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1 . INTRODUCI'lun

The design of sonar azuipnent for haunting on ROV's is particularly
duallenging in terns of acoustic specification, packaging size, and electronic
daign. [be of a micro-processor in the controller (an help considerably in
reducing size and the amount ofhardware mign. This, however, may be at the
cost of stringmt timing mnstraints, or: ounplarity in software. The sonar to .
be ascribed here is me of three designed by dBInstrumentation with a
central micro-procasor controller.

2. GERACI‘ERISTIG OF A SONAR OPERATE“; ON AN RDV

In controlling and navigating a renotely operated vehicle near the Sea bed, an
operator requires advance warning of obstacles. This my be provided by N if
water conditions are suitable, but when the turbidity is high, which is the
case in neny coastal areas. optical systans have a very short range and
effectiveness. Amustic systems will (perate even when the water is very
murky. thess, however, suitably high definition can be obtained from the
sonar, sufficient to form a pictorial display, there is no advantage. The
first requirement is to define the characteristics of a sonar which can
substitute for TV in navigating and acamining objects. The sonar must
therefore generate a pictorial display, occupy a- small siZe, and be usable at
close ranges.

A pictorial display implia both a short pulsed signal and law array beamwidm
for high raclution, conbined with some form of sunning to cover a wide arc.
The constraint of small size implies a high frqmnq of operation to achieve
the angular resolution. Close range operation implia further that the array
should be focused, as its near field will ectend well beymt-i. the ranges of
interat. ~ '

2.1 Vertical Disaimination

One feature of file type ofsonar under discussion is mat it is asan-ially
two dimensional in operation. The beam of the sonar has a vertical extent,
and all objects at the same range, regardlas of vertical position, will
return an echo. If the sonar is directed forwards and downwards, it is
therefore impossible to tal whether an object is rating on the botta'n, or
just above it.
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Vertical discrimination can be provided by allowingthe head to tilt so that

the greater angular resolution in the min scanning plane can be used to
measure height. A scan in the tilt or roll plane is also conceivable, for
initial detection and coarse localisation.

3. ACDUSTICI MEXZHANIGXL AND WNIC CHARACTERISTIS

Features ofthe required acoustic, mechanical and electronic performance can
be given after considering how the sonar is to operate.

3 .l Positioning SEtan

The positioning systen must bempable of training the array to an accuracy
much greater than the angular resolution. Since the sonar is to be used as an

aid to navigation, the ability to move rapidly between adjacent positions in a

scan is very desirable, as this will reduce the time to refresh the display

and the information presented to the operator will be more up to date.

3 . 2 sonar Electronics

At the frequencies indicated, upwards of 500K112. sonar propagation is severely

affected by absorption. While only short ranges are intended, the signal

strength varia over a considerable dynamic range. The receiver channel must

be capable of operating at both ends of the range. i.e. to process signals

fran both close and distant targets efficiently. It is also necasary to

transnit significant amounu of power to receive echoa fran distant targets.

3 . 3 Focusing

An array increasa signal-to-noise ratio, hence detectability, when individual

outputs can be added coherently. In the near field, this implies either

daaying or phasing transducer elanents electrically or constructing the array

along the arc of a circle whose radius is equal to the focal length. 0f the

mo, mechanical focusing is more efficient in its use of space and power.

4 . SONAR OPERATION

After the positioning systan has trained die array along the required

direction. the sonar operating cycle begins with the transnission of a pulsed

signal. Dizzing the transmission. and for period after, the receiver

electronics is turned off to avoid ringing due to activation of the receive

array by strmg reverberations, and high power feed through from drive

electronics.

112 Proc.|.O.A. Vols Part1 (1984)
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men the receiver is activated. a tine-varying gain is applied to thesumad
cuqmt of the array, in order to normalise echo strength against propagation
loss effects. 'lhe tine/gain d1aracteristic is of the form

gKt) = (i'"4)"(10"23r), where
r=ct/2, c=speedofsound.
t = elapsed time.
a is absorption/innit distance.

This mprisa a linear section at very close range, followed by an
atponential smtion attending out to long range.

(bless the operating parameters are fixed. which is unusual. as even pulse
width may need to be changed to trade off resolution against detectability,
there is an overhead at each cycle involving the setting up ofthe system

5. USEOFAMIm-PRDCESSOR

'me several functions dmcribed could well be carried out by a systen based
purely ona mixture of analogue and digital electronics. The requirement of
snail overall size. however. directs attattion to use of a micro-precast! as
overall controller, to saw on the volune of electronics, and oanplatity of
design. If basic functions are under the direct control of a computer, much
greater flexibility in operation is also possible. including, if remixed, the
execution of a stored sequence of qrclea.

The question arises of whether to design from outpatient level up. or use
proprietary boards. The choice rests both on the selection of
micro-procasor, and the aim of the project. For prototyping, there is little
doubt that proprietary boards are the better choice, provided that daign aims
are not omrprmlised. In support of this. oonsider that there is no
development time, and spara are more readily available should damage occur.
The trade-off is that there nay be unused functions which are being paid for
necessarily. However, the cost penalty is much is than daign t, and
the currently exoas mpacity nay turn out to be an advantage in future
expansion. In the systen to be described. which uses three boards iron the
vacma mm Biro-card range. it turns out that there is little
overhead in atoms capacity.

Pm.I.O.A. V016 Par” (1984) 113
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6. 13mm 01“ THE WNle 5mm HIGH RESOLUTION

SONAR

In order to discuss the subjazt further, it is necasary to give ranga for

are main parameters of the sonar. Sane details of the design. reasons for

choioa of options. and m the meta-processor hardware and software forms

the asential part of the omtroller will then be given.

6 . l Broad Sflification

Carrier frequency has beam given asgreater than SODkHz. Angular resolution
should be better man a degree for a postulated operating range of o-lOOm.

Raise widths dam to 100's of micro-semifis should be available.

The displayed sector an be as wide as desired. but there is a trade—off

betwem time to ctmplete a scan, and forward speed of the vehicle, and in
addition. at large angles to the forward direction, the range ahead of the

vehicle is mach reduced. The solution adopted in the present system is for a

large possible coverage. of mid: only a part is used at any tine.

6 . 2 Micro-Processor Functions

The systen under consideration gives all control functions to the
micro-procasor, including

— gating the carrier for the transnission
- Witching the receiver on and off
- supplying thecontrol voltage for the time varying gain

-closingtheloopontheazinmthservo
- supplying the reference voltage to the roll servo.

It is itself programed by an operator via a serial setting interface, which

allows it to be readily integrated into an autcmated system For stand-alone

operation, a small micro-based station has been developed. allowing an

operator to transmit commands and receive nurerical status infatuation.

5-3 ELM

me mntroller consists of just fourBiro-card boards, three of which are
proprietary boards on the bus of the micro-garment. The fourth is a purpose

designed sonar electronics board, whid'l interfaces through I/O ports. As

already mentioned the micro-processor boards are firm the standard mms range

of VEEIDR mm, which use the ME 8088 micro-procsor. This giva

the advantage of 16 bit operation internally, with the snaller size

raguirenents of an a bit data bus.

Proc.l.0.A. Vols Part1 (1984)
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Aswellasthegeneraladwmtagesofusingprovensubfimitsamieaseof
starting up in a prototype design, these boards have the further attraction of
being bumt in for a month before delivery, and are constructei to military
standard. having a ram part number. A list of the cmtroller boards. with
men part numbers where appropriate is as follows:-

leG-BBP - CPU; WIS-IE” - Mlle]. 1/0
WlDls-DAIZ - D/A; Sonar Electronifi

6.4 Allocation of Hardware

Referring to the section (:1 sonar operation, and taking each stage in turn, a
brief functional dacription the hardware follows.

6.4.1 Positioning

Mavens-its in roll and azimuth are omtrolled by output of a voltage utmgh
D/A, alflmugh the ms of closing the loop is different in each case. Each
servoisswitchedmandoffbyalteringfliesenseoflinesmmeIMboard.
aminbathcases, destateofdzeservoloopisneasuredbyreadingdam
from 11m m the 10w board. The azimuth servo loop is closed by the micro.
which reads the current angular position measured by a 12 bit resolver. The
roll servo loop is closed electrmimlly. The state of the loop is defined
coarsely as out of tolerance. and in tolerance 1 and 2, and manages when the
difference voltage crosses one of mo thraholds. '

6.4.2 Sonar

'lhe sonar transnitter is switdmed m by setting one of the lines on‘the ICW
board high, and off again by resetting. ‘ihe receiver is switched off
simultaneously, with switching m the transnitter and switched off at a later
time.

The durations of both transmission and receiver blanking periods are
deteminedbyreadingmeoountermthemboardmidlclodtsatGZJpS.
This was felt to be a sufficiently small interval for the purpose. apecially
given spew constraints, although Were is a compromise on the rate of
updatingthegainatveryeloserange. Ifamllerbasicintervalhsdbeen
asexual. astaxflardunuerboarddodcixigatmfiIEasterratamndhave-
hem used. ‘

'metimevarying gaincurveis appracmatedbyastair-case fmctim. Iagth
ofeadustepamimegaindaangearestoredastahlesinfluememryoftre
oanpiter. 'megeincnntrolvoltageiswtwtthrmghaD/A. Timiscunpared
toelapseitimemeasuredbymeoffivetinersmammthemmG-BSP

Pm.l.O.A. VolB Pm‘l (1984) 115  



   
  

 

   

   

  

   

  

 

   

    

 

    

  
     

      
  

Proceedings of The Institute of Acoustics

HIGH RESOLUTION, MECHANICALLY SCANNED SONAR

board. and what next update time is equal to current time. the gain voltage is

output. Gain is hatched to 0.25dB of nominal accept at very close range where

a faster update rate than 16km is called for.

6.4.3 Omnmicaticns

The serial 1/0 on the board is selected as R5232. although a 20M loop is

available. Baud rate and number of bits/diameter are set up by programing

the MUART on the mule—asp board by sofbuare. Received diameters are

buffered into the RM of the CPU.

6.4.4 other Functions and SEQ Capacity

One of the D/A's is used toprovide a reference voltage to the rat of the

system. There are is parallel I/O lina unused on the CPU board.

6-5 SOFTWARE

The software is written in modular form for ease of maintenance and testing.

It has three levels of control. At the highest level. the overall sequencing

of operations, and setting of the system takes place. The nact level is the

functional level, where the processa involved in positioning. cumunizzations,

and sonar operation are arecuted. At the latest level are the peripheral

interfacing sections of the prcxgr‘am.

This is a real-time application. If those sections of the program under this

constraint could be run one after the other, there is sufficient procasing

time to meet the requirena'it. and the coding would be relatively

straightforward. his. unfortunately, is not possible, and sharing of
procasing between real-time activities is necessary. Writing a real-time
scheduler to achieve this has been the met denanding part of the sofware
development.

 

  
     

     

  

  
 

In line with current trends ms the use of high level languaga, an
initial design aim yes to use PASCAL for all but thevery hardware dependant
operations such assysten initialisation and I/O device handling. It has
proved impossible to keep to this as timing constraints on program arecution
have energed airing detailed dmign. The only sections of the software
eventually written in PASCAL were the highat level train program, and a
procedure directing operator ammunimtions. ¢
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6.5.1 Eel Tine Haitians

Serial 1/0 is .at a relatively slow mate. with one character every 520 ps at a
rate of 19200 baud (10 bits/character). The. normal clock rate of me mms
bus is 51132, at mid: a simple I/O operation tam 2 ps. his leaves more
than enough time for overhead activitia.

The azimuth servo loop ins a bandwidth no greater than 200 Hz. To avoid
aliasing problems in the loop. an update rate of ten times this was specified.
'Ihis implia a procssing interval of at most 500 m betweai making
corrections to the angular position. There is sufficient time to achieve the
result with time for overhead.

Smar channel control involves reading time incl-enema and. for the M. gain
increnents. from tables set-up to cater for the particular pulse widthand
range scale in use. While the nargin is small at the Eastat rate of 1 update
per timer increnent, it is still possible to achieve this performance and to
match the ideal ‘IVG curve as closely as the quantisation in time will allow.

6.5.2 Time-Sharing

Once the head is in position, acoustic operation can take place. like, however,
to the praence of disturbing forces on the head caused by movement of the
ROV, it is also necasary to hold the array in position while echoa are being
received. Neither servo control software nor sonar control sofkare (an be run
alone as single fmctional units during this puiod.

The approadi adopted to meet thisneed involves writing snail units of code.
each performing a single operation. For the servo function, the units here

— died: if in tolerance
switdi m servo
output denand, and carry out further check
switch offservo
check for overshoot.

For the sonar function the units Hue
- trigger transmitter and blank receiver
- suitd'i off trarmitter
- switch on receiver
- set up nact gain and output.

Smarprogrammitsmmtbearecutedinadefinedotderattimadetemined
firm the pre-stored tables, whereas servo functions must be performed at
certain rate, but in an order whid1 cannot be detemined precisely in advance.
This is due to the unpredictability of the effects of external forca whidi.
depending on conditions, will producevarying rates and negoituée of
disturiance in position. ‘

PM.I.O.A. VolG Paul (1934) 117  
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6.5.3 Mal-Tim SdIeduler

The algorithm used to allocate CPU smution time to program unit: uses two

program state variables, one'for servo program units. and one for sonar units,

in conjunction with masurana‘lt of time elapsed from start of transmission.

These variables dacribe the behaviour of the system. for arample whether it

is out of tolerance. 'lhe value of each state variable determines which

program should be arecuted nart. "

As a result of the execution of a procedure, the state variable will be

modified. and it has been arranged that each procedure returns a value, which

is used to determine the new state of the system. The sonar system state

variable will incremmt until the W6 update sequence begins, and remains

fixed until the time passes the maximum range travel-time. The variation of

the position state variable depaids on the rault of the current measurement

procedure. It will be unaltered both while the head remains in position or

while it is being moved.

After eadi program unit returns control to the scheduler, the timer is read

and the amount of time left before the nart gain update is

(alculated. While there is sufficient time to acecute the

longat servo program, this time being determined during

development, the CPU is devoted to servo control, evm if this

merely involves repeatedly confirming that the head is in

position. When u: arecute another servo program unit would

overrun the time for the nart sonar output, the scheduler hands

over to a sonar procedure which runs a waiting loop until that

time has been reached. After the smar action is complete. the

positioning loop ream.

7 . WION

This project has best an ambitious one in moms of both acoustic and '

controller performance specification. It has been demonstrated that a design

based on cmmercially available boards is, feasible. without penalty. The

software daign has proved to be more deranding. but the simple real-time

acecutive developed for this purpose is sufficialtly general to

be used in other applimtions outside acoustics.
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