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ABSTRACT OF THE DISCLOSURE 

The present invention relates to long range sonar sys 
tems comprising a plurality of receiving channels wherein 
frequency modulated pulses are simultaneously available. 
The information processing system according to the in 
vention comprises multitrack recording and reproducing 
means which transform N simultaneously received infor 
mation items into a sequence of N similar items having a 
reduced duration. Dispersive means are provided for fur 
ther reducing ‘the duration of said items. 

Long-range sonars operate at a transmission frequency 
of a few kilocycles per second, and have a high radia 
tion energy and a comparatively long listening period. In 
order to obtain a satisfactory signal-to-noise ratio without 
impairing the accuracy in localizing the target, the trans 
mitted pulse is linearly frequency-modulated so that it 
may ‘be of several tenths of second. This time interval is 
means of a suitable dispersive network. 

However, when applied to long-range sonars, the pulse 
compressing technique meets with many difficulties, be 
cause the dispersive lines actually used as compression 
networks do not permit, as is known, of the desirable 
compression rates at frequencies of some kc./s. 
On the other hand, with the long ranges of the sonar, 

the listening period between two successive transmissions 
may be of several tenths of second. This time interval is 
wasted if the received signals are treated separately in a 
plurality of decoding channels. In the present day tech 
nique, the problem is of dealing rapidly with compressed 
pulse sonar signals with a duration of some hundred 
milliseconds, a recurrence period of some tenths of seconds 
and a center frequency of some kilocycles. This process 
ing can be made with a dispersive line of reasonable size 
and operating at higher frequencies with pulses whose 
length cannot normally exceed ten milliseconds. 

According to the invention there is provided an infor 
mation processing system for time multiplexing a plurality 
of simultaneously available variable sequences of N in 
formation items, said sequences being periodically re 
peated, said system comprising: means for recording said 
items at a ?rst speed and playing them back at a second 
speed, said second speed being at least N times higher 
than said ?rst speed; means for sequentially operating said 
recording and playing-back means in respective synchro 
nism with said sequences; said recording means having at 
least N inputs for respectively collecting said N informa 
tion items; said playing-‘back means having at least N 
outputs for reading said information items; switching 
means having at least N inputs, respectively connected to 
said playing-back means outputs, and one output; and 
means for sequentially connecting said switching means 
output to said switching means inputs for sequentially pro 
viding said information items at said switching means 
outputs. 
For a better understanding of the invention and to show 

how the same may be carried into effect, reference will 
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be made to the drawings accompanying the following de 
scription and in which: 

FIG. 1 is a diagram of a long-range sonar system using 
frequency compression; 

FIG. 2 shows the oscillograms of frequency modulated 
wave pulses at the input and at the output of a dispersive 
network; 

FIG. 3 is a diagram of a system according to the inven 
tion; and 

FIG. 4 is a diagram explaining the operation of the 
system according to the invention. 
FIG. 1 shows a simpli?ed diagram of a long range 

sonar. It comprises a transmitter-receiver 1 supplying a 
hydrophone array 2. Array 2 transmits ‘ultrasound waves 
which are frequency modulated and are radiated according 
to a broad radiation lobe, such as that traced in dotted 
lines. A hydrophone receiver array 3 is coupled to the 
transmitter-receiver 1 by a plurality of channels to which 
correspond respectively the reception lobes 4, 5, 6, 7, 8, 
9 and 10 arranged in fan shape. For the sake of clarity 
the lobes are shown as clearly separated from each other, 
although in actual practice they are very close to each 
other. Targets 11 and 12 are assumed to lie in the zone 
explored by the sonar and re?ect wave trains towards the 
hydrophone group 3. The latter transducer converts them 
into reception signals which propagate along the cor 
responding channels towards the transmitter-receiver 1. 
Each of these signals is applied, after ampli?cation, to a 
dispersive network 13, which compresses it and supplies 
compressed pulses by means of which the targets can be 
displayed in an azimuth-distance presentation, on an indi 
cator 14. At regular intervals, the group 2 radiates a 
frequency modulated wave pulse which is propagated 
towards the targets 11 and 12 from which it is re?ected 
towards the group 3. The channels corresponding to the 
lobes 5 and 8 are the seat of reception signals which, after 
ampli?cation, are available at the input of the dispersive 
network 13. In FIG. 2 is shown at (a) the frequency 
modulated wave pulse transmitted by the transmitter-re 
ceiver 1 and applied to the input of the dispersive network 
13; and at (b) the same signal is shown after compression, 
i.e. at the output of this network. In known systems, this 
information processing must be effected separately for 
each receiving channel, which requires a plurality of chan 
nels according to FIG. 1. More particularly, it is neces 
sary to provide as many dispersive networks as there are 
lobes in the reception diagram of the hydrophone array 
3. This becomes prohibitive when a great accuracy in the 
angular localization is desired, without sacri?cing the 
distance measurement accuracy. In order to overcome 
this drawback, the invention provides a device for multi 
plexing in time the reception signals so as to process them 
successively in a single compression channel. This also 
results in a much better utilization of the listening time 
and of the compressing system. 
FIG. 3 shows a diagram of a long-range sonar according 

to the invention. It comprises a transmission hydrophone 
array unit 2 and a reception hydrophone array unit 3 with 
m aligned transducer elements. These elements are con 
nected to a pre-ampli?er unit 15 whose outputs supply m 
inputs of a receiving channel formation matrix 16. This 
matrix, which is of a known type, comprises phase-shifters 
and an interconnection which makes it possible to obtain 
at its N outputs the decoupled reception signals respec 
tively incoming from N directions, to which correspond 
the lobes 4, 5, . . . <I>O of FIG. 1. Ampli?ers 17 assure 
the further ampli?cation of these signals which are made 
available at the N outputs 4 to 10. A set of two‘position 
change-over contacts 18 switches the preformed channels 
either to a ?rst assembly 19 of N-magnetic recording 
heads, or to a second similar assembly 20. The said re 
cording heads 19 and 20 are, respectively associated with 
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magnetic drums 21 and 22 carrying N erasable tracks 
and at least one prerecorded track on which the acoustic 
pulse to be radiated has been recorded once for all. The 
drums 21 and 22 are driven in uniform rotation by high 
speed motors 27 and 28 and low speed motors 29 and 30. 
Electromechanical clutches 23, 24, 25 and 26 permit the 
selection of one or the other rotational speed for each 
drum. The reading out of the tracks recorded on the 
drums is made by means of reading7 heads 31 and 32 with 
regard to the pre-recorded track, and head groups 33 
and 34 with regard to the other tracks. 
The reading system is completed by a set of rotating 

switches 36, 37 and 38, whose respective sliders are driven 
by a common reducer 35 at half the slow rotational speed 
of the drums. The switch 38 has two ?xed contacts which 
are respectively connected to the outputs of the reading 
heads 31 and 32 associated with the pre-recorded tracks. 
The slider of the switch 38 supplies the ampli?er 39 

connected to the power stage 43 of the sonar transmitter. 
The slider of the rotary switch 37 supplies the receiver 

ampli?er 40. The switch 37 has two groups of N con 
tacts. The contacts of each group are respectively con 
nected to the reading heads of groups 33 and 34. 
The switch 36 has its slider permanently connected to 

a supply (not shown) and has two contacts. Through its 
contact A it controls the clutches 23 and 26 and contacts 
18 to bring them into position A. Through its contact B 
it controls the clutches 24 and 25 and contacts 18 to bring 
them into position B. 
A mixer 41 receives the signals coming from a local 

oscillator 42 and from the ampli?er 40. The resulting 
signal is applied to the dispersive network 13 which com 
presses it. After detection by the detector 44, the com 
pressed signal is applied to the indicator 14 whose angu 
lar and radial sweeps are synchronized with the rotation 
of the switch 37 by means of a control input 45. 

Since the operation of the device of FIG. 3 is cyclic, it 
will be assumed that the process is started when the 
slider of the switch 36 starts engaging its contact A. FIG. 
4(a) shows diagrammatically the two states A and B 
which are successively provided according to whether the 
slider of switch 36 engages its contacts A or B. During 
the phase A, the switch 38 connects for a time interval 
the reading head 31 to ampli?er 39. The drum 21 rotates 
at high speed, and the pre-recorded track supplies a 
linearly frequency modulated signal which is applied to 
the transmitter, comprising the ampli?ers 39 and 43 and 
the hydrophone array 2. An ultrasonic wave train is 
radiated as shown at (b) in all directions of the zone 
covered by the sonar. During the same time interval T, 
the drum 22 rotates at slow speed and the recording heads 
20 are connected to the receiver hydrophone array 3, 
through the pre-ampli?ers 15, the matrix 16, the am 
pli?ers 17 ‘and the contacts 18 which are in position A. 
The transmitted radiation is re?ected by the targets 11 

and 12, located, for example, in the lobes 5 and 8 of 
FIG. 1, and one obtains in the receiving channels 5 and 
8 signals delayed by A and A’, respectively. These signals 
are shown in FIG. 4 at (c) and (d) respectively. Ob 
viously, their delay with respect to the starting of the 
radiated pulses measures the distance between the targets 
and the sonar system. Their position among the receiving 
channels corresponds to the direction of the reception. 
These signals are recorded on the drum 22, whose tracks 
pass at low speed past the heads 20. 
When the slider of the switch 36 has completed a half 

revolution, the state A is abruptly replaced by the state B; 
the speeds of the drums change and change the heads 
which receive the signals. The drum 22 now assumes the 
rapid rotation-a1 speed which is at least N times higher 
than the slow speed, where N is the number of receiver 
channels to be multiplexed. It follows that each of the 
tracks, which have received a recording during the pre 
ceding phase, passes N times the reading heads 34. The 
reading time for the recorded information changes from 
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T to T/ N and all frequencies of the spectrum of the read 
out signal are multiplied by N. Since the switch 37 ad 
vances by one step, i.e. by one contact for each revolu 
tion of the drum 22, the slider delivers successively the 
recorded signals corresponding to the receiving channels 
4, 5, 6, 7, ‘8, 9 and 10. FIG. 4 shows at \(c) the reading 
signals available on the slider of the switch 37. Due to the 
fact that the drum rotates N times faster than during the 
transmission phase, the time is divided by N. These signals 
appear with their respective delays with respect to the 
beginning of each cycle corresponding to the respective 
distances of the targets from the sonar. The succession of 
the channels corresponds to a sweep or scan of the space 
by the lobes of the hydrophonic unit 3 and this scanning 
is repeated in the indicator 14 in synchronization with 
the switching action of the switch 37 . 
The succession of the channel signals is equivalent to a 

signal received from a unique lobe in azimuthal scanning 
with a transmitted pulse whose frequency and duration 
are respectively multiplied and divided by N, and which 
propagates in a medium whose sound velocity is N times 
the sound velocity inlwater. 
The multiplexed signals delivered by the switch 37 are 

ampli?ed by the ampli?er 40; they are mixed in the mixer 
41 with the signal of the local oscillator 42 before reach 
ing the dispersive network 13 where they are successively 
compressed. The operation introduces a time delay T 
which is shown at (f) in FIG. 4, showing the compressed 
signals after having been detected by the detector 44. 
These signals are applied to the indicator 14 and modu 
late the scanning beam in accordance with the angular 
and distance location of the targets. 

‘By way of a non-limitative example, the invention may 
be applied to a sonar with a range of 10 km., a transmis 
sion frequency of 5 kc./s. and 20 receiver channels 
The listening period is 113.3 seconds and the trans 

mitted pulses will be linearly frequency modulated in a 
500 c./s. band with a duration of 200 ms.; a compression 
rate of 100 is provided. 
The recording speed will correspond to one revolution 

in 13.3 seconds and the reading speed will amount to 20 
revolutions during the same time. The read out signal will 
therefore have a center frequency of 100 kc./s., a dura 
tion of 10 ms. and a modulation band of 10 kc/s.; it will 
be located in an interval T/N equal to 0.66 second. The 
compression of the said signal will be effected by means 
of an acoustic line having a center frequency of 25 kc./s., 
which requires a frequency change by means of a 75 
kc./s. oscillator. The line, described in a copending ap 
plication for a “Dispersive Acoustic Lines,” Ser. No. 
554,785 ?led Apr. 25, 1966 by P. Tournois and assigned 
to the same assignee, can be used. The signal compressed 
by such a line has a duration of 100 ,uS. and undergoes an 
envelope detection, before it is applied to a visual display 
system which traces in polar coordinates 20 lines in 13.3 
seconds. 

Without thereby departing from the invention, the in 
formation may also be processed by means of a single 
magnetic drum, used alternately for recording and read 
ing. However, with two drums and the alternating of the 
functions of recording and reading, no information is lost. 
The system of the invention has also other advantages: 

the decoding and the processing of the signals are ef 
fected by means of a single receiving channel whatever 
the number of reception channels; the manufacture of 
the dispersive network is made easier, due to the use of 
an accelerated time scale; the presentation of the infor 
mation on a cathode ray tube indicator and their subse 
quent transmission at a distance are simpli?ed, due to 
multiplexing. 

Another modi?cation of the system according to the 
invention consists in providing an additional track where 
in a local oscillation is recorded. This arrangement shown 
in FIGURE 3 in dashed lines permits a substantial com 
pensation of any ?utter, i.e. ?uctuations in the speed of 
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the drums. The arrangement comprises a stable oscilla 
tor 46, recording heads 47 and play-back heads 48 which 
are alternately coupled to the input of mixer 41 by means 
of a switch 49. This track can receive the recording of 
the stable oscillator 46 during the slow passage in order 
to supply from the heads 48 a correctly multiplied fre 
quency during the fast passage phase. The improvement 
obtained by the use of the above mentioned additional 
track is a substantial reduction of the ?utter arising in 
the frequency supplied by mixer 41; this reduction results 
from the fact that mixer 41 supplies the difference be 
tween two frequencies which are subjected to the same 
amount of ?utter. 
Of course the invention is not limited to the embodi 

ment described and shown which is given solely by way 
of example. 
What is claimed, is: 
1. An information processing system for the time mul 

tiplexing a plurality of simultaneously available N vari 
able sequences of information items, said sequences being 
periodically repeated, said system comprising: means for 
recording said items at a first speed and playing them 
back at a second speed, said second speed being at least 
N times higher than said ?rst speed; means for sequen 
tially operating said recording and playing-back means in 
respective synchronism with said sequences; said record 
ing means having at least N inputs for respectively col 
lecting said N sequences of information items; said play 
ing-back means having at least N outputs for reading said 
information items; switching means having at least N 
inputs respectively connected to said playing-back means 
outputs and one output; means for sequentially connect 
ing said switching means output toisaid switching means 
inputs for sequentially providing said information items 
at said switching means output; said information items 
being frequency modulated signals and pulse compres 
sion means being coupled to said switching means out 
put for compressing said signals. 

2. A system as claimed in claim 1 further comprising 
display indicator means connected to the output of said 
pulse compression means; said indicator means having a 
scanning means and means for operating said scanning 
means in synchronism with said sequentially connecting 
means. 

3. A system as claimed in claim 1, wherein said re 
cording and playing-back means comprise at least one 
magnetic drum having at least N erasable tracks; driv 
ing means for rotating said drum at either said ?rst or 
said second speeds; clutch means controlled by said se 
quentially operating means for coupling said driving 
means to said drum; said recording means comprising 
at least N ?rst recording heads respectively associated 
with said tracks and respectively coupled to said record 
ing means inputs; said playing-back means comprising at 
least N ?rst play-back heads respectively associated with 
said tracks and coupled to said playing-back means out 
puts; said drum effecting a revolution at said ?rst speed 
within the duration of one of said sequences and at least 
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N revolutions at said second speed within the duration of 
the next of said sequences. 

4. A system as claimed in claim 3, wherein said re 
cording and playing-back means further comprise a sec 
ond magnetic drum having at least N tracks; at least N 
second recording heads respectively associated with said 
tracks of said second drum; at least N second playlback 
heads respectively associated with said tracks of said sec 
ond drum; change-over means controlled by said sequen 
tially operating means for alternately coupling said ?rst 
and said second recording head to said recording means 
inputs; said switching means comprising at least N fur 
ther inputs respectively connected to said second play 
back heads; said clutch means including means for fur 
ther coupling said driving means to said second drum 
for alternately rotating said drums at said ?rst and said 
second speeds. 

5. A system as claimed in claim 3 incorporated in a 
long range sonar system comprising a further track on 
said drum; a further play-back head facing said last men 
tioned track for supplying a frequency modulated pulse 
at regular intervals of time; means for radiating said 
pulse connected to said further play-back head; means 
for receiving in response to said pulse a plurality of echo 
signals forming said variable sequences of N information 
items available in N respective channels corresponding 
to a plurality of reception directions; display indicator 
means connected to the output of said pulse compression 
means for displaying said echo signals in said respective 
reception directions, said indicator means having a scan 
ning means and means for operating said scanning means 
in sychronism with said sequentially connecting means. 

6. A system as claimed in claim 5, wherein said pulse 
compression means comprise a mixer having a signal in 
put, a local oscillator input and an output; dispersive 
delaying means having an input connected to the output 
of said mixer and an output. 

7. A system as claimed in claim 6, further comprising 
a reference track on said ?rst drum; a further play-back 
head facing said track, said further play-back head be 
ing connected to said local oscillator input and said refer 
ence track being pre-recorded. 

8. A system as claimed in claim 6, further comprising 
a reference track on said ?rst drum, further recording 
and play-back heads facing said reference track; said 
further play-back head being connected to said local os 
cillator input and said further recording head being cou 
pled to a constant frequency generator. 
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