Lets multiply V.(t) with the sinusoidal carxrler
gignal, V.(t), where

V,(t) = A4, cosw,t = A, coganf.t

R .,‘%E (e:fﬁﬂgf-' *éJﬂct) = :;_g: .(Ejanf,r: - s“ja“fu'")

. (2:1"'2}

A, iz the awplitude of the carrvier signal
Je is the frequency of the carrier signal

By using the identity:

cose cosf = Vacog'a + B) + % cos (g - B} |

the product of V,(t} and V,(&) is:

Vo ll) V() = -’-‘%ﬂ-—‘-’ [Com (W, +@y) & + COB (@, ~Wn) &]

al

- _AZAﬁ (Gjm.,m,:* . e_‘imq.u,.iﬁ +e,ta,-u.:= N E.Jma-u,.:‘)

{2.4-3)
the new signal occuples the xange 27, from f, - f, to
Fo % and ia called "baseband" which ig the signal
bandwldth,

Tha frequency range f, to o =~ Ju 18 called lower
sldeband, while f, to /., + fp 8 called uppor aldeband,
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2.1

BACKCROUND

This chapter describes the existing metlLods for
generation and detection of ampiitude modulated
signals, . The performance of the wvarious detecters
were carefully evaluated since thelr limitatlons gives
the motivation for this work. The chapter concludas
with litexature survey of interference rejection in
modern receivers.

AM GENERATION

One of the goals in communicakion engineering, lg %o
design a system which allows many statlions to ba
transmltted simultaneously over a single communication
medium - the electromagpetic spsobtzum, The method
which allows to do so callad "multiplexing". By
shifting each stabion to different frequency band we
get "frequency multiplexing”. The indilvidual statlons
can be zeparated by flltering. Frequency multiplexing
makes use of an auxiliary waveform called a caxrier.
When the carrier is multiplied with the statlon
message we gat amplitude-modulation waveform, (Bell
Telephone Laboratories 1964).

Lats agsume that the signal, V,(t), is 8 sine waveform
given by: '
VolE) = A, coBw,t v A, cosAnf,t

g %ﬂ (e-’“n” +9J“’a) ) .é.'ﬂ (e”anf"t - .5'33""'"!)
.2 : '
{2.1~1)
4y is the amplitude of the signal
o
Jo = crl i the frequency of the signal
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The remainder of this document will describe the existing
techniques and thelr Ilimitations, literature suxvey of
interference rejection in modern receivers, design and
theoratiical analyses of the naw detector and test resulis,

Chapter 2 will describe the conventional methods for guneration
. and detection of amplitude modulated signals, their limitations
and modern techniques for interferente rejection. '

Chapter 3 deals with the dasign of the new dJdetector, Its
practical design considerations is closely matghequ to its
theoretical analysis. The attached cireult diagram ls given in
ordar to allow full understanding down to component level,

Chapter 4 gives the results of the comprehensive test conducted
on the new detector. All tests ave documented, plotted and
tabulated. In additlon an audio cassette 18 attached to this
report in order to further illustrate the results,

Chapter 5 comgludes the work and glves recommendations for

improvements that could not be implemented due to time
raugtrictiong,
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1. INTRODUCTION

The purpose of this project, i to develop, construct, and test
an AM detection technique for radio signals with improved
performance to conventional detsctlon, when operating in a non
optimum condition, (Shannon, C.E. 1949 : pl0-21).

AM modulation lg wideiy used and any improvement in performance,
especially in noisy HF chammel, will contribute to better
communication. :

" The new detector should out-perform the conventional detertors in
three points:

1) The signal te nolse ratle at the output will be highex
than at the input, which iz impossible in conventional
AN detegtion. (Davenport, W. and Root, W. 1958).

) Reduce lnkerference which appears 3zt one sgidsband

only.
2) ' Iowar threshold of detaction.

{Taub, H. and Schilling, D.L. 1871 : p83-~88),
Threshold -~ the point chosen arbitrarily at which the
output signal to noise ratie falls away by 1 dB from
the input signal to noise ratio,

On the other hand the new detector will net function propexly
under the following conditions:

1) Intarforing signal with level higher than the wanted
carrler of the signal and fragueuey close to the

- wanted carxier, '

2) Interfering signals &bt both sidebands and atb
approximately the same distance from the carriaer,

. Paga 1
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ABSTRACT

Amplltude modulation, is the oldest modulation techmique used
for voice communication. Xt is the simplest and cheapest way
to mofulats and demodulate voice, and &s a result, it did not
loze much popularity in spite of the development of other, .
more efficient modulation technigque. This project offers a
new spproach for AM demodulation. ' o

The two sidebands are separated and divided into many
sub-bands, = The signals with the lowest nolse level are
‘solected and their levels are individually adjusted according
te sigmal conditions.

The result 1s reduction of over 35 dB in continusous
interference and about 15 dB in white noise level.

The new detector out-performs the conventional detectors in

all aspects and can be used in applications where top
pexformance ls required and where money iz no object.
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3.1

DESIGN AND IMPLEMENTATION

This chapter desecyibes the design of_ the new detector
and the way Lt was implemented in a practical sirouls.

. Theoretiecal analyeis, which was part of tha design

process, ils presented in oxder to allow comparison
batween the calculated and the measured regults in tne
following c:hapt:er.

IMPROVEMENTS

It was shown in Chapter 2 that the synchronous
demodulator gives the best performance. The zgew
design will attempt to lmprove its performance in two
main areas:

1) The synchronous demodulator produces
' output signal to nolse ratie, equal to the
input signal to noise xatlo. The now
detectoxr should have higher gignal to
nodse ratie at the outpul than at the

input (reduction of white noise level).
{Hawkins and Stevers 1950))

2 S In the synchronoua demodulation,
' int.erfarenca at one sldeband eppeard at
the ousput as  slgnal, devreaping
intelligihility and causing maskilng
offect, {Bom and De Boer, J. L1966},

{Masking affact is puychoacoustic

phenomena, in which stzong signals mask
weak sigrnals and make them inaudible).

The new dJdetactor sghould reject astrong
intevfarence appearing at ona sideband
only, and thus reducing the effect
{reduction of continuous interference).
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2.8.7

fhe signal power in each £ilter is measured and

filters with ocutput subetantially above the mean level
are switched out., It should be pointed out that their
method is doing similar functions and opposite
functions to the detector designed in this work. The
similar funetion is gelecting the lowsr amplitude
bands ag is done in the sideband selection mede.

The opposite function is the noise reduction which
attonuates low level signals and nolse ap opposed to
the suggested vireult which passes low level signals

and cuts high level nolse.

IMPULSE NOISH

According to (Sabin, W.E. and Schoenike, E.0. 1987),

impulee nolse differs from oxdinary random nolse in
two respects. Itz ghoxt term spaoirum ls phase
coherenk, and has an amplitude variation and
autecarraglation, as a result, the received voltege ils
nearly proportional to bandwidth mather than to the
sgquare oot of bandwidth. Since the pulse power is
very high fer & short time and then Falls quickly to
Zaro, it lg sufflolently dlfferent from speech and the
recelver noise blanker can detect it. Speech dan be
interrupted for about 10 peruént of the time with an

acceptable loss of articulatleon,
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2.8.4

2.8.5

2.8.6

The problem is solved in the synchronised detector as
leng as a good phase look loop is utilized. If this
iz the cvase, the audio notch filter can work waell.

RF NOISE BLANKER

RF noise blanker (Dawsom, 8.L. 1984) detect wideband
high amplitude interference and ocut the signal pass
for & short time. It must be placed before the I¥F
filters JIn order not to allow the filters time
congtant to gtretch the pulse.

AUDIO NOISE BLANKER

Audic noise blanker (The American Radio Relay League
1892}, woxks in a similar way to the RF ona. It has

- a fow my delay time before the switeh, and track and

hold eireuit after the switch. The sdvantagie are
that the pulse detecter has time to detect the pulse,
and open the audio awitch bafore tha pulss reaches the
swibtch, the track aud hold £ills the gap creatad by
opaning the switch with the last signal level, and
eliminating the hole in the audio. The disadvantages
are, that the pulse wlll be stretched in the IF
filters, long pulse will effect AGC ganeration end
raduce signal level, and narrow high amplitude pulses
can caude ringing in the IF filters and saturation in
the amplifiers, which result in racovery time much
longer than the pulse itself,

FILTER Bi.JK

‘A Filter bank is suggested in (Maslin, N.M. 1987).

According to this method the signal and the
intorference are passed through a bank of identieal
filtexs which cover the total signal handwidth. Each
filter has a bandwidth of less than 100 Hz,
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2.8.2

2.8.3

IF NOTCH FILTER

IF notech filters (The American Radio Relay League
19821 allow creation of a notech in the passband, in
oxder to reject interference from a stable frequency
source, that beat with tbe carrier, It can be very
effective against carrlers from otler AM atations and
W transmissions. Since the filter operates at IF
frequency, the bandwidth is fairly high, but in aM

- bacause of the presence of two sidebands, all it means

i reduction of max, 3 dB in audio level, The IF
notch Fllter iz in most cases, inserted before the AGC
detection., The advantage is that tha inkerfering
slgnal does not interfere with AQC lavel, and the
station i3 received with constant amplitude. The
digadvantage iz that Lif the interxference ls strong
enough, it will saturate the IF stages which will
resulz in intermodulation distorxtion,

AUDIC NOTCH FILTER

An audlo noteh £iltar (The Amerizan Radio Relay League
1992) operates at audio Srequency, and is placed after
the demodulatlon. Its bandwidth is narrow, and it
craates a hole in the speqtrum, It can be coupled to
& phasae lock loop in order to track the interference
autematically. It has some advantages and some
disadvantages comparing to IF notch f£ilter. In SBB
reception, it will have lese sffect on audio cuality
bacause of the narrow bandwidth of the notch, In AM
radeption, on the obher hand, it will work well, as
long as the interference iz weaker than the carvier.
Strong interfering eignals will cause the common

- envelope demodulation to demodulate the sldebands with

reapact to the interference and not the carrier.
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2.8

2.8.1

2) The noise spectrum extends up to walf the
1F bandwidch, while in the other detection
nolee wt one edys of the IF passband

- demodulates agalnst noise at the other
edge, thus producing audio nolse extending
up to the full IF band.idih,

3) Selective fading van athenuate the carrier

by over 20 dB. (COIR 1974 Ree, 339-3).
When this happens, the envelope and the
squawe~law demodulakor will produce vexry
high levels of distortion since the input
will lock 1like an over-modulated signal.
. The synchronous demedulator willl @ net
suffer from this problem, since the
carrier is produced internally by the
local oselllator.
(Law B.B. 1987).

INTERFERENCE REJECTICN IN MODERN
RECEIVERS LITERATURE SURVEY

PASSBAND TUNING

New receivers include various circults to improve
their interference rejection. Passband tuning (The
American Radio Relay League 1993) allows the umer to
independently reduce the IF bandwidth at the upper and
lower ends in order to reduce ¢o-channel interfarance.
In AM reception the use or thelr ¢ireuit is limited to
one gideband only, since the bandwidth reductlon of
both sldebana. will effect the audle high freguency
response,
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2.7

CONCLUSION

If the signal to noise ratlo is >10d4B which ls the
minimum ratio for veice communicvation (Fletcher, H.
1983), all three detectors will give about the sanme

performanﬁé, but as the signai ta noise ratio becomes

- emaller. The envelope democulator has a threshold at

ghout %?' = § 48, the square#iaw demodulator at about
B " '

i = 4,6 d8, but the synchronous demodulator has no

n
throghold Llimits at all. _
(Tavk, K. and Schilling, D.L. 1971 ).

So far it wag assumed that only white nolae is present
‘at the input to the demodulator (Krytexr, K.D. 1962

pl689-1697). In practice this situation will enly
occuxr at VHF frequencies and above. (Evans, D.§. and
Jesgsop, G.R. 1378). At HF the noise will malnly be,
interference from other stations (Maslin, N.M. 1837 :
p92), sbtatic (CCIR 1974 Report 322~-1) and fading due
k5 poor raflectlon. (Budden, X.G. 1985), At MW and LW
the noise will mainly be statie and man made. (CCIR
1979 Rapoxt 258-3), It is obvious from the above that
the gynchronons demedulater has advantages fa» boyond
the absence of threshold, as was demonstratad in the
white noise case.

In practige it will give the following advantages:

(Blectronice and Wireless Woxld September 1982

pas8) .

o Lawer nolse level, since mnoise in
gquadrature ig rejected, '
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2.5 SQUARE-LAW DEMODULATOR

‘The square-law democdulator behaves differently (see
Appendix B} and its output signal to noise ratio ia:

Sy 5 '2 - P, - 1
AL s XYy
. (2.5-1)
, . A _ i . : '
The term T %N TET glves the threshold effact.
When the .

carrler power B, iz much larger than N,, this term can
ba ignored, but for low signal to noise ratios, it
will have an increasing effect.

(Taub, H. and Schilling, D.L. 1871: p230).

2.6 ENVELOPE DEMODULATOR

The envelope demodulator has similar churactexrissics,
(see Appendix C), and when the signal to nolse ratio
i5 low its output will be:

S, . BT (&)
NQ 1!1

(2.8-1)
{Taub, H. and Schiliing, D.L. 1971: p280).
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Lat th» received signal be:

S;(t) = A1 + m{t)] oog 2% f.t

= A cog IMf.E + Amfl) cos ZRnf,t _ (2,4=-1)
the term m2(£} is the time average of the square of

the modulating waveform

if the modulation is sinuscidal

wiE = L
and
PR /]
N, z+m@ g
(2.4-2)
The term " nsis the figure of merxit for sinuseidal
: I : ;
modulation in AM system defined by y w So/ Ny
. T3 Nh.{z 4-3)

(Taub, H. and Schilling, D.L, 1971 : p281)

as cah;be seen, ln synchronous demodulation the output
gignal to nolse ratio is closely following the input
signal to noise ratio without threshold.

(Threshold : a point at which the output signal to
nolse ratia falls away by 1 dB from the lnput -ignal
to noise ratio}.

(viterbi, A.J, 19868),

{In pragtice the phase~locked~loop that locks on the

carrier has its own thraeshold). _
(Blanchard, A. 1978)
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2.4

8, iz the power in the sideband.
8, 1s the cutput signal power.

N, ig the output noise power.

T the ba.ndwidth .

n. ia the spectral density

where the noize is gaussian, white and of two-slded
power spactral dansity n/2, since the noisla spec:tral'
power density G,(fim n/2 = P/2B

P is the nolse power present at the demedulator input
in the bandwidth B,

8,/N, serves as a figure of merit of the performance
of a communication system.

SIGNAL TO NOISE RATIO

In oxder to increase the output aignal tc noise ratio
one can take the followlng steps: '

1) Increage the slghal power by using
stronger transmitter and higher gain

~ antannas, '

2] Restrict the basecband fraquendy rangs, 200
Hz to 3000 Hz for communicatlion quality
audio. '

3) Make the receiver and the communication

channel gquietar,
(Sakrison, D. 1968}.
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2‘.3'

. After dropping de terms and terms located near o, and

20, by using low-pass filter, the output is:
8,(k) = KAZ[m(E) + % af (E)] (2.2-4)

The term »(t) 1s distortion but this has no
significance sinee

_ % mi(t)<d m(t)] . _
{Taub, H. and Schilling, D.L. 1971 : p84)

AM WITH NOISE

So fax, & very important fact was neglected, that in
any real system, when the signal voltage arrives at
the demodulation, it will be accompanied by a voltage
waveform which varies with time in an entirely
unpredictable mannerx,

This unpredictable voltage waveform is a random
process called noize.
(Davenport, W. and Root, W. 1958},

Let’'s consider the case that synchronous demedulator
detects the AM signal. The carrier ig used ag a
tranamittesa reference to obtain the reference signal
cos W,t. The carrier increages the total ilnput signal
power but makes no contribution to the output signal
power, - '

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

LA
N,  uf,

(2.3-1)
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N

' ' _I_ . AUDIO
?ﬂ' . R "I“ c our.

FIGURE 2.1 : ENVELOPE DETECTOR

AT
W

the diode iz charging the capacitor to the peak value
of the incoming signal, and the resistor is

discharging the cap., Since the RC time constant is

short compared to the audio frequency, but long
compared to the carrier f£recuency, the output will
follow the carrier emvelope.

(Roddy, D. and Coolen, J, 1981 : p286).

The third methed for detection of aM signal, is the
square-law demodulator. Such demodulation is carried
out by passing the AM signal through a non-linear
device. If we agsume that the device has a square-law
relationship between input signal x and output

gsignal .
v = kx* ' k = constant

Because of the non~linearity, the output is different
from positive and negative swings of the carkier away
from the quiescent operating point 0 of the device.
If the input signal is:

2= A, 4+ A, {1+ m(t)] cos v,k (2,2-2)

A, is the amplitude of quiescent operating point

the output is:
y = k{A, + A, [1 + m(t)] cos aktja' (2.2-3)
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2.2

AM DEMODULATION

The' recovery of the baseband sigi:al ig simple. Iet a

signal m(t) be band limited to the frequency range 0

to £, and translated out of its baseband through
multiplication with cos .k, the recovery will take
place by multiplying again with o.t.

m(t} cos 0.t} cog W.t= m(t}) cos® @t
= m(t} (% + % cos 2 t)

Cme
{2.2=1)

{Taub, H and Schilling, D.L. 1971 : pB3-88)

Since f>>fy the double frequency term is removed by
a  low-pass filter, this operation i called

gynchronous or coherent detactien. _
' (Tucker, D.G. 1954 : pld3},

The most common way to demodulate an AM signal is the
envelope demodulator. '

(Macario, R.V.C., Craine, J.F. and Walters, D.S. 1974
pioL-108).
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3.3.3

SIDEBAND SELECTION

The effect of the sideband selection wili benefit
reception on short wave where co-channel interference

. can be an important factor {Dutta, S. and Gott, G.F.

1982). High level audio signal masks lowar 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 amplitude will greatly improve
interferance rejection, unless of gourss both
sidebands gontain intexference, with frequencies closge
encugh to £it into the same bin in both FFI's. The
ability of the detector to handle interference with
high ampiitude should also be analyzed since it is the
function of the dynamic range of the individual
stages. The double balanced modulatoxs have third
t 'der interception pointa of ~15 dBm (+5dBm output
because of RF gain), noime figures of SdB and in

prepezly designed cixeult can operate over 100 dam

dynamic vange (Philips, Lineayr Products, 1988). The
switeh capacltor £ilter (before the A to D coaverters)
has total ¢ message nolse of 6 dBrneQ (INTEL 1920)
which gives ~30 + 6 = -84 dB noise level. Tha 18 bitse
A to D converter has sample and hold nolse of 115
HVeme when operating in 20 V bipolar mode ag a result
the noise f£loor will be : ' '

20

20 v, w2 7,07 vome
_ HIPOLAR 23 , 0

¥ = 20 log ,%3.,}5,.5%47_0_:5 « 95,77 dB
]
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On the other hand if No. 8 is used ( V¥ )}, the noise
level will drep to ~l7 % 2 = -34 4B but the signal
level will stay the same. After the reverse FPD the
combined noise lével will increase to -17 4B with noe
change in signal level (0 dB).

This operation will glve 17 dB improvement in signal
to nolse rxatic. It rheould be mentioned, that the
improvement 1s a function of the input sigmal to nolse
- ratlo, and is independent of slgnal level, since the

conmpresgor located after the D to A converter,
compensates for =my c:hang'a of level, This example,
doas not reprosent veal life situatlon, ir which more
than one signal is present, and the sigunals fall
baetween the hing. : :

As an example, lets dssume that position No. 8 iz uged
R o ¥M ow %) and three adgrials with lovels of 1/2,
1/4, 1/8 are at the input (-6 dB, =12 48, ~18 dB
ragpaaotivaly). After the expansion prodess the levels
will be (1/2)* = 1/4, (L/4)* = L1716, (1/8) = 1/64
(-12 dB, ~24 dB, -36 dB respectively).

When the compoalte signal ls pesasing through the
comprasser only the strengest signal will effect ito
gain cell and the first signal will bagome (1/4)% =
l/2 («6 dB}. A8 can be seen the compressox, under
the above conditions behaves as x2 amplifier. The
second signal will be 1/16 x 2 = 1/8 (-18 db) and the
third signal will he 1/64 x 2 = 1/32 (~30 dB). It
can be seen from the above example that the strongest
slgnal stays at the same level, the socond dropped by
(=18 @B)~({~12 @B) = «6 dB and the weakost pignal
dropped by (~30 dB)~(-18 4B) = -12 4B,
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3.3.2

bandwidth of each point is 31,325 » 1,81 = 56,56 Hz.
Random impulse nNoise will tend to be averaged cut but
speach which has phrases with minimum length of
30-50 ms and continuous interference will pass.

In the presence of white noise che power spectral
denslty of aach polht will be:

10 log (56,56/3200) = ~17,33 98B below average nolge
level. -

Another way to explain this operation Ls to think of
the FFT ag a band of equally spaced filters in which
102 of them are in the wanted bandwidth, their centye

frequency is 31,25 Hz apart and their 6 dB bandwidth

ia 56,56 Hz. It should be noted that the filters axe
overlapping each other bhut for simpliclty this point
wag lgmored,

WHITE NOLSE REDUCTION

The amount of white noise reductlon depends on the
switch setting of the noise threshold detectox and the
characteriastie of thae signal ltsalf. IE we take for
example an axtrems case in whilch we have a continuous
pine wave with a magnitude equal to the neoise level
{0 dB) and a froguency in the middle of the bin,
After the FFT the signal will stay at the same levael,
but the level of each point containing nolse will drop
to about =17 dB. If nolse reduction No. 1 is used (mo
reduction) in the reverse PFT the noise level of the
individual peints will combine and the output will be
identical to the input. '
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3.2.6

3.70.1

FINAL CONVERSIONS

The next stags is polar to cartesian converter, that
converts the phaste and the magnitude into real end
imaginary components

R=M=nos @
I =Mgpind

Reverse FFT ils the last operation performed in DSE,
and the output is fed into 16 bit digital to analoy
gonverter.,

THEORETICAL ANALYSIS OF THE NEW DETECTOR

Due to the complex natura of the new detector, it is
not practical to give a fixed caleculated number to
deseribe its performance, and the effect of each
operation will be analyzed separately. The definition
of noise should also he changed, from random signal
(white noise) to any signal which is not the wanted
signal,

The new detector will have all the advantages of very
high performance synchronous demodulatoxr, which glves
threshold free detection down to at least -10 4B balow
nelsga level {limited by the phase lock loop).

FFE RESOLUTION

The FFT bas 256 points, Sinece the sampling rate iz
8 kHz, each polnt xorresents B000/356 = 31,25 Hz
bandwidth, The total audic handwidth iz 200 Hz <o
3,4 kHz, 3400 - 300 = 3200 Hz, so the number of usable
points is =102 polnts, Blackman-Harris window
operator has 6 dB bandwidth of 1,81 thus the 6 dB
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3,2.5

EXPANDOR

The next stage is the amplitude expandor'stage. short
pulges of noisge tend to he averaged out in the FPT,
while long signals which are continuausly comparing to
time constant of the FFP (256 : 8000 Hz = 32 ms) will
rataln thelr original value. Sinze the ampli-ude of
the signal and the nolse vary continuoﬁsly due to
change in propagation condltion, lnterference f£rom
other statlons and AGC operation, it is imposaible to
use a fixed value expansion. ' '

The solution was to use look up table with exponential
curve, Bxbernal switch with eight positions allows
the user to select the amount of noise reduction
neadad accoxding to signal conditlon., Position 1 is
intended for good condlition and all signals are
allowed .o pass without any change. The B8 awitch
posiltions give:

BOSITION

1 N = 1,000000000
2 N = 1.104089810
3 N = 1.21901.3696
4 N = 1,345900179
5 N = L.485994269
& N = 1.640670685
7 N = 1.811447293
8 N = 2.000000000

The output is {x)%, whexts x = input magnitude, The
higher positions are intended to be used in extreme
condlitions only, since thay will degrade audio
quality.  (More information about the amplitude
axpandoxr iz given in Chapter 3.3). '
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Tt should be noted, that in oxder to meet the design
goal of propex operation when the Ilnterfering signals
are stronger than the wanted signal by +10 4B, the
wanted signal must be set at 14 bit level in order to
provide 2 bit headreem (12 dB}, thus putting mrrs
demands on the dynamic range of the FFT.

The »eal and imaginary outputs of the FFi'g are
crosaed and then added and subtracted from each other
in order to produce the upper and lower sidebands,
{In oxder to produve one side band, the real component
of the 0 signal is added to the imaginary compenent
of the 90° gignal and the imaginarxy component of the
Q° signal is added to the real compenent of the $0°
signal. The sacond side band ls produced in a similar
operation but instead of adding the silgnals the 50°
components dre subtracted from tha 0' components).
Tha signals are then converted to polar form by
pythagoras processor. .

'
Lo

= raal
= Imaginary
magnd tuda
rhase

e T

R
I
M
"]

n

9.“ arec 1.‘.“1..-%

The two sldebands magnitude are then compared in a
magmitude comparator, and the mideband with the lowest
magnltude, iz selected to pass on,
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A common rule of thumb, defines the resolution of au
FET system as half the full width of the mainlobe,
The width of the mainlobe for the EBlackman~Harrols
window is six bina (points). Tha performance obtained
from thiz window ara:

Highest side lobe -67 4B

Midmpoint loass 1,13 ag
‘Overall loss - 3,45 dB _ -
6 4B Bandwidth 1,81 {(Harris, F.J., 1978)

Data precision of the FFY is a very lupertant factor,
since the new detector must ke able to handle
interference 10 dB above the signal. During each pass
of a radix-4 FPT, 1t is possible for a particular
rasult to grow by a factor of up to four in the first
pass, and 5,242 in subsequent passes. This ls between
two and three bits in emch pass, and the data path
must allow for this word growth to aveld any
possibility of overflow. If at the end of each data
pass tha word is reduced to 16 bits, by discarding the
least slgnificant bits to prevent overflow, the result
i less of arithmetic precision and posr dynamic
range., This situation will become worse when the
incoming data does not fully oceupy all the hito in
the word, fThe problem is overcome by using block
floating polnt, which compensates for any unnacessary
word growth. '

During each pass the number of sign bits in the
largest regult 1z recorded. Bafore the next paas,
data is shifited left (multiplied by 2}, once for avery
oxtra sign bit in thls recorded sample. At least one
component in the blouk then fully occuples the 16 bit
word, and maximum data accuxacy ig preserved. Nore
detall about the FFT operation is in

{Plessey Semiconductors 19%0c).
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3,2.3

3.2.4

A TO D CONVERSION

The anélog to digital converter operates at 8 kHz
which is sufficiently £ast, (more than twice the

‘signal frequency to avoid aliasing), since the input

ie limited to 3,4 kHz, they produce 16 bit output and
have external gain and offget adjustmenta.
{Analeg Devices 1989/90) .

PET _ _

The two signals, the inw«phase and the quadrature are
then fed to radix-4 256 poinks (Ref 37) FiIP process,
Since ths sampling rate ls 8 kHz zach polnt reprasents
8000/256 = 31,25 Hz bandwidth (plus the window). The
‘total audio bandwldih is 200 Hz to 3,4 kHz, 3400 « 200
= 3200 Ha, 80 the number of usaable frequency points'
im

3200 . - '
-w-—-u—o- X 256 = 107 4 » 102 points

‘Blackmen-Harris (3 tamm) operatox window was chosen in

ordex to increase the performance of the FET.
It takes the form:

A-B com X + C cow 2x

27N
whore x =2
N

A = 0,423323, B = 0,49758, ¢ = 0,07922
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3.2.2

frequency stability (slow change 1in frequency,
normally caused by temperature varlation and poor
deaign) on'transmisaion, and spurious phase (unwanted
AM to PM conversion, usually due to non-linearities in
IF stages and espacially the limiter stage before the
phase detector) modulation by the wanted audic., The
loop should not attempt to follow the rapid polarity

inversion of a carrier, which has experienced a

selective fading and has £lywheeling - action (the
ability of the PLL to stay locked during short
intervals in which the signal either disappears or was
covered with noise), during lightning storms., In
ordexr to meet all the above vontradicting
requirements, external controls wera provided in order
to adapt to varying signal conditions. fThe PLL has
four positions for loop bandwidth: 250 Hz, 80 Hz,
40 Hz, and 20 Hz. The AGC nas three positions for

loop bandwidth: 80 Hz, 40 Hz and 20 Hz.

(Best, Dz, R.E. 1978).
MULTIPLIERS

The twe multipliers that produce the in-phase and
guadrature components, were constructed from high
fraquency doubla~khalanced mixers, {(Philips, 1988} and
exhibit exoelletit phayas characteristics and gain
matehing, '

The phase and the amplitude, are extremely lmportant
factors, when using the phasing method for separation
of sideband and in order to meat the dasign goal of -
minimum ~35 dB sldeband separation the phase error
must be less than 2° (The American Radio Relay Laague
1992) and the voltage error must be less than 2%.
{Radio Soclety of Great Britain 1582},
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3.2

3.2.1

DETATL DESIGN CONSIDERATION

PLL .
The design consldersation for the phase loak loop where

- it maintaing lock down to at least -10 dB signal to

noise ratio {(white noise). Thisg value wis chosen as
it can be easily achleved with simple design
technicues, and sufficiently helow noipe level, that
even with maximum noise reductlon the recovered audio
will not be useable., In addition it must nct suffer
phase modulation in the presence of the following:

- _ - Fading of signalg and Sidebands._

- Selactive fading of carrier and sidebands.

- Interfering signals moxe than 100 Hz from
the wanted carrier with levels of +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 selection of sideband, any change in phase
wlll cause a change in gignal amplitude, which will
raduce sideband separation, and increase noise. The
raequirement For handling +10 dB interfering signals
was done in érder to utilise the +12 dB headroom
{theadroom - the ability of the system to handle
impulse signaly above its normal operation point
without saturabtion) built into the system.

The loop mist be able to follow spurlous hum (Induced
50 Hz and 100 Hz from the mains power supply that
causes unwanted interference to the local osaillators,
it can appear as AM, FM, or bhoth), synthesizer noise
(FM nolse, generated by the voltage controlled
oselllator 'hunting® the reference oscillator), poor
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3i191

 GENERAL DESCRIPTION OF THE NEW DETECTOR

The block diagram of the new detector is shown in
Figure 3.1. The IF output of 9,01l MHz is converted to
485 kHz. The phase-locked~loop and the two.
multipliers, perform” gynchronous demodulation fox
in-phase and guadrature conmponents.

The two analog glgnals are converted into 18 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 gignales enter to 256 points FFT (Brigham, E.Q,

1976), which act as a filters bank, with time constant
equal to the inverse of the bandwidth of each point,
The real and the imaginaxy components, computed by the
FBT, are added and subtracted from sach other in ordar
to generate the upper and lower sidebands (Zavrel,
R,J, Jr. 1985}, and then comverted to phase and
magnitude in the pythagoras processor. The sideband
selector, selacts the sideband with the lowest
magnitude (point 2 of the design goal) selection, of
the guietest signal ensures that interference on one
gide band are eliminated, as long . they are not
pregent at the same freguency on both =ide bhands,

A non linaar loock up table changes the magnitude
{point 1 of the design goal), and the polar to
cartesian converter {Plessey Semiconductors, 1990b),
oonverts the signal to real and imaginary and after

‘the inverse FPT process, the digital to analeg

converter (DAC) produces an analog audio signal.
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APPENDIX A:
Pilgure 32: Same as in Figure 31 after DSP oparation.

APPENDIX A: - -
Figure 37: Same as in Figure 31 after sideband selection,

Note 40 4B reduction in the 800 Hz interference and about 37 dB
- reductlon in the 2,5 kHz interferenda.

APPENDLX A: .
Figure 34: Same as in Figure 33 with the addition of noilse
reduction level set to 8.

Neote that both interfering signals are well suppressed into the
background noise level,

The next test wag done in oxder to show the reduction of
interference in addition to whita nolse.

APPENDIX A:
Figure 35: The incoming signal congslsts ofy
- Carrier with po modulation, 250 kHz, lmV peak.

- Interference 252,5 kHz, 250 UV peak,
- Interference 249,2 kHz, 250 pv peak.
- White nzise 10 mV peak.

The plot wais taken after the synohronous deateactor.

APPENDILY A:
Flgure 36: The signal as in Flgure 35 aftar sideband selection.

Note 15 dB weduction in interfering signals and sbout 3 dB
raduction in white nolgse level. The nolsze reduction mode wag not
uead hecanse of the absenece of modulation., Witheout a signal
which 1lg stronger than the nolse, the compressor will simply
anmplify the expended noise to its original valua, and no noise
reductlon will take place.
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. APPENDIX 3:
Figure 27: Eignal consisted of carrier at 250 kHz 1 mv peak

modulated with L kHz, 100% modulation. Interference
at 252,5 kHz, 250UV peak {(which will give uppex
sideband interference of 2,5 kHz). The signal is
recorded at the output of the synchronous detachox,

The harmonic distertion seen in the plot were produced by the
signal generator, and not ky the circuit,

APPENDIX A:
Flogure 28: Same as in Figure 27 after paasing tha DPS,

APPENDIX A |
Figure 29: Same as in Figure 27 after sideband selection.

Nota 34 4B deduction in the 2,5 kHz interferenca,

'Figure 30: Same ag in Pigure 29 with t:he addition of noise
reduntion level at 8§, :

' Noto the interfering signal wo reduced to nolse level. Re-doing
the lagk two teats after the compressor cirouit wasz medifiled,
rapmlted in about 5 dB redustlon Iin 3xd harmonic dlgtortion,
Further testing was done with two high quality Marconi silgnal
generatory, {ome for the signal and one for the interference),
inastead of the H.P, multlfunction generator with 12 bit accuracy.
The result wag that the 3rd harmonlc was only aboua B dB ahove
noise level.

APPENDIX A:

Flgure 31: Same signal as in Flgure 27 with the additional
Interference at 249,23 kiz with & lovel of 250 pv peak
(=800 Hz from the carrier) output of the syachronocus
detecator.
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APPENDIX A:

Figure 21: Same signal as in Figure 16, but with 50% modulation,
nolse at L0nV peak and carriaer at lmv stayed the sane,
Output 4is taken £rxom the analogue synchronous
detector, ' '

. Note that the harmonic distortion produced by the signal
generator, ls reduced and covered by noise.

APPENDIX A: | . .
Figure 22: Same mignal as in Figure 21, taken after DISP pass with

ne alteration.

APPENDIX A: -
Plgure 23: Zame input as in Figure 21 after sldehand selection.

~ APEENDIX A: - - |
Pligure 24: Same Input as in Figure 21 after sideband selection

and nolse reduction_at level 4.

APPENDIX A: _
Figure 25: Same asg in Figure 21 with nolse reduction at level 6,

APPENDIX A _ _
Pigure 26; Same as in Figure 21 with noise reduction at level 8.

Note a Leduetion'of about 16 @B in nolse leval,

. The next st of basts ware done with continuous interferenca.
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APFENDIX A:
Figure 15: The signal as in Figure 1l with noisge reduction sat to

level 8.

Note improvement of about 13 dB in white noise leval, compazing
to synchronlzed destector.

APPENDIX A
Figure 16: Signal as in Figure 6 with noise level increased to
' 10mV peak, measured after the synchronous detedtor.

The 2nd and 3xd harmonics are generated by the signal generator,

APPENDIX At _ :
Figure 17; The signal as in Flgurs 16 after DSP bperatipn.

APPENDIX A: _ .
Figure 18: Tha signal as in Pigure 16 after automatie sideband
gelection. '

APPENDIX As | |
Figure 19: The samg as PFigure 16 with thae additlon of noise
reduction set to level 4.

APFENDIX A: | | |
Figure 20: The signal ds in Flgure 16 with noise reduction amt to
levael 8.

Note about 14 dB lnprovement in signal to helse ratio ovay
gynchronous demodulation.

Higher lavel of nolse could not be tested, as it caused
gaturatlon of the A te D converters, Reduction of gi-~mal leval
would also not halp since the synchronous AGC will increase gain,
and the ratio ketween signal and noige will stay the same. Tha
golution to this problem, was to leave the carrier at the sane
lavel, and to reduce the modulalion. '
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APPENDIX A:
Pigure 7 : Signal as in Figure 6 after DSP but without noise

reduction.

APPENDIX A:

Pigure B : Same as in Figure 6 with sideband sglection.

Note about 5 dB improvement in signal to noise ratio.

APPENDIX A

Figure 9 : Same as in Figure 6 with noise reduction switch at
 position 4.

APPENDIX Ay

- Figure 10: Same as in Flgure 6 with noise reduction switch at

-~ position 8,

ARPENDIY, A:

Flgure 11: Same signal as in Flgurs 6 but wiuh nolme level
increaged o 4 nv  peak, measured after the
synchronlzed detactox,

fhe 2nd and 3rd harmonlcs are generated by the signal generator,

and noi by the ecireuit and the plot, glves accurate
representation of the wignal at the antenna terminal., '

APPENDIX A: _ S
Figure 12: The signal as in rlgure 11 after DSP operation.

APPENDIX A: |
Flgure 13: The signal ag in Figure 11 after sideband selsction.

APPENDIX A:

Plgure 14: The signal as in Figura 11 with the addition of noise
- reductlen which lg set to level 4,
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APDENDIX A: |
Figure 1 ¢ The 1 kHz signal after the analogue synchronized

detactor.

APPENDIX A:
Figure 2 : The 1 kHz signal after passing the DSPF section with

Blackman-Harris operator and without any noise
reduction operation. _ '
{A to D~ FFP —~ FFI™ = D o A}

APPENDIX A: S
Figure 3 : The 1 kHz signal after automatic sideband selection.

Note the xeduction in noige and 2nd and 3zd harmonicy level,

APPENDIX A _
Figura 4 :+ The 1 kHz signal with noise reduction switch at

posgitinn 4,

APPENDIX A: _
Figure § : The 1 kHz aignal with noigse reduction sgwiteh ak

pagition 8,

Invagtigation into the large increase in 3rd orxder harmeonic
distortion, digcovers that it was generated in the compressor
gtage (Ref 47}, and not in any of the DSP operations., After
vomplating all the tests descrilbed in this chapter, the cironit
wad modlfied in order to cory:at a mall DC level shift that
cauged the problem. After trammiug the clreuit the 3rd harmonic
dropped by 11 4B.

APPENDIX A .
Figure 6 : Signal as in Figure 1, with the addition of 1 mV paak
white noise,

Note the effoct of the low pasg filter cutting at 3,4 kHz.
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4.2

RF SIMULATION TESTS

The following tests were conducted: g

1 _ Clean s!jnal, in oxder to check proper
operation.
3 8ignal with varioua levals of white noise

in erder to show nalse reduction.

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

i) Combination of white noise and continuous

inharﬁerence. This test shows the
effectiveness of he complate system.

. B) Frequency modulated interference, in ordexr

to determine the effect of M statlion
transmitting inside the pagshand of the AM
gtation.

The detestor was comnected to an ICOM R70 recsiver,
which wag tuned to a fregquency of 250 kHz, ‘The
antenna input of the receiver was fed from an HP
multifunction signal generator, and the audivc output
of the detector, was monltored by an BP spectrum
analyzer, with 10 Hz resolution.

The algnal genetator was sabt to generate an A.M.
gignal with carrier of 250 kHz at 1mV peak, with 100%
modulation of 1 kHz,

The following results were recorded:
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Iﬁ order to solve the above problems, a change was
made in order to allow full overlapping of the FFT,
l.e. complate FFT after every incoming sample. The
result wag that audio distortion was compietely
eliminated and some  improvement in white noilse level
could be heard.  The improvement in continuous
interference was unchanged.

The last section to be tested in the initial testing
wag the expandorécomprassor. It did create some
changes in audio characheristics, Ffor the following
reasons: '

1) The Blackman-Harzie window operator has a
' large number of zida-lobes, As a result
of the expansion process, during single
tone testing, the mailn frequency bin was
left unaffected but the secondary
side-lobes, which has much lower amplitude

were atternuated, '

2} Dur‘ng muliitone tests, the largest signal
stays at the same magritude, due to the
compressor cireult, but weaker sipgnals are
attenuated. This of course is a deairable
effect, which proves “he proper operation
of the cilrcult, but nevertheless creates
an auwdible changa, :
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4.1

RESULTS |
This chapter will glve the results of the tests

conducted on the new detector, It starte with inltial

tests of the sub-section of the eircuit, and then
describes the system tests with ICOM R70 receiver.

PRELIMINARY

The sircuit was designed and ¢e . ityucted in order to
prove the theory. The first tes.s were conducted with
the eireuit functloning as a synchronlzed detector
only, with the digital circults bypassed., White noise
test shows that PLL1 operated properly down to about
+10 dB signal to noise ratio. It maintained lock down
to about +2 dB but with increased phase noise. PLLZ
operated down to ~10 dB, which ls the design limit,
with exce.lent phase nolse. The AGC maintained
constant output to within 1dB with input changes of
over 60 dB, After proving the successful operation of
the analogue segtion, tha digital section was
activated,

Initial testing was dode with FFT, with no
overlapping, and Blackman~Harris operation, Speech
passing through the system suffered from distortion
and white noise testing indicated approximately 3 4B

degradacion in nolse level. oy the other hand,

continuous interference was successfully ¢eliminated.
Investigation into the increase in nolse level found
that the white noise hends bto be averaged out during
the FFT operation, and the 32 ms window was
sufficlently long that the nolse in both upper and
lower sidebands had approximately the same level, Aas
&4 result the sideband ewitching circultry did not
function and the circuit operated as one sldeband
detector which led to 3 dB degradation in signal to
noize ratio.
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In addition the wrong signal will always be in a level
less than the signal. When the interference is in
opposite phase and in 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 interferente level can vary.
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3.3.4

will be presented at the input to the FFT; and the
gquality of the wanted signal be degraded to some
axtent.

In practice, the operation of the detector, will be
limited by the ability of the phass lock locp to lock
on the wanted carrier. The deslagn goal was handling ~
10 dB of white noise and, ~-10 dB continuous
interfersnce, 100 Hz or more, away from the wanted
carrier, Improving the PLL any further, will not Have
any benefit, since the output signal to noise ratio
from the detector, will be too low to be usable.

PROELEM DUE T0 SIDEBAND SELEC'I‘IO_N

The sideband selection system will give rise to
another problem. If at a particular bin of the FFT,
the interference is in the same phase as the signal,
the sideband with the interference will be stronger
and the other gideband will be selected. On the other
hand if the interference is in the opposite phase, it
will reduce the amplitude and the wrong sideband will
be selected. Whan the interference is equal in
magnitude to the signal, but opposite in phase, the
output will be zeroc, It is obvious that when the
choice is to have high level interference or “hole" in
the spectrum, the hole will be much less noticeable,

The real problem happens, when the interference is
egual to twice the level of the givnzl, and opposite
in phase. The output will start increasing, but in
opposite phase. It is dlfficult to prediot to what
extent thls ocut of phase signal will interfere with
audio quality, but is a kmown phenomena. chat the
hunan hearing is nol smsiclve to phase distoztion
{Cralglow, R.T.. 1963}, '

rage 30



The FFT algorithm hag 16 bit input with block floating
point and conditional scaling. with this

configuration, the maximum tone with respect to noise, -
is 74 dB, slot noise test is 61 dB and 2 tone with

frequency spread is 63 dB. (Fiesgay Semiconductors
1990) . Other DSP opera.lons, contribute very little

to loss in dynamic'range, comparing te the FET, and

can be ignored.

(Slot noise test : a measurement in which white noise
18 passed through a narrow band notch filter, several
frequency bins wide, and the FFT computed. There is
no noise in the Filtered slot at the input to the FFT,
but there is noige in the frequency bins corresponding
to the width of the notch, Dynamic range ig measured
as the difference in 4B of the average signal power
and the average noilse power).

{2 tone with fregquengy spread : a rexzsurement in which
two sinusolds of different amplitudes, with the largex
one residing mid-way between two frequency binsg, and
the smaller E.5 bins away. The dB figure ig the
difference in amplitude betwean the two signals when
the amallaer one is stlll just detectable as a raparsts
peak f£rom the larger cne), '

It la clemr from the above results that the maximum
theoratical dynamic range is slightly over 69 dB or 10
bits (ignoring PLL operation). Setting the wanted
signal to a level of -10 dB, reduces this figure to
some extent, ~Due to changes in signal strength and
AGC operation, this level can vary and should be
regardad asg average only. If ro intorference is
present, the 14 bit input will only have a marginal
effect on the performance of the FFT, since the block
floating point will compensate for the unused bits,
but if strong interfersnce is present, full 16 bits
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H.P. 89038 Audisc hnalyzer was used in order to meagpure SINAD

(slgnal, noise and distrotion).

This type of measurement was

preferred over signal to nolse ratic, since it also measured the
distortion generated hy the last two operations.
The results of the tesgts are tabulated in the following tabla:

T e

BLDEEARS

SHiAD YcoM RY0 UIDEAND
{a8). (V) DEMODUTATION |  URLECTION | SELECXTON AND
S| sigueh tevel | signsk bevel | Rupucriom av
ROSTITON 6
smnngmwu
3 1,0
29,5 0,9
28 0,8
27 0,7
25,5 0,6
4 9.5
92,5 04
.19 ) 0'3.
15 1,08 0,96 8,92 |
14 0,88 0,0 0,77
13 0,74 0,7 0,68 8.2
12 0, 64 0,62 0,59
12, 0,55 v 84 0,81
10 0,49 0, 48 0,44 0,17
2 0,43 0,44 0,39
8 0,38 0,38 0,35 0, 1%
7 0,33 0,32 4,30 '
L 0,30 0,39 0,23
iE 0,27 0,24 0,48
4 0,44 0,20 0,20
3 0,4 0,18 0,17
2 0,15 | | j
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and magnitude {Flgure 25}.

ap.gMagnitude of FET %1043
15.0

10.0
5.9%

[]'_[] | A 4
50 100 150 2
v. Sample Number x10

FIGURE 25

Note that the two FFI's are different from each other, and as a
result good gldeband separation cannot take place, :

The above example was simplified in order to demonstrata the
problem. In a real system the ratioc between the carrier and the
audio frequencies will be much higher, and the interfering pulse
will have an atback and decay time afbter passing the IF £ilter,

4.4 RECEIVER SENSITIVITY TEST

The receiver was connected to a Wareonl RF signal
genaxator, generating signal at 2,1 MHz modulated with
1 kHz at 80% medulation. The audic was monitored at
four pointa:

- detectad by the ICOM R70.

- datected by the synchroneus demodulator
S after sideband selectlon

- after sldeband gselection and noise

roduction at mosltion 8.
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and after filtering (Figure 22}).

400 Waveform x1U“ k|

et D | /\
Vo

-200 ¢
~400 =

VRS 1T E— -3y I
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*na|
1 )
Do

FIGURE 22
Ite PFT ‘glves real {Flgure 23),
4p. g Heal part of PET x10°-3
20.0 '
6.0
'20'_0'-‘
~40.0

il 200 300 40050 503

0 70
vency {Hz)

FIGURE 23
imaginary (Flgure 24).

100 LMmaatnary Pgrt of FET %1073

S e ¥ T T T A 508 LN

i}
quency (H2) Xx10%- 3

FIGURE 24
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real (Figure 19};_

c0p Real 'ggrt of EET x107:3

-100

o 'm--

60 750 4130"“"“500““5“00 700 600 900
Frequency (Hz) x?ﬂ“ 3

o FIGURE 19
and imaginary {(Figure 30). :

4g . p Lmsglnary Part of FET x40%-3

20.0

0.0

-20.0

LR s e i T T4 R [ (L)
Freguency

FIGURE 20

- The game RF signal after multiplying by 90° (Figure 2%,)

1.00 Wavefarm x1n“ {

8.00 il

«1.0¢

FIGURE 21
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multiplied by 0° (Figure 16},

.00 Wa'.'efotn,]_ lmﬁ_ 0

| 1'03 | W
. 100 13 350
" B Samp e Nué%er 16" &
| - " FIGURE 16
after filtering (flgure 17), '
490 Waveform x10%-3 _
200 | /ﬁ\
U "
<2004 '\u/
-400 55 B T30 z 75
Sample Number “

PIGURE 17

and ity FPT magnitude (Figuxe 18),

20.10
15.0
10.0
5.0
0.0

Maanitude of FET x10°-3

T H )
Sample Number

PIGURE 18

Paga A8




Note that the FFD’s of the t~- ~ignals are exactly 90° from each
other and having the same magnitude, The result is that the
phasing method will give perfect sideband cancellation, and the
interference will be eliminated.

If the signal is random or doss not oceupy the full length of the
 FFT window, the situation iz different.

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

1.00 Waveform_x1U*'U

N R 1]
T

i 5 100 150 200 250
: Sampl Number x1Q0~ -

-1,00

FIGURE 14
added & carrier, Figure 1§,

o g Waveform x107 D

T /\MAMM\I\M\MMM_
SR

~2.00 3 A Vi [V I T 500 55
Sample Number X104

D

FIGURE 15
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Its FFT real iz Pigure 11,

o, opReal part of FFT x107-8

1.00%

.00}

500200 300 400500800 750 800 500"
' Frequency (Hz) x407-3

| . FIGURE 13
imaginary Figure 12 ' |

200 hﬂQQihar9 Part of FFET x10%-3

mn'-a
0 —
- 100}k . | | V
‘””Wﬁﬁmu—rﬁmm-@w
_ Frequenecy (Hz) x10"-3
FIGURE 12

and magnitude Figurs 13,

150 Magnitude of FFT x40%-3

100

50

0 = B R YTy 1V RT3/ R
Sample Number x10
FIQURE 13
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and imaginary components Figure 8,

Imaginary Part of FFT x102-43
$.00¢

0.00 A
Eases v B

~3,00

B 900 200 300 400_35 u sun ?E

11
.Q
C:
ﬂ
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FIGURE 8
- After multiplying the RF signal with the carrier witn a0°, we get

Al
W

1'DUWaveform x10%. 0

- T
e

L

—
—
[——r—

0.00 1 ‘VVM
1. poleer '
. 100 150 200 220
Sampie Number x10* 0
| FIGURE 9
and atter filtering Figure 10.
app Waveform x10%-3
CITANNANANNNN
0
\/\/\/\/\/\/\/
=400
50 100 T80 200
Sample Number x1D“ U
FIGURE 10 '
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and after filtering and removing the DC, Figure §

4UDWaveform x104~3

200
G0
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-400

énd its magnitude FFT, Pigure §

\/\/\/\/\/\/\/\/.
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real components, Figure 7
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FIGQURE 7
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and continuous interference (Figure 2Z).

1.00 Waveform x1ﬂf g

ool AAARARAALARD AN

i
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FIGURE 2

the qombined signal iz as shown in Figure 3.
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200
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FIGURE 3

1

- oo '.iA | f\h | A I AIA ; M o/ m
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550
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after multiplying with the carrier with 09 we get Flgure 4

5. no Waveform x10% 0

1.00 H Mv
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0.00 M LYy LELEYY

0 30 100

FIGURE 4
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4.3 ANALYSIS

' The tests shows that the new detector ls very efficient in

reducing continuous interference. Wideband noise at one gideband

‘was alse substantially reduced, 'The effect of the sideband

selection on white noise, distributed egually on-bdth aidebanda;

. was not large, and the nolse reduction mode was used with good
results, '

The large reduotion of continuous interference (35 dB) coupared
to the amall reduction in discontinuous interference, white
foise, (= 5 dB) led to further investigation. It was found that
the phasing method, used for sideband separation, was not a good
cholce, '

Lets assume a signal with a carrier (Figure 1);

E;UUWaveform x1G* O

o oo LLAMMAMAAAMA ARRADAAARAAARAAAND
oot VVVVVRVIVEVVRVIVVR VRV IV

-2. 00— 5000 750 50T 550
- Sample Number 10" D

FIGURE 1
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The next test was aimed to measure the etfect of an FM
intarfering gignal, effecting ona sideband only.

APPENDIX At

Flgure 37: Signal consisted of:
- Cazrier of 250 kHz, 1 mv peak, no modulation.
- Interference of FM modulated ~ignal of 282 kHz, 1 mV

peak, modulated by white noise, % 2 kHz deviation.
The plot was taken after the synchronous detector.

APPENDIX A: .
Floure 38: The signal as in Flgure 37 after sideband selection.

Note reduction of 33 dB in the 2 kHz interference from the
carrier and large reduction in noise fxom FM sidebands,

APPENDIX A:

Figure 39: The signal of Figure 37 with devzation of + 25 kHz in
order to effect both sidebands. The plot was taken at
the antenna terminal wlth 8 kH%Z span.

APPENDIX A: |
‘Flgure 40: The signal ag in Figure 32 after synchronous detector.

APPENDIX A . :
Figure 41: The signal as in Figure 39 after . ideband selection.

Note about 25 dB improvement around 2 kiz sloping down to about
10 dB ut the edgas of the passband.
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5.3

5.4

CONCLUSTON

’I'hé new AM detector offers performance far superior teo
the conventional detector. Its high cost will
obviously limit its uge to high-end recelvers but as
prices of DSP components are falling rapidly, the
detector can f£ind wide use in moderste price range
receivers, | )

RECOMMENDATIONS FOR_IMPROVEMENT

The concept of sideband selection proved to be a good

one and gan be used with other modulation technigues
wlth two ildentical sidebands (s.g. FM, PN).

The circuit itself, can be ilmproved by using DSP all
the way from the IF instead of the analoy ciwxcult, but
this will push up the price since the IF will hava to
ba zampled at & very high speed. '

Testing done on the ICOM R70 recelver indicates poor
amplitude and phage linearities. Better performance
can be aexpacted from the present detector 1f a hetter
receiver is evallable,

Many other lmpertant factors, for example finding the
optimum FPT window, frame size and over-lapping, were
net investigated due to lack of time, and further
regsearch should concentrate on those points.
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."I‘ha “improvement is summarized in the following two

tables:

. NOTEE i wv 4 mv 20 awv 20 wv
|| prrECT S0 0 o | o
" STDEEAND = =5 dB a -5 dB s -5 dB ~ -5 dB
SELECTION ) - o '

LEVEL 4 e -30 dB ~ -10 dB = -8 dB ~ =9 dB
- REDUCTTON _ ' _
1 LEVEL 8 = ~10 4B = =13 dB s -14 4B | o -16 dB
i REDUCTION ' o -

TABLE 1 : OPERATION UNDER WHITE NOISE (S/N IMPROVEMENT)

-E‘s};a of Interfarence Direct aideband | Level 4 “tavel 8
. ' ' Selaction :

Carrier at 1 mV Med
1 kHz at 100% '
2,5 kHe from carrier ~8 dB -34 dB - | m =70 4B
interfierence 280 WV _

AE ahuve; .
interference 2,5 kHz «8 48 | = ~38,5 &B - > =10 dB
and 800 Hz at 250 uv '

FM signal with ' .
t 2 kHe at 1 nv - B -40 AR - : -
earzier at 1 wv. _

 FM aleonal with .
& 25 kHz at 1 mv e « <35 dB - -
carrier at 1 wv . :

TABLE 2 : OPERATION WITH OTHER INTERFERING SIGNALS
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5.1

5.2

CONCLUSIONS

- SUMMARY OF WORK

.

This work demonstrated the ability to detect amplitude
modulated signals with better performance than with
conventional aystems. The existing demedulation
aystems'were discussed and analysed in detail in order
to explain their limitations. The pew detector was
then presented Ffollowed by an explanation of - the

differences to the oird methods.

The implementation of the new method was described in

the design seckion, and the testing done on the
circuit concluded the work. '

A large part of the circuit was done inlanalogue, in
order to allow easy debugging and construction at the
expense of measurement accuracy, and high sensitivity
to internal noise lavel. Many other designs and
construction short cuts had to be ktaken due to the
time restriction imposed on this project. '

SUMMARY OF RESULTS
The new datector performed better than the existiﬁg'

detectoxs. In sideband selection mode it gave >35 @B
reduction in continmuous interference and sbout 5 dB

- reduction in white noise, The audio expender provides

an additional noise reduction but at the expense of a
¢hange in audio characteristics.
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higher the setting, the higher the noise. Experience
shows, that the sekting of thiz mode sghould be
adjusted for the individual condition, in order to
obtain the best audible result. It should be noted,
that regardless of the setting, the improvement
ohtalined in signal to noise ratio, ils larger than the
new noise and distortion, created by the circuit.

Phase lock loop 1 wag useful with signals up to
moderate interfsrence and allowed easy tuning of the
receiver, Strong interference caused it to generate
high phase noise, which caused a raduction in side
- band aéparation. Tn addition it sometimes lost lock,
or even woérse, locked on the interfering sighaia.
Phase lock loop 2 on the other hand, was a bit
Aifficvlt to use as it réquirad tuning the regeiver to
within 10 Bz of the wanted carvier., Its performance
was exceptional. It always locked, and stayed locked,
during all the tests, and when operating with white
noize with negative signal to noise ratio, it was
found that its phase noise was superior to the phase
noise generated hy the synthesizer of the TCOM
receiver. :
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4.5

LISTENING TEST

' The receiver was connected to long wire antennae, and
Ctuned to stations in the medium and short wave bands.

Strong stations sounded the same as the output from
the receiver, but weak and fading statione sounded

'compietely different., fThe AGC circuitry which locks

on the carwier level, rather than the wide band lavel
detection, found in ordinary receivers, was found to

‘glve a very pleasant effect when tuning te fading

stations which vary in amplitude by more than 20 dB.
The output level was constant, and only the changes in
signal to noise ratio indicated that fading was
ooourring. :

Stationg with co-channel  interference, gave
spectaculay  improvement, particularly where the
cartier of the interfering station was in the pass
barid. In one instance a very strong CW station was
interfering about 7G0 Hz away from the carrier and
raéeption from the ICOM receiver was conpletely
unintelligible,  After activating the side band
selection mode, the CW station could not b heaxd, and
the wanted station sounded as clear as a local
gtatlion. Thils case also proves the corrvect operation
of the AGC cirouit by adjusting the level according to
the wanted carrier level and not the interfering CW
level.

As it was expected from the measurement, very weak
signals had only small improvements from side band
salection, and the noise reduction circuit had to be
usaed. The amount £ reductlon in nolse was directly
related to the switch setting, the higher the setting
the greater the improvement, The operation of this
circuit had considerable effect of creating background
noilse that szounded like £regquency modulation, the
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Pest 44 : Local AM statlon at 576 kHz, with added interference
of four fregquencles: -

53,4 kHz (lower sildeband interfarence of 2,6 kHz)
575,23 kHz (lower sideband interference o¢f 0,7 kHz)
576,5 kMz (upper sldebaud interference of 0,5 kHz)
§77,5 kHz (upper sideband interference of 1,5 kHz)
The switch that activates the sideband selaection was awitched on

and off o fow times in order to demonatrate the effectivenass of
tha alreuit,
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APPENDIX F : RECORDING

In oxder to demonstrate the new detector, a recording was made
and an audie cassette is attached to this repoxt.

fhe test was conducted at the Engineering Laboratory of Alcatal
Altech Talecoms. The bullding is made of metal structure with
metal roof which acts asg s Faraday cage, In addition, due to the
large number of p.c.’s and other electronic equipment operating
continuously, the backaround noise leve) at rddic fredquencies is
nigh. The recording was done with the microphone placed in front
of the speaker. Since the recording level was adjusted te 0 4B,
individually for each test, the listener should only refer to the
signal to noise ratic and not to the absolute level.

Test 1 to test Al correspends bto the tests described in -

Section 4,2,
For recaptlon of radlo statioh an active antenqda way used,
The recelver was tuned to 15,615 MHz (Israell

broadcasting) and recorded dixectly from the ICOM R70-
recelver, '

Tast 42

Test 43 : The same statlon as in test 42 as gound from the new
datector. Note that at one point the signal te noise
ratio was so low that the detector cut the output
ingtead of producing noiss as in a normal detectorn.

App. F Pg.l



The above operations ars taking place in IC311 and IC41i. IC412
converts the signal into a polar form and the magnitude is
passing to TO415 shich ig a magnltude comparator and to IC413 the
look up table for the noise reductlon operation. IC4l4 converts
the signal to rectangular form and IC4L5 selects the correct
aldeband, Ic201 parforms off reversge FFY. Y0202 converts from
floating point o fixed point and IC204 is the D to A converter.
LC215 and the sssociated ¢lrcuitry aot as a compressor in order
ko compensate for the expending operabtion of the look up table.
IC205 18 the audio low pass smoothing filter, I¢rt3 is the audio
power ampllifier. 16312 is umsed for coutrol and timing _
generaticn.
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APPENDIX D : CIRCUIT DESCRIPTION

The IF from the ICOM receiver at fregquaency of 9,01 MHz is
entering to the ceirecult at LKAL., IC4 converts ikt .o 455 kHz.
ICl, IC2 &nd IC4 are IF amplifilers with AGC control.  IC5
multiplies the signal with the 0° output from the PLL in order to
recover the in-phase components and ICL0 is the audio band~pass
£ilter, 1IC12 is doing the same with the 90° output in order to
recover the guadrature components and ICL3 ig the sudio band-pass
filter. Icl4 4= PLLL., ICL7/C, IC17/D, ICL6, IC25 and OSGL are
PLL2. ICE produces the 80° phase shift. ICLY/A, ICL7/B, XC15,
IC32 and 1026 generates AGC output locking on the carxier, IC8
generates wide band AGC that takes over te avoid saturation when
tha PLL 1z not lovking or when the signal to nolse matio is .
negative srough to exceed the dynamic range of the system., The
in-phase signal is converted in IC401, 16 bit A to D converter to
digital form, stored in IC407, 16408 shift register and converted
from time domain to frecquency domain in IC4L0, which performs
FFT. The cuadrature signal has similar pass with IQ301, IC307,
IC30s and IC3LG,

Tha 90° phese shift network, which iz an essential element in the
phasing method for separating the upper and the lower side i3 not
present in this design, = Instead the FFPT operatien 1Eself is
utilised. In other words instead of creating a delay in the time
domaln, the I and the ¢ components axe swoppaed in the frequency
~domain, One gide band is genamrated by adding the R of the
ir_:.-phasa to the I of the quadrature, and the I of the in-phase to
the R of the quadrature. The other sideband is genorated by
subtracting the s&1e terms, :

Apb, I Pg.1



The output signal power after the baseband fllter is:

8, = A%m* (&)

{App.C«5)
and the noise power after £iltering:
The signal te nolse ratie is:
So/ ¥, m (&)
AW e LY T
/N, 1+ mRie)
_ | _ (App.C-7)
When the signal to nolse ratio ls low: '
So . miLET (8iV
Nﬂ 1!1 Nm
{(App.C-8)
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APPENDIX C : ENVELOPE DEMODULATOR

Let the noise be represented by: : _
nit) = n(t) cos Wt - m{t) sin ot (Aapp.CG-1)
this is called quadrature component representation

becauges of the appearance in the squation of zinugeids

in quadratura. _ _
. n,(t) is the level in the cosine direction and

n,(t) is the level in the sine directilon

" The input signal plus nolse at the envelop demddulator
input is: : :

g,(t) + ny{t) = ALl + m{t}] cos Wt + n.(t) cbs Wk = ;) sin @t

2 (ALl » m(e)] + n.(t)] cos Wyt = n, (k) sin @t
_ ' (App.C~2)

A = carrier amplitude, _
mit) = arbl.ary waveform modulation with level of

fmit) | <1

The output signal plus nolge before baseband £iltexring

LE-7

8y(k) + ny(k) .

= {(A[1 + mft) + n. (&)} + nfr(e))¥

e (AL 4+ m(t)]? + ZALL + mithIng(t) + nf(t) + nl(e) M
_ (App.C=3)

If the silgnal to nolse ratio is high then:

Sp(E) + mft) & (B[ + m(&)]? + BA[2 + m{t)in,(t)}*

ang(t) )“

At + me(s v el

= ALL + mlt)] + np(t)
' (App.C=4)
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the output signal to noise ratio is:

Sy 25m2 {1
NG 2nfmAa o+ anafmz

since P, m A%/2, and N, = 1/, we gat

Sy . e B, 1
N, ’ Ny 1+ % (N, /P,)

App. B Pg.d
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APPENDIX B : SQUARE-LAW DEMODULATOR

Assume we have a square-law detector that has y‘a kx® in which k
is a congkant, and aignal

Si(t) = Al1 + m(t})] cos o, (2pp.B-1)
The input to the deﬁndﬁlhtcr.is& o
x(t) = Afl + mtt)] o8 Wk + B{t) {Bﬁp-sz)
and the ocutput is _ |
3;_(&) - k(Afl + m(c)} cos Wt » n(t)}P {App.rs-é)'

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

= KAAYm* (£)

_ App.B~4)

the noise power due to the term 2kA,(t)cost.t is:
N = 41«:3312-11 2f, = 2k 8% nf,
(APP Q.B“‘SJ

and the noise power due to the term :
kpftt) ls
N°|| s 3!{& n?fma ) . . . tapp'ﬁ_s}
the total output noise power is:
N, =N,k N o= 2K SAT 3K {App.B=7)
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