
Lets multiply V,I (t) with the sinusoidal carrier
signal, Vc(t), whe~e

Va (t;) '"),1a COS!!)!;, t t!! Aa COS21Ci c t:

Ae is the ~mplitude of the carrier signal
la is the frequel:1CYof the carrier signal

By using the identity:

ccs« cosp m 1/2 cos'« + ~) ;. % COS(<< - P)

the product of Vlll (t) and Va (t) is:

Vm(t:) Vc(t) t:I AmAo [COS (1J>,.,+wrn) t: -I< cos «(J)" ",wm) tJ2

(2.1"3)

the new sigl.'l;,~lcceupd.es t~he range 2.t~, from.fe - 1m to
.fl) f}j.! and is c~\llod If bo.sE'ilba.nd " which it: the si~~nal
bandwidt:h.

Tho frequency range Ie to It:' - 1m is cal:Led lower:
sideband, while le to It: -/. 1m is called uppar s:i.deband.



2.
This chapter describes the exist:l.ng machods for
generation and detection of amplitude modulated
signals. The performance of the various detectors
were carefully evaluated since thelr limitations gives
the motivation for this work. The chapter concludes
with literature survey of interference rejection in
modern receivers.

2.1 AM GENERATION

One of the goals ill communi.cacdon engineering I is to
design a system which allows many stations to be
transmitted simultaneously over a singJ.e communication
medium ... the electromagnetic spectrum. The method
which allows to do so called "multiplexing". By
shifting each stat3.on to different, frequency band we
get "fl~equencymult:i.plexing". The inl~ividual stations
can be separated by filtering. Frequency mul.tiple:x:ing
makes use of an auxilia:t:'Y wavefo:t:'Incalled a ca:t:'rior.
When the carrier is multiplied w;l,t;:hthe station
message we get amplitude··moduls.tion waveform. (Bell
Telepho1",)'eLaboratories :J.9G4).

Lets assume that the signal, V~(t) I is a sine wavefo:t:'ffi
giVen by:

(2.1-1)
Am is the amplitude of the signal

fll1 = :~ is the fl:equency of the signal
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The remainder of this document will describe the existing
techniques and their limitat.ions, li terature survey of
interference rejection in modern receivers, design and
theoretical analyses of the new detector and test results.

Chapter 2 will describe the conventional methods for g~neration
and detection of amplitude modulated signals, their limitations
and modern techn:i.quesfor interference rejection.

Chapter 3 dea.l.a with the design of the new detector. Its
practical design considerations is closely matcheC4 to its
theoretical analysis. The .:lttachedcircuit diagram. is given in
order to allow full understanding down to component level.

Chapter 4 giVes the results of the comprehensive test conducted
on the new detector. All tests are documented, plotted and
tabulated. In addition an audio cassette is attached to this
report in order to further illustra.tethe results.

Chapter 5 conc l.udes the work and gives recommendations for
imj,JJ::ovementsthat couJ.d not be implemented due to time
r'.1strictions.

J?age2



1. INTRODUCTION
The purpose of this project, is to develop, construct, and test
an AM detection technique for radio signals with improved
performance to conventional detection, when operatin~ in a non
optimum condition. (Shannon, c.m. 1949 : p10-21).

AM modulation is widely used and any improvement in peJ::,formance,
especially in noisy HF channel, will contribute to better
communication.

The newdetector should out~perform the conventional dete("'tors in
three points:

1) r.t'hesignal to noise ratio at the output will be higher
than at the input, which is impo!3sible in conventional
AM d~tection. (Davenport, W. and Root, W. 1958).

2) Reduce interference which appears at one sideband
only.

3) !.,ower threshold of detection.
(Taub, H. and schilling, D.L. 1971 : p93-88).

Threshold ~ th~ point chosen arbit:r:a:dly at Which the
output signal to noise ratio falls away by 1 dB from
the input signal to noise ratio.

On the ethel:' hand the new detector will not f\motion properly
under the following conditions:

1) Interfering signal with level higher than the want.ed
carrie;!:' of the signal and f.reque,lllcy clOSe to the
wanced carrier.

2) Interfering signals at both sidebands and at
approximately the same distance from the cat'riol:'.
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A13 srl":r:tAC~T

Amplitude modulation, is the oldest modulation technique used
fo:1:'vod.ce communication. It is the simplest and cheapest way
to mod.ulatl(; and demodul.at.e voice" and as a result, it did not
lose much popularity in mpite c>f the development of other,
more efficier:.t modulation teclmiquc. This project offers a
new appz'oaoh 1:or Al>'l demoduLat.d.on,

Tne: two sLdebands are s€:parated and divided into many
stJ.b..bands. 'l~he signals with the lowest noise level are
sCl11;lctedand their levels are individually adjusted acc..)rding
1;'.<:> signal. condd,tions .

'l'h~~ renult is reduction of over 35 dB in oontidnuous
illt.erference and about 15 dB in white noise level.

'l'he new detector out-performs the conventional detectors in
aU aspects and can be used in applications 'where top
peJ:'for.mance is required and where money is no objE;!ct.
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3 .. DESIGN AND IMPLEl4ENTATION
This chapter describes the design of the new detectot'
and the way it was implemented in iii. practical oircuit.
Theoretical analysis, which was part of the design
pl."ooessI is presented in order to allow comparison
between the calculated and the measured results in tne
following chapter.

3.1 IMPROVEMENTS

It was shown in Chapter ;.). that the synchronous
demodulator gives the best performance. The n~w
design will attempt to improve H:s pet'formanoG ir~ ewo
lnain areas'

1) '1'l1e synchrcnoua demodulator J:')'t'OdU('~1.:1S

output signal to ncd se ra1:.io, aquaJ. to tht\l
input signal to noise :t:atio. Th~ neW
deteotor should have hj.gher sigm.\l to
noise ratio at: the outI,:IU1:than at tho
input (reduction of white noise lovol).

(Hawkins and Stevens 1950))

2) synchronous demodulu ti<.mIIn the
interference at one sid(~band appeal:'s at:

the ou~put as signal, d6creasing
intelliglbility and ~:uusing mask-inti
effect. (Eos and De Eoar, J. 1966).
(Masking effeot is psychoaooustic
phencmena , in which strong signals mask
weak sigx~ala and make t-:.herninaudihle) .

The new deteotor should rejeot strong
il').te,,:,ference appearing at one sidel?and
only I and t.hus reducing the effect
(reduction of oontinuous lnto:t"fsrenc\~).

Page 1,6



2.8.7

The signal power in each filter is measured and
filters with output substantially above the mean level
are switched out. It should be pointed out that their
method is doing similar functions ~nd opposite
functions to the detector deSigned in this work. The
simila:t: function is selecting the lower amplitude
bands as is done ill the sideband s!.:llection mode.

The opposi te fUnction is the noise reduct.ion which
attenu~tes low level signals and noise as opposed to
I::hesuggested circui t which passes low level signals
and cuts high level nod.ae .

IMPULSE NOISE:

Acoording to (Sabin, W.E. and Schoenike, E.O. 1987),
impulse noise differs from ordinary random noise :in
t.wo respects.
coherenc, and

Its short. term spedtrum is phase
11tU; an ampl:i.tude variation and

autoc,jrrelatd.on, as a result, the received voltage is
nearly proportional to bandwidth rather than to the
squat'e root of bandwidth. Since the pulse power' is
very high for a short tim() and then falls quickly to
zero, it is sufficiently different: from speech and the
recoiver noiae blanker can detect it. Speech oan be
interrupted for about 10 peroent. of tho time with an
acceptable loos of articulation.

Pago lS



2.8.4

2.8.5

2.8.6

The problem is solved in the synchronised detector as
long as a good phase lock loop is utilised. If this
is the caSEl, the audio notch filter can work well.

RF NOISE BLANKER

RF noise blanker (Day/yson,S.L. 1984) detect wideband
high amplitude interference and cut the signal pass
for a short time. It must be placed before the IF
filters in order not to allow the filters time
constant to stretch the pulse.

AUDIO NO:t:SE BLANKER

Audio noise blanker (The ~nerican Radio Relay League
1992), works in a similar way to the RF one. It has
a few rnadelay time bHfore the switch, and track at'lr:l
hold circuit after the switch. The advanta91S are
that the pu:tse detector has time to detect the pul$e,
and open the audio switch before the pulse reaches the
switch, the tra.ck ~l.l~dhold fills the gap cr(~ated by
opening the switch with the last siCfnal level I and
eliminating the hole in the audio. The disadvantages
are, that t:he pulse will be stJ:'etched in the IF
filters, long pulse will effect AGe generation and
red\.\ceSignal level I and narrow high amplitude pu,\se.g
can cause ringing in the IF filters and saturation in
the amplifiers, which result in recovery time much
longer tha~ the pulse itself.

A f:llter bank is suggested in (Maslin, N .M. 1987).
According to this method tho signal and the
interference are pa~sed through a bank of identical
t:ilteJ:'swhich covel: '~hetotal signal bandwidth. :E:ach
filter has a bandwidth of lA~s than 100 Hz.
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2.8.2

2.8.3

IF NOTCH FILTER

IF not.ch filters (The American Radio Re:l.ay League
1992) e1.11owcreation of a notch in the paasband. in
order co reject interference from a stabla f.requency
source, that beat with cbs carrier. It can be very
effective against car:ders from other AM st:at:,ions and
OW transmissions. Since the filter oper.ates at IF
frequency, the bandwidth is fairly high, but in AM
becauae of the presence of two sidebands, all it means
is reduot:.ion of max. 3 dB in audio level. The IF
notch filter is ir~mcsc casas, inserted befol:'e the AGe

detection, The advant.age is that tho :Lnterfaring
signal does nee in.tarfere with AGe lev<:!l, and the
station is reoeived with constant amplil:.ude. 'I'he
disadvantage is that. if the interference is strong
enough, it will saturate the IF stages which will
:r.esul e in inte:t'modul.ation d:i.stort:\.on.

AUDIC) NOTCH FILTER

An audio 1.otch Hlt:.Gr (Th.eAm(;lrban Radio Relay League
1992) ope:r:ates at audio I:requency, and is placed after
the demodulation, Its bandwid.th is nat':t:'ow, and it.
creates a hole in the spectrum. :Ct can be coupled to
a phase lock loop in order to track the interference
automatically. It has some advantages and some
disadvantages cOln},1aringto IF notch filter, In SS)!'}

reception, it will have less effect on audio quality
because of the narrow bandwidth of the notch, In AM
recleption, on the other hand, it will work well, as
long a.s the interfet'onde is weGlkerchan the ca:t'rier.
Strong 'l.t1terferin(.1 signals will cause the common
envelope c'lemodulatiorl to demodulate the sidebands with
respect to I~he interferenco anc.1not the carriel',
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2) The noise spectrum extends up to \.·...<11fthe
IF bal'ldwidth, while in the other detection
no i.ae tit one edge (.f the IF passband
demodulates against noise at the other
edge, thus p:l:'oduc:i.ngaudio noise ext~ending
up to the full IF band~,!';.dth.
Selective fading' can at~tenuate the carrier
by over 20 de. (CCIR 1974 Ree. 339-3).
When this happens I the envelope and the
squa:..e-law dp.modulatol" will produce very
high levels of distortion since the input
wiU look. l:i.k.e an over-modulated signal.
~he s~tchronous demodulator will not
8uf:eer from this prClblertl, since the
car:t:ier is produced internally by the
local oscillator.

3)

(LawH.B. 1957).

2.8 INTERFERENCE REJECTICN IN MODERN
RECEIVERS LITERATURE SURVEY

2.8.1 PASSBAND TUNING

New receiv'e:cs incJ.ude various circuits to improve
thei:r..' interference rejection, Passband tuniltg (The
American Radi.o Relf.l.yLeague 1992) allows the user to
indepet'l.dently reduce the IF bandwidth at the upper and
lower ends in order to reduce co-channel interference.
In .I\.M reception the use (,):1: their circuit is limited to
one sidebanrl only I since the bandwidth reduction of
both sidsl::iana..., will effect the audio high f'rG;lquency
response.
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2.7 CONCLUSION
If the signal to noise ratio is >10dB which is the

minimum ratio for voice communication (lrletcher, }.r.

1953), all three detectors will give about the same

performance, but as the signal to noise :1:'atio becomes

smaller. 'J.1he envelope demodulator has a threshold at

about !.E. ::: 6 dB, the square-law demodulator at about
Nm

Po ::: 4,6 dB, but the synchronous demodulator has nos;
threshold limits at all.

(Ta\,lb, H. and Schilling, D.L. 1971: .0).

So far it was assumed that only white noise is present
at:: the input to the demOdulator (l<.ryter, K.O. 1962 :
P1SSS-iSS7) . In practice this situation will only
occur at VHFfrequencies and above. (Evans, D.S. and
Jessop, O.R. 1976). At HF the nodse will mainly be,
interference from othel.' stations (Maolin, N.M. 19137 :
p92), static (CCIR 1.974 Report 322-1) and fadir~g due
t~ poor refleotion. (Budden, K.G. 1985). At HW und LW
the noise will mainly be static and man made. (CCIR
197B Report 258-3)! It is obvious f.~omth~ above that
the synchronous demoduliltor has Ildvantas-Cls far boyonel
the absence of threshold, as was demonstrated in thE'.1
white noise case.

In practice it will s-ive the following advm:ltag9s:
(l'illect:r.onics and. Wireless world Septemb~~r 1989
p8SS) .
1) Lower noise level, since ncd.se in

quadraturo io rejected.

Page 11



2.5 SQUARE-LAW DEMODULATOR

The square-law demodulat.or behaves differently (see
App~ndix B) and its output signal to noise ratio is:

The term
When the

1
(2.5-1)

gives the threshold effect.

carrier power l?c is much larger than N'm' this term can
be ignored, but for low signal to noise ratios, it
will have an increasing effect.

(Taub, H. and Schilling, D.L. 1971: p290).

2.6 ENVELOPE DEMODULATOR

rrheenvelope demodu l.aboz' has similar ch~racteris.~ics,
(see Appendix e), ann when the signal to noise ratio
is low its output will be:

!e c ~ (5.)2
No :1.,1 Nm

(2.6-1)
(Taub, H. and Schilling, D.L. 1971: p290).
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Let th, received signal be:

S;dt) == A{l + m(t)] cos 21t Jet

=: A cos 21tJct + Am (t) cos 2n/ct (2.4-1)
the term mZ(c) is the time average of the square of
the modulating waveform

if the modulation is sinusoidal
--- m2m2(t) c _

2

and

The term m2 is thp.figure of merit for sinusoidal2 >to 1(13

modulat.ion in AM system defined by y II :~~~:

{2.4~3)
(Taub, H. and Schilling, D.L. 1971 : p281)

as can be seen, ill synchrcnous demodulation the output
signal to noise ratio is closely following the input
signal to noise ratio without threshold.

('r'h,reshold: a point at whioh the output signal to
noise ratio falls away by 1 dB from the input signal
to noise ratio) .

(Viterbi, A.J. 1966).

(In.praotice the phase-locked-loop that looks on the
carrier has its own threshold).

(Blanchard, A. 1976)
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Si,Sll) is the power in the sideband.

So is the cutput signal power.

~~ is the output noise power.

fro is the bandwidth.

So/No serves as a figure of merit of the performance
of a communication system.

~ is the spectral density
where the noise is gaussian, white and of two-sided
power spectral dens:Lty ~/2, since the noise spectral
power density GnJf.''fJ3 Tl/2 = P/213
P is the noise pOWel:'present at the demodulator input
in the bandwidth B.

2.4 SIGNAL TO NOISE RATIO

In order to irlcrease 1:.h9output signal to noise ratio
one can take the following steps:

1) Increase the signal power by using
stronger transmitter and highe:, gain
antennas.
::testrict the baseband fre<;t\'encyrange, 200
Hz to 3000 Hz for communication quality
audio.
Make the l:eceiver and the communication
channel quieter.

2)

3)

(Sakrison, D. 1968).
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After dropping de terms and terms located near (I)" and
2(1)"by using low-pass filter, the output is:

(2.2-4)

The term mart) is distortion but this has no
significance since

~ nf (t) «I m (t) I .
(Taub, H. and SchiUing, D.L. 1971 p94)

2.3 AM WITH NOISE

So far, a very important fact was neglected, that in
any l:'ealsystem, when the signal voltage arrives at
the demodulation, it will be accompanied by a voltage
waveform which varies with time in an entirely
unpredictable manner.

This unpredictable 'Voltage wavefo:r:m is a random
process called noise.

(Davenpoz t , W. and Root, W. 1958).

Let's consider the case that synchronous demodUlator
detects the .AM signal. The carrier is used as a
t'reJ.nsmitti!!areference to obtain the reforence signal
cos (t)"t. The carrier incl:'easesthe total input signal
power but makes no contdbution to the output signal
power.

(Taub, H. and Schilling, D.L. 1971 : Pg,281)

(2.3-1)
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AM
IN

R - c

~I ,
AUDIO
OUT

FIGURE2.1 : ENVELOPEDETECTOR

the diode is chal.·gj,ng the capacitor to the peak value
of the incoming siqnal, and the resistor is
dischargj.ng the cap. Since the RC time constant is
short compared to the audio frequency, but long
compared to the carrier frequency, the output will
follow the carrier envelope.

(Roddy, D. and Coolen, J. 1981 : p266).

The third mechod f()r detection of AM signal, is the
square-law demodulator. Such demodulation is carried
out by passing che AM signal through a non-linear
device. If we assume that the device has a square··law
relationship between input signal x and output
signal y.

",
k :::constant

Because of the non-linearity, the output is different
from positive and negative swings of the carrier aw~y
fJ:'omthe quiescent operating point 0 of the device.
Xf the input signal is:

x=: Ao + Ae (1 + .m(t)) cos wot (2.2-2)

Ao is the amplitude of quiesoel"J.t operating point
the output is:

y:= k(Ao + At; (1 + m(t)) cos Wct}i) (2.2-3)
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2.2 m~ DEMODULATION

The recovery of the baseband sigllal is simple. Let a
s~gnal met} be band limited to the frequency range 0
to fm and translated out of its baseband through
multiplication with COb (J)at, the recovery will take
place by multiplying again with u~t.

[m (t) cos coat) cos (J)"t= m (t) coe" roet
= m (t) e~+ ~ cos' 4 roet)

= m(t) + m(tl
2 2

(2.2-1)

(Taub, H and Schilling, D.L. 1971 p83-88)

Si7:l.cefa» fu the double frequency term Ls removed by
a Low-paas filter, this operation is called
synchronous or coherent detection.

(Tucker, D.G. 1954 p143) .

The znost common way to demodulate nn AM signal is the
envelope demodulator.

(MaC'A.l.io,R,V,C" Craine, J.b~. and Walters, D.S. 1974
p10~ ~108) •
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3.3.3 SIDEBAND SELECTION

The effect of the sideband selection wil:i. benefit
reception on short wave where co-channel intel:ference
can be an important facto~ (Dutta, S. and Gott, G.F.
1982) . High level audio signal masks lower level
signal at nearby frequencies. The degree and the
spread of the masking, depends on the amplitude and
spectral content of the audio band. Selecting the FFT
bin with the lower amp1itude will g:t:eatly improve
interference rejection, unl aas of course both
sidebands contain interference, with frequencd.es close
enough to fit into the same bin in both FF'!',a , The
ability of the detector to handle interferenoe with
high amplitude should also bE:analyzed s:i:nce it is the
function of the dynamic l:ange of the individual
stages. 'r'he double balanced modulators have third
( 'der interception points of -15 dBm (+SdBmoutput
because of RF gain), noise figures of 5dB and in
propel:'ly designed cirou;i.t can operate over 100 dE
dynamic range. (Philips, L:i.near products, 1988). 'I'lle
Elw:l.tchcapacitor filter (before the A to D converters)
has total C message noise of 6 dsrncO (INTEL 1990)
which gives ~90 '1' 6 :-.: -134 dB noise level. The 16 bits
A to n converter has sample and hold noise of 115
~Vrmswhen operating in 20 V bipolar mode as u result
the noise floor will be :

"" ...!Q.. t:: 7 , 07 VrltlS2/2

N!:l 20 10M. 115X~ M "95,77 dB
;:J '7 I 07
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On the other hand if NO.8 is used ( IX ), the noise
level will drop to ~17 x 2 ;:-34 dB but the signal
level will stay the same. After the reverse FFT the
combined noise leVAl will increase to -17 dB with no
change in signal level (0 dB) .

This operation will g:Lve 17 dB improvement in signal
to noise ratio. It: hould be mentioned, that the
imp:J:'ovementis a function of the input signd.l to noise
ratio, and is indepen<:lent of signal level, since the
compressor located c;Lfter the D to A converte:!:' I
compensates for "Iny change of level. This example,
does not:. rep:J:'Glsent:t'eal life situation, :l.r.. which more
than one signal is l,resent, and the sianals fall
between the bins.

As an exampJ.e, lets assume that position No. 8 .is uaed
{~l/N ;: XII ;; Ix) and three signals with l(?ValS of 1/2,
1/4, :1./8 are at the input (-6 dE, ~12 dB, -18 dB
rospectively). After the ~:x:pansion.procesli1 the le.vels
\lTill be (1/2)2 ::: 114, (1/4)2 ::;:1116, (liS) ::: 1/64
(-12 dE, ··24 sa, -36 dl3 respect'.:l.vely).

~lhen thG composite signal is Dassing t.hrough th.:a
compressor only the strongest signal will effoct ito
gain call and the first signal will become (1/4)H =
112 (..6 dE). As can be seen the compressor, ul'ldor
the above condi dons behavea as '~2 amplifier. rrhe
ascend signal will be 1/115 x 2 m 1/8 (~la df:j) and tho
third signal will be 1/64 x 2 = 1/32 (-30 dB). It
can bo seen from the above example that tho strongest
signal stays at the sarna level, the second dropped by
(-18 dB)" (-12 dlS) r;: ··6 dB and tho weakost signal
droppod by (-30 dB)~(-18 dB) = ~12 dE.
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3.3.2

bandwidth of each point is 31,25 x 1,81 ::::56,56 Hz.
:Randomimpulse noise will tend to be averaged out but
speech which has phrases with minimum length of
30-50 rns and continuous interference will pass.

In the pres~nce of white ncd.se che power spectral
density of each point will be~

10 log (S6,56/3200) ::::-17,~3 ~a below average noise
level.
Anothe:t way to e.xl~lain this operation is to think of
the FFT as a band of equally spaced filters in which
102 of them are in. the wanted bandwidth, their centre
frequency is 31,2'5 Hz apart and their (5 da bandwidth
is 56,56 Hz. It should be noted that the filters Faro
overlapping each l:lther but for simplioity this point
was ignored.

WIiXr.rE NOISE REDUCTION

The amount of wh:~t:en.oise reduction depends on the
switch setting of the noise threshold detector and th.e
characteristic of the signal itself. If we take for
example an extrern(~ case in Which we have a continuous
oine wave with a magnitude equal to the no:i.se level
(0 dE) and a f:l:'c:quency ill the middJ.Cil0f the bin.
After the FFT the signal will stay at thCilsarno lave1;
but the level of each point containing noioe will drop
to about "'17 0.13. If noise reduction No.1 is used (no
:reduotion) in the reverse FFT the noise level of the
i.ndiv,idual ,t.'loints will combine and the output will be
identicm.l to t;he input.
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3.2.6 FINAL CONVERSIONS

The next stasI'! is polar to cartesian convertex', that
converts the phase and the magnitude int~' real and
imaginary components.

R :: Mr;:os0
:r :: M s~.n ({}

Reve~se F1"Tis the last operation performed in PSP,
and the output is fed into l6 bit digit~l to analog
converter.

3.3 THEORETICAL ANALYSIS OF THE NEW DETECTOR

3.:.1

Due to the complex nature of the new detector, it is
not practical to give a f:\,xed calculated number to
describe its performance, and the effect of each
operation will be analyzed separately. The definition
of noise should also be changed, from random signal
(white noise) to any signal wh:i.chis nut the wanted
signal.

The new detec~or will have all the advantages of very
high performance synchronous demodulator, which gives
threshold free detection down to at least -10 dBbelow
noise level (limited by the phase lock loop).

FFT RESOLUTION

The 1"1"'1'has 256 poi11tS. Since the sampling rate is
a kHz, each point re~reser~ts 8000/256 :: 31,25 Hz
bandwidth. 'l'he total audio bandwidt,h is 200 Hz '.:0

3,4 kHz, 3400 - ~oo :: 3200 Hz, so the nun~er of usable
points is ~102 points. Blackman-Harris window
operator has (5 dB bandwidth of 1,81 thus the G dE

Page 25



:3, 2.5

'rhe next stage is the amplitude expandor stage. Short
pulses of noise terl.d to be averaged out in the !<\FT,
while long signals vlhich are continuously compa:ring to
time constant o.f the FtI'T (256 : 8000 Hz :.::32 ms) wiU
;J:'etain their original value. !lin:le the ampli "\lde of
the signal and the noise va.ry continuously due to
change in propagation condition, interference from
other ~tations and AGe operation, it is ~mpossible to
use a fixed value expansion.

The solution was to use look up table with exponential
curve. External switch with eight positions allows
the user to select the amount of noi.ae reduction
needed aC'cording to signal condition. Positio~l 1 is
intended for good condi cion and all signals aza
a.llowed ,I';) pass without any change. The 8 swit.ch
positions give:

POS:rj;'ION

1 N ::::: 1.000000000
:2 N ::: 1.10tl089510
3 N ::: 1.219013696
4, N ::: 1.345900179
5 N "' 1.485994269
6 N :::: 1.640670685
7 N :::: 1.811447293
fI N ;:;:; 2.000000000Q

1
The outl~ut is (x) N, whe:r.~x :::: input magnitude. The
higher positions are .i.ntended to be used in extreme
oonditic)r:ls only, since th,~y will cegrade audd,o
quality.. (More information about the amplitude
expandol: is given in Chapter 3.:3) .
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It should be noted, that in order to meet the design
goal of proper operation when the interfering signals
are stronger than the wanted signal by +10 dB, the
wanted signal must be set at 14 bit level in order to
provide 2 bit headroom (12 dB), thus putting rn'\'I;'e
demands on the dynamic range of the FFT.

The real and imaginary outputs of the FFT's are
crossed and then added and subtracted from each other
in order tl'"p:r.oducethe upper and lower sidebands.
(Xn order t.oproduL'!eone side band, the real component
of the Co signal is added to the imag:i,naryoomponent
of the 90° signal and the imaginary component of the
0° signal is added to the real component of the 90°
signal. The seeond side band is produced in a s:i.milat·
operation but instead of adding the signal$ the 900

components are subtracted from the 0" components).
The signals are then converted to pola;r: form by
pythago;r:asprocesso;r:.

~=~ R ;:::real
J: ::: imaginary
M ;:::magnitude
(I) ;::: phase

M=~'

Ie '"arc tl. i1 R

The two sidebands magnitude e;r:ethen compared in a
magnitude compllratOl,',and the sideband with the lowest
magnitude, is selected to pass on.
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A common rule of thumb, defines the resolution of an
FF'l'system as half the full width of the mainlobe.
The width of the mainlobe for the Elackman-Harris
window is six bins (poil'l,ts).The performance obtained
from this window are:

Highest:.side lobe
Mid-point loss
Overall loss
(:5 dB Bandwidth

·,67 dB
1,13 dB
3,45 dB
1,81 (Harris, F.J. 1978)

Data precision of the FFT is a very important factor,
since the new detector must; be able to handle
interference 10 dE above the signal. Durillg each pass
of a radix-4 FE''!',it is possible for a particula:r:
result to grow by a factor of up to four in the first:.
pass, and 5,242 in subsequent passes. This is between
two and three bi~s in ea~h pass, and the. data path
must allow for this word growth to avoid any
possibility of overfJ.ow. If at the end of each oatil.
pass the word is reduced to 16 bits, by discarding the
least significant bits to prevent:.ov~~rflowl t.heresult:.
is loss of ari thmetic precision and poor dynamic
l:'ange. 'l'hissituation will become worSe when the
incoming data does not fully OCCU1.?yall the bito in
the wOl:'d. The problem is cverccme by using block
floating point, which compensates fo~ any unnecessary
word growth.

During each pass the number (,:)f sj,gn bi t:.sin the
J.argest result:.is ~ecorded. Eefore the next: pass,
data is shifted left (multipli(~d by 2), once for every
o;x:tl:'asign bit in this recorded sample. At least one
component in the block then tully occupies the 16 bit
wo:r.d,and maximum data accuracy is preserved. More
detail about the FFT operation is in

(Plessey Semiconductors 1990c).
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3.2.3 A TO D CONVERS!ON

The analog to digital oonverter operates at 8 kHz
which is sufficiently :East, (more than twioe the
signal frequenoy to avoid aliasing), sinoe the input
is limited to 3,4 kHz, they produce 16 bit output and
have external gain and offset adjustments.

(Analog Devioes 1989/90).

3.2.4 FFT
'rhe t.wo s.:l.gnalsI the in ..phase and the quadrature are
then fed to radix~4 256 points (Ref 37) FF~ prooess.
Since the eampling rate is 8 kHz each point represents
8000/256 ;= 31,25 Hz bandwidth (plus the window). The
total aud~0 bal"ldwidtb is 200 Hz to 3,4 kHz, 3400 .. 200
::; 3200 Hl,,! so the nUmber.of useablE~ frequency points
is:

3200 x 2:56 ::: 10'" (,),III 102 points8000

131ackman~Harris (3 te:r'm) opet'ator win,dowwas chosen in
order to increase the perfo~mance of the FFT.

It takes the form:

A-B cos x + Coos 2x
where x"C:l~

N

11 ;;: 0 to N .. :J.

A ::;0,42323, a ~ 0,49755, C::;0,07922
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fr~quency stability (slow change in frequency,
normally caused by temperature variation and poor
design) on transmission, and spurious phase (unwanted
AMto PMccnvexai.cn, usually due to non....linearities ill
IF stages and especially th~ limiter stage before the
phase detector) modulation by the wanted audio. The
loop should not attempt'. to follow the rapid polarity
inversion of a carrier, which has e:x:peri.enced a
selective fading and has flywhee1ing action (the
ability of the l?l~L to stay locked du:t:'ing short.
intervals in which the signal either disappears or was
Ct>vel:edwith noise) I during lig'htning storms. In
order to meet all the above contradicting
regui:r.ements I exter.nal controls were provided in order
to adapt to varying signal conditions. The l?LLhas
four positions for loop bandwidth: 250 HZ, SO HZ,
40 Hz, and 20 Hz. The AGe nas three pOSitions for
loop bandwidth: 80 Hz, 40 Hz and 20 Hz.

(Eest, nr. R.E. 1978).

3.2.2 MUL'l'!l?LIERS

The two multipl:l.ers that produce the in-phasd and
quadrature componenca, were constructed from high
frequency double ...bal.anced mixers, (Philips, 1988) and
exhibit excellent pha$d characteristics and gain
matching.

The phase and the amplitude, are extremely important
factors, whenusing the phasin~ method for s~paration
of sideband and in order to meet the design goal of
minirt\um~3!5dB sideband sepl:u:ation the phase et'ror
must be less than 2° (The Amer:\.canRadio Relay League
1992) and the voltage error must be less than 2%.

(Radio Society of Great Britain 1982).
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3.2 DETAIL DESIGN CONSIDERATION

3.2.1 l:lLL
The design consideration for the phase lock loop where
it maintains lock down to at least -10 dE signal to
noise ratio (white noise). This value was chosen as
it can be easily achieved with simple design
techniques, and sufficiently helow noi~e level, that
even with maximum noise reduction the recovered audio
will not be useable. In addition it must net suffer
phase modulation in the presence of the following:

Fading of signals and sidebands.

SelE'lctivefading of carrier and sidebands.

Interfering signals moxe th.sm100 Hz from
the wanted carrier with levels o~ +10 dB
above it.

The importance of reducing the phase noise in the
phase lock loop, is that when the phasing method is
used for seleotion of sideband, any change in phase
will cau~e a change in signal amplitude, which will
reduce sideband separation, and increase noise. The
requirement for handling +10 dB interfering signals
was done in order to utilise the +12 dB headroom
(headr-oom - the ability of the system to handle
impl.1.1sesignals above its normal operation po Lnt;
without saturation) built into the system.

The loo~ must be able to follow spurious hUm (induced
50 Hz and 100 Hz from the mains power supply that
causes unwanted interference t.othe local oscillators,
it can appear as AM, FM, or both), synthesizer noise
(FH noise, generated by the vClltage controlled
os~?j.llator"huntingn the reference oscillator), poor
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F!GURE 3.1 : BLOCK DtAGr~
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3.1.1 GENERAL DESCRIPTION OF 'l'HE NEttJ DETECTOR

The block diagram of the new detector is shown in
Figure 3.1. The IF output of 9,01 :MHz is converted to
455 kHz. The phase-locked-loop and the two
roultiplier~l, perform synchronous demodulation for
Lrr-phase and quadrature components.

The two analog signals are converted into 16 bit
digital signals in the A to D converters (Sheingold,
D.H. 1986) and from that point on, all processing will
be done digitally.

The two signals entelA to 2SG points FFT (Brigham, E.O.
1976), w}.-1:i..chact; as a filters bank , with time constant
equal to the inverse of the bandwidth of each point.
The real and the imaginary components, computed by the
FFTI are added and subtracted from each other in order
to generate the upper and lower sidebands (Zavrel,
R.J. Jl~. 1985), and then converted to phase and
magnitude in the pythagoras processor. The sideband
selector, selects the si.deband with the lowest
magnitude (point 2 of the design goal) selection, of
the quietest signal ensures that il'ltmAference on one
side band are eliminated, as l.ong ~ they are not
present at the srone frequency on both si18 hands.

A non linear look Up table changes the magnitude
(point 1 of the design goal), and the polar to
cartesian conver tar (Plessey semiconductors, 1990b) I

convert.s the signal to t'eal and imaginary and after
the inverse FFT process, the digital to analdg
converter {PAC) produces an analog audio signal.
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APPENDIX A:
Figure 32: Same as in Fig1.\1.'$31 after 081' op,eration.

APPENDIX A:
Figure 3:; Same as in Figure 31 after sideband selection.

Note 40 dB reduction in the. 800 Hz interference and about; 37 dB
reduction in the 2,5 kHz interference.

APPEND:r;X A:
Figure 34: Same a$ in Figure 33 with the addition of noise

reduction levEll set to 8.

Note tha.t both inte:e:'ferir:.g signals al.:'ewell suppressed into the
background noise level.

The next test was done in order to show the reduction of
interf.erence in addition to white noise.

APPENDIX A;
Figure 35: The incomin~ signal consists of:

Carrier with no modulation, 25(1 kHz, lmVpeak.
Interferel'lCe 25:~,5 kHz, 250 ~LV peak.
Interference 249,2 kHZ, 250 ~V peak.
White n•.::iss 10 mVpeak.
The plot wad taken after the synchrol'lou,'i)detector.

APPEND:r:~tA:
Figur(;\ 36: The signal as in FigUre 35 after oidebancl. selection.

Note :1.5 dB reduction il~, interfering s:i.gnals and about 3 dB
reducthm in white noise level. The noise reduction mode was not
I.tF:18d beCRUSI!l of the absenr::e of modl.~la.t.1on. Wi.I~houta signal
which is stl~onger than the ncdse , the compr€tssor will simply
amplify t.he f.~:x:pendednod se tel it.s or.i.ginal value, and no noise
reduction will t.ake place.
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Al?l?ENOIXA:
Figu:re 27: Signal consisted of car:riel:' at 250 kHz 1 mV peak

modulated with 1 kHZ, 100% modulation. Interference
at 252,5 kHz, 250J.LVpeak (which will give upper
sideba.nd interference of :2,5 kHz). The oignal is
recorded at the output of the synchronous detector.

'rhe harmond.c distortion seen i:n the plot were produced by the
signal generator, and not by the circuit.

APPENOIX A:
~'igure 28: Same as irl Figul;'e 27 aftl~:r. passing the DPS.

APPENDIX "'\;
FigU1"0~9: Same as in FigUre 27 after sideband selectiot'l.

Note 34 dE c1.eductiol'l in the .2,5 kHz interference.

Figure 30: Same as i11 FigUre 29 with the addition of noise
reduction level at B.

Note tho interferi~'lg signal wa reduced to noise level. Re'hdoing
the last two tosts after the compx'ossor circuit waS modified,
resI.ll!:',ed in about 9 dB :reduction in 3rd harmonic distortion.
1"urth(;I:1:.'testing was done with two high quality !v.tarconi oigna.l
genel:'ators, (one for the signal and one for the interferll!noe) I

insteao. of tho Ii.P, multifunction generator with 12 bit accuracy.
Tho :t;ooult was that: thGl 3r<.ihElrmonic was only about 8 de above
noiso levol.

APPENDIX A:
Figul:'o 31: Sanle signa:!. as in Figure 27 wit',h the additional

intel:':eerence CIt 2/~9,2 kHz with a lovol of :::50 ~W peak
( ...aoo Hz from the carrier) output of the oY';'lchronous
detector.
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APPENDIX At
I<'igure 21: Same signal as in Figu:J::'e16, but with 50%modulation,

noise at 10ntVpeak and carrier at ImVstayed tho sante,
Output is taken from the analogue synchronous
detector.

Note that the harmonic distortion produced by the signal
generator, is r~duced and covered by noise.

APPENDIX A:
Figure 22: Same signal as in Figure 21, taken after OSPpass wi.th

no alte:J::'ation.

APPENDIX A:
Figure 23: Same input as in ;b"igul::e21 after sidebarld seleotic>n.

Al?PENDIX A:
Figut'e 24: same input as in F.:i.gure 21 after si.deband selection

and noi.ge redudtior\ at level 4.

AIi'l?ENDIXA:
Figure 25: Same as in FigUre 21 with noise reduc:t'!.on at level (;.

Al?l?ENOIX A:
F~.gure 26: Same as in l'1'igur~ 21 with noise redllct~.on at level S.

Nots a .t:.utluction of ;n.bout 16 dB in noise levEll.

The next set of tests wQ.redone with continuous inte:J::'ferenca.
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APPENDIX A:
Figure 15: The signal as in Figure 11 with noise reduction set to

level 8.

Note improvem~nt of about 13 dB in white noise level, comparing
to synchronized detector.

APPENDIX A:
F~gure 16: Signal as in Figure 6 with noise level increased to

10mVpeak, measured after the synchronous detector.

The 2nd and 3rd harmonics are generated by the signal generator.

APPENDIX A:
Figure 17: The signal as in Figure 16 after OSP operation.

APl?ENDIX A:
Figure 18: The signal as in Figul~e 16 after automatic sideband

select i.on.

APPENDIX A:
Figure 19: The same as FigUl'e 16 with the addition of noise

reduction set to level 4.

APPEND;!X A:
Figure 20: The signal as in Figure 16 with noise reduction s~t to

level 8.

Note about 14 dB impr,.:>vementin sigl'l.Cl.lto noise ratio oVel:'
synchronous demodulation.

Higher level of l'lchle could, not be tested, as it caused
saturation of the A to 0 conV'elrters. Redt.:ction of s;i"nal leV'el
would also not help since the' synchronous AGe will increase gain,
and the ratio between signal and noise will ,<)Jtay the same. The
solution to th~.s problem, was to leave the caX'riel:' at the aame
level, and to re::o.ucethe llvodula:..ion.
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APPENDIX A:
Figure 7 : Signal as in Figure 6 after DSP btlt without noise

reduct.ion.

Al:'PENDIX A:
Figur~ 8 : Same as in E'igure (5 with sideband selection.

Note about 5 dB improvement in signal to noise ratio.

APJ:lENDIX A:
Figur0 $) : same as in Figure 6 with noise l,'eduction 13witch at:

);:>0$:1,. tion 4.

APPl'l:NtJIXJ\.:
Figul."e 10; S:a.nteas in Figure 6 w;l,th noise reduction switch at

position 8.

Ap?El~DrJl: 1..:
Figu:J:'e:\,1: Same l;lignal as in Figure 6 but whh noise level

i.ncz'eaaed to 4 mV peak, measured aft-er the
synchronized detect::,?r.

The 2nd [m.d3rd ha:rl\\onics are generated by the signa:J. gener1.:1tor,
and nee by the c:i.l'Guit and the plot, givelll accurabe
representation of the signal at the antenna terminal.

APPENDIX A:
FigUre 12: The signal as in tigure 11 after DSt? operati.on.

1\.PPENDIXA:
FigUre :1.3: The signal as in Figure 11 after sideband selection.

API>ENDIXA:
FigUre 14: The signal as in Figure 1.1. with the addition of lH');lse

reduction whioh is set to level 4.
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APPENDIX A:
Figure 1 : 'I'he 1 kHz signal after the analogue synchronized

detector.

APPENDIX A:
Figur.e 2 : The 1 kHz signal after passing the DSl? section with

Blackman-Har:cis operat:or and without any noise
reduction operation.
(A to D ~ FFT~ FF'I'-l-+ D to A)

A1?PENOIX A:
Figure 3 : The 1 kHz signaJ. after automatic sideband selection.

Note t~he :t'eo.uct~.onin noise and 2nd and 3:::dharmonics level.

2\Pl?ENDIX 2\
Figure -4 : The 1 kHz signal with noLse reduction switch at

position 4.

APPENDIX A:
Figure 5 : The 1 kHz signal with noise r.eduction switch at

posit:io~'l a.

Investigation into the large ,increase in 3ro. order harmonic
distortion, discovers that:. it was generated in the compressor
stage (Ref 47), and not in any of the; nSF operations. Afte:r'
completing all the tests desc3~ibed j.n this chapter I the cir("'ltl t
was modified in order to cor:;:"~t III :mall DC level shift that
cauSed the problem, Aftt'Jr t:r.J.m'n'\J,~'(l the circuit the 3rd harmonic
dropped by 11 da.

Al?l?ENDlX A:
Figure 6 : Sign~).l as in l."igUI'C :L wit;,h the addition of 1 mV paak

white noise.

Note the e.Efoot of the low pass :filter outting at: 3,4 kHz.

l?age 35



4.2 RF SIMULATION TESTS

The following tests were conducted:

:l. ) Clean 1:3: .:)'nal, in order to check pr:oper
operation.

2) Signal with various levels of white noise
in order to show noise reduction.

3) Signal with continous interference, in
order to show the effectiveness of the
side band selection.

4) COl'nhination of white noise and continuous
interference. This test shews the
effectiveness of 719 complete syst~m.

5) Frequency modulated interference, :i.norde.r
to determine the effect of :FM stl;'l.tion
transmitt.ing inside the passband of the AM
statiel')..

The detedtor was connected to an ICOM R70 rec~iver,
which was tuned to a. frequency of 250 kHz. The
antenna input: of the receiver v,a.s fed from an :rIP
multifunctiol'l signal generat:,or, and the audf.o output
of the detector, was monitored by an H'l? spectrum
anaJ.yzer, with 10 Hz resolution.

The signal generator was set to generate an A.M.
signal with carrier of 250 kHz c~t lmVpeak, with 100%
modulation of 1 kHz.

The following results were recorded:
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In order to solve the above problems, a change was
made in order to allow full oVel"lapping of the FFT,
L, e. complete FFT after every incoming' sample. The
result was that audio distortion was completely
eliminated and some improvement in white noise level
could be heard. The improvement in continuous
interference was unchanged.

The last section to be tested in the initial testing
was the expandor-compressor. It did create some
changes in audio characteristics, for the following
reasons:

1) The Blackman-Harris window operator has a
large number of side-lobes. As a result
of the expansion proce";'" during single
t.one testing, the main freqUency bin was
left unaffected but the secondary
side-lobes, which has much lower amplitude
were attenuated.

2) Dur~ng multitone tests" the largest signal
stays at the same magrlitude, due to the
compressor circuit, but weaker signals are
attenuated. This of course is a desirable
ef£~ct, which proves ':hepl.'operoperation
of the circuit, but nevertheless cr~ates
an audible change.
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4. RESULTS
This chapter will give the results of the tests
conducted on the new detector. It starts with initial
tests of the sub-section of the ci:r.:cuit,and nhen
describes the system tests with :teOM R70 receiver.

4.1 PRELIMINARY

The ~ircuit was designed and c¢ Jt~ucted in order to
t''to'V'e the tl'..<::lory.The first teS'..s were conduc ted with
the circuit functioning as a synchronized detector
only, with the digital circuits bypassed. White noise
test shows that PLLl operated properly down to about
+10 dB signal to noise ratio. It maintained lock down
to about +2 dB but with increased phase noise. PLL2
opez'atied down to ~10 dB, which is the design limit,
with exce...lent phase noise. The AGe maintained
constant output~ to within lcla wi th input changes of
over 60 dB. After proving the successful.operation of
t.he analogue section, the digital section was
activat.ed.

Il'litial testil'lg was done with FFT, with no
overlapping, and Blackman~I'Iarrisoperation. Speech
passing through the system suffered from distortion
and white noise testing indicated approximately :3 dB
degradation in noise level. On the other hand,
continuous interference was successfully eliminated.
Investigation into the increase in noise level found
that the white noise tends to be avera~ed out during
the FFT operation, and the 32 ms window was
sufficiently long that the noise in both upper and
lower sidebands had approximately the same level. As
a result the sideband switching circ;:ui,trydid not
function and the c;I.rcuitoperated as one sideband
detector which led to 3 dB degradation in signal to
noise ratio.
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OUTPUT LI:VEL
10----.

In addition the wrongsignal will always be in a level
less than the signal. Whenthe interference is in
opposite phase and it"). magnitude higher than twice the
signal, the correct sideband is selected.

Figure 3.4 demonstrates the problem. The signal level
is fixed at +10 and the interferertl::!e level dan vary.
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FIGURE 3.2 OUTl?UT VERSUS !NTERFERENCE
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s ,3.4

will be presented at the input to the FFT, and the
quality of the wanted signal be clegraded to some
extent.

In practice, the operation of the detector, will be
limited by the ability of the phasA lock loop to lock
on the wanted ca.rrier. The design goal was handling -
10 dB of white noise and, ·-10 dB continuous
interference, 100 Hz or more, away from the wanted
carrier. Improving the P:jL any fur1;;.her,will not have
any benefit, since the output signal to noise ratio
from the detecto,r, will be too low to be usable.

PROBLEM DUE TO SIDEBAND SELEcrt'ION

The sidebcmd seJ.ection system will give rise to
ano t.nez pr"blem. If at a particulaJ:' bin of tb.";:lFFT,
the interfE)rence is in the same phase as the signal,
the sideband with the interference will be stronger
and the other sideband will be select,ed. On the other
hand if the interference is in the Ol~posite phase, it
will reduce the amplitude and tce wr(~ngsideband will
be selected. When the :i.nte:::-ference is equal in
magnitude to the:: signal, but opposite in phase, the
output:: win be zel:O. It is cbvd ous that when the
choice is to have hi9'h level. interference or "hole" in
the spectrum, che hole will be much less nccd.ceahl.e .

The real problem happens, When the interferf',mce is
equal to twice the levcal of the siutJd, and opposite
in phase. The output '\Iorillste.rt increasing I but in
opposite phase. It is difficult to predict to what
extent this out of phase signal will inte:r:f~l:t;ewith
audio qu",Uty, but is a known phenomena. ',h,'\t the
human hem:ing is nc; s~n.li'idve to phase dl.sto.r:t.:ion
(craiglow1 R.I,. 19(3).
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ThGlFFTalgorithm has 16 bit input with block floating
point and conditional scaling. With this
configuration, the maximumcone with respect to noise,
is 74 dE, ~lot noise test is 61 dB and 2 tone with
frequency spread is 63 dB. (:Fless~.:'l'semi.conduccozs
1990). Other DSPopera.lons, contribute very little
to loss in dyna~ic range, comparing to the FFT, and
can be ignored.

(Slot noise test : a measuzement;in which white noi.ae
j.s passed through a narrow band notch filter I seveza.l
frequency bins wide I and the FFT computed. 'rherGl is
no noise in the filte:t'ed slot at the input to the FFT,
but ther'a is noise in the frequency bins corresponding
to the;!wid,th of the notch. Dynamicrange is measured
as the difforence in dB of the average signal power
and the average noise power) .

(:~tone with frequency spread: a measurement in which
two sinusoids of different amplitudes, with the larget'
one :r.esiding mid-way between two frequency bins, and
the smaller 5.5 bins away. The dB f:Lgure is the
difference in amplitude between the two signals when
the smaller one is still just detectable as a ~epar6te
peak from the larger one) .

:t:t. is clear from the above results that. the ma>::imum
theoretical dynamic range is slightly over 60 dB or 10
bits (ignoring PLL operation). Setting the wanted
sig·nal to a level of -1.0 dB, reduces this figure to
some excenc , Due to chang-es in sig-nal strength and
AGe operation, this level can vary and should be
reg-arded as average only. If r.':;l intorference is
present, the 14 bit. input will only have a marginal
effect on the performance of the FFT, since the block
floating point wiJ.l compensate for the unused bits,
but if strong interference is present, full 16 bits
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:a.P. 8903B Audio Analyzer was used in order to measuze S!NAD
(signal, noise and distrotion). This type of measurement was
preferred over signal to noise ratio, since it also measured the
distortion generated by the last two operations.
The results of the te~ts are tabulated in the following table:
~--------~------~---~-----------~------------~------------~

31
iV,5

28
27

25,5
24

22,5

19~
15

U

13
1:.1

II

10

XCOM 11.",'0
«(.I.V)

Signll1
Level

SYNCHRONOUS
PlllMOOTJLA'1':tON'

().l.V)
Signal Leval

Ston:B.lU.Il1)
Sl!:LlllC'1'XoN

(f,J.V)
Signal I..val

0,6
0,5

0,3

1,05 0,96 0,92
o,e 0,77

0,74 0,7 O,Ga~---------+----------4-----------~------'------~~------------0,64 0,62 0,59r---------+---------~----~----4_--- ---~-----------0,55 V 51.1 0,51~------.--~--------+----------+~--~~.--~--~-------0,49 0,48 0,44 0,17----------r------~---r--~~----u~==~----------+-------~,--~9 0,43 0,44 0,39~-----------~-------,--.~~----_...-----+---8 0,39 0,38._-+_ ...._,.,;---+-
7 0,33 0,32

0,85

0,2

0,35 0,1~

e.so
G 0,30 0,29 0,2:)_____--,-----~..f
5 0,27 0,24 O,:':::i~--- --~~-----~----~----~-----4 0,:14 0,20 0,201--"'·,-----1----.- ......--I1---,'=__ ·_-!-....... .._4 ....(

O,lS.~~_.----------~~~,------..---~-,--------....,_.-. ~--~
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and magnitude (Figure 25) .

n l.1)J.d_9. 0 U,:_F...:.T......:;x:.....1:.,.:;O::..i\_»~3:z.. _

10 .0-

5,J

o , 0 ""--!~_.;......._~~:-

Sample

FIGURE25

Note that the two Fh"'!" s al'e different from each t.>ther, and as a
result good sideband separation Cannot take pluce.

The above example was simplified in order to demonstrate the
problem. In a re::l.l system the ratio botween the carrier and the
audio fre~uencies will be much higher, and the interfering pulse
will have an attack and decay t;i,meufter t:>assing the IF filter,

4.4 RECEIVERSENSITIVITYTEST

'rhe l:'eceiver was connected to a 'MCl.rconiRF signal
generator, generating signal at 2,1 MHzmodulated with
1 kHz at: 80%modulation. The audio was monitored at
four points:

detected by the :teOM R70.
dt:1ltected by the synchronous demot.'ulator
after Sideband selection
after sidablmd selection c.md ),'lc:>ise
rnduction at :?osi1:ior~ B.
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and after filtering (Figure 22).

400 WiL'L,<if()rm x10,:-3

50

.:°0: f-: ------'----"'tJL""~"~-"'~·
-400 o 100 150 200 250

Sample Number x10A 0

FIGURE 22
rts FFT gives real (Flgure 23),

20.0 .

0.0

.20.0 I

F,'IGURE23
imaginary (Figure 24),

r l....h_' ...h.••• ~." ••~ ••~ •.~fl',r~'Y"'~f "9f(f .. 1 "'~,-y-- . -- - - - -
.1

l)'!GURE': 24
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real (Figure 19),

·100

o

FIGURE 19
and imaginary (Figure 20).

40,0

20.0

0.0
.20.0-'
• 4 a . 0 "'"5--":rU=d-1fQo:ro?U::rmr ~r60- 6o~o-rao-~lnTIr'8UlrlFreQuency (Hz) x10A·3

FICHJRE 20
'l'he same Rl1' oignal a:El':or mult.;l,plying by 90° (Figure 21,)

D.OO ~I.~tlllttltHIHtfHtHtlitHiI
FIGURE 21



multiplied by 0° (Figura 16) I

2,00 Waveform x10' 0

1.00

o 50 100 150Sample Number 200 250
x1011 0

FIGURE 16
after filtl7!rincr (.!fig-ute17),

200

·20D
m40 (1 ''"=O-==-~-==!nr=---=11l1f----·''1~rO .--=2Otl'u~ 5 a

Sample Number x10ft 0

F:tGU~E 1~1
li\nd it;m F!t''I' magnitude (l?'iguX'o 18) I

1 SO"

10,0

5 ,0 .

11. 0 -15 ,= ~::.c...Qw-#---rlrO-=-'--15n' (;Uu
Samplo Number
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Note that the F'F'I"s of the i"",~ '~ignals are exactly 90° from each
other a:r,dhaving the same mag-nitude. The resul t is that the
phasing method will give perfect sideband cancellation, and the
interference will be eliminated.

If the signal is ran';omor does not occupy the full length of the
FFT window, the situation is different.

Let's assume a short burst of the above interfering signal
Figure 14,

1.00 Waveform x10" .Q___" _

o , 00 --,_ __.___-*,_.______,,__--_.....
~1,OO~O~--~~50~----~1~O~O----~15~O~--~2~0~0----~2sn

Sample Number x10"

added t.
FIGURE 14

e carrier, Figure lS,

2.00 Waveform x10" .0.,r-""~",.- __,., - ~-
A A A A A A A 1\ A A A A A A A A A

\--- .., " . A \-'
\I V v

,

. v V V V V V v v v

'---- ,.o 50 100 1~O 200Sample Number 250x10" 0

1 . 00

o ,00

-1,00

-2,00

FIGURE is
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Its FFT real is Fi~ure 11,

2,OOReal part of FFT X10A-9

o , 0 0 '-- _"----.J ......

1 . 0 0

o 100 200 300 400 500 600 700 800 900Frequency (Hz) x10A·3

FIGURE 11
imaginary Figure 12

Par t 0 f FFT 3.1.12.:.:J._, _

10~ ~ __ ~ __ ~ __ ~ ~_~ __ ~ __ ~, __ ~~
• 100 .

• 20 (J -0- 100 20 O_c30 0 400 500 600 700800 80 0~requency (HZ) x10A·3

al'ld ma.gnit::.ude Figure :1.3.

150

50

100

o '0---' I 50 . --:10 0~-150 20'0"'---'"*'2450Sample Number x10A 0

FIGURE 13



and imaginary components Figure 8.

·5,00
l....-;:O~1'-;:;O-::;-O~2 ~O0:::--:3::"::0;";:;0:---::4'-;:;0";:;'"0-;::"5~OO;::"""~600 700 800 9 0 0Frequency (Hz) X10A-3

j?'IGURE 8
After mult~iplying the RF signal with the carrier with 900, we get
Figure .9

1,00 WaveformJ~Jl_ _

~ I

-1.00~O~--~5~O~--~1~OO~----~1~5~O--·---'2~.O~O~--~250
Sample Number x10A 0

FIGURE 9
and after filtering Figure 10.
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and after filtering and removing the DC, Figure 5
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F!I1URE 5
and its magnitude FF''1',l"igure 6
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FIGURE 6
real components, Figure. 7
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and continuous interference (Figure 2) .

1,00Waveform x 10" 0

-1,OO~O~----~5~O-----1~O~O~--~1~5~O----t2~O~O'-----~250
Sample Number x1D" 0

FIGURE 2

~he combined signal is as shown in Figure 3.

2.00Waveform x10'" 0

1 , 0 0

O,OO~~4~~~~~~~I+H+H~~~+rH+~+H+~+r~'H+~~+7~1

• 1 , 00

• :2 , 0 0 '--=0,.---5"'"'0=----__,.1 ""'"0=""0- 15 0 2 0 0
Sample Number ~SO

x10" 0
FIGURE :)

After multiplying with the carriell:'with 0° we gel; Figure 4

2.00W1.lvefor'm x10" 0

1 ,00 .

-rr--51J---nnr 150 200 250Sample Number x10" 0

FIGURE 4
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4.3 ANALYSIS

The tests shows that the new detector is very efficient in
reducing continuous interference. Widebandnoise at one sLdeband
was also substantia.lly reduced. The effect of the sideband
selection on white noise, distributed equally on both sidebands,
was not large, and the noise reduction modewas u.sed with good
results.

The large reduction of continuous interference (>35 dl3) co.npar'ed
to the small reduction in discontinuous interference, white
hoise, t= 5 dB) led to further investigation. It was f()Und that
the phl;tsing method, used 1:0r. sideband separation, was not; a good
choice.

Lets assume a signal with a ca:r:rier (l:t"igu]'.'e1);

2,00 Waveform x1o" 0

A ~ AAAAAA/I. A A II A ~ A A A A

.1

~~ V I
,V V v y Y Y y v v v V V Y v I y Y v V Y

1,00
0,00
~1,00
·2. 00 o 50 100 150 200Sample Number 250x10" 0

FIGURE 1
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The next test was aimed tCl measure the etfect of an FM
interfering signal, effecting on~ sideband only.

APPENDIX A:
Figure 37: Signal consisted of:

Carrier of 250 kHz, 1 mVpeak, no modulation.
Int.erference of FMmodulated :::i.gnal of 252 kHz, 1 mV
peak, modulated by whi te nod.se I :l; 2 kHz deviation.
The plot was taken after the synchronous detector.

APPENDIX A:
:e'igure 38: The signal as S.n Figure 3"l after sideband selection.

Note zeduct ion of 39 dB in the 2 kHz interference from the
carder and large reduction in noise from FM sidebands.

APPENDIX A:
Figure 39: The signal of Figure 37 with deviation of ;!: 25 kHz in

order to effect both sLdebanda . The plot was taken e.t
the antienna tel;"minal wi th 8 kHZ span.

APPENDIX A:
Figure 40: The signal as in Figure 39 aftl9:r. synchronous detector.

APPENDIX 1~:
Figure 41: The signal as in Figure 3.9 a£:ter Ldeband selection.

Note about; 25 dB improvement:. around 2 kHz sloping down to about
10 dB .J.t:. the edges of the paasband ,
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5.3 CONCLUSION

The new AM detector offers performance far superior to
the oonve~tional detector. Its high cost will
obvi.ously limit its use to high-end :t:eceiversbut as
prices of DSP components are falling :t:'apidly,the
detector can find wide use in moderate price range
receive:t:s.

5.4 RECOMMEND~TIONS FOR IMPROVEMENT

The concept of sideband selection proved to be a good
one and can be used with other modulation techniques
with two identical sideb~nds (e.g. FM, PM).

The circuit itself, can be improved by using DSP all
the way from the IF instead of the analog circuit, but
this will push up the price s~.l'lCethe IF will have to
be sampled at a very high speea.

Testing done on the ICOM R70 receiver indicates poor
amplitude and phase li,nea:dties. Better performance
can be expected from the present detectOr if a bett&r
receiVer is available.

Many other importal'ltfactors, for example finding the
optimum FFT window/ frame size and over-lapping" were
not inVestigated due to Lack of time, and further
research should concentrate on those points.
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The improvement is summarized in the following two
tables:

NOISE 1rnV 4 mV 10 mV 20 mV
LEVEL (eff. )---DIRECt!' 0 0 0 0

SIDEEAND r::: -5 dE r::: ...5 dE ;:, -5 dl3 r::: -5 dB
SELECTION
LEVEL 4 r::: -10 dB ". -10 dB "" -8 dB "" ...9 dB
REDUCTION
LEVEL 8 "" -10 dB "" -13 dB "" -14 dB '" -16 dB
REDUCTION

- -

TABLE 1 OPERATION UNDER WHITE NOISE (SIN IMPROVEMENT)

- ,

Type of XnteX-fn·tlnae Pireat S!d.eblmd Le'\>'.l4 Lavel 8
Se:teation -Carde:t' at 1 mV Mod

1 kHz at 100%2,5 kHz from Clllrrie.r -6 dB -34 dB - .. -70 dBinterference 250 ~V
......----------,____..... ---r-'As abO'l'6,
interferenoe 2,5 kH:i: "6 dB .... -38,5 dB .. > -70 dB

I and 800 Hz at 250 ~W-FM signal with
:I: 2 kHz at 1 mV - .... ,,40dB - -oa:t'rierat 1 mY,

r-".~

I
,_____ -F.M signa) with

:I: 2S kHz at 1 mV .. .. -35 dB .. ~
ca:t'rierat;: 1 mV

,-.-,

TABLE 2 Ol?ERATION WITH OTHER INTERFERING SIGNALS
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5 0 CONCLUS:r:ONS

5.1 SUMMARY OF WORK

This work demonstrated the ability to detect amplitude
modulated signals with better performance than with
conventional systems. The existing demodulation
systems were discussed and analysed in detail in order
to explain their limitations. The new detector was
then presented followed by an explanation of the
differences to the o~d methods.

The implementation of the new method was described in
the design section, and the testing done on the
circuit concluded the work"

~ large part of the circuit was done in analogue, in
o:r.'derto a1low easy det)ugging and construction at the
expense of measurement accuracy, and high sensitivity
to internal noise level. M.any other designs and
oonstruction short cuts had to be taken due to the
time restriction imposed on this project.

5.2 SUMMARY OF RESULTS

The new detector performed better than the existing
detectors. In sideband seleotion mode it gave >35 dB
reduction in continuous interference and about 5 dB
reduction in white noise. 'l'h€laudio expender provides
an addition~l noise reduction but at the expense of a
change in audio characteristics.
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higher the setting, the higher the noise.
shows, that the setting of this mode

Experience
should be

adjusted for the individual condition, in order to
obtain the best audible res\llt. It should be noted,
th~t regardless of the setting, the improvement
obtained in signal to noise ratio, is larger than the
new noise and distortion, created by the circuit.

phase lock loop 1 was useful wi th signals up to
moderate interference and allowed easy tuning of the
receiver. Strong interference cauJed it to generate
high phase noise, which caused CI. reduction in side
band separation. In addition it sometint~s lost lock,
or even worse, locked on the interfering signals.
Phase lock. loop 2 on the other hand, was a bit
di£ficul t to use as it required tuning the receiver to
within 10 Hz of the wanted carrier. Its performance
was exceptional. It always locked, and stayed locked.
during all th~ tests, and when opel:ating with white
noise with negative
found that its phase
noise gel".terated by

receiver.

signal to noise ratio, it was
noise was superior to the phase
the synthesizer of the reOM

Page 54



4.5 LISTENINGTEST

The receiver was connectied to long wire anr.ennae , and
tuned to stations in the medium and short wave bands.
Strong stations sounded the same as the output from
the recei,rer, but weak and fading stations sounded
completely different. The AGe circuitry which locks
on the car::der level, r'at.he.r than the wide band level
detection I found in ord:i.nary receivers, was f:ound to
give a very pleasant ef.fect when tuning to fading
stations which vary in amplitude by more than 20 dB.
The output level was constant, and only the cha.nges in
signal to noise rat:i.o indicated that :fading was
occurring.

stat;i,ons with oo-oharme l interference,
spectacular improvement, particularly where

gave
the

carrier Cof tl-:"I<-interfering station was in the pass
'band. In one instanoe a very strong CW station was
interfering about 7(,:0 Hz away from the carrier and
reception from the rCOM receiver was completely
unintelligible. After activating the side band
selection mode, the CWstation couLd not l"~heard, and
the wanted station sounded as clerlr j,t,j a local
station. This case al.so proves the co;' :eect o)?eration
of the AGCcircuit by adjusting the level according to
the wanted carrier level and not the interfering CW
level.

As it was expected from th(l: measurement, very weak
signals had only small improvements from side band
selection, and the noise r~jduction circuit had to be
used. The amount f reductlon in noise was dil:'ectly
related to the switch setting, che hig''l.er the setting
the greater the improvement. The opera.tion of this
circuit: had considerable effect of c.r.eating ba.ck.ground
noise that sounded like :frequsnC'1Ymodulation, the
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TeSl: 44 Local AM station at 576 kHz, with added interference
of four frequt:!ncie::.~:

573,4 kHz (lowel'sideband interference of! 2,6 kHz)

575,3 kHz (lower sidl;,~bandinterference of 0,7 kHz)

570,5 kHz (upper sidebc'HLdinterference of 0,5 kHz)

S'?7,5 kHz (upper sideba.nd interference of 1,5 kHz)

The switch that activates tho sideband selection was switched on
and off a few times in order to demonstrate the effectiveness of
the circui t .

App. F Pg.2



APPENDIX F : RECORD~NG

In order to demonstrate the new detector, a recording was made
and an audio cassette is attached to this report.

The test was conducted at the Engineering Laboratory of Alcatel
Altech '!'el~coms, The building is made of metal structure with
metal roof which acts as a Faraday cage. .T.naddition, due to the
large.number of p ,c. 's and other.eledtrOl'licequipment operating
continuously I the background noise leV'~J.at radio frequencies is
high. The re.cordil'lgwas done with the microphone placed in front
of the speaker. Since the recording level was adjusted to 0 dE,
individUally for each test, the listener should only refer to the
signal to noi~e ratio and not to the absolute level.

Test 1 to test 41 corresponds to the tests described in
Section 4.2.

For reception of radio station an active ant.enna was used.

The receiver was tuned to 15,615 ~iz (Israeli
broadcast:.~.ng)and recorded Clirectly from the ICOM F.70
redeivElr..

't~st43 The Same station as in test 42 as sound from the new
detector. Note that at one point the signal to noise
ratio was so low that thGl detector cut the output
instead of producing noise as in a normal detector.

App. F J?g.l



The above operations are tal~ing place in IC311 and !C411. IC412
converts the :::ignal. into a polar form and the magnitude is
paSSing to T~41$ lJhich is a magnitudo comparator and to IC413 the
look up table fc~ the noise reduction operation. IC414 converts
the signal to rect.angular form and :tC415 selects the correct
sidebal'ld. IC201 &>erformsoff reverse FFT. IC20:a converts from
floating point t{.~ fixed point and IC204 is the D to A converter.
:tC21Sand the associated circuitry act as a compressor in order
to compensat,e for the expending operation of the look up table.
:tC20Sis the audio low palas smoothing filter. IC:-'1,3 is the audio
power amplifier. IC312 is used for contro.L and timing
gene:!:'atic'X\.

App. J:) Pg.2



APPENDIX D : CIRCUIT DESCRIPTION

The IF from the lCOMreceiver at f:r:equenoy of 9,01 MHz is
entering to the oircuit at LKA1. IC4 converts it 0 455 kHz.
rei. :tC2 and !C4 are IF amplif.iers with AGC 001'1l::ro1. ICS
multiplies the signal with the 0° output from the J?LL:.i.norder to
reoover the in-phase components and IelO is the audio band-pass
filter. :r;C12is doing the same with the 90° output in order to
rMover the quadrature components and IC13 is the audio band-pass
filter. IC14 is l?LL1. IC17/C, IC17/D, IC16, IC25 and OSC1are
PLL2. lCG produces the 90° phase shift. IC1'l/A, IC17/B, IC15,
IC32 and :r;C26generates AGCoutput looking on the carrier. I~8
generates wide band AGCthat takes over to avoid saturatioll when
the PLL is not looking or When the signal to noise ratio is
negative er.ough to exceed the dynamic range of the system. '1'he
in-phase signal is converted in IC401, 16 bit A to D converter to
digital form, stored in IC407, IC40a shUt regJ.ster and convel:'ted
crom time domain to frequel'lcy domain in IC410, which performs
FC'T. The c;ruadrature signal has similar pass with ):0301, :tC307I
:tC~Oband IC310.

The 90° phl",se shift network, which is an essential element in the
phasing method for separating the upper and the lower side is not
preS'et~t in this design. Instead the FFT operation i~S"'(ll£ is
utilised. :tn other words instGlad of creating a delay in the time
doma.in, the :t and t.he Q cl.)mponent:.sare swopped in the frequency
domain. One side band ~s generated by adding the R of the
ill-phase to the I of the quadrature, and the :r of the inB·phase to
the R of the. qua,dra.ture. The other sideba.nd is generated by
subtracting the s~\e terms.

App. D l?g.l



The output signal power after the baseband filter is:

(App.C-S)
and the noise power after filtering:

No = 2n/m (App,C'-6)

The signal to noise ratio ,
l.S!

(App.C...7)
Whf!m. the signal to noise ratio is low:

(ApP,C"Sl
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APPENDIX C : ENVELOPE DEMODULATOR
Let the noise be represented by:

net) ::ne(t) cos met - na(t) sin roet (App.C-l)
this is oalled quadrature component representation
because of the appaazance in the equation of sinusoids
in quadrature.
n, (t) is the level in the cosine direotion and
o, (t) is the level in the sine direction

The input signal plus noise at the enveJ.op demodulator
input is:

~ (A[l + m(e)) + na(t}} cos ooet - na(t) sin met
(App.C..2)

A :: oarrier amplitude,
met) :: arb:!. .,Hey waveform modulation with level of
Im(c)l<l

The output signal plus noise before baseband filter:!.ng
is :,
ell (t:) +.t'l3 (t)

::: {(A [1 + m( t ) + n, (I;) j3 + n/ (t.l) Jl

::::(A2[J. ". m(t)]:! ". EArl + lCl(tJ.ln(l(t) + ni(t) .,.. na:l(t)}H

(APp.C..3)
:rf the Sigl'lal to noise ratio is:; high then:
s:J(I::) + n;)(I::) ~ (.A:J(:1. + met)):! + 2A[1 of· m(t)}.t'la(t))Jl

=Atl .;.m(t)J(l .;. 2n,,(t;))'.iI
A[l +m(t;)]

~ A [ .1. + m ( t: )J + nc (I::)

(App.C-4)

App. C l?g.l



the output Signal to noise ratio .
J.S:

So.. A4~
No 2"fmA2 + 3,,2fi

(App.B.8)

(App.E...9)

App. 1:1 l?g.2



APPENDIX B : SQUARE-LAW DEMODULATOR

Assume we have a sguare~law detector that has y = ~~ in which k
is a constant, and signal

s~(t) ::::A(1 + m(t)] cos roat. (APp.B-l)

The input to the demodulator .
J..S:

x(t) ::::A[l + met)} cos roat + n(t)

and the output is

yet) :::: 1c(A(l + m(t;)] cos roat + n(t;)}:J (App.B-3)

The signal is then passed through bandpass, and the output signal
power is:

App •.13-4)

the noise power due to the term 2JtAn (t) cos(J)at
,
J.s:

to

(App ,,13...5)

and the nobe power due to the te:t'm
knll (t) is :

(App.B-6)

the total output noise power is:

App. B J?g.l
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