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ABSTRACT

A system  for the tape recording of side scan sonar signals perm itting  
autom atic replay into a graphic recorder. The econom ical use of tape, and 
the facility  to effect “on lin e ” m onitoring  of the tape recorded signals, are 
fu rth e r advantages.

INTRODUCTION

F or some years, it has been quite usual to tape reco rd  the signals 
produced by sonar system s, seism ic profilers, and sim ilar in stru m en ts  used 
in geophysical survey w ork. In m ost cases, the procedure is undertaken  
because the  fidelity  of m agnetic tape recording is high, and  rep lay  of the 
m ateria l a t the laboratory , perhaps w ith  some additional signal processing, 
can usually  offer the  m eans of ex tracting  m ore in fo rm ation  th an  is apparen t 
at the tim e of survey.

A problem  w hich usually  arises in  connection w ith  the  rep lay  of such 
recordings is the question  of securing synchronisation  of a g raph ic recorder 
to the reproduced tape signals. Unless th is can be done successfully  it is 
not possible to  reproduce the tape recordings in  graphic form , and the full 
advantages of the process cannot be realised. The solution to  the problem  
requires th a t the speeds of the two m echanical system s be k ep t in  step and 
th a t the relative phasing  be correctly  ad justed . The la tte r  requ irem en t is 
necessary so th a t the in s tan t of transm ission , as recorded on the tape, can 
also coincide w ith  the s ta rt of a sweep of the stylus of the  graph ic recorder.

Both aspects of the problem  have been solved in  an experim ental 
system  used in  con junction  w ith a side scanning sonar, previously described. 
( C h e s t e r m a n  et al. 1967). A lthough a tten tio n  is directed to th is application  
in this paper, sim ilar m ethods m ight be applied to seism ic profiling  equip
m ent.
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CONVENTIONAL METHOD OF TAPE RECORDING SONAR INFORMATION

The m ethod  usually  em ployed involves ex tracting  the video signal from  
the sonar receiver and  record ing  th is on one track  of a two channel tape 
system . Both F.M. and  d irec t recording m odes have been em ployed.

l he speed of the g raph ic  recorder used in  the sonar con tro ls the puise 
repetition ra te  of the tran sm itte r, and  a signal p roportional to th is pulse 
ra te  is sim ultaneously  recorded  on the second track  of the tape system. 
This signal can be derived from  the precision frequency  source w hich is 
usually  used to drive the synchronous m otor of the graphic recorder during  
survey. See figure 1.

D uring replay, exact p roportionality  of speed of the two m echanical 
system s is achieved by using the recorded frequency on the second track  
to drive the ch art recorder system , the precision source being disconnected. 
T his procedure elim inates the effects of any  speed changes o ccu rring  in  the 
tape system  between the in s tan ts  of record ing  and  replay, b u t canno t give 
the correct relative phasing. T hus, the in s ta n t of tran sm issio n  (f0) m ay 
be placed a t any  point across the w id th  of the graphic reco rd er chart.

The usual rem edy is to use an  o perato r to  s ta rt and  stop the graphic 
recorder (while the tape system  runs continuously) u n til correct syn
chronism  is achieved. P rovided tha t the original record ing  now proceeds 
w ithou t a b reak , synchron ism  will be m ain tained . U nfo rtunate ly , th is  is 
not usually  the case w hen extensive surveys are und ertak en .

It is felt th a t the conventional schem e can be im proved upon by:
(a) providing au tom atic  m eans for securing  the co rrec t phasing,
(b) reducing the tape requ irem en ts to a single track ,
(c) extension of the record ing  schem e to perm it “on lin e ” m onitoring

of the tape record ing  during  survey.

REQUIREMENTS FOR FULL SYNCHRONISATION

It is sufficient to be able to iden tify  the in stan t of tran sm issio n  (f0) 
unam biguously. T his, in itself, provides the  phasing  in fo rm atio n  w hile the 
tim e in terval betw een one transm ission  pulse and  the nex t can ind icate  the 
speed. If one can assum e th a t sign ifican t speed changes can n o t take place 
in either the tape system  or the graphic reco rder du rin g  the in ter pulse 
period (usually  about 1 second), effective synchron isa tion  is possible. Since 
we are usually  dealing w ith  high in e rtia  system s w ith  good sh o rt term  speed 
stability, this req u irem en t is norm ally  satisfied .



DESCRIPTION OF SERVO SYSTEM

The system  developed at B ath  is show n in figures 2, 3, 4, and  5. The 
record ing  takes place on a single track  of a high quality  tape recorder 
using  the F.M. mode. The detailed  specification of th is tape recorder 
together w ith  the re levan t p a ram ete rs  of the sonar tran sm itte r  and  receiver 
are  given in  the appendix . The w ork reported  in  th is paper w as done 
w ith  the sonar operating  on 800 yd range scale and w ith  a tran sm itte r  pulse 
w id th  of 1 ms. The tape record ing  w as done on tape at a speed of 
6  i.p.s.

The signal ex tracted  from  the sonar receiver consists of a positive going 
video signal, com prising  a tra n sm itte r  break-th rough  signal a t the in s tan t t0, 
followed by a series of signal re tu rn s  from  the sea bed, out to a m axim um  
ran g e  of 800 yd. (T his corresponds to an in terpu lse  period of exactly 
1 second). Since sw ept gain is em ployed in the receiver, it occasionally 
h appens th a t signal re tu rn s  a t qu ite  large ranges can equal th e  m agnitude 
of the  tran sm itte r  b reak -th rough . It is thus necessary to  generate a m ore 
clearly  identified  synchronising  signal at the in s tan t t0. T his is done by 
gating  out the video from  the receiver a t t(), and for a period of 30 ms 
th ereafte r. A negative synchron ising  pulse is then  inserted  in  its place. 
T he form  of the com posite signal, as recorded, is shown in figure 3. W ith  
an  F.M. recording, the  D.C. level is preserved on replay so th a t there is no 
difficu lty  in  ex tracting  the  negative pulses to operate the servo system.

A block diagram  of the electronic servo system  used to control the 
4" g raph ic recorder is show n in  figure 4. The synchronising signals are 
f irs t  separated  from  the com posite video signal by m eans of an  am plitude 
co m p ara to r set to operate  at —0.5 volt. To offer fu r th e r re jection  to the 
occasional noise pulses w hich often arise in  field situations, the positive 
o u tp u t pulses of the co m parato r are in tegrated  and used to trigger a 
u n iju n c tio n  tran s is to r c ircu it. T hus a synchronising o u tp u t is produced 
only  if the in p u t to the co m p ara to r system  falls below —0.5 volt for at 
least 15 ms. The o u tp u t of th e  u n iju n ctio n  circu it is th en  reshaped  by a 
m onostab le m u ltiv ib ra to r to give a pulse of defined am plitude and  w idth, 
su itab le  for opening the  signal gate of the “sam ple and  h o ld ” circuit.

The la tte r is fed w ith  a negative saw tooth, triggered by a m icrosw itch 
on the helix shaft of the g raph ic  recorder. The in s ta n t of triggering is 
a rran g ed  to be a t about m id-range on the recorder. T hus, the synchronising 
pu lse from  the tape reco rd er sam ples the negative going ram p, and the 
re su ltin g  voltage is stored  on the capacitor C. This voltage is used to set 
the  frequency  of an oscilla tor w hich, via a power am plifier arrangem ent, 
d rives the  synchronous m otor of the  ch a rt recorder. T he contro l voltage 
on the  capacitor can take all values from  zero down to —Vmax (the am plitude 
of th e  saw tooth) depending on the relative phasing of the tw o system s, but 
will finally  settle down at a value of approxim ately  — Vmax/ 2 , when syn
ch ron ism  is achieved. A detailed  c ircu it d iagram  of the m ain  section of 
I he servo electronics is show n in figure 5.



18 
inc

h 
ch

ai
î 

re
co

rd
er

F
ig

. 
2. 

— 
M

od
if

ie
d 

re
co

rd
in

g 
sy

st
em

.



-- M----  1

IO ms |

I I
U------------------------------------------ I second --------------------------------- ►!
I !I I

F ig. 3. —• S y n c h ro n is in g  pu lse  w av efo rm .

An additional advantage of the system  is th a t, if for any reason the 
tape recorded synchronising  pulses are m issing, the “sam ple and h o ld” 
arran g em en t w ill continue to rem em ber its previous contro l voltage for a 
period of about 30 seconds.

PERFORMANCE OF THE SYSTEM

The servo system  can be seen to be of the sam pled data  type, b u t due 
to the  relatively  rap id  sam pling, it can be regarded  ra th e r  approxim ately  
as a linear firs t o rder system  having a continuous e rro r signal. T he response 
of such a system  to a step function  inpu t is an inverse exponential approach 
to equilibrium , w ith  tim e constan t T.

A typical record w hich has been reproduced by th is system , including 
a section show ing the approach to  synchronism , is show n in figure 6 . Since 
each scan of the paper recorder takes 1  second, it can  be in ferred  that 
T ~ 5  sec.

One of the defects of th is sim ple type of servo is th a t it will change 
the reproduced position  of tn on the graphic recorder if the repetition  rate 
of tile synchronising  pulses changes significantly. W ith  the system  used 
at p resen t a 1  % change of recorded  pulse ra te  w ould produce a sh ift of f„ 
of about 3% of ch a rt w idth.
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Ship’s track.

800 yd. ran^e.

F ig . 6. —- T y p ica l reco rd  o b ta in e d  fro m  side  scan  so n a r  a n d  re p la y ed  fro m  tap e
v ia  th e  servo  sy s tem .

T his defect can be overcom e by em ploying a m ore sophisticated  servo 
system  or by sim ply contro lling  tape speed and  tran sm itte r pulsing ra te  
closely. This la tte r course w as adopted because transm ission  ra te  is 
already  held a t an  accu ra te  value by the 1 000 Hz tun ing  fo rk  oscillator 
and  because v aria tions in tape speed (in an F.M. system ) degrade the 
recording. A change of speed betw een record ing  and  rep lay  gives rise 
to a linear frequency  tran s la tio n  in the recorded  signals w hich produces 
am plitude changes and, m ore im p o rtan t for our purposes, a DC base line 
shift. W e therefore chose to supply  pow er for the tape capstan  from  an AC 
inverter having a q u a rtz  crysta l contro l of frequency. Shifts in the rep ro d u 
ced position of t0 now am o u n t to less th an  0.75 % of ch a rt w idth.

FURTHER DEVELOPMENTS

The system  described w as developed for use w ith  a sonar having a 
m axim um  range of 800 yds and  hence a transm ission  in terval of 1  second. 
It has been used experim entally  for over two years and the design could 
now be im proved. In p a r tic u la r it m igh t be extended to o ther operating 
speeds so th a t several range scales could be accom m odated.



The use of the add itional 4" chart recorder in the servo mode has 
perm itted  “on line" m onitoring of the tape recording, and in m any ways 
the orig inal 18" chart recorder of the sonar is no longer necessary. As 
already pointed out by C h e s t e r m a n , this la tte r recorder does not give an 
isom etric ch a rt when surveys are  undertaken  at the usual ship speeds 
(about 6  kno ts), w hereas the sm all recorder used here is designed to do so. 
Thus, a single chart recorder of in term ediate size, operating in the “on 
lin e” mode by m eans of a servo system  of the type described, could fu lfil all 
the req u irem en ts for im m ediate display.
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APPENDIX 

1. Sonar characteristics

T ra n sm it te r  :

C arrier frequency: 48 kHz 
P ulse length : 0 .5 -2 .8  m s
P eak  Pow er: 8  kW  (electrical) in to  m agnetostriction  transducer 
M axim um  range scales: 400 yds, 800 yds, 1 600 yds

Receiver

C entre frequency: 48 kHz 
B andw idth : 4 kHz 
M inim um  detectable signal: 1 itV 
Swept gain range: 40 dB



T ransducer:

M agnetostriction type in towed fish 
P o lar d iagram  :
V ertical beam w idth  7.5” ( —3dB points)
H orizontal beam w idth  1.8° ( —3dB points)

2. Tape recorder specification
( B r u e l  and K j a e r  type 7001)

T his is a two channel F.M. in s tru m en t for acoustic an d  v ib ration  da ta  
recording.

T ape: 6.35 m m  (a inch) wide on 267 m m  (10.5 inch) d iam eter reels 
Tape speeds:

Tape Speeds 38.1
1.5

152.4
6

381
15

1 524 
60

mm/s
i.p.s.

Frequency range 
(+ 0.5 dB) 0 -0 .5 0 - 2 0 -5 0 - 2 0 kHz

Signal to noise ratio > 4 4 >  48 > 4 8 > 4 8 dB

Tape speed accuracy: ±  0.25% w ith  precision frequency  source 
C um ulative flu tte r: generally  < 0 .2 % peak to  peak.


