POLARITY COINCIDENCE CORRELATOR
V. PADMANABHAN
Indian Naval Physical Laboratory, Cochin
and
N. D. TewAr:

Defence Electronics Research Laboratory, Hyderabad
(Received 17 May 1965)
Ths construction of aclipped correlator using & polarity coincidence multiplier is described.

Subjective measurcments taken indicate that tho equipment is well suited for signal
detection especially when the background noise level is very high.

Weak signals in a high noise background can be detected by using correlators. In
the ease Of target detection, theaccuracy o bearing determinationisincreased by multi-
plication and integration. It can be shown analytically that the directional pattern o
multiplicative array hashalf the beam width of an additive array of the same geometry.’

Multiplication can be achieved in different ways. Amplitude modulation is actually
aprocess Of multiplication. Legarithmic devices ean be used for multiplication by means
of therelation legz 4 logy = log ay. Quarter square multipliers for multiplying
the quantities say x and y use squaring circuits and follow the relation (» + 42—

(z—1)* = 4ay. A correlator using quarter square multiplication was found to have the
following limitations:

(i) limited input voltage range,
() zero drift, and
(112) complex adjustments.

. The limitation in range may be duc to the vasiation in 8gm[Se; (Where g, is the
mutual conductance of the valve and §,, the grid voltage) over the range of operation
o the valve? and the drift owing to the inherent instability found in direct coupled
amplifiers. To obviate most of these limitations, it was thought advisable to use a system
in which digital technique can be adopted.

| n multiplication by the method of coincidencesthe product of any number of inputs
can be computed by making use of atheory o probability. |fseveral events occur with
a random distribution in time, tho probability of simultaneous occurrence of all of them is
the product of their separate probabilities. Thiswill aso betrue for periodic wave forms
whose periods have no common divisor. If rectangular wave forms having different
periodsare superimposed, the time during which the polarity o all of them being the same,
will be proportional to the product of their duty ratios. This principle can be utilized
by adjusting the D. C. levels of the rectangular wave forms in such a way that a valve
will be turned on for the period during which d1 the input wave forms have the same
polarity. Then the average current drawn by this valve will be a measure o the prodnct
of theinput duty ratios. Thus itisapparent that digital technique can be advantageouslv
adopted in this system and multiplication becomes independent of the characteristic
o the valve used. Rosenheck has described a polarity coincidence multiplicr for low
frequency sign:u{s adopting digital technique3.
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PRINCIPLE OF OPERATION

Theinstrument consistsof two channelsasshown inPig. 1. Each channel has three
stages--a clipper, a comparator and an AND stage. The input wave forms are conver-
ted into rectangular wave forms o the same duration by means o the clipper and zero
comparator stages taking care to see that there is no net shift in the D. C. level. Very
little information will be lost by this transformation o the input signals into rectangular
wave forms. Clipped signals thus obtained are multiplied by a sign multiplication process
in an AND circuit. In this stage, an output is obtained whenever the mput signals are
both positive or both negative at the sametime. The AND circuit in one channel detects
the positive polarity coincidence whereas the one ih the second channel detects the
negative polarity coincidence of the input signals. This is accomplished by applying
signals having the same polarity as the input signals to one AND circuit and the phase
inverted replicas o the same to the other simultaneously. The AND stages are followed
by an OR stage which gives an output whenever one o the AND circuits operates.
The multiplier output is integrated over the period required and fed to a balancing
circuit.

THE CIRCUIT

Fig. 2 shows the complete circuit. The clipper stage in each channel (V; and V)
consists ot a symmetrical differential amplifier. The zero comparators (V, and V,)
transform the clipped signalsinto perfectly squared wave forms o sufficient amplitude
to operate the AND stages. The comparator used is d the double triode cathode coupled
c}/ I n the quiescent condition, the first halves o the triodes o ¥, and V, are con-

ctlng and the other halvescut dof dueto the high negative cathode bias applied. When
the grid potential d the first half becomesequal to that of the second, the circuit flips.
It returns to the original state when the grid potentials approach the same value again.
Wave forms o opposite phases can be obtained from the two anodes of the comparator.
The AND stages comprise two double triodes (¥;and V,) which in the normal state
are conducting. The valves become cut dff when negative gates are applied to the grids
of both the triodes simrlltaneonsly. The OR stage has two diodes (D, and D, ) connected
to the cathodes o the multiplier vaives in such a way that current isdrawn by the cathode
resistors from a battery of 22-5 volts whenever the AND stages are cut off. Only one
AND stage can operate at atime. Clamping diodes V,, and Vg are connected to the grids
of thesign multiplier for D. C. level restoration. The output of the OR stage is averaged
for different time settings by means of a three way switch and RC net-worli. | n order
not to load the integrating circuit, a balanced cathode follower circuit (V) is employed
for meter deflection.

The minimum voltage input required for a satisfactory functioning of the clipper
stages was found to be-about 1-5 volts. The grid bias necessary for proper clipping is
about 50 volts positive and this should be initially adjusted by means o the potentio-
meters R, and R, by observing tho output wave form on an oscilloscope.
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Fig. 1—Block schematic diagram of the correlator
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RESULTS
Multiplier as phase meter

The multiplier can be used as a phase meter when the input signas to the two
channels have the same frequency. When the two inputs are in phase, polarity coinci-
dence will be 1009, and the output meter deflection maximum. When the signals are
180° out of phase, coincidence will be zero and the deflection minimum. This provides
a means of adopting a simple method for checking the calibration of the equipment.
The same signal isfed to both theehannels and the meter deflection corresponds to zero'
degree phase shift.  When the signal is fed to only one channel, the input to the other
channel earthed to reduce pick up, the AND circuit will not give any output and the meter
deflection corresponds to 180" phase shift.

Cdlibration of the equipment as a phase meter was carried out with an oscilloscope .
and a delay network to generate the necessary phase shift by the Lissajous figure tech--
nigue. The graph obtained (Fig. 3) shows a linear relationship between phase shift and
the correlator output.

- PERFORMANCE OF CORRELATOR

Subjective experiment was carried out to check the overall performance of the corre-
lator. The experimental apparatus for this method is shown in Fig. 4. White noise
filtered around the signal frequency of 1-8 Kc/s by means of an octave band pass filter
(1-2 to 2-4 Kc/s) was mixed electrically with the signal. The signal was fed to one
channel o the correlator through a variable time delay network and the signal plus
noise to the other channel through another identical delay. Each delay had 9 steps of
40 sec. enabling nine possible positions for the signal. Fifteen observers were used and
the experiment was carried out using the forced choisc method*. The input signal to noise
ratio wasvaried from 0 to about—25db in steps. The position o the input signal delay
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Fig 2.—Circuit diagram of the correlator.
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19+ wasvaried at random from1 to9for each S/N
: ratio and the observerswereasked tovary the
delay in the signal plus noise channel and
detect the positionaf the delay for maximum
correlator output as measuredonamicroam-
meter. No prior trainingin taking the rea-
dingsin this experiment was given to the
observers. Theanalysis of thedatawascarried

PHASE SHIFT /IN D
IN_DEGREES . out taking the mean score of dl the observers

20 7 voo 140 180  asthe probability of detection. The result in

the graph (Fig.'5) clearly indicates that on
taking 90% probability of detection as
threshold, the equipment can detect a signa
which has a signal-to-noiseratio of — 16db,
The equipment has been functioning well
and has very low drift. It requires very few
10° initial adjustments. Reliable operation upto
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Fig. 4—Block schematic arrangement of the apparatusand test circuit in the subjectire method.
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15 Ke¢/s was realised. Even though the grid
biasvoltages for the valveswere obtained by
potentiometer arrangement from the H. T.
Supply, the error introduced was foundto be
regligible. However, for precision-measure-
ments, battery supply for thegrid potential
should be preferred. Laboratcry measurements
show that the eguipment can be successfully
employed in detecting weak signals in the

AL TO noisE ¢ (RMS) presence o high noise background.

Fig. 5—Detectivity »s Sgnal to noise db.
ACKNOWLEDGEMENTS
The authers thank Shri M. S Naravanan for the helpful discussions and guidance
and Dr. D. Srinivasan, officer-in-char&, Indian Naval Phrysical Laboratcry, Cochin
for hiskeen interest in the work.

(MEAN VALUE

o
g
PROBABILITY OF DETECTION (%)

,_
8

REFERENCES

1, Sarrmaw, E.D.R., J. Brat. Inst, Radio Engrs., 26 (1963), 481.

2. SxELY, SAMUEL, “Electron Tube Circnits” (McGraw Hill Book Co., Inc., New York Kdgakusha @., Ltd.,
Tokyo) 1950, p. 273,

3. RoSENHECK, BErNARD, M., Electronice, 33 (1960), 67.

4. Lawsox, J. L & Uurexsecx, G.E., " Threshold Signals™ (McGraw Hill Co., Inc., Sew- York) 1950, p. 185



