
WO 2008/052641 PCT/EP2007/008798  METHOD AND DEVICE FOR
THE TIME-SERIAL TRANSMISSION OF RECEIVE SIGNALS OF
ELECTROACOUSTIC TRANSDUCERS The invention relates to a
method and a device for the  5 time-serial transmission
of receive signals of  electroacoustic transducers
according to the preamble  of claim 1. A known circuit
arrangement, also called an electronic  10 module, for
time-serial transmission of receive signals  onto a
data line or a bus (EP 0 689 188 B1) is assigned  a
respective transducer location of a spatially spread
receive arrangement composed of a multiplicity of
electroacoustic transducers, and connected at this 15
location to the transducer and a synchronization line
routed via all the transducer locations. The
synchronization pulses transmitted on the
synchronization line are generated by a master-clock
generator. The frequency of the master-clock generator
20 is specified by the sampling theorem for the receive
signals in the highest receive frequency range, the
multiplicity of transducer locations and a defined bit
length for digitizing the receive signal at the output
of the transducer. A clock generator of the circuit 25
arrangement doubles the frequency of the master-clock
generator and supplies clock pulses for digitizing and
transmitting the digitized receive signals. In the
interval between two sequential synchronization pulses,
a timing pattern containing pattern pulses is generated
30 by a counter from the clock pulses of the clock
generator, and a gate is opened on a specific pattern
pulse, and the digitized receive signal stored in a
shift register of the circuit arrangement is
transmitted onto the data line via the opened gate. 35
Since within the timing pattern at each pattern pulse,



a digitized signal as a data packet of a specific bit
length is always switched onto the data line at one of
the transducer locations, the timing pattern must be WO
2008/052641 - 2 - PCT/EP2007/008798  suitably designed
to prevent the data packets  overlapping. Tolerances in
the components of the  individual circuit arrangements
at the transducer  locations, e.g. in the propagation
delay of the 5 components, always result in the actual
switching of  the respective data packet being shifted
with respect  to the pattern pulse, which means that
sufficiently  large time gaps must be kept between the
sequential  data packets for error-free signal
transmission. As a 10 result, limits are set to the
value of the clock  frequency of the timing pattern,
referred to below as  the timing-pattern frequency, and
to the data rate that  can hence be transmitted on the
data line. In order to  transmit large volumes of data,
a plurality of parallel 15 data lines are used. Each
data line performs the data  transfer from a section of
the transducer locations to  the receive installation.
The object of the invention is to improve a method and
20 a device of the type cited in the introduction so as
to  achieve a data transmission having a higher timing-
pattern frequency and hence better utilization of the
data line. 25 The object is achieved according to the
invention by  the features of claim 1 and of claim 6
respectively.  The method according to the invention
and the device  according to the invention have the
advantage that by 30 compensating for the intrinsic
timing errors of the  electronic modules without
changing the bit length of  the data to be transmitted,
such large time gaps no  longer need to be kept between
successive switching of  



the data at the individual transducer locations in 35
order to be certain that the data packets do not
overlap on the transmission path, because without the
inventive compensation of the timing errors it was
previously always necessary to keep each respective WO
2008/052641 - 3 - PCT/EP2007/008798  time gap between
the end of the previous data packet  and the start of
the subsequent data packet at least so  large as to be
able to take up a maximum delay  occurring at any
electronic module. Thanks to the 5 switching times at
the transducer locations, which are  now individually
set and differ from the timing  pattern, and which take
account of the individual  timing errors of the
electronic modules, all sequential  data packets are
separated from each other by an 10 approximately
constant time interval, which can be made  very small
because of its invariance. The reduction now  possible
in the time intervals between the data packets  means
that the time intervals of the pattern pulses can  also
be shortened and hence the timing-pattern 15 frequency
of the timing pattern lying within a
synchronization-pulse interval can be increased
significantly e.g. doubled. This is accompanied by
higher utilization of the data line, so that
substantially more transducer locations can be 20
connected to the data line, and the data packets can be
transmitted at a faster rate to the signal processing
unit. Claims 2 to 5 contain practical embodiments of
the  25 method according to the invention, including
advantageous developments and designs of the invention.
Claims 7 to 10 contain practical embodiments of the
device according to the invention, including
advantageous developments and designs of the invention.



30 According to an advantageous embodiment of the
invention, the individual time delays of the signals to
be switched at the different transducer locations,
which are required to compensate for the timing errors
35 or switching-time errors, are determined from the
time  difference between the measured largest
switching-time  error and the switching-time error of
the electronic  module measured at the respective
transducer location. WO 2008/052641 - 4 -
PCT/EP2007/008798  According to an advantageous
embodiment of the  invention, parallel data lines are
used in order to be  able to transmit a larger number
of signals or items of 5 data for a fully utilized data
line, with a number of  transducer locations always
been connected to the data  lines in the manner
according to the invention. Since  the data lines have
different signal propagation  delays, and since it is
imperative for online signal 10 processing, e.g. for
beam-forming, that all the  digitized signals from all
the transducer locations are  available simultaneously
before the end of a  synchronization interval,
according to an advantageous  embodiment of the
invention, the signal propagation 15 delays on all the
data lines are measured, and all the  signals or data
transmitted on the data lines are  delayed to the
measured longest signal propagation  delay. 20
Measuring the timing errors and signal propagation
delays, and determining and setting the time delays,
are performed either manually when switching on the
receive arrangement or automatically during online
operation. Automatic measurement and time compensation
25 are particularly advantageous in receive
arrangements  on a submarine, because the propagation
delays along  



the data lines vary with the operating depth of the
submarine. 30 According to an advantageous embodiment
of the  invention, this is done by the means that, at
the end  of a data line, all the signals transmitted on
the same  data line are retrieved from the data line
with an  identical time delay. The delay for the
signals 35 transmitted on the same data line is set to
equal the  time difference between the longest signal
propagation  delay measured on all the parallel data
lines and the  individual signal propagation delay on
this data line. WO 2008/052641 - 5 - PCT/EP2007/008798
The invention is described in greater detail below with
reference to an exemplary embodiment of a device for
signal or data transmission, which is shown in the  5
drawing in which: Fig. 1 shows a circuit diagram of a
device for  time-serial transmission of receive
signals of electroacoustic transducers,  10 Fig. 2
shows a set of different timing diagrams  to illustrate
the method of signal  transmission according to the
invention, 15 Fig. 3 shows a set of timing diagrams
equivalent to fig. 2 where the method  according to the
invention is not used. The device shown in fig. 1 in
the circuit diagram  20 enables time-serial
transmission of receive signals of  electroacoustic
transducers 11 of a spatially spread  receive
arrangement 10 to a central signal processing  unit 12.
The transducers 11 are placed at different  transducer
locations 13, and their receive signals are 25
transmitted via a plurality, in the exemplary
embodiment of fig. 1, three parallel data lines 14, 15,



16, also called buses. The transducer locations 13 may
be located in a towed antenna or in a regular or random
arrangement on the surface of a carrier e.g. a 30
submarine. Each electroacoustic converter may be a
single hydrophone 17 or a group 18 of interconnected
hydrophones 17, such, a group being shown dashed in
fig. 1. A synchronization line 19 is routed to all
transducer locations 13, its input being connected to a
35 master-clock generator (not shown here), which
supplies  synchronization pulses at the synchronization
frequency  onto the synchronization line 19. Two of
these WO 2008/052641 - 6 - PCT/EP2007/008798
synchronization pulses are shown by way of example in
fig. 2.1. Each transducer location 13 is assigned an
electronic  5 module 20, which has a signal input 201
connected to  the transducer 11, an input 202 connected
to the  synchronization line 13, and a signal output
203. In  each electronic module 20, the receive signals
applied  to its signal input 201 are digitized and
switched onto 10 one of the three data lines 14, 15 or
16 at a point in  time. The point in time is determined
by a timing  pattern, which is derived from the
synchronization  pulses present on the synchronization
line 19.  EP 0 689 188 B1, which is referred to in this
regard, 15 describes the design and operation of such
an  electronic module 20. The synchronization clock,
i.e.  the clock frequency of the master-clock generator
at  the start of the synchronization line 19, is
specified  by the sampling theorem for the receive
signals in the 20 highest receive frequency range, the
multiplicity of  transducer locations 13 and a defined
bit length for  digitizing the receive signal at the
signal input 201.  The frequency of the master-clock
generator is  



multiplied in a clock generator present in the 25
electronic module 20, and supplies the clock pulses for
digitizing the receive signals present at the signal
input 201. In addition, the timing pattern defined by
the synchronization clock and comprising pattern pulses
for transmitting the digitized receive signals from the
30 electronic module 20 onto one of the data lines 14
to  16 is generated by the clock generator using a
counter,  where the counter counts the clock pulses
from the  clock generator, and a pattern pulse is
output when a  count that is individually defined for
the electronic 35 module 20 is reached. Fig. 2.2 shows
by way of example  four pattern pulses of the timing
pattern, which are  generated in four electronic
modules 20 at four  different transducer locations 13
assigned to the same WO 2008/052641 - 7 -
PCT/EP2007/008798  data line 14. The respective pattern
pulse opens a  gate, and the digitized receive signal
stored in a  shift register is transmitted as a digital
data packet  via the opened gate onto the respective
data line 14 to 5 16. Between two synchronization
pulses, the receive  signals at all the transducer
locations 13 are sampled  and transmitted to the signal
processing unit 12. A new  sampling and transmission
cycle begins with each  synchronization pulse, with the
receive signals at all 10 the transducer locations 13
initially being digitized  and stored in a shift
register in the time interval TA  (fig. 2.3). The shift
register is read out when the  respective pattern pulse
occurs at the respective  transducer location 13, and
the digitized signal as a 15 data packet is switched
onto the respective data lines  14, 15, or 16. In fig.
1 by way of example, the electronic modules 20  denoted
by Kl to K4 are assigned to the data line 14,  



20 and the electronic module 20 denoted by Kn is
assigned to the data line 16, which can obviously be
assigned  further electronic modules K(n-1), K(n-2)
etc..  Electronic modules 20 of other transducer
locations 13  are assigned to the data line 15 in a
manner not shown 25 in further detail here. Thus the
first pulse of the  pattern pulses shown in fig. 2.2
opens the gate in the  electronic module K1, the second
pulse opens the gate  in the electronic module K2, the
third pulse opens the  gate in the electronic module K3
and the fourth pulse 30 opens the gate in the
electronic module K4. Hence with  each gate opening, a
data packet corresponding to a  digital receive signal
stored in the shift register  would theoretically be
switched onto the data line 14. 35 All components and
units in the electronic modules 20  are by nature
subject to tolerances, resulting in a  timing error of
the electronic modules 20. Such a  timing error
manifests itself in the manner that the WO 2008/052641
- 8 - PCT/EP2007/008798  respective data packet of the
digitized receive signal  is switched onto the
respective data line 14, 15 or 16  at a point in time
that is earlier or later than the  times theoretically
specified by the pattern pulses of 5 the timing
pattern. This is illustrated in the timing  diagrams of
fig. 2. Fig. 2.2 here shows the theoretical  occurrence
of the pattern pulses and fig. 2.3 shows the  data
packets theoretically transmitted onto the data  lines
14, 15, 16 when the pattern pulses occur at the 10
different transducer locations 13. For components that
are not subject to tolerances, each data packet would
be switched onto the data line with the edge of the
pattern pulse. In reality, however, because of
different propagation delays of the components and 15
general tolerances, the data packets are switched at  



points in time that are shifted in time by a time
difference A with respect to the theoretical times. By
way of example in the timing diagram of fig. 2.4, the
data packet is switched onto the data lines 14, 15, 16
20 by electronic module Kl at time tl having a time
difference A1, by electronic module K2 at time t2
having  a time difference A2, by electronic module K3
at time t3  having a time difference A3 and by
electronic module K4  at time t4 with no time
difference with respect to the 25 respective pattern
pulse. If the timing-pattern  frequency is set too
high, i.e. the time interval  between the pattern
pulses is too small, then these  time differences can
cause the data packets to overlap  and hence produce
errors in the signal transmission. 30 This is
illustrated in fig. 2.4 by way of example for  the data
packets of the electronic modules K3 and K4,  which are
switched onto the data line 14 at the times  t3 and t4.
The data packets overlap here in the shaded  region. 35
Such overlaps are avoided in the prior art by selecting
a relatively low timing-pattern frequency so that the
switching times lie sufficiently far apart for the data
WO 2008/052641 - 9 - PCT/EP2007/008798  packets
switched onto the data line 14 at the different
transducer locations 13 not to come into contact with
each other in the time domain. This is illustrated in
fig. 3, where fig. 3.1 again shows the interval shown 5
in fig. 2.1 containing two of the sequential
synchronization pulses on the synchronization line 19,
and fig. 3.2 again shows the identical timing pattern
shown in fig. 2.2 of the pattern pulses occurring in
the individual transducer locations 13. In order to 10
avoid the overlap of the data packets switched by the  



electronic module K3 and electronic module K4 onto the
data line 19 given the switching timing errors of four
electronic modules 20 at four transducer locations 13
that are assumed by way of example in fig. 3.3 and 15
adopted from fig. 2.4, the timing-pattern frequency is
reduced compared with the timing-pattern frequency in
fig. 3.2, as shown in fig. 3.4. As shown in fig. 3.5,
this means that the data packets switched by the
electronic module K3 and by the electronic module K4 20
are separated from each other by a time interval and no
longer exhibit an overlap region. Having to accept a
low timing-pattern frequency is a disadvantage,
however. For example, if the timing-pattern frequency
in fig. 3.2 equals 500Hz, then the timing-pattern 25
frequency required to avoid the overlap in fig. 3.5 is
just 350Hz. A lower data transmission rate must be
accepted with the low timing-pattern frequency, so that
data packets can be transmitted from a lower number of
transducer locations 13 in a time interval equal to  30
that shown in fig. 3.1. In order to avoid such overlaps
of the data packets  switched onto the same data line
14, 15 or 16  respectively at different transducer
locations 13 while 35 still retaining dense packing of
the data packets on  the respective data line 14, 15 or
16 to achieve a high  data rate, according to the
method presented here, the  timing errors or
switching-time errors of all WO 2008/052641 - 10 -
PCT/EP2007/008798  electronic modules 22 at the
transducer locations 13,  which use a common data line
to transmit the receive  signals, are measured and
compensated for at the  transducer locations 13 by
individual time delay of the 5 signals or data packets
to be switched. Delay elements  21 having individually
set delays T are provided for  



this purpose and arranged between the signal output 203
of the electronic modules 20 and the data line 14, 15,
16 (fig. 1) . Each of the set individual delays T
equals 10 the time difference between the largest
switching-time  error, which has been measured at one
of the transducer  locations 13 sharing a common data
line 14, 15, 16  respectively, and the switching-time
error measured at  the individual transducer location
13. 15 In the exemplary embodiment of fig. 1, the
transducer  locations 13 having the electronic modules
Kl to K4 are  assigned to the transmission line 14. As
shown by way  of example in fig. 2.4, the electronic
module K3 has 20 the largest switching-time error A3.
Compared with  this, the electronic module K2 has a
smaller switching- time error A2, and the electronic
module Kl has the  even smaller switching-time error
A1. The electronic  module K4 is not supposed to have
any switching-time 25 error. Using the statement above,
the delay tit=A3-A1 is  hence determined for the
electronic module Kl, the  delay T2=A3-A2 for the
transducer location 13 having  electronic module K2,
the delay T3=0 for the transducer  location 13 having
the electronic module K3, and the 30 delay T4=A3 for
the transducer location 13 having the  electronic
module K4. The transducer location 13 having
electronic module Kn does not need to be taken into
account because it is switched onto the data line 16
and must be dealt with in conjunction with the other 35
transducer locations 13 assigned to the data line 16.
The delays T are shown in fig. 2.5. As fig. 2.6 shows,
the data packet is thus transmitted onto the data line
14 at the time t1 at the transducer location 13 WO
2008/052641 - 11 - PCT/EP2007/008798  having the
electronic module Kl, at the time t2? at  



the transducer location 13 having the electronic module
K2, at the time t3? at the transducer location 13
having the electronic module K3 and at the time t4+U4
at 5 the transducer location 13 having the electronic
module  K4. As shown in fig. 2.6, the data packets are
closely  packed and do not overlap. Error-free
transmission  having a high data rate is thereby
achieved on the data  line 14. 10 The three data lines
14, 15, 16 operated in parallel  typically have
different signal propagation delays. It  is crucial for
online signal processing, however, that  the receive
signals from all the transducer locations 15 13 are
available simultaneously. In order to guarantee  this,
the signal propagation delays on all the data  lines
14, 15, 16 are measured and all the signals
transmitted on the data lines 14, 15, 16 are delayed in
time to the measured longest signal propagation delay.
20 This is done by all of the signals transmitted on
the  same data line 14, 15 or 16 respectively being
output  with an identical time delay at the end of the
data  line. The delay for the signals on each
respective data  line 14, 15 or 16 equals the time
difference between 25 the longest signal propagation
delay measured when  measuring the signal propagation
delays of all the data  lines 14, 15, 16 and the
individual signal propagation  delay on the respective
data line 14, 15 or 16. In  fig. 1, the delay elements
are grouped in a 30 compensation element 22 and their
delays are denoted by  T14, T15 and T16. If, for
instance, the longest signal  propagation delay SL16 is
measured on the data line 16,  then one obtains T14 =
SL15 - SL14 and T15 = SL16 - SL15, where SL14 is the
signal propagation delay of the data  35 line 14 and
SL15 is the signal propagation delay of the  



data line 15. WO 2008/052641 - 12 - PCT/EP2007/008798
Instead of the individual delay elements 22, a buffer
memory can also be provided into which all the data is
read in, and which is read out in parallel after a time
interval that equals the difference between the slowest
5 and the fastest signal propagation delay on the data
lines 14, 15, 16. The spatially spread receive
arrangement 10 can be  implemented by different known
antenna configurations,  10 for instance as an acoustic
section of a sheathed antenna, e.g. of a vertical
antenna or towed antenna,  known as a towed array
system (TOS), comprising a  multiplicity of transducers
at transducer locations  ranked one behind the other,
as a flank antenna on the 15 hull of a submarine, known
as a flank array system  (FAS), as three transducer
groups for a passive remote  sensing system (PRS),
where a transducer group is  arranged at each of three
widely spaced transducer  locations, as a hydrophone
arrangement distributed over 20 the submarine and
forming part of an intercept  detection ranging sonar
(IDRS), as a measurement  arrangement for self-noise
analysis on board a  submarine (ONA, ACC), in which
structure-borne noise  transducers are arranged at
different transducer 25 locations, e.g. in the vicinity
of the drive and tower. WO 2008/052641 - 13 -
PCT/EP2007/008798  Patent claims 1. A method for the
time-serial transmission of  receive signals of
electroacoustic transducers  5 (11), which are placed
at different transducer locations (13) of a spatially
spread receive  arrangement (10), to a signal
processing unit  (12), in which at each transducer
location (13)  



the receive signals are digitized by an electronic 10
module (20), and the digitized receive signals are
switched onto a data line (14, 15, 16) leading to  the
signal processing unit (12) in the timing  pattern of a
synchronization clock, characterized  in that the
intrinsic switching-time errors of the 15 electronic
modules (20) are measured with respect  to the
switching times defined by the timing  pattern, and
compensated for at the transducer  locations (13) by
individual time delay of the  signals to be switched.
20 2. The method as claimed in claim 1, characterized
in  that the individual time delay made at a
transducer location (13) is set to equal the time
difference between the measured largest switching 25
time error and the individual switching-time error
measured at this transducer location (13). 3. The
method as claimed in claim 1 or 2,  characterized in
that parallel data lines (14, 15,  30 16) are used to
transmit the signals, in that the signal propagation
delays on all the data lines  (14, 15, 16) are
measured, and in that all the  signals switched onto
the data lines (14, 15, 16)  are delayed to the
measured longest signal  35 propagation delay. 4. The
method as claimed in claim 3, characterized in  that at
the end of a data line (14, 15, or 16 WO 2008/052641 -
14 - PCT/EP2007/008798  respectively), all the signals
transmitted over  the same data line (14, 15, or 16
respectively)  are output with an identical time delay.
5 5. The method as claimed in claim 4, characterized in
that the delay for the signals on the same data  



line (14, 15, or 16 respectively) is set to equal  the
time difference between the longest signal  propagation
delay measured on the parallel data 10 lines (14, 15,
or 16 respectively) and the  individual signal
propagation delay measured on  the data line (14, 15,
or 16 respectively). 6. The method as claimed in one or
more of claims 1  15 to 5, characterized in that the
switching-time  error and the signal propagation delays
are  measured and compensated for manually when
switching on or automatically online. 20 7. A device
for the time-serial transmission of  receive signals of
electroacoustic transducers  (11) , which are placed at
different transducer  locations (13) of a spatially
spread receive  arrangement (10), to a signal
processing unit 25 (12) , having electronic modules
(20) assigned to  the transducer locations (13) and
each connected  to one transducer for digitizing the
receive  signals and for switching the digitized
receive  signals onto a data line (14, 15, 16) leading
to 30 the signal processing unit (12) at points in time
defined by the timing pattern of a synchronization
clock, characterized in that each electronic  module
(20) is assigned a delay element (21)  having an
individual time delay set according to 35 the
switching-time error of the electronic module  (20). WO
2008/052641 - 15 - PCT/EP2007/008798  8. The device as
claimed in claim 7, characterized in that the delay
element (21) is arranged between  signal output (203)
of the electronic module (20)  and the data line (14,
15, 16). 5 



9. The device as claimed in claim 7 or 8,
characterized in that the individual time delay  set in
the delay element (21) equals the time  difference
between a largest switching-time error 10 measured at
the electronic modules (20) of a data  line (14, 15, or
16 respectively) and the  individual switching-time
error measured of the  electronic module (20). 15 10.
The device as claimed in any of claims 7 to 9,
characterized in that, to transmit the receive
signals, the transducer locations (13) are  distributed
over a plurality of parallel data  lines (14, 15, 16)
having known signal propagation 20 delays, and that a
compensation element (22) is  arranged at the end of
the data lines (14, 15,  16), which adjusts the signal
propagation delays  of all the data lines (14, 15, 16)
to the longest  signal propagation delay of the slowest
data line.  25 11. The device as claimed in claim 10,
characterized  in that the compensation element (22)
comprises  delay elements having individually set
delays,  each of these delay elements being connected
30 between one of the data lines (14, 15, or 16
respectively) and the signal processing unit (12)  and
having an individually set delay (T14, T15 or  T16
respectively), which equals the time difference
between the longest signal propagation delay 35
occurring on the parallel data lines (14, 15 or 16
respectively) and the individual signal  propagation
delay of the data line (14, 15 or 16 WO 2008/052641 -
16 - PCT/EP2007/008798  respectively) to which the
delay element is  connected. 


