ENHANCEMENT OF LOW POWER AM SIGNAL IN AN
ENVIRONMENT OF HIGH POWER AM INTERFERENCE"
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Abstract :

A simple electronic signal to interference power ratio enhancement system
incorporating phase — locked loop (PLL) is analyzed and constructed. The
system is capable of producing accurate estimation of the interfering signal in an
environment of high interference to the desired signal power ratio (ISR)i . The
estimate is then used to cancel the interference with consequent enhancement of
the desired weak signal. Theoretical analysis indicates that the output signal to
interference power ratio is a function of the phase difference between the desired
signal and the interference phase estimation. However it is found that at the
worst case the power of the desired signal is comparable to the interference

power enabling the desired signal to be heard.
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Introduction :

In the commercial AM spectrum, there are situation in which two stations

coexist in the same AM channel, one station (the interference) is of high power, while
the other (the desired) is of low power. In such a situation, the interference will be
effective if it covers all the channel band of the desired signal. It is usual under such
condition to estimate a signal corrupted by additive noise, by employing the adaptive
interference canceling method, which requires for its operation a reference signal [1]
[2] and [3].
A different approach is considered here. In essence it is a signal to interference power
ratio enhancement technique that requires no such reference for its operation, since
such signal is generated locally by the PLL. In the designed system. It is assumed that
the interference is of higher power than the desired signal. This will facilitate the PLL
operation to lock onto the interference while the desired signal is treated as noise. It is
noteworthy to remember that the desired signal introduces some error in the estimated
reference.

System analysis:

For two AM stations coexisting in the same RF channel, the received signal can be
expressed as follows:

R(t)=A[l+ai (t)] cos( @ t+O) + B[1+pfm(t)] cos(@2t+ @¢)............. (1)
Where
A : aconstant determining the power of the interference carrier ,
a : the modulation index , which is assumed to be less than unity ,
1(t) : the modulating interference normalized to have a maximum amplitude of unity ,
w1 : the carrier frequency of the interference ,
©: phase angle of the input interference signal ,
B : a constant determining the power of the desired carrier ,
B: the modulation index of the desired signal
m(t) : the desired modulating signal normalized to a maximum amplitude of unity ,
w, : the carrier frequency of the desired signal , and in general @, # @, , but they
are in close proximity ,
¢ :a random phase angle of the desired signal , uniformly distributed over the
interval (0-27).
Now eqn . (1) can be written as follows :

R() = v/25; cos(@ | t+0) + +/2S 4 COS(@2 t+ $) vvvvvererrree. )
Where
Si=[A(1+ai(t)]*/2 and Sq¢=[B (1+pm (t) ]* /2.



For the case of high power interference as compared with the desired signal , a
narrow band circuit locking on the interfering frequency can produce an accurate
estimate of the interfering signal .

The estimate can then be used to cancel the interference prior to demodulation .
One such possible estimation technique is illustrated schematically in Fig . (1) . From
this , it is seen that net result at the envelope detector input is expressed as follows :

All+ai ()] cos(w | t+O) + B[ 1+Pm(t)] cos(@w, t+ ¢ ]

A+ i (D] €oS(@ 1) Lo (3)
Where

All+ai (t)]*, ©" and @ | are the amplitude , phase and frequency estimate of the
interference respectively , so that the effective interference residue , I; , is given as :

L=A[l+ai ()] cos(@t+0) - A[1+a i (t)]" cos(@ ™ t+O")

=28 cos(@ t+0) - V28", cos(@ 1 HHO ). eviiiiioieeeee . (4)
By assuming a large enough power for the interference compared to that of the
desired signal , the PLL will achieve lock and give perfect frequency estimation , 1. e .
w1 = w" . With this assumption in mind and considering I, as a sum of two
sinusoids of the same frequency , I, may be expressed by using the trigidentity
(Appendix A) [4]
As:

I2= 2Si+ 2S; - 2425, V25" cos(0-0") coS(@ 1 t+ T)ereveerreeeeeaanen, (5)

The effectiveness of rejection of the interference signal is measured by the amplitude
of the interference residue I, , given as

L2 = 28+ 28% - 2425: V28" coS(0-0") toiiii e, (6)

The power of the residue , S, , is given by S;=1/2 .
When the PLL is locked on the interfering signal , the normalized output of the
voltage controlled oscillator (VCO) [ see Fig . (1)] can be expressed as sin (@ t+0")
where ©" is the VCO phase . The VCO output is phase shifted by 7/2 , scaled by 2 to
obtain 2 cos(®; t+0) , and multiplied by the received signal . The output of the
multiplier is given as :
H(t) = 2A[1+ai (t)] cos(@ | t+0) cos(wt+0") +

2 B[1+pm(t)] cos(@at+ ¢1cos(@ 1 tHO)..eoevveeeiiiieeeiiiee e (7)
The output of the low pass filter (Bw) which must be designed to pass the modulating
signals is given by :

F(t)= A [1+a i (t)] cos(0-0") + B[1+Bm(t)] cos((w2-@ ) t+ ¢ -©"))

= A [[1+ai ()] cos (€) + B[1+Bm(t)] cos(A wt+¥)

Zmicos(e)Jr V284 COS(A DtFW )i, (8)
Where



e=0-0,¥Y=¢ -0 and A w=w,- 0.

For small value of e, the first term in eqn. (8) then represents a good estimate of the
interfering signal whereas the second term represents the "noise" in the amplitude
estimate[5] , therefore

F(t) = V251 = 428, cos(e) + V2S84 cos (Awt+ V)

From eqns . (6) and (8) , one obtains

2 = 2S; + [\/2753 cos(e)+«/2TS'd cos(A ot+¥)] 2425, [\/275'1 cos(e)+md
cos(A ot+¥)]

cos(€)

= 2S; + 2S; cos’(e€) + 2425 V284 cos(€) cos(A wt+W¥ ) + 2Sq cos’ (A wt+W¥ ) — 4 S;
cos’(€)

-2 4285, 254 cos(€) cos(A ot+V¥)

2 =28 — 2S; cos%(€) + 284 COS (A @t )reevveeeeeieeeeeee )

Hence , by using the trigidentity cos’(e) = [1+cos(2€)]/2 , 1.2 may be expressed as

I = Si— S cos(2€) + 2Sq oS (A @tHW ).vvvneiiieeeeieeeee (10)

On the expansion of the cosine term as a power series ,1.¢€ .

cos(2e) =1-(2¢)*/ 21+ (e)* /4! ...............

and assuming 2 e<< 1, as will be shown later , the cosine term can thus be

expressed as : cos(2¢) ~1 -2 ¢’ and eqn . (10) reduces to

L2 =2Si €2+ 2S84 COSHA @Y )evneeeiee e (11)

Thus , the residue of the interference power at the input of the detector is expressed as

S=122=Si € +Sqcos (A @tFW ).oeeieeeieiiiee e (12)

Reference [6] has previously shown that for a PLL with input composed of Vv2F
cos( @ t+0) plus white noise of double-sided spectral density 7/2 and loop bandwidth

BL, the phase error variance is given by :

o’ = nBL/E?

In the present case of interest , the PLL input is composed of 2428, cos(@ | t+O) plus
the desired signal power S4 and bandwidth W which to the narrow band PLL appears
like white noise of spectral density Sq/2W . thus , the error variance may be expressed
as:

o2 =2S4BL/2WS; =BL Sq/WS;



Then, one may write [4]
€2 =072 =BLSd/ (W Si) i (13)
It is noteworthy that the condition assumed above , i.e. high input interference to
signal power ratio [S;/ Sq ] and BL/ W being of the order of  1/40 * ,well justifies
the for mentioned assumption where 2e<<1 .
Now by combining eqns .(12) and (13), S; may be expressed as :
S;=Si(BL Sq)/ (W Si)+Sqcos’(A ot+¥)
=Sq [BL /W+ cos’(A wt+¥)]
Therefore,

S: / Sq = [ B + W cos’Awt+¥) 1 / W

It is of interest to note that under the assumed high (ISR); condition the power residue
in the interfering signal is independent of its received power ; for specified BL and W
, 1t depends only on the phase difference between the desired signal and the phase
estimation of the interference . this phase is in turn a function of time .

On the other hand , for small input (ISR); the PLL will not lock onto and track the
interfering signal. Consequently the system will generate amplitude and phase
estimates which are unrelated to the interference. Under this condition , the circuitry

should be disabled .

Systemdesign:

The detailed block diagram of the system is shown in Fig . (1)
It consists basically of a second order PLL with low pass filter and correcting network
. The free running frequency (fo) of the VCO is adjusted to a fixed value . The PLL
parameters are given in table (1) shown below: [7][8] and [9].

Loop Gainrad ./ sec | Natural frequency rad | Damping factor (£) | Loop bandwidth (BL)
. ./sec. Hz

50000 100 0.707 106

* In the present design BL =106 HZ and assuming W=4 KHZ .




BL : Loop bandwidth of PLL.
The VCO signal and its @/2 phase shift are taken from an HP function generator.
The loop bandwidth need not be wide since the PLL is required to lock onto a
constant frequency . This feature will improve the operation of the system as is clear
from eqn .(14) .

The bandwidth of the low pass filter (Bw) was chosen as 10 KHz.It must be noted
that it is not advisable to reduce this filter bandwidth because this may introduce some
delay which in turn affect the subtraction process .

It is important to refer here that the multiply by 2 block which is the gain used by the

theoretical analysis has to be adjusted manually in practice in order to obtain best

estimate of the interference. This block is account for the overall gain of the system.

Results and conclusion:

The system designed and constructed in the course of this work has been tested in
the laboratory. Two AM independent signals have been generated, one of high power
which represents the interference, the other of low power which represents the desired
signal. Fig.(2) shows the high power interference signal with and without the desired
signal together with the estimated value of the interference amplitude at the output of
the low-pass filter (the F-signal ). Fig.(3) shows the H-signal which is the output of
the multiplier with and without the desired signal. Here it is clear that the desired
signal behave as a noise in the interference amplitude estimator.

The output of the multiplier is filtered by the low-pass filter Bw to obtain the F-
signal which is as mentioned the amplitude estimate of the interference.

Also it is important to say here that it is difficult to measure practically the residue of
the interference power at the input of the envelope detector for comparison with the
theoretical value obtained from eqn.(14) because we cannot separate the residue of the
interference from the desired signal since they occupy the same band. However , on
applying the system and obtaining lock condition , a significant enhancement of the
desired signal reception was obtained , and the station of interest was clearly heard .
The theoretically effective enhancement expected in eqn . (14) could not be achieved
in practice due to implementation errors and "sloppiness" of the interfering signal .
Furthermore, after enhancement of the desired signal , it did not exhibit any power
fluctuation with respect to time as indicated in eqn . (14) . This may be attributed to
difference in carrier that results in rapid periodic change of the desired signal
amplitude with time which could not be recognized by the audiences.

Appendixa:



By assuming X and Y to be two sinusoidal signals having the same frequency , they
may be then expressed as :

X=Acos(wt+a) ,Y=Bcos(wt+b)

Their sum Z can be expressed as :

Z=[A*+B*+2ABcos(a—b) 12 cos(wt+ a)

and

a =tan” (A sin(a) + B sin(b) ) / ( A cos(a) + B cos(b))
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Figuer.(1): Block diagram of the interference rejection system.
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Figure 2 : The received interference signal
.a) without desired signal
b) with desired signal. 1volt/ Div. 1msec./ Div




(a)

(b)

Figure 3 : The H-signal, output of the multiplier .
a)with desired signal b) without desired signal. 1 Volt/Div. 1msec./Div.
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