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1 . 1!:R0DUg;0"

since it: origination during World War II. the Defence Research

Eltahlilhnant Atlantic (DRE-L) has maintained acoustic calibration facilities to
lupport it: underwater acnultic research presumes and to assist the Canadian
Forces in sonar development and evaluation. over the year: the facilities have
bun upgraded periodically to embrace new technclasy. and the latest of then

improvement: has been the installation of microcomputer—cuntrnllad measurement

agate-I.

This Papal: will pruunt an overview of the acoustic calibration facilities
mm availnhle at cm. U. will first dencribn briefly the tin ninja: nitee, the
Annuatic Barge nnd the Acoustic Tank, and. their mechanical aquimmt. The
electronic equipment and computer Int-m will then he described. Finally. us
will. outline the ctr-puts: Fragra-nnl that have been develnped tn carry out the

transducer nelihratiun talk].

2 . ACOUSTIC MG!

The acoustic barge in a JOO—tcnne welded steel vessel 36 I long by 17 m
wide. It in moored in a Ihalterad. cove 5 In: by watar Eranam. when the water
depth in about AZ In (lea Figure 1). The hull cnntalnl a rectmsulu Hell. 9_n|
h! 15 n that is npen to the l The main work. at“. including the well is
covered by a dechhoule. a lo—tonne electrc—hydraullc crane on the nuter deck

  
Pi|. a.- .u- um mun-tic llr‘l m nanzuru lalln.
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nu “ring lads from I he“ a: ship into the ducuouu thruufl: l 11:;- doom".

Elva—tonne laldl cm In mud unwilli- within thc duckhouu by u: alutrl:

hridu cnne. It ll land to hundlu the Itntianl on which tnnlduuu or other
dulcu Ire flaunt-d.

trusducen an In Inuntnd Ind rant-d. at depths Ero- 2 to 30 n on ‘
number he “flu-ant Itntlunl Light ltlhinns. cuplhh a! 200 In; 1mm. no Hand
on trolley to Iulpend dovl u myuhere within km “11. Henry It‘tlona,
cup-hie of load: up to 7 tonnes. can be Kind to tho Ind: a! th Hell on an the

out" dunk within rate]: of Mn deck cum. on man of the stations. digital
abut: cncaden provlda dill“). humour. of the “nu-m “31..

Thu hlr'l ll supplied with 3—phnlu Ilnctricfl paw-r win I :lbla tn Ihoru
500 In any. mrgeuuy pm: for essanhlll sandal! i.- pcuvidnd by I ditto].
snot-tot.

mm
The Icon-tic tlnk i: I circular red-and hunk 7.3 II dim-tn: by 1.5 II

dung. It 1. banned 1:: u coucr-ta "ulhla hunk" In I building Eumtly and to
Ionic. trsnuunnuc emulation: cabins. “sure 2 1: 1 flow Eran balau.
Ihwins the tsp of the med tank. Ind the work bridge resting on the lip 0! th-
clble unk. Both thI work hrldsu Ind. thI tank itulE no mounted on rubber pads
to llolltl thin Iran ground vibrution: for Enquunc lu lbovu About 10 Hz.

 
Ms. 2. the nu Icoulhlc Ink thn; on. and a! th- wfl: hrldn, and loan of

th: untu- filtnuon quip-Int.

M Inn-bill platform rut on hhl bridu and than {I 90 “net
Inhaled nun-ct!“ bun-n eh. plltlam nnd thl floor. ulih tn gravid.
mantel: ilolltlun In- fluor Tlhrttlonl. M idontlul tun-duel: mating

MLOJ. Vols Pans (I984)  
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etetione etttch to the two platform. the etetionl' ehefte ere rotatable under
remote cetrel end incorporete digital encodere For reedoot of the eheft
rotetion.engle.

Hedge—then“. block: of "inwlkrote" eound eheorbin; uteriel [1] line the
well: end pert of the floor of the tent. the" greatly reduce the reverberetion
til. 0! the tenl’. for frequencies ehnve A Hit.

A . cggggfineggon EMSDUCIRS

Beceuee of their brand benduidth, the sound Iourceh met useful in our
celibretiooe ere the J-eeriee of moving coil projectnre [21. designed by the
Underwater Sound Reference Detechneot (USED) of NHL in Orlando. floride. Th.
lrequeney range from ebout 10 it: to 20 tie: is edequetoly covered by then;
nnite. Piezocerenic treneducere euch es the usm) type re: {a}. ere need when
hiyher frequenciee ere required.

Our etenderd hydrophones ere piezoeerunic unitx, either comet-tinny-
unufectnred or built in our treneduner leharetory, Absolute calibretlone of
the etenderde ere eerried out periodically by the reciprocity method [A]. one of
the teelu performed with the eid of the miernomuter.

5 . §LE§§EDHLC EEILIIJES

The electronic equip-lent for the tent ll feirly conventionel end include:
low-noise difterentiel preemplifiet's. progremehle filters. yrogren-ehle
WINNIE". fidehnnd Power emplifier. end the ueuel monitoring equipment such
on oleilloenopee end nature. The huge equipment ie eeeentiellr the wee, hut
edditionelly includee e 1.5 kVA high power Inplifior.

Figure 3 ie e composite block diesrun of the computer-controlled
celihretion system. All of the item: eheern in the urge hleek on the left ere
hauled in the microcomputer dreuer. the connection! ehotm ere than thet night
he ueed in e projector reeponee meeurelnent or pert of e reciprocity
:elihretinn. the disitel eheft ecoder is used tor recording directivlty
petterne. the digitel-te-enelog converter (BIA) end programmable in! you
filter ere used for peeudo-rendoin noise geneeetian in e hydrophone celibretion
procedure. the eneloy-to—digitel converter (AID) is need for 111 eisnel
ampling. It hee eight multiplex chennele. elthaugt in met oE our celibretion
procedurel only one ehennel in need.

6. CLIBMTLON [Eggnyggg

A complete celihretion of en underueter eeund trenedneer will normelly
inolude free-field receivinl end/or trenenitting reepenee over e frequency bed,
fer-Held directivity yetterne et eeleeted Erequenniee. end -e1ectricel
edleittence or inpedenee over e frequency bend. Detailed description: or the
heel: procedure: end their li-itetinne ere beyond the none of thie peper. end
the render is referred to e text by Bobber [51 for e thorough diecuuion of the
Iuhjeet.

Our present eolteere peekele controls eix eelibretlen proceduree:

1. Hydrophnne receiving eeneitivity by the :olperieon method:
2. Projector trenenittine reeponee by refer-nee to e etenderd. hydrophone;

98 PMI.0.A. Volfi Plrto (1954}
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Ahaolute receiving andlor tranenittina reaponeen by the reciprocity

method;

Electrical admittance er impedance measurement:

Directivity pattern meaaurement: and

ilydrnphone cemparieon calibration with pseudo random noise eignale.

the firlt live or there procedure:

outlined in the following aection.
use the tone burst technique which in

——OXGITAL
HINCHESTER/ "ANALOG
FLOPPY DISK

CPU 8
MEMORY

SERIAL I/O

PARALLEL 1/0 LON-PASS
T R

FIL E CURRENT
TRANSFORMER

POWER ——1
AMP ;

annuPHuNEE

(WC)
PROJECTOR

RT CLOCK

ANALOG
OUTPUT (O/A)

IEEE 483 BUS
CONTROLLER

ANALOG
INPUT (A/D)

ARRAY
PROCESSOR

I BAND-PASS
FILTER

Pig. 3. Cnmpoeite block diagram of the computer-controlled calibration ayatem.

6.1 gene Buglt inhale

The tone hunt or pulsed aound technique in commonly used to achieve

erreetive free—field cenditione in a confined medium euch u in a tank or

ehallou pond. It in eaeily implemented under computer control ueing a

progrumnable ay'nthcnizer for signal generation and an AID converter for nigna].

recovery. the time window evailahle for aamplin; n! the received waveform

extendl iron the initial arrival of the direct eignel to the arrival of the

Eirnt interfering nisnel from a boundary or object. we normally apply diecrete

Fourier tranaferm (DPT) preeeaaing to a uquence of eamplee taken an late as

poneihle in the time window when the lignal he! reached nearly "ateady Itate'I

eenditione. the primary frequency component in extracted by the DP"! process and

used in the euheequent cnmputatiene (or that frequency.

Continunue ninuaeidai (CH) eisnale are used only when the time window in

not long enough to contain a uaeahle tone burnt. This reeulte in a sacrifice of

accuracy when good free-field condition: cannot he realized.

the maximum frequency available for tone huret or cu meaaurementa in

limited arbitrarily to an idle.

Proc.l.0.A. Vol6 Part5 (1984) 
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6.2 Con: u re reme-

‘i’he computer programmes are written in renew except for a few ahcrt

routinoe which are written in the traced assembler language. Extensive ure is

node of the subroutine libraries supplied with the variour peripheral devicer.

the progrannnea are highly user-interactive. The operator is guided

through each atop of the procedure by statements on the diaplay screen. and is

prompted for parameter input or other action as required. Figure a shows a

typical display aequence. obtained during a projector calibration: 'the operator

selects a rtep from the menu at top; step one. initialization. calls for new

parameter input. A default or existing value in printed and may be chosen: or a

new value may be typed. an. for example in Figure I. a new upper frequency and

depth were selected.

lany error checks are performed and appropriate manages to the operator

are displayed if an error is detected. some are generated by peripheral devices

and signify a hardware fault or an attempt to clock events the rapidly. others

are programme—generated and arise from inappropriate parameter selection and/or

nettvare timing problems.

During tone hurnt or G! calibrations. the synthesizer frequency is stepped

through the hand from the upper to the lever frequency. The stepping can he

interrupted at any point to cause a repetitive loop at that frequency or to

restart the procedure. Up to 10“ separate frequency points can be processed.

The received signal in paued through a pregrennnehle bandpass filter that in

etepped to follow the synthesizer frequency. Syrtem gain is adjusted

automatically to keep the signal at a suitable level for sampling hy the 12-bit

LID ronverter.

i. INITIQLXZE FOR NEH CflLIERRTION.
2. NEH CRIBRRTIDN. SME PARAMETERS.
3. REPERY FINN. Pm.
4. NEH CnLiB-RRTION FRCYOR.
5. FE“ PLOT PWETERS- PLOT RESULTS.
6. SAME PLOT FWETERS; PLOT RESULTS.
7. QUIT.

“Him STEP? 1.

LUHER FREDUENCY 0012» 1.662 T!

UPPER FREGLIW (K142)l 16.900 7? 29

OFT FREQUENCY DEW (HM. 9.997% 8.990 T?

FILTER WWII)” (KHZ)x 1.383 ‘n

mwm U‘EI'RES)l 1.338 ?'.' 1.3

DISTQNCE. m TD STQNDARD (HETRES)! 1.888 ??

NAILABLE TIHE HINDOH “EEC!l . 1.888

,TIr‘E HINDU“ ("SE63 HINIHUN BJOB)‘ 1.858 T?

Fig. a. Example of the manage diaplay to the operator. obtained during a

projector calibration.

mill-A. Vol6 Part5 (1884)  
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Graphic results are plettid in preeerihed Pol-mate on the display

screen. end the opereter can make stale changer. Herd cepy relultl can he made

dlreetly lrem the dilpley. or they can he plotted on e multiple-pen r—y

plotter. The result: cen alae he saved on a diet Elle for Inter plotting. and

multiple pletl can he placed on the name graph.

6 . 2 . l flxggoghoge cmgegi gen can union

this procedure determines the voltege neuritivity of n hydrephene hy

enmparleen of its open circuit output voltage with that or a etandard hydrophone

placed in en identicei sound field. Figure 5 ehewl a typienl graph of relulte

plotted on the digital x-y plotter. A number of unknown hydrophenee may he

caiihrated without repeating the Ituderd measurement: every time. since only

the ratio of tin voltesee is important, the meelurin; system need not he

eelibreted but it mult. of courle. be linear.

menu: WM" fll‘ III II“ WWI ID—fl-lHl

wacm - 3.65 M

  

   

O referent:-
I Vol\ up.

5
FREme (in)

Pig. 5. twin]. graph e! receiving unaitivity a! I hydrephone.

6.2.2 Win-ma

the trulmittins current (or voltage) relpenee e! a prejeeter in

determined by meeeurins its driving current (er voltage) and, uainp a Itandard

hydrophene. lee-luring the intenaity e! the resulting Bound Held at a lpeeified

tree-Held luuetion. A graph of reeulte (or a typieel projeetor ealihretion in

then in Pilure 6. Again. the use maelurement eyltem in need for both

projector drive level and the Itandard hydrophene output. In the "Item must be

linear but need not he eelihreted. .

MLOA. Vela Pens (1984) . 101
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Pig. a. typical greph of trendmitting relponse of e projector.

6.2.3 Eeciprngin Ceuhgetiog

the reciprocity procedure eiloun the ebeolute celibretien or three

treneducere. none of lhich in required to heve e known electreecouetic

relponee. At leeet one of the trenedncers muit he reciprocel. one munt be e

hydrophone end the third in e projector. The etenderde on which the reciprocity

ceiibretinn is based ere: e frequency ntenderd (the synthesizer). en nccurete

length meeeure. end en electrical etenderd. in our cue the current

treneformer. The density of the medium. either Eresh enter or en ueter. enters

into the cemputetion of the reciprocity peremeter [61. AI in 6.2.1 end 6.2.2,

the meeeuring Iyetem must he lineer over the renge of voitegee to be meeeured.

Grephic relulte ere plotted in the sums form n in Figure: 5 end 6.

6.2.0 Admittenceflmggdence Heneurement

‘i'he electricel edmittence or impedence e! e trnneducer is determined by

meeeurin; the complex volt-5e and current et the treneducer terminell. ulin; two

multiplex chennell of the LID converter. The meeeurement mey be'mede et

Ielected Iingle trequenciee or etepped through e specified frequency renge. In

the letter cue. reel end imesinery component: ere computed. end plotted Ageinet

frequency. Liternetively. the imesinery component no he plotted eaeinet the

reel component. Alee. the blocked edmittence (impedence) {3] can be epecilied

by the operetnr end euhtrected from the component! before plotting. thie comen

technique ellm more preciee obeervetion of the motion} edmlttenee (impedance)

at | {Ilflllflt treneducer.

Pml.O.A. Vole Fans (1934)  
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6-2-5 pin-Mew.

A directivity reaponee pattern [71 of I trenlducer in ohteinad by rotating

the tranIducer about In ain and periodically meenurioa it: relpon . uling an

ausilliary transducer plIeed at a auitahla tar-field location. The auxilliary

transducer in either I projector or I hydrophono depending on whether the tut

truaducor il a hydrophono or I projector, respectively.

The rotation angle in tracked by the computer using a digital shaft

encoder attached to the transducer rotating station. The encoder emits a pulee

every 0.1 degree that ia \Iaod to trigger a Iample quuonce. loot tranIducar

directivity maeauremente do not require such fine resolution. so the programme

ellola simultaneoua directivity meaeuremonte of up to eight element: in a

tranIducer array. or Iimultanaous manurementu at up to live frequencies. also.

I number of adjacent samples may he averaged for mouthing oi’ the plotted

raaults. Naturally. the transducer munt be rotated slowly enough to allow the

3600 sample aequencaa: typically 50 to 200 Ieconde are required.

Preliminary directivlty patterns like that shown in "pure 7 ere diepiayed

on the sraphicI terminal allowing the operator to adjuot plot parmtere. Hard

copy raaultl may he plotted on the multiple pen x-y plotter. Either cuteoian

or polar coordinates can he chosen and an example of the former iI Iholfl in

Figure B. when the directivity iI plotted for two fraquencioa ohtninod during

the name rotation. the reopen-o amplitude is plotted in deeihola relative to

lD-flJG-84

PULSE “10.015 I
~r to: >ax: we , 2:”

FREGAKNZF zeroes

   
DXR, [W (08) I 11%

fig. 1. Diractivity pattern II dilplayed en the lraphiea terminal.

MLOA. Volfi Pans (1984)
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the maximum response. and the angle or maximum response is chosen as the nominal
scoustic axis or zero degree position. Any other angle may be chosen by the
operator es the zero degree position.

     
       

iIEII .
llllllllllllflmli

iififimmmmmr
'351ss-iro -I2li -se -ee -se a as as so [23 use use

ma: (dweu)

Fig. l. Cartesian coordinate plot of directivity patterns taken at lo tn:
(dotted) and 20 kHz (solid) during one rotation of a type F33
transducer.

‘i'he directivity index (DI) is computed for each pattern. assuming a
symetry axis. as specified by the operator. to he either coincident with, or at
right angles to the acoustic axis. the BI is automatically printed on the
display terminal pattern (Figure 7).

6.2.6 flydrgghgne no“; gaiihration

The sixth programmed procedure is the comparison celihrstion of a
hydrophone using pseudo-random noise signals generated by the D/A converter
[9]. The frequency band is defined by the AID sampling rate, which is slso the
BIA signal generation rate. Up to 102a voltage samples are taken in each of two
passes. one for the standard hydrophone and the other for the unknown hydrophone

placed at the same location in an identical sound Field. The array processor
uses the "I method to compute the power spectrum for each hydrophone from the
received signal. and the unknown sensitivity is calculated in each frequency
bin. Plotted results for noise celihrations ere in the same format as in vigure
S but with the abscissa labelled in II: rather the idle.

_ the noise method is used predominantly at lower frequencies in a
reverberant environment such as the tank, where the avsilanie time window is too
short for tone burst measurements. the noise burst is then started well before
sampling is bogus so as to allou the noise field to become more—or—lass
stationary. Alternatively. at higher frequencies. the complete "1 sample

sequence may be contained within the free-field time window. allowing a

ProcJ.O.A. Vole Fans (1984)  
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uidehand. free-field calibration with noise-like aisnain. the highest AID

Iamplins rate available with our present hardware in 125 kHz, limiting the upper

frequency for noise calibration: to ahout 50 the. the method can he need done

to 5 H: or lower. depending on the available sound aourte.

7 . {QT—HEB DEVELOEHEHS

He have briefly described the underueter acoustic calibratlan facilities

at am and have outlined the computer program“ that were developed to control

the common transducer calibration tasks. Improvements to those proarnmmea will

be added in the future: for example, a modified Peony method [10,11] in being

implemented to extend the low frequency range of tone burst measurements to time

vindove that are only one-half period long. A task being con-idored for future

development is the determination of far-field directivity of a transducer from

near-Held measurements [12).

Besides the calibration taska. there are many other acoultic experiments

that are facilitated by the microcomputer: A presume in presently being

written to automatically record ambient noise spectrum level and directionality

at the two calibration eitaa. Another programme nearing completion I'll).

aimulate a sonar echo ranging scenario so that a military sonar net or a depth

rounder can be exercised at the tank or barge.
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