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ELECTRONIC SCANNING ‘SWITCH 

BACKGROUND'OF THE INVENTIGN 
This application is a continuation-in-part of applica 

tionSer. No. 120,598 ?led Mar. 3, ‘l97l andnow aban 
cloned, the disclosure of which is hereby incorporated 
by reference into the present application. 
The present invention relates to an electronic scan 

ning switch which will sequentially scan .a plurality of 
signal sources and provide interpolated output signals 
at the output terminals thereof. This scanning-switch :is 
particularly adapted for use with sonar systems and will 
be described herein in that context. 

.In a sonar system of the type wherein .a plurality of ‘ 
transducers are .immovably ?xed to .the .hull of .a ship in 
a circular array, the signals from a group of contiguous 
transducers are sequentially commutated to the elec 
tronic processing apparatus ‘by means of a mechani 
cally rotating scanning switch. In order to compensate 
for the curvature of the transducer array, time delays 
are applied to the output signals from the scanning 

l 
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switch by the use of delay lines. By this means, the , 
curved transducer array is electrically transformed into 
a plane. The output signals from the delay lines are 
combined to form a signal known as a beam which is 
used to intensity modulate a helically moving spot on 
the CRT. The rotating mechanical scanning switch is 
able to combine the signals from adjacent transducers 
in constantly varying proportions and consequently the 
transition of the signal at each of its outputs from one 
transducer to the next is smooth and continuous. This 
characteristic of the mechanically rotating scanning 
switch is desirable in order to obtain an accurate indi 
cation of the bearing ofthe target and to present an ac 
curate representation of the shape of the target on the 
plan position indicator display. On the other hand, ro 
tating mechanical scanning switches present a number 
of disadvantages in that they are bulky, expensive to 
buy and to maintain, difficult to repair in the ?eld and 
constitute a source of noise. 
The present invention contemplates a non-rotating 

electronic switch which will sequentially scan a plural 
ity of transducer signals and provide smoothly varying 
interpolated output signals consisting of the output sig 
nals of a group of contiguous transducers. 

Electronic scanning switches have been used in pre 
viously proposed systems to sequentially switch beams 
which have already been formed, i.e., preformed 
beams. However, the apparatus required to produce 
the large number of preformed beams which are used 
in such a system. results in a very bulky package. More 
over. such systems do not provide a satisfactory means 
for interpolating the signals. 

OBJECTS OF THE INVENTION 

It is therefore an object of the present invention to 
provide a new electronic scanning switch for use in 
commutating signals from a plurality of receivers. 

It is a still further object of the present invention to 
provide an electronic scanning switch which may be 
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used either in a receiving mode or in a transmitting _ . 

mode. 
It is a still further object of the present invention to 

provide an electronic scanning switch which is capable 
of continuously scanning either through 360°, or be 

2 
tween any‘twojrpreselected bearings, or at afixed'bear- I 
mg. . 

vIt is a still ‘further object ofthepresentiinventionito 
provide aninterpolator whichelectronically combines 
the output signals of the receivers‘in constantlyvarying 
proportions. 

‘In accordance with ‘the present invention, signals, 
from aplurality of sources are sequentially connected 
‘by means of a switching ‘matrix, vto an interpolator, 
which combines :parts of signals from adjacent sources 
in constantly varying proportions, to provide a 
smoothly varying interpolated output. 

THE DRAWINGS 

The featureslof the invention which are believed to 
‘be novel are set forth with particularity in Jtheappended 
claims. The organization and manner of operation of 
the invention, together with further objects and advan 
tages thereof, may ‘best be ‘understood 'by reference to 
the following description taken in connection with the 
accompanying drawings, in the several ?gures of which 
like reference numerals identify like elements, and in 
which: 

FIG. 1 is a block diagram of an embodiment of a ‘ 
sonar system-constructed in accordance with the pres 
ent invention; ' ‘ v 

FIG. 2(A) is a schematic diagram of the switching 
matrix shown in FIG. 1; > ‘ 
FIG. 2(8) is a circuit diagram of a fragment of the 

switching matrix shown in ‘FIG. 2(A): 
FIG. 3 is a plan view of a circular transducer array; 

FIG. 4 is a circuit diagram of part of the interpola'tor; 

FIG. 5 is a wave form diagram showing examples of - 
the interpolator signals; 

FIG. 6 is a schematic diagram of part of the control 
signal generator shown in ‘FIG. v1; ' _ 

FIG. 7 is a wave form diagram of the signals in vari 
ous lines in the control signal generator shownin ‘FIG. 
6; ' 

FIG. 8 is a representation of a logic circuit of the 
modulus 3 counter shown ‘in FIG. 1; 

FIG. 9 .is a representation of a logic'circuit of one 
channel of the secondary selector decoder shown in 
FIG. 1; . 
F [G 10 is a wave form diagram showing the input sig 

nals and output signals of the modulus 3 counter shown 
in FIG. 8 and the input and output signals of the secon 
dary selector decoder channel shown in FIG. 9; 

FIG. 11 is a wave form diagram showing the input sig 
nals and. a representative number of the output signals 
of the primary selector decoder; ‘ 

FIG. 12(A) is a wave form diagram of the signals in 
a representative number of the output lines of the sec 
ondary selector decoder contained in the embodiment 
shown in FIG. 1. 

FIG. 12(B) is a wave form diagram of the signalsin 
the output lines of the one-out-of-l6 switching matrix 
decoder shown in FIG. 1; . _ 

FIG. 13 is a diagram showing the transducers, pream 
pli?ers and selector shown in FIG. 1; ' 
FIG. 14 is a block diagram‘ of a sonar system adapted 

to operate in a transmitting mode; 
FIG. 15 is a block diagram showing a further embodi- _ 

ment of the present invention; 
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FIG. 16 is a block diagram showing a further embodi 
ment of part of the control signal generator; and 

FIG. 17 is a representation ofa logic circuit of the se 
lector primary decoder. 
FIG. 18 is a block diagram showing an embodiment 

of a simpli?ed selector’means in accordance with the 
present invention together with the control signal gen 
erator connected thereto. The selector means illus 
trated is adapted for use with a 48 stave transducer ar 
ray. 
FIG. 19 is a block diagram illustrating a leap frog ar 

rangement of an electronic scanning switch in accor 
dance with the present invention adapted for use with 
a 48 stave transducer array. 
FIG. 20 is a schematic diagram respresenting the op 

erating characteristics and the circuitry of a selector 
means of the type shown in FIG. 18. For purposes of 
simplicity, the selector means illustrated is adapted for 
use with a 12 stave transducer array. 
FIG. 21 is a schematic diagram illustrating the circuit 

of a scanning switch of the type shown in FIG. 19. For 
purposes of simplicity the embodiment illustrated is 
adapted for use with a 12 stave transducer array. 
FIG. 22 shows wave form diagrams of the control sig 

nals carried by representative number of the control 
lines of the circuit shown in FIG. 21. 

DETAILED DESCRIPTION 

Referring now to FIG. 3, there is shown a plan view 
of a sonar transducer array 100, the output signals of 
which are commutated by the electronic scanning 
switch constructed in accordance with the present in 
vention. The transducer array 100 shown in FIG. 3 
comprises 48 transducers T1 to T48 arranged along the 
circumference of circle 200. Although the array used 
in the system described herein contains 48 transducers, 
it is to be understood that the present invention may be 
used with transducer arrays comprising other than 48 
transducers. The transducers, which may be either 
slightly directional or omni-directional, are spaced 
along the circumference of a circle a distance of ap 
proximately one-half the wave length of the sonar fre 
quency in sea water. 
The output of transducers T1 to T48 is applied to 

preampli?ers PI to P48 respectively. as shown in FIG. 
13. These 48 identical preampli?ers, the design of 
which is known in art, are characterized by a very uni 
form gain (i I db) and phase shift (i 5°). The pream 
pli?crs are also able to limit signals of large amplitude 
without altering the phase shift of the fundamental fre 
quency of the input signal. 
Referring again to FIG. 13, which shows a block dia 

gram ofa representative portion of the head end of the 
sonar system, preampli?ers P1 to P48 are connected 
via lines Z1 to Z48 respectively, to the source terminals 
of 48 field effect transistors (FET's) O1 to Q48 respec 
tively, in selector 103. The gate terminals of FET’s O1 
to 048 are connected to lines M1 to M48 respectively, 
which are connected to the secondary selector decoder 
117. The drain terminals of FET’s O1 to Q48 are con 
nected in groups of three, to lines V1 to V16 which are 
connected to switching matrix 104. Each oflines V1 to 
V16 is connected to the drain terminals of three FET’s 
so that each line V1 to V16 forms a circuit with three 
transducers located 120° from one another in the circu 
lar array 100 as shown in FIG. 3. Thus, where there are 
48 equally spaced transducers T1 to T48 in the array, 
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line Vi is in a circuit with a transducers T1, T17 and 
T33, line V2 is in a circuit with transducers T2, T18 
and T34, line V3 is in a circuit with transducers T3, 
T19 and T35 and so on. 
The FET’s used in the present invention comprise a 

pair of spaced electrodes (drain and source electrodes) 
formed of a substrate of semi-conductive material with 
a control electrode (gate electrode) formed therebe 
tween. In the absence of a voltage of a speci?c level 
and polarity, the impedance in the source to drain path 
of the FET is very high (approximately 50 megohms.) 
However, when a voltage of a specific level and polarity 
is applied to the gate electrode, the impedance of the 
source to drain path in the F ET becomes low (approxi 
mately 500 ohms.) The FET’s used in the device actu 
ally constructed in accordance with the present inven 
tion were MEM 500 C Dual P channel-enhancement 

‘ mode silicon insulated gate field effect transistors. 
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manufactured by General Instruments. 
In operation, the ampli?ed signals from transducers 

T1 to T48 are applied by way of preampli?ers P1 to 
P48 and lines Z1 to Z48 to the source terminals of 
FET‘s O1 to Q48 respectively, in selector 103. Conduc 
tion in the source to drain path in FET’s O1 to Q48 is 
controlled by the voltage in lines M1 to M48 respec 
tively, which are connected to the gate terminals of the 
FET's. FIG. 12(A) shows wave form diagrams of the 
voltage signals in a representative number of lines M1 
to M48. When the voltage in any of lines M1 to M48 
is negative, the FET to which the line is connected, is 
conductive. 
The period of one cycle of the control signal in each 

of lines M1 to M48, for example II to t2, is equal to the 
time required for the system to complete one scan of 

~ all 48 transducers, i.e., the scan period. As will be seen 
from FIG. 12(A), each FET O1 to Q48 is conductive 
for H3 of the scan period and is non-conductive for 2/3 
of the scan period. FET’s O1 to Q48 commence con 
duction in sequence at intervals of H48 of the scan pe 
riod. Similarly, FET’s Q1 to Q48 terminate conduction 
in sequence at intervals of 1/48 of the scan period. 
During the period that a FET is conductive, the other 

two FET’s, to which the drain terminal of the conduc 
tive FET are connected, are non-conductive. Thus, as 
will be seen from the phase relationship of the control 
signals shown in FIG. 12(A), FET O1 is conductive for 
N3 of the scan cycle, during which time line VI carries 
the signal from transducer Tl. During the next 1/3 of 
the scan cycle, FET Q17 is conductive and line VI 
carries the signal from transducer T17. During the next 
l/3 of the scan cycle, FET 033 is conductive and line 
VI carries the signal from transducer T33. vSimilarly, 
line V2 sequentially carries the output signals of trans 
ducers T2, T18 and T34 for H3 of the scan cycle each, 
line V3 sequentially carries the output signals of trans 
ducers T3, T19 and T35 for H3 of the scan cycle each, 
and so on. 

Lines VI and V16 carry the output signals of 16 con 
tiguous transducers. At intervals of H48 of the scan pe 
riod one FET in the selector 103 ceases to be conduc 
tive and another FET connected to the same output 
line VI to V16 becomes conductive. Thus, at intervals 
of H48 of the scan period, one of lines V1 to V16 is 
switched from one transducer to another transducer 
which is located 120° from the first transducer. For ex 
ample, if during a ?rst interval, lines VI to V16 carry 
the output signals of transdicers T1 to T16 respectively, 




















