation (nonlinear) relating the rf
envelope es to the agc voltage eg is obtained (equation 20 in report)

(A-12)

Fig. 1 Diagrams of N-Channel and Dual-Channel
Linear Diversity Combiners



Fig. 2 RF Receiver with AGC System

Fig. 3 Phase Cancellation Method of Producing Fading Signals

Fig. 4 Symmetrical Equal Average RF Signals With 20 dB Fades



Fig. 5  Response of AGC System to 20 dB Symmetrical Fading Signal at
fF - 2 Hz and for Jg = 10ms, 100 ms, 1 s, 10 s



Fig. 6  Dual Channel AGC Weighted Predetection Combining System

Fig. 7  Comparison of Combiner Output SNRs for Symmetrical RP
Fading Signals as a function of Time for fF = 2 Hz, Jg = 100 ms



Fig. 8  Conversion of Combiner Output SNR to Bit Error Probability

Fig. 9  Comparison of Average Combiner Bit Error Probabilities for
Symmetrical Equal Average RF Fading Signals as a Function of fF JJg



Fig. 10  Symmetrical Unequal Average RF Signals With 20 dB Fades

Fig. 11  Comparison of Combiner Output SNRs for Symmetrical Unequal
Average RF Fading Signals as a Function of Time for fF = 2 Hz, JJg = 10s



Fig. 12  Comparison of Average Combiner Bit Error Probabilities for
Symmetrical Unequal Average RP Fading Signals as a Function of fF Jg

Fig. 13  Modification of a Conventional AGC Weighted Combiner to
include the A-M Weighting Signals



Fig. 14  A Maximal-Ratio A-M Weighted Combining System With
Common AGC Voltage


