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1. Introduction . _

Acoustic telemetry has for some time been an established tool for

underwater research and development. The art has advanced in recent

years from simple single channel devices, to the mltichannel systems

carrying out more complex measurements which are now available. The

principal factors which have limited the scope of acoustic telemetry

are reliability, physical size and power consumption. The develop-

ment of more compact integrated circuits has had a direct impact an

underwater telemetry by raising the limits of these factors, so that

it is now possible to deaig: systems of a complexity which would have

been unrealisa'bls only a few years ago.

~ 2. A lication to fiahin 37: research

At the Marine Laboratory, Aberdeen, on acoustic tslemeter system

'_ has been developed to provi‘e el-time infer-nation on the performance-

? iiof hill scale fishing gears 1: The complexity of such gears means

that a wide range of parameters have to be monitored underwater. These

include geometrical factors like the spread of the net, and height of

mouth opening, together with physical quantities such as towing loads

in the wires, water depth etc. Accordingly, the gear telemeter was

designed to accommodate up to sixteen separate measuring instruments '

on the net'connected with it by cable, and to transmit data from these

is an acoustic link to a toned receiver at the ship. . -

Apart from the main data transmitting link, acoustic pulses are

also used foreome of the distance measurements about the net, trana- '

mitted between a pair of hydrophonee separately cable connected to

'the telemeter. The design of the underwater electronics was con-

siderably simplified by standardising on this type of signal (a time

delay). _'l'hus tension mters,for example, which essentially operate

a pressure transducer giving an analogue output, had additional cir-

cuitry built in so that on interrogation via the cable connection with

the telemeter a response pulse was returned, the delay hetvyeen the

-two pulses providing the required information. ' - ‘

The prototype equipment has now been in use at sea for ' .'

over a year. v A number of desigl and operating problems haveJmad

to be overcome, but'ths value of the'systsm to the research effort

has been decidedly proved. The experience gained has been applied

to the preparation are new desig: for mtuze models. The logic of

the system remix-as practically unchanged, but advantage has been



    

in“. a; latest developments in compose-n; clog” particular]:

the advent of MSI elements. This development is detailed further

balm.

5. Underwater electronics

Circuits for timing, sequencing, encoding and data trans-

mission are all incorporated into one "control unit", which is the

subject of this section. Two timing oscillators are independently

used to control channel stepping rate (variable 0.1 to 3 channels

per second) and acoustic link frequency (50 IG-lzj respectively. A

time division multiplexer linked to a preset patchboard determines

the hequence in which the instruments will be interrogated. ~

Instrument time dslay data-are digitised by gating the 50 KHz

oscillator into a 3-dacade counter. Each decade then contains a

h‘bit BCDnumber, in a special code. When these data are completeL

a Lth "decade" is loaded with hhits given the channel number _

corresponding to the data. The full 16 combinations of 1+ bits are

possible in this last case, so it is not a. true decade module like

the others. Switching of a logic level now causes the I. "decades"

to be logically connected as a long shift register. The stored

bits are now sequentially presented via a Home—type encoder to.

the power amplifier driving the acoustic link transmitting trans—

ducers. Thus a binary '1' is sent over the link as a pulse 3 times

as long as that for a binary '0‘. Additional logic is used to

properly space each pulse, and each group of h pulses. -

The control unit logic circuits use a mixture of Tl‘L and

ML elements. The additional speed, which is one of the features

of TIL, is not necessary in this application. In fact- fast switch-

ing times can be an embarrassment due to radiation, and ML elements

are also liable to cause noise spikes on-power lines should the

two outputtransistors overlAp in switching with both 'on‘ together

momentarily. However, it is the case et the present time that TTL

systems offered by manufacturers generally include a wider range

of functions than other types. Particularly in relation to the

recently available M51 elements, the advantage of simple logic

design and correspondingly improved reliability is paramount, and

so the advanced design which has been prepared for future units

uses TEL exclusively. The problem of circuit interaction will

therefore require special attention through the use of proper

screening and. 'power line filtering techniques, bearing in mind the

overall size limitation on the equipment which means that circuits

cannot be spacially separated to am! great extent. '

The "first generation" microelectronic elements used in

the prototype telemetar are mainly dusl-in—line (DIL) packaged.
of the alternatives, T05 cans are now outof data (except perhaps

for operational amplifiers). Flat packs do offer a saving in space,

but this is to'some extent lost through the more complicated con-

structional procedures which are necessary. _ Maintenance of flat

pack circuitry is better carried out at the sub-assembly rrathsr'

- than component level. For prototype eqUipments, and small runs of

’ prototype copies, D11. packages are therefore likely to remain the

favourite for some time to come.

Turning now to the mother development now in progress
on this telemeter system, centred on the use of lLSI elements, (nose.

.the a number of advantages over earlier 10 techniques. Princi-

pally, the incorporation of 9. larger number of motions within

one package greatly simplifies system design and construction. In

consequence, the reduced number of mechanical wiring connections

which have to be made enhances reliability. A good ample is



 

presented by the multiplexer logic of the tslcmoter control mt.
.This is essentially a. 16-stage ring counter, made up by a I. bit
binary counter whose outputs sre'decoded by 16 HAND gates. The
prototype telemcter uses for this 5 dual h-input NAND plus 1. JK flip'
flop chips, a total of 12 circuit components, and 132 solder _connec-

tions (including power supplies). Dual JK elements cannot be used,
as switching of the counter must be synchronous thereby requiring

e number of inde ndent J and K inputs. The some logic, designed
in MSI (Figure 1 has only 2 circuit elements and a corresponding
}2 solder connections. - . -
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Standard applications like the ring counter are the - '
obvious ones to benefit from 1151. On the other hand, more
specialised circuits are not so easy, because-the limited turnover
will be unlikely to induce the manufacturer to enlarge the scale

of integration. Thus the encoder logic requires various connections-
to be made between registers, so that the binary counter can be

switched to a shift register_inode, and vice verssr There’are MS];
counters onthe market, sad PSI shift registersybut, else, no
element which can be both. so' first generation 16': must still be
used in cases like this. ' - , -

L. Shipboard receiving eguipn'ent

The prototype telemetcr has been used at sea mainly in
conjunction with an on—lino computer for signal processizg. In

this situation the'mceiving hardware is minimal; a pro-amplifier

built into the .tcwed receiver housing, a main amplifier on the ship

and o detector which provides the unchanged Horse type signals, at.

TH. voltage levels, to the. computer interface. Further decoding -

is then done by software.

_ Linear 10': can be used in the amplifier circuits, but'

present some problems. Those: operational amplifiers with a well

, controlled roll—off 'do not generally have enough gain at 50 KHz, .

while devices with a higher frequency limit but worse roll-off

characteristics can give stability problens. This is particularly '

so where ABC has tohe built around the system, as is the case here,

to compensate for fading and other irregularities in the acoustic

signal.

The computer is not an essential part of the toleneter

system, but without it decoding circuits must be provided to drive

a display. A unit is now beingdeveloped for this purpose. Pull
use is being made of H51 components for bit storage, decoding and
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the detection of foil conditions. The recovery of signal space and

pulse length information is done by timing circuits based on the

710 type comparator, which has proved to be a most useful component

for a variety of applications in this field.

5 . C cncludigg remarks

Reliability of equipment is undoubtedly the key to the

succeaaml use of telemeters of the type described here. In a fish—

ing gear development exercise, all instrument data from the nature

channelled through the one telemeter control and transmitter unit.

If that fails, all is lost, in contrast with previous techniques

where the failure of one self—contained recording instrument did not

affect the data contained 'in the other independent instruments. But

multiple acoustic links are not a practical proposition at present,

so to obtain data in nal time, which is the principal advantage of

telemetry, particular attention must be paid to the reliability _

question. Comidering the severe vibration and shock to which this

equipment is subject in use, one would expect mechanical connections,

2.5. solder Joints, plugs and sockets, to be a dominant source of

failures. This has indeed been demonstrated by experience. The use.

of Ic and MSI components will therefore contribute to system relia-

bility through the reduction in number of such connections.

Even the best engineered systems fail sometimes, and

assuming that financial considerations prohibit the use of “throw

away" telemcters, proper provision must be_madefor maintenance in

the field. If replaceable modules or cards are used, then there is

an optimum size of module which depends both on cost and component

considerations. Looking to the future, technology may well advance

to the stage where allthe circuitry for a multi-channel telemeter

might be built on to one silicon chip, leaving but one electronic

component to replace in the event of failure.
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