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' -“-both transceivers must. be:cl-osely synchronized becausethe val ue. l[errlis:.

idea‘then, is to neasure all the acoustic ranges in as I|ttIe tinme: as 15 -
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Separation. hetween a pair. of transcei.vers . is generally measur ed by- elther
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W der. * bandwr dths for each pul se of a given carrier frequency require that .
each channel in a. frequency-di vi si on-mul ti pl exed system be Sseparat ed’ L
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Wider bandwidths for each pulse of a given carrier frequency require that
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a lower pulsewidth-bandwidth'wroduct than with ordinary receivers. A truej
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;_25 ;,_Ltransceivers typically'used Consequently, analog transceivers must sacrifice

:_r;resolution to enjoy the flexibility afforded by"more channels or must
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- ofsthe.: Ise det écti.on techni que used in-the- preferred enbodi-nent. =

- shows the e'f‘ﬁ)aé'lsﬁ‘b’é’eéut ocorrelation: functlon of ~a received: puI se. 15 .

o _'FI -G 12 lfl%n overhead vi ew:of the depl oyrrent of - transceivers used I n ’thl s
©“inventi on E§ %ﬁﬂﬂ theR 1degd-ivenGE xade TedE sphb/hiEl 6K dhaf e{-ﬁgﬂgtegavx;uqsg‘

8, ther shown -a_ bl ock -di-agram of “the appar atus: of - ‘this inventioon. B A’
:_'_transducer 12'5 Ekb‘m?&?'fs acoustlc ‘ener gy r.ecei ved- through Wat er into recel ved
. electrlc g egj procal | 'y- converts -el ectrical pulses |nto
. acoustic pu ses 3 pﬂé’gli“ﬁﬁn Fﬁ‘!‘tfﬂ@hesmeum OAntMarapé!ezeﬁf peliRl for

transdgggd e e hav ng-a.fairly flat response from50kHz.: to-
-100kHz . and cggtrlrlger% or. .rsggg{]érﬁ EEPWI of b‘éﬁ-t ern. ‘The: transducer.. 20 '

- istal terrﬁtcel d.to elth r.an electri cel transni ssi-on - path 22 or
Can..electri ca? &%gggﬁ%n tb‘éﬁftiﬁf W“s%%ﬁ‘?§ P'b*“‘a f°T/ R 95 kiiz carrier and -

its envelope.

S FIG 9 represents the 50 in-phase and quadrature receiver correlation«;jVI_,

L ."coeffiCients for a channel. L

FIG. 10 is a. block diagram of the pulse detection technique used in theﬁ

G preferred embodiment.-;_;f”fib g

FIG. 11 shows the envelOpe autocorrelation function of a received pulse.~

R FIG 12 is an overhead view of the deployment of transceivers used in this;;lcfgfﬂ

',j':'invent;[on. .' Lo e

o BEST MODE FOR CARRYING OUT THE INVENTION
:f; Referring now . to FIG 1, there is shown a block diagram of the apparatusif

*.of this invention. A transducer 20 converts acoustic energy received through;

’_water into received electrical energy and reciprocally converts electrical

:ggdt?:::pulses into acoustic pulses and couples them into the water. An example of

";”such a trensducer is a ceramic sphere having a fairly flat response from

“;:SOkHz to 100kH£ and a morefmorfiless omnidirectional beam pattern.' The

';transducer 20 is alternately connected to either an' electrical transmission

"*iﬁripath 22 'an ielectrical reception path 24 by means ofj“é TT/R




(transmt/recel ve) swrtch 26. The T/R switch of the preferred enbodl ment is.
an ‘el ect ronechani cal singl e- poI e,. double throw-relay, although it will be -
appreC| ated. t hat other types of svvltchl ng. coul d be wused .includi ng soI i d
state svvrtches 5' Wththe T/R svvrtch 26|nthe receive

eceptron path s an ‘active hi ghp |It e
whi ch prow des a- substagaﬁﬁl vgiﬁ%ge p&Ed, n.doublerthhew meé%”gﬁg odft:re‘ﬁ‘g'l __b
t he hi ghpassa‘flq]teér: g A 8 oGrth- of der Butterworth filter gﬁ-‘ding Ht&fafte
frequency of- abou? {gﬁ ¢ Eg%rlepesaof/ebtagﬂngaoq\lléfbea%eﬂ in Iter
at t.enuates NRRRIES] fcs %) Hz' range. “Al.t hough .t he preferred ‘enbodi rrent _
uses ag;actlve fcr,glter with'gain, it s also possi ble'to use a separate- :
preanpl i fi er Skt Bain st age al ong- with a passi-ve hi ghpass f

| tery ‘the
Fi | tered electrical energy al+ihee0uhiptiie crfechimmét*qq 28y © E | sinsgrlrg 1e’d ‘
and co erted |¢11ttg' ég er?cetof digital :15

Ies b S LA /M,Ilhe
(-anal 0g- to-di gl taJd)c %vggﬁtﬁlat&@ :‘dﬂtmd“lepemide]; r;fCiE P%%h %ﬁf amg'lll'he |
sanpl i ng.rat &X 8 ferm ned by the out put frec uenc¥ L'gr% q,fov Jd eqymntial
di vi der ~32. The: f{f&ugg}ﬁyiglgﬂ detivi Wilghgmsshil f-ﬁﬁu & ncy err]
applied to- i € ﬁy a source of: clock signal's froman osgi E‘{%hggss?%ilthﬁ Iztleis a _
preferred errboq%ggg athhe- ‘QhCtHd aﬁmfeft@q@@hé?“[eéﬁ]]: the frequency -
20 - diwi der vides by a factor of 200 for %q.gg{,é‘ﬂ;g 6 £aBob €OkHDS and .-
10CkHz .. Thus, ¢ oht}‘é‘hﬁlrlde‘é%\teéh&irtﬂ()fiprtovME%“%@V&“S‘Q% I"és*at -a rate of 100000 -
sanpl es " per:’ second The 12-bit digital sanple fromttth‘euﬂep ﬁ@{géeritnerthgoo-fﬁokuz
t he pregcgrreda e‘;ngg@’Bgﬁinl sfrﬂa:dxtbiioﬁ pr'Bt&‘eﬁ‘E)F'“iﬁG"l over,

I ts bidirecti.onal-
dat.a bu$§38. An 25 -end of conversion sjgnal

o hPE1vY Pinssavettiega8e, it
notifies the pipe esmmiiﬁx tthetpxafqrgqq gp %déﬂxﬁpré usegreaéy to be read et M
proce sor then connands

his also p

: di ital.
h:L h filter 28 is sampled and converted into a sequence of :4
L g pass

enc f
'12 bit output | The sampling rate is determined by the output frequ y

. fre uency '
R f a frequency divider 32. The frequency divider divides the input q .

ZOMHz the frequencyl
preferred embodiment, the oscillator frequency fl is , w

o f of IOOkHz.,
UL es 0 for a sampling rate :
lggfzpﬁ-jﬁ'diVider 32 diVid by a factor of 20

ooooo samples'
jivld.Thus the A/D converter 30 provides new samples at a rate Of 1 . mples
f“*“f‘per second. ;

| 1 ea from . referred;
Th 12 bit digital sample from the A/D converter 30 of the p
e -

b s 38 An
SR b di nt is read by a processor 36 over its bidirectional data u
. embodime

th rocessor
e d f conversion signal 40 from the A/D converter 30 notifies e p _

' then commands
L 36 that a digital sample is ready to be read.. The processor hen co .




'_-1 the A/ D converter to out put the di grtal sanple to the bus. -38. wrth an -
A D read control si gnal 42, The processor as-programved inpl enents’ a

‘. .mul'tiple-"channel digital matched filter as.a neans for detecting the.

- presence of. acoustrc pul ses havi ng known characteristics from:the sequence
coof digital® s . iisanples. ! The details of the detection-are.descri bed
. herei na'F*teeND \Ahnvfa’ttenetct pammluclmr d2f1da9 cpleciedh Gubhss eheslani g4 | fead '
_ '.__transm ssi-on 'path- 22 "as-sel ected by transmi/receive controlline. 44, fro_m
_ - the pr RE$TBE stgnad| ddiri The pubcmsosyns hpsomdméﬂldﬁiiplh{ﬂem_&,orﬁ r,mlcqi,lghe
' processor can. -be directed.to the transducer for.coupling into-the water.
- synthesihappgl odigdtal mgnghed: fbltse Beansmedrsefor Hbeequiagesmrp&&equa Pet S @t
~“sequence of 12-bit di-gital words over the data bus 38.7-In'the. preferred
- ‘enbodi. r?ér‘?t‘s“‘t Wélseudewéegﬂmowa gﬁtaﬁ@ntpmssecsoiucw fibe aba:qmtané’é)()oﬂrcgrgttei-
gor ds.. Wth successive: words..beéing output at a rate of 400000 words pe
- gecond sat“ﬁee%nt Fhe desaidmed. %aﬁstméeu aresdescrihed derainafiteof "a trans
- pul-se.. Sugcessi ve - di gi-t-al: words 15:" from-the sequence are Iat ched ©
Cfremt. he Abtle ghe trgnedycerc2q rﬁsus@rrnestedz-trgr th@/eAegmg,aﬂ.atrmmaswomgpath
__conver?g 50 t.a. rate of 400§Hz by -a-DA l:at-ch ‘si'gpal .46 fromthe . ..~
-processhr? CEpd lt?'or'rﬁé?i“ér‘ E?ﬁﬂ?%‘Ft%mtqﬁel 19 t""dfgqﬂt dheypreresisor { 36 i r
.. i'nto . an; acnéstl 08 voli ge at O%It pui’. ~:Because -the anal og ‘output of the=._,
. conver: Faretidean gryisn dsdﬁflfﬁ‘f z “’t"rﬁ’ﬁvé?‘%r 6Pntxode of | the: prupessor tern be

“interv with jhe sjart of 'rheiconversion and ending with-i
- conpl eta‘{"o%&maeg gﬂ%t Ehape cFEu#‘F 52UPLIngs ABTO [Hhiei gt 4The TBoRVRITSSARNA Re,.

“ e deplidehar 2 RRE s i Pt‘%%%?s%a 55%3%?3%%2 rpanebr s Dot ?A
T il | h \ '”Jv

conver asgudir S6HY Lo %W%S%éiiigf LLURH ) B (hAeRkreh epbedinenive e,
5! eavishes g G 0R DDV 00,2 PR R, Uthefh_.

. the-D/'A converter . ppT opr
1i the 0urduds séidgh@uékul|hEQP€£ze of 400000 words per second, the entire sequence

”f spans about 0 5ms, the duration of a transmit pulse. Successive digital words

”ﬂ'lsd¢? pfrom the sequence are latched from the data bus 38 to the input of a 12~bit

‘*m;LD/A (digital-to-analog) converter 50 at a rate of AOORHz bv a D/A latch
',_signal 46 from the processor.: Ihe D/A converter converts the 12-bit digital

:éword at its input into an analog voltage at its output.- Because the analog

B .ihiﬁg'output of the D/A converter is underined during its conversion time,_i et;;; R
;_LEQI:Li_the interval commencing with the start of the conversion and ending with its::;'ﬁ
B ﬂ;.completion, a deglitcher circuit 52 is used During the conversion time, the .
' fféfdeglitcher 52 shorts its output to ground. While the output of the D/A:

converter 50 is stable,_the deglitcher 52 passes the output of the D/A'
3'd?,converter direcély to a lowpass reconstruction filter 56 Deglitcher control

__12§¢¥33ﬂline 54 under processor control via latch 48 alternately switches the output

"ii,'of the deglitcher 52 between ground and the output of the D/A converter SOr




52, removing nost of the digital -~ swtchi ng noise. In the
preferred embodi ment, the filter 56 is.a passi.ve t hi rd- order Bessel f||ter
gi wi ng. m.ni mum phase di stortlon over the .frequency range of 'the pulses.
The ‘5. wavef orm at’ the output of the filter 56 i:s that of the desired -

synt hes1| zed pulzfperoﬂ'hmsyntmma@dspufﬂeetrS:ﬁmshb\aHsr hel‘oultﬁut:@ﬁdtlmt eldglﬂtcher- o

the transducer 20 .over ‘the-electri.cal .transmssion path 22, which.i-ncludes-

a.driver 58 and aeqnmﬁag aopt i bEertheO. digl’hsd. dswi\rehid'@ seisegs t Onbuhé elprehﬁred -

| ow vol tage anal og 10 ‘section from the ‘high-voltage:: ‘power..anplifier. :
60. I emodpmetﬁe.r rt:ehd ‘Edrbogti B8N tLs - athesaiwevehiﬁ&onde;o Bprssvl deidten, giving.

voltage yai n° of ‘two to ‘the synthesi' zed pul se. * The power anplifier 60, with = -

an oper |ngm1rri@qmembyser adrtﬂ;ootietbmner5aheoakbtzuemnd Fageé nolof ttadoomlsssuB The
into a nominal -100-ohm | vad, ‘anplifies .the-pul.se to the proper levels for . .
transm555| orwave$orm at tllByOlrmnsot)fth?héimeﬁrﬁuiﬁatthemsbfl therdesdved mynthesized,
processor 36 i s able tao conmunicate w th:an ‘external - .controll er 59 by means
of I'ine 61A. Pulsgraneters defini ng t he transni tter..and receiver . _ . |
conflguratlons can be 'sel ected "at: the -control I'er: and ‘then  sent to the -
processor:-36 arfdteserpudesized pylaenirop. therfdleemdsorerductad ta §Be sSﬁ?@ﬁﬁ'ﬂﬁfﬁfzéo o
processor: "36 wi.th the processors in miltipkicity of simlar cireuits by -
party |ines ®¥PTotheotlesspheat érFE‘WSGTBPFHPo%?gh"’Bi b Jpetudesna ?Wt"éFf %&:é’“d a. -
Furtherrrore “‘the:times of arrival” of received “pul'ses -and- their.-signal_ .
st rengths. aBWersghplifigr Ghe dhe é’rrd:XFrc%tsFoY‘Fser”SQ“ff\?ér the Hé’"i‘h‘f’ér"‘ﬁ&c%“ahg o
I & processor 36 al so- reads data gat her ed é)f/ adatg acqui srt nmodul-e.
35 that “nay.- $8GFan N fEens she high-valtage PRYES AT ‘tfliaﬁs GCersI‘P or“?reasr,ﬁr ?rr’r'ﬁd

t he depth and .t enper at ure transducgrs for- measuring: ture

tho Sed wat FPCUIRLs cHien STASH T AG ALt PTOVAALE 8 PPOFRIOE Gin FBe t. the -
sent _ t O ! he fnth ize%l pule%r]t r(;,lel ;?gweroa/n?prlifier 680quh1Ia%agpe%g%irlxgntf(xa"eaue%cy?’z?ange'.. L
| .”'h_rof about 50— IOOkHz and a gain of about 32dB into a nominal 100-ohm load fﬁ}
i;;lﬂamplifies the pulse to the proper levels for transmission. L ' |

15 - By means of the communications interface 37. the processor 36 .is able to

| l;communicate with an external controller 59 by means of line 61A.. Parametersir_,
'"5::defining the transmitter and receiver configurations can be selected at thef'f

'controller and then sent to the processor 36 and stored in its memory "The - -

controller ‘can’ also synchronize processor 36 with the processors in a'-’{-",'

‘&:(0 multiplicity of similar circuits by party lines on 61A ot separate 1ines 613_'_'

' "j--'--'.'“_'-'.f'through 61N over the interface. _ Furthermore. the times of arrival Of

'received pulses and their signal strengths are sent to the external _'i_'j

""'-".-..;controller 59 over the interface 37 The processor 36 also reads data"

: ""_..'.gathered by a data acquisition module 35 that may contai“ sensors such as-_'-,.',___'____
25 . pressure transducers for measuring the depth and temperature transducers for-'--:';"'.-

"measuring the temperature of the sed: water. .3 'l‘he data from the data'-':"_'"_f'.'




The synt hesis of the transmt pul'ses is controlled by the processor 36 of -
FLG: and the operating programstored in its. menory. The flowchart of -

3"‘_';FI(32 5. descrr bes -the -transnit “subroutine-used to synthesize'a tranSmt

L trarrsm"t°f"@ﬁf‘ir‘=§t%‘%ﬂseét‘é%!ffwase%rl7 -on'{he 10~ ~value ina transmt

L A

.. pul se. V\hen it is"tinme to transnit a pul se; - the transmt subroutr ne i.s -
- ~call ed:and: program execution junps to-step 62.0f FIG2. “First, the "~ :
f':séquen@éqe#*imignt atodube dsan oibet rsamami to coké f ek ermad,: :{mrqxlmr re&pondn,@f'
the carrier frequency,. © ~channel--N; over vvhr ch.the: pulse j-s to. be NEE

t -oﬁ:

"-_Econfrguratron regi ster.:.  The: transmit: confrguratron register’'is a Iocatror\_

©in the prB’&aﬁb’?h%iﬁe%rtyetﬁaﬂs'e%mbsiﬂ dgreomteel edeby tthe OOTEESI T 36 NS

. .and the. conversion.|s

= short at- the. out put -0

interface 37:.in FiG1.-¢ The transmt -confi gur ati.on r.egi ster contains, Qi
the pr chfsrlréa ér#rsoon%eﬁrns BRRSTG srcxrqsosrs.irsrsenemarxresrhevénmm tdhé’IGh?r gh
- fsve def i ne channel s“N= |:through 5,-or>fespective.15 . -carrier =" '~ Tt
_ ffrequer‘?é?‘é’él &F. %F&a"%m%bf?sk - ugerl i3, sythesina . tr‘!‘ﬁ@)ifsmxi-#-po%ﬂbl-,_
- val ue, ;}ﬁ Jrﬁc -0, di.sa I es the’ transm ssi'on. of. “pul ses, -for exanple,
S

U he T 4RI PR 5P AR b Pegeer Ui EDMEBEGURroRse 14 called pof SEoRTAM &
ek o LR e TR M T
SRR X2E "smrp%eéfi%‘lﬁetaééénﬂ?ﬂ%&e‘%‘?rt Foece e Enerl S ek P
f?aﬁs‘% {‘g&g’ogf ’fé?%ah!r“h'?err e, pu nti Irrigta'rfeg méét%\'g\scsfg‘\éﬁéec# gﬂffﬁ nggfentpﬂt____
g the Dl qqnvereer.s.?%evao%f&g,ﬁ J&to%hréS g D“%Hgl 5%,,5,@%65%}018'#3&% f we |

L e procesy efhen
o subfi Ci@ﬂsttf’ri Qelo%gfqyg‘fﬁho&ﬁt grL%gS%Q s mo;_ tép ccimand ptrﬁér e y?vt he ~

e deglitc

Connectﬁéj E&nnhthcﬂitoagt iggefﬂ%euﬁ Cﬁpvpfé Eir asy

“to step 74, ihe dafa pointeri i< then. ‘conpared -t
E o register contains, in the preferred embodiment, one: of six possible values.

e Values of one through five define channels N 3 1 through 5, or respective

hf15'__.carrier frequencies o,;LSRHz,:GSkHz,_75kHz. 85kHz, and 95kHz.w The sixth?
:possible value, which is 0 disables the transmission of pulses.;;lf, fori:.ﬁ.ﬁi

example, the transmit configuration register contains a value of 3, a pulseiT

. 5; _with a carrier frequency ofl_SkHz is" synthesized,,

Once the correct sequence of transmit coefficients is selected, the dataq

ffﬁZQ-: :pointer i is zeroed in step 64, pointing to the first member of the selectedf

”sequence cN(O) Next, according to step 66 the deglitcher 52 in FIG 1 isii

m*.'shorted via the latch 48 and the control line 54 in anticipation of a D/A

”rconversion.. The ith transmit coefficient cN(i) is put on the bus 38 and

hlatched into the input of,the D/A converter 50 via the latch 48 and D/A

.:fzslrff'control line 46, and the conversion is begun.f The processor then delays,

's_step 70, for a time sufficient for the conversion to finish After the




of coeffici ents XMTCNT i n the sequence In the preferred enbodr ment , lerI'CNT
5 - =203, ~If the data pornter |slessthan t he total nunber, :
execut i on continues to step 76. @ herwi se, indi cati- ng that the entr re _
sequence -has been converted and puI se synthesis i's conpl eted, ex?eﬂc;ufdr 38?-- 'che S
continues. with steps:80 and;82 r e 1;hﬁ:hdeglr.std:'rsepna &celf n
execut ilon- t-clefh¥, nien sé&f'rﬁfg tBFO '%Qt ?‘ﬁehaé;t agpor nter i is incremented w
step 76,- pointing 10" dg t hey Dexe ggn&eq_q,ter veA t canvenidr aoeishpen ciit SteP _
Anot her pr ocfeéifBF Efél“&?“? Oontér posg by step 78, before executi:on rgi ger

with step 66.. The del ays of,stgps 70, 3a¢nted 2rie el eompare thabe Wb N
pul se” synt | he%qc§r Hﬁatﬂesgtleptcl'l’leﬁpﬁss shg’rted ‘hal f the time and connect ed }ﬁﬂ'CNT '

t he stahl e out put VE{d eqieticel hin ahbeprefarredyempodinenfy &

The del ays &% °P6 ? n&hé@é@“ﬁ&@h@‘{fg - that, in the preferred_ enbodi rrerltibn
one trayversal of the %ogg dgf nﬁgﬁw{ngepes&{i thanowhh $etgl W“%?ﬁa b&ERSHo"
66, t akes 2. 5% sz?oseé for: utput sanple rate of 400kHz. The fr‘yehas
sequences [err] are stor g |ﬂthgtggfmrsy oindﬂnetiorg)(tésso?hessntw cﬁ?&ﬁen et
anot her. set sentiny Fﬁe%r ze P gnal s requires only that ‘the values rhnues with o
mendry be changed. g ghange spatindsewets mmﬁbeteddohée‘d\}‘é?“th‘g’ .
commnrcatroh%e‘?rﬁél?f"é 7. In an anal og system “hardware woul d hav on Qobﬁaé

repl aced.: 'Means._ f%ro e& %?t |mc;,r§,&te&mmae o:fegéd;bdy!tf encbr}]e§\é§n ferxg
sequence of 8FBPEal’ Sanplés fromthe A/D-converter 30 in $I tea})r?6 pointing

realized, by a gg 81 ld QRogiauli Mae e Lpccidthy & ke ipepErensst s

converter - produces. new-di gital sanples at a rate, of 1331 3@ 15 :
by ‘osci hbato 3%],%/%{6 gaNeaY 16 Wrdesn3? coef{ysdant he Wﬁﬂf‘ét?r%%%g%o each §

conversion, converter—signals the process b .1.h&, ear@llaq‘s of
conver sion | Iil;l,%eélﬂ,se\ﬂhbj:I%tsﬂusesbeﬂmemme%‘m 1’?6““?%{:’1 a?e %executee an

I nterrupt service routine. The routine, called A'D , tifPegBitcher

the A/ D convey, c%‘ﬁg 1P an@t78 bee dhgseralsuslan:phé: SHIiRg ngA%r 53 %fgt by a signal -

on the Al D. rea line 42. The . D A
' o is shorted half the - time and connected to the . stable output °f the / L

H converter for the. other half of the time.. The delays are further chosen such_rr

| filSi.;lthat, in the preferred embodiment, one traversal of the loop defined from-
o step 66 through step 78 and back to 66 takes 2, 5 microseconds for an output r
"”rﬁglsample rate of 400kHz. The five sequences cN(i) are stored in the memory of .

ires._
.Eiﬁ'the processor 36 To change to another set of SYnthESized signals requ :

ld ‘even be
'rihonly that the values in the memory be changed.: Such a change cou

y hardware
hﬁé ZOi? “done over the communications interface 37. In an analog S)stem._ |

’ifwould have to be replaced. | | | | f
. "
< Means for detecting the presence of acoustic pulses from the sequence :

| :ﬂnl“:digital samples from the ‘A/D converter 30 in. FIG 1 are realize y

: onverter 30
Jcorrelation routine executed by the processor 36.? The A/D c

_ . tor 34 and:_
T"ZSI*h-produces new digital samples at a rate of IOOkHz.as set by OSCilla 0

the “A/D.
5};'*'frequency'diVlder 32. : Upon the completion of each conversionrﬁu'e. MD.



5Fpnext sanpl e repl-aces ‘the. ol:dest .of .the 50° ‘sanpl es, . so’ that -t he- buffer

 required reali ze

L first Stpeﬁfﬁ‘reafemﬂ?aﬁiﬁ&{ﬂ hBEdT S00Lp1EE. T D6RE UhedRifEeROI NN 144, \Matcnem
"nused ‘as a. count . ndex.rel ative-to: the start- of the detectlon routlne At-

step’ 86,sahﬂﬂBz ﬁépmesmhevmde%cfﬁ the tSOFTEimpllB*s ersbunta,: L sbfmcumayevsdsws
.0.Yns, or at a rate of 10kHz.: The ti'mer +interrupt: routine is f[omcharted

t?;read “executi.on. continues to. steps 88 and 90, whi-ch  zero the’ correlatlon

5,]through 0, wi t-h.the sequence of .50 i n-phase. correl ati on. coefficients’ ‘hie (k).

5. : processor then reads the sanpl e and ‘saves it at the next avallable .73 |
. location in a circular -buffer 83.in’its memory. The circular. buffer "83 of
.. -the preferred enmbodi nent hol ds 50 sanpl es.. .Once.'the buffer-is filled,, the

~al | | f mis

RS Wlsclhes BBl GO SEIR! Sher BoRad A L NERL Ornﬁts&#*by

© " stepl26. t d that -t

51 PA20 caully e pBMN lne Lo ShRllbLRG, T SREIRET B0 INRL IS PUSER T ire

" pul'se.- t tonly. 100kHz,
B4 nEeraliel AP GAMYER S e RN TEARr Ll O

St i t h w/a o
ransm tdi%%gl IS%M Sna{kﬁeeuﬁggwp%gs”: L constgggfctﬁnogh? %’t eréagéli%qz"- afh r.e}'..'. .

 cogrel atp'rQEeéL%treﬁ:héN rhded. @Legmaaedaadns;m BEQRESROT: &@ hyiaadfé %&fg@t

flow.charted . in FIG To 'simplifty the draw.ng,. the Tl omc art of

~ drawn fap d;etcse&am %feeﬂotdﬁenpmcs SleRohe  ChaRnhreuldt bagter LOE 863 the ol
~det ect routine can be performed: S|nultaneously .on- up- to:five channel.s. The;

. FIG 4" tBEG® @6st recdnicsduples. i Step 1aPtimEINILSpertorhdi¢hit Dpeoaviu Before.

pdiont er rktamdng e Eorwes] arogmam exdcuticzaces]mhloanchyssyep( Jl)landqu(h:l)s point, .
‘._Iteratlvely -.execut ed steps-92,-94,. 96, .and 98 perform the in-phase and the:
- quadrat dFeshawldebeit famenberfed: rtbasonrmmit audaes idneUusysthesiesd X()j Jabput: 200Q -

~and 50- qae%frisﬂeme @seff 480kl sratge kFreasinghe 6.5ms. pglsee-n dm;nnede tﬁéheA/D

':=coeff|C|ents are stored-in the nenpry of the processor.
o converter in the receiver samples at onlv 100kHz, 50 consecutive samples span

| fz.a 0. Sms interval, the width of a. pulse More transmit coefficients are used
”-'fli‘fzf:in order to’ simplify the hardware required;;to;:realizee'thej:lowpass
1fsfl:reconstruction filter 56 < S S
The correlation detector is implemented in the processor 36 bv a detect

routine flowcharted in FIG 3. | 'ro simplify the drawing. the flowchart of ‘
'7FIG 3 is drawn for detection of a pulse on a: single channel." In fact,_the

” "1flbif;;¥detect routine can be performed simultaneously on up to five channels.? The

L ;first step 84 of the routine zeroes the receive data pointer j, which is used'b

"m}f:as a- count index relative to the start of the detection routine._ At step 86
':the processor waits for a timer interrupt, which occurs every 0 lms, or a_;
v*“f.a rate of IOkHz The timer interrupt routine is flowcharted in FIG 4 Once]

'7ff'25fff"-the timer interrupt occurs and the A/D converter is read, execution continues”

-T’f:;to steps 88 and 90, which zero the correlation pointer k and the correlation"




Attotal of 500 coefficients are stored to cover the five channels., Just as

the transmit coefficients [err] could be nodified wthout signi fl'cant -

hardwar e changes, so- could the correl ation coefficients.. "‘As will

expl ai ned in detail hereinafter, -~ the coeffici ents - redpg_gé)eﬁnt? a?? éisn

shape- of the I'0 S ﬁQéraasrlalychaqenete er Pof’ o

throughl st-efs 5’2"1"@3@93?(521%(18}8{1@&“ nues until the correlatio P rl:t %c&,t s

whi ch is .i-ncrenpe G‘tqlee@ﬁl'bhlaggra’:}{dl QRe quadehmseonermedarians RE Hlfn%S '

val ues i'n tH’ee transmt pul se sequence. - I'n the preferred errbodlfegg g,gl\_/g;g,\g;
203 and. XN SNI/ o138 x@nsgquen-mby;hmh “Bor v thenSSBERRTI & o

represents 't sum:of 50 terns. 15 | n standard:nathe (ial té qqur(ﬁ) it(;}ethe
i n- phage Coréoq_Jr@Fé%ﬂ Sodliptenerrs bl () anf &0 UFATELES f‘ﬁ°rg%% “a - L
quadrature correlation is given by yq{j) [erf] a&g(% JeT:Y rmessor
surm:at ' 5’3 'Siﬂé%r clarfne@M. Q‘hEOcdléIflﬁlmESt h?ogéptm fi 3‘5 atgl ons'are. .-
conplete ecution continues with’ step i ch-c gadigl.  Just as
correl ation yalga1yéf 500t & feecteptssan SEOTRP tO GQYET %@E%‘Z‘Z cgnd quadrature . .

correlation val ues, or the square’root of the su of, SE&&&?&&& ya{qu)are L
and yq(j)-. ‘tRe &traﬁsﬂm;:oémcmemtswnr%quéf‘l %Wi}ﬁ%ﬁ S %:rg’ﬁﬁar ed wi.th

recei ve ‘threshol d val ue THLD, which is a séle [e.val yg i1 p Heef‘eedpweined a0
confi gur ati. oehglegysst 86 wulﬁhshﬂemfrfylé‘l’mt“hé%f%i leg'segt("aér/ I't the: net . '

correlati‘on value.i's l.ess than the thr qg va Pe:ﬂgtk shape o, che S
correl ation: uatail yKgeinaftway tthez &P8T E’rF Ebétj’eesef'n ei ther case,

executi-on contl nues to step 106, which deferpin HeetirBEgh eeép’gpat i9%n 96,
val.ue. - 1bn trsﬁaritt% pullhes ﬁﬁEteaFBc"é}?fm % ?@)r?g 1{;agt.l::i(‘)’n val.ue y(j) is . °

conpared to the previ ous maxinmum eak Vv (dethE ﬂfwﬁm gBStincresented. eaCh.""
val ug j.s-greahdr9s, |cpnt=t'p’|e§ce%tit1hé ‘brc«?\‘/'f"giua;ﬁ\?g ‘%fé A p(i). . Otherw se, the

previous ‘value p(j-1) s~ put [ - Jhu £4) pqrhtlabglsiﬂ m;ermrammqt pulse’.”-.-‘
correl ati on yeeratieput sgaches °“°'é4“)§5h ?é’lT‘sges %xecutl on to bypass the

peak .det ect or inplenmented.in-steps 110, mﬂm 2,03 hhe WT%H 50 L
correl ati on. \szkuendras - gl ey PHE! ‘l'"?"""’?‘1 e %°di'“jeq'é

of 30 terms__'
~-Consequently,'each correlation accumulator represents the sum :

' i ) h
=15:-.'In standard mathematical terms. the in‘Phase correlation is given bY yi(3)

.; '.—fé[x(j-k)hi(k)]’ and the quadrature correlation is given by YQ(J) ééi[X(J-ir

:'V{k)hq(k)], where the summation is over k from 0 to h9

ntinues with"
Once the correlation computations are completed, execution co

. »

. ot of the |
- 20JH3-the in—phase and quadrature correlation values, or the square ro -

| correlation_
';'sums of the. squares of yi(J) and yq(j) In step 102, the net

[ table
- rvalue is compared with a receive threshold value THLD, which is a. selec :

rocessor
.1'ﬁ:value in a receive configuration register in the memory of the P

o ‘the net';
1 If the net correlation value is less than the threshold value,

SRR : execution

'3'flis-jn corre]atjon va]ue y(j) js set to zero in step 104 In either case, .

' B on value.'.Inf
-T:=: continues to step 106, which determines the maximum correlati . o




"'_:.'*_'_correl atlon val ue y(j) with the maximimcorrelation value thus. far p(j)
“1f .10 y(j) . isTess than- p(j)s ‘the- correl ati on vaI ues. are begi-nni. ng to:

t| me -.count- of .t-he.titrer “i s reset to zero and execution-returns to the
“calli ngpremtouseuaﬂaum hmwh vaiuetre([js-llll If148 maskl ré@ént valtie thegqeaakr |’ slt

detected. If the peak net correlation value has not yet been detected, oy
~execution advances to step 110, ‘which . conpares the nost recent net ' '

. decrease and ‘the current. y(j)is the first-value beyond the peak. - the
" paak i sstet ettéed thadnddre rappsr atets cosrébitign opehat i RSiE ecmppoadtiero, dhlee

- “detected and operation i's 15. - -standard, exécuti:on -advances to step 112, = . &
- whi ch- saemsicehethealpuevisfust heltdialia pbi)nt eetmwﬁemltrhg ‘e ouhevalaakp (J -1J)) oy
a | ocatii.on in the processor”§ nenory. called PLSTIM -~ Bécause:the datdiyd
~.pai nteris spvtnénewﬁﬁt-edTh;mhp(jhﬁoatm ¢be r%ﬂﬁmuorﬁqraﬁh%tﬁos tWE‘éFedl*
~every:0.]nms, the data pointer ‘'sérves as-a timer. produci n% periadictineg.
count s, Stex g8 1q@spsqu¢esiqt rﬁ?ahspifsér the peakagsumspﬁgi @mwe@oémswu he
- maxi mum-corr el ation val ue; .indicati'ng-the tine-of arrivat ‘of - pul se i
-relati vélQo ldRe Lh4ar ené)fl&%éfdéheecaeﬁ n“?b@Fﬁelativhe"%ll“QnQFs satlrréﬂg!,x hbe(?P th
.~ received pul'se, whi:ch is’its=peak correl atlon value ]o(t |s st ored-at :
- | ogati ofeFacsedt i hE -t ¥he (Regkeaerear TREABAAR (VALuE dipst po! SFE Peefy ¢ §é?‘étetdh
.SKI P flag, which indicates that the peak has:been 25: det erm ned.
- "Regar dI #63cusflon h@dyanagst sthf StHE Jii sFBHEN of ORRATSS 1?5'8 Einis ol 1"1°(fe“5xélfﬁt i 0
* resumes. W th step- 118, which deter.m nes whet het’ pul se ‘det ect|
‘the gi v%?FIGIJféﬁ’rfE] "?s“ec\é,}?i) é"tiéa t‘?’eA“'?’éid”é’f“v‘é"r“EEJh °§uYaa]t‘ﬁeoﬁh“sr rtél) Jlrﬁ the'

o CNT. .def e

Pe S?.Siﬁ{v B R N Zc?é%ﬂ%?romﬁuﬁs'%&?‘%én#é%gi ”CES%%“eﬁe;tvio
gt £ Ly SR ARSI, J1 0 N B0

"-"-for ”E”A’ J Ay Qb N dbeqngyo}*lr% é’ asléz‘res o%drd?r h%e’tim%n:eounga BE th

: “the :
~pointer” TS ETICrenent |oh oops “back to-step.86. -
e _tO (:Onptgﬁ%rtigareset to zero. and execution returns to the calling routine. ‘as shown__;xf.*

in steps 111,:113, and 122. _ If the peak is detected and operation isiL;

'_15.3; Estandard, execution advances to step 112 which saves the value of the dataij
'ﬁf“ipointer coinciding with the peak (J 1) in a location in the processor sﬁi'
nh“ﬁ;memory called PLSTIM Because the data pointer is incremented each time avlﬁ

::_h*new correlation value is computed, i e.,:every 0 Ims, the data p01nter serves

t*.f-as a timer producing periodic time counts.fStep 112 provides a means for

e Zdt_c;fassigning a time count to the maximum correlationﬁvalue, indicating the time_;

;'gi{of arrival of a pulse relative:to the start of the detection routine.n The

afiﬁ??signal strength of the received pulse, which is its peak correlation value

“3*n[p(3), is stored at 1ocation PLSLVL in the'processor 5. memory in step 114

'ingtep 116 sets the SKIP flag,_ which indicates that the peak has been

”"251_5f5determined.- Regardless of the results of the decisions of steps 108 and 110.

execution resumes with.step 118, which determines whether pulse detection on




next correl ation value. It should be apprecr ated that the  square-root '
functioh "performed by step 100 coul d be elimnated without affecti-ng the 10
determnatlon of times of arrival. 1f the step is elimnated, ‘the net-

correl ation val ues- are nerely the. squares of the correl ation: vaI ues .and the

t hreshol d val ues ‘woul d have.to be similar eonfd, Qmsdpo.seg;ie’teﬁruen the
squar e-yr oat -‘tbé mve.ﬂ.oﬁl@f’\ﬂtrﬁe‘:ﬁ}“%t%ref]ed é 3?%& on; sgfrg scal e t he net

correlation value.to the same units as_the Lpp4r 32prRlieg. anl2acceptanch :tnterval"
software t i mpro¢essPRY ét%ﬁﬂe(f%&ait“ﬁe 't YHEE K

interrupt roatire flowcharted in - -
FI'G 4. - “The routine runs every 5&}1

3ot A QflrinlgG(HZch tfﬂﬂecorrelation
asci | I ator 3gebdtippcra thpgsyays % Eedeo Ctﬁ)ckoSI gnal s to-which the rate of

executq,on of- the tinmer rqutine is 1§ roe,nge venEattdhnkel e Whie thendatz oednrer J
runs, a ti edesesklont Fusdne st B%erﬁ‘rtoc ssor gi menory. at a | ocation1 abel ed

rzgaches;r ;NE'EXIF;EFIPﬁnSﬂ"r%geg’tG awa | rre cé&gtcﬁdsﬁpeggtmtﬂ:ezq:?gﬁ:s fs?:;;/rnz
Lhe t 1 o GouFRRLE ngt'iﬁét ?ﬁﬁgﬁé‘eoﬁde‘ﬁeqﬁa@? eSO T e ﬁe'th; -
T o0 5 | 4o mpe ool e
gg(r:rrr;rugr ﬁgtl O[E‘Eflélwlt";r‘%?atf&igz t,ghﬁl GI'_I,; i $hoeged beo asynedira@nﬂzéhaf)péP%tt 63 5

¢eeac “shot point. .lf.the apparatus qI% che
synchroni zed. ach +Shat, ROk Tg}g chefoi Res1dirbe retlémilm}&f‘e“ﬁﬂ"é’r’:v
the transm s: a'tep

e schedullng of the transimit and det.ecti on
routlnes s h

t
%lrﬁﬂ:ﬁ}ioﬁ BRI Biul’e%ufolfnarshmdn 'dfF|t@e55tq?1e1§ra’erF‘8ﬁ e rTe trhﬁnge_
upon a- reset and continues .5 - running in a | oop un]ess re

. " |
Fi rsg_zt :CCOI‘ dj LG e ?.Qtﬁatnepaﬂté@ afe diegel)althmﬂjlarreg)rq;séhf q:pgrigat& Glfles and the E

i'S; put” onto.
ESemeans B g s ot g b Rttt " NERAEE 90 e
resets the T./-_Equsa\,:e:[.::otzessge(; l].J[(J?J of the preferred embodiment is to scale. the net

- correlation value to the ‘same. units as the input samples St |

15 A software timer is implemented by the timer interrupt routine flowcharted
S .-'in FIG 4.' The routine runs every 0 lms, or at a rate of IOkHz.. The_-_-
".-.'-oscillator 34 of FIG 1 is the source of clock signals to which the rate Of._
execution of the t:.mer routine is referenced., Each time the timer routine_._l

o _'_-'-'runs, a’ time- count stored in the .processor 5. memory at a location labeledl;

: VZO TIMER is incremented as shown in step. 130 ' If the time count reaches al-_.‘

| in ste s -
: maximum time count TCNT, the time count is reset “to zero as shown ps

ti e;"
1-128 and 136.' Furthermore, if a master sync command is received,.the m

. ) i i d b Steps )
- ) routine does nof keep rﬁset t ng the t me Count to zero as indicate Y |

| ach:
-' 37 in FIG 1 is used to synchronize apparatus to each other, usually o.nce. e |




in Fleﬂe nes;ap

receive position via: t he control line 44. Program execut i on then enters -

..the 10 - start of the Ioop step 144. \Wen. a timer interrupt occur's: :
(every ‘0. 1ms), the'.l oop IS execut ed one ‘™™e. -First, the ioutine - _
-""-;"determnesm step 146-if it-is time-to set the. T/Rsvmtch 26tothe,.- R
' __.transmt osi.tion-and, if so ~does so in.-step 148. . In"step 150 . the:tine

cdunt T F{?%i"(forrpgeﬁ"’t G"PPﬁ’@tPISrré“t @Odegb’ﬁc*svml?ﬁ;%w@candhwamslnms'r@m: of
“.a pul.se TLM: . )é{} there i's-a match,-the 15 - “transmt subroutine,: .shovin

°F5°g€>’<'§cjcﬁtér1"i‘|1 §Fébi‘1952he qq‘“F‘Piﬁ%%t“ttlerfe to tranmsmt = .
oorifothe. .}ran "Qt [ out i nrgw: s-.fi n%she xecuting, - step 154 . deternires i f it: .
s timeto 1eSet FAEE PR TR TTAT=BEE #gddrEerEian T ‘ﬁﬂgftilsoi‘la"dllﬁds‘ﬂ AgRAF156
_:3=".resets n pr.ef ert d.enb dlrrent'the TR swi'tch: 26 i S dg T
“o it ai %g‘g iﬁ"n {sﬁa"} riglng ’[% pogtll? i Ot oﬁ?‘ﬂf%Sn@“’é’nb‘H&h qJespt and goapinbegh;
ot e syntpas e I can t-hr qugh,: j- st .over. The TIR svmt
~is in the re es'vggpgg? unlg?%erersegt% ?i?he #frﬁé’ AFEPE, §?8§ §%85E¢mel 40 ma -
7 count - Thiﬁ%a SwibP rp%ﬂset&iﬂ V%r‘he iWhMorrlte r&septt%g‘% %Sog?ntf‘gﬁmﬁnﬂe

©. accept ancei nterval. I'Ven .recei'Ve ‘channe
+  detect. 1§H§ggu 5 NBe ifa F I XeC “1.60.; 5-;¢_
" Otherwi se or %ter “the \gtg(fac{hesg I’Ol,?tnlbrgltégﬁ‘l Ssd?)}n?'se Lﬁ%‘e’ § ontrol

restar UethalisStRod1accn T8 BB sghb V142 f}gszésovmaq r}QJﬁgHS??d g far.

.oare drawn depicting: detection on.a. S|ng

. .possible. Mreover, up to elght pul se..det ecti-on: events can
f"values i-n eight receiver conflguratlon regi'sters.-representing preset .
: 'preferred embodiment ., each :of ‘the eight receiver conflguratlon reglsten

. quadr.at ur e

_prefer rﬁ&eiee‘qmlim vigitHd taieaus et &fl i beg}@mtu&efcﬁci&n\/%hg#aemﬂé t'h§

e capt.ured" for_.
e ‘Shedarobt che Thep,Cis6bp fhi.  widl SCrORleaht HHupY Scure” Govisll Bothdy” =

~condi t i thes loopi He  exedated @k Stimes HiRst] &Qermﬁﬁesﬁhrﬁim{i Ystep! f‘&é '1?_ \J

- cont ai nist ia)time to?@etVIﬂne '!:hﬁlﬁﬂlch D&lfﬂbefhe t%Sanﬁ.ttl Mitﬁ.bﬁ—‘ aan Pﬂ"‘%ﬁe do@ __d
e so in step.148 t In step 150 the time count TIMER is compared to the time to
1h begin synthesis and transmission of a: pulse XMTTIM.n If there is a match, theﬂ
'wr.ldi”~i.transmit subroutine, shown in FIG 2 ‘is. called to-execute in step 1527 lg*
uﬂ*Liifit is not time to transmit or if the-transmit routine is finished executing;%
"ffstep 154 determines if it is time to reset the T/R switch 26 to the receivei
'H?'position. If so, step 156 resets the switch.: In the preferred embodiment,_
- ~the T/R switch 26 is maintained in the transmit position only long enough tos

' 20T55ilensure that the synthesized pulse can get through. or just over 0. Sms.; The\_jf:f

":T/R switch is 1n the receive position the rest of the time. In step 158, th .
'Q:time count TIMER is compared to a value RCVTIM representing the opening (]
';wiffifan acceptance interval on a given receive channel.l If there is a match. the
Fhldetect subroutmne,: shown in FIG 3, is .called to execute by step 160
1;2$rp?3f0therwise or after the detect subroutine has finished the loop is restarte

'fat step 144




118 -, correlation coeff|C| ents to be-used in t he detection routine; b).
a recei ve t.hreshol d (THLD) ~defining the mi'ninmumcorrel ation value. to be -
used i-n-peak detection; c¢) a recei've wi ndow open tinme (RCVTIM, defining
t he. st art; of an acceptance w ndow dur i ng ‘whi ch t'he detecti:on routine runs:

15 d). ‘a.recei ve wi'ndow ctose tine ( def i d, of .t
accept ance wi nifew cmedicisyat FRee ftlewﬁarfﬁwr’i%?ﬂf sgy- g“bggt Eef’?%l %‘Saf tnh]zgft‘?pichting L
apparatus.is to operate.as an aut Qnonous nder d b{ xﬁé?\ L
response, 1.0 fetessipononf at FéNHA- &%@ane ?'ﬁte' for%leég}{)l H’%]%Hera éﬂ{% inene.

O:her presettabl e registers used in the ref rred e in yg@v ’ )t
the transnit storftrgeus d8REGEGR TP E%Ifg(‘fflﬁ'anflﬁ {i?a ssrng‘lqtm%haghel ﬁrancﬁl °

the cou‘espondl ng coefficien ( b)_ .a t t ' The eigh
regi ster, coﬁ%%ﬂ%i’ﬁbseadﬁ&?‘ifé%‘%ﬁffl %eﬁ Bf 52 g‘ﬂ‘h&% ?‘?{ne%rg@&gst}"r?? frgoi\c‘iﬁﬁ us’r “so ene

t hat vvhenever TI MER equal s TCNT, TI 4 .hi Gef i E6StiaEL fin
a transhi ssi PHLSSRFSRALON SVERsR Hfr 4% ‘E/Eﬁntgl ?g%ﬁ%t & eigont aini ngr a vaI%ue

(XMTTI M whi ch. determ nes the SSi RebRt i P ist&rs ae in’ the
start::of tH%%%%Rrrf"s%‘i%ﬁ“?%?v%‘f“(ffk&én%qb 'g{r%d eg% a lx(f%l Tbration
regi ster containing a calibration val habkcHGf th igﬁﬂl‘rl‘eééi\&r )

the tine- ‘of HF?‘F"‘FéF’rg‘? 58P EEs -t r?l G &fu?réﬁgvéds%leﬁ%accgunt ed ?gr Upon =

det ectiion of e 6] Se accordl ng-to the condl tions set by
each ‘of "t he &P@%%Egﬁpﬂl g%%n?%g'g&rué:t%?oﬁ registers, the tine of arrival

(PLSTI M and the signal strength (PLSLVL) of..each are stored in 15
nmenory. The time of arrival “i.s stored in one:of ei ght reception tine

regi sters; tQ? gl %%'ewét %99&41 | fube, edsenedmﬁg ofthei gi-phRgnalandt re‘ﬁg’trﬁt“re

&4‘10 - correlation coefficients to be used in the detection routine,

b):a_fecéive chreshpid.(THLD);'defining-the”minimumfcorrelation-velpe_t°'§9f5'

f. uséd'in'pe;k detection;_'

B ¢i a receive window open time (RCVTIH)' defiﬁiﬁg the starthf an:acceptanoe_ih

| :t ;window during which the detection routine runs,-

'f”’{S'iehd)=a receive window close time (RCVCNT), defining the end °f the acceptancef ”

.-'&*fﬁ&it:;j ?:w1ndow of - c) relative to RCVIIM, and

¥ ﬁi?”-e)da bit defining that the apparatus is to operate as an autonomous responder-‘
:"J;.by transmitting only in response to reception of the pulse defined by. the;e
foregoing a) e d)

20 . Other presettable registers used in the preferred embodiment include: .



odi scussed her ei nbef ore, the, transmit si gnal™set corrprr ses-a-0.5ns" pul"

oal gorithm is-a set < of 15 -:'coefficients. representrng the 'nagnltude ef t-he

)

~registers. The eight reception on tine and signal strength registers,
_correspond tao:.the ei ght .recei ve -confi guration registers. ‘The tinme of
Carrival is: corrputed vvlth respect tothe time of transnission. XMTTIM o
- bY(RCVTIM + . PLSTIM 20 == = XMITTHM-+ " CALTI M .. Because t he direct: acqustl c -7
‘path is. shorter than’ the reflect ed pat hs, ‘the . ~pul'se over.'the direct "’ pat.h
~_arrives at the’ det ect.or: earl i er-than pul ses:. over reflected pat h-s'f' By -
- . sel ecting the.first .net. correlation peak wi t hi'n. each accept ance.i ntervaI _-.-
the detact:hertrraeuﬁmeosplg\aesd&terérglistdepatduraeehlgem\e Ihenﬁriesertztr&lahaq and-
- registers are-configured by an external -«controller. over 5 " the =~ ...
. conmuni. catthé)nﬁ)rrrat;lﬁfri‘daﬁg c'i:Zflfﬂcﬂn@slc (ﬂ'he values in the receptl on' tine and-;-_--j-
..'__the 5|gnal strength registers. are; sent 1.0 the controIIer over” the-”‘ ;
- conmmuni cations interface 37 to be:used in sol Vi ng acoust i“c. ranges::

- five car nerirftreeqowtel Hu:er§5kl-iz,g166d¢1—,|zcotﬂ5til-dzng 85ka-lme aTENIQSWrMchTm th@
~act ual :pulse: shape was deri.ved by-an iterative-technique, known as the"
' Parks-" M Ciwét aquat ginduluss @oed thag whebekr FIMER: elquaks r;cgrrt a:TINSRghalreset
Priocessi-ng by Oppenhei'm and.Schaf-er, Prentice-Hall 1975.. The - . % =
. -Par ks- I\/bCItelifﬂa'n-atiﬁFPFt—m GeF}’miS#%H“ Antenyiade puI se. shape an opti i
" approxi-mation-to -a des| red: frequency spectrum-.. The ~actual -ouf put-: of- the.:

-’-,~-pu| se at: equal’ int erval s.- Several crjteria were ysed in-désjgni the _
-si-gnal def? °ﬁ'—§sre§t time freﬁf"f%er'l é‘ﬁ@?#“iﬁ&rt’o\ﬂ]p’lﬁl @"TgndesV?‘a’g‘l ée %""Hﬁﬁﬁm-z
- spatial - ol.u nd i ni.m ze mul tipath.i nterference. Second;  the- channel-
b ah TERe Ha AT He"rseésf RJa5{Ys oo BAS. BYRRInAIC FheortapenEasion Lo
. 'shoul d- be sma,ll rm ven 20 transducer .to. handle: many A
‘channel s f‘%?e%}e{ﬁlugg oﬁ'g ation of the rangl ng.. system S1t7is wel
~known in the art that: the best -recei ver for a. gi ven ‘set. of- transmtte_
srgnalsrsarratchedfllter receiver: Arratchedfllter is -

d) a calibration register,' containmg a calibration value (CALTIM) that
) 10 CL corrects the time of arrival of pulses for delays otherwise unaccounted P

for.-_.-- SR

) : Upon detection of each of up to eight pulses according to the conditions"
o "set by each of the eight receiver configuration registers, the time of"
arrival (PLSTIM) and the signal strength (PLSLVL) of each are. stored .'in,

Y e

l_5:"_"":'._-"memory._.:_.- The tJ.me of arrival is stored in orie of eight reception time\./

o registers, the signal strength is stored in one of eight signal streng
".-:registers-_ The eight reception time and signal strength registers correspond
: '_--':__to the eight receive configuration registers. 'I‘he time of arrival is
.l"'.._"'computed with respect to the time of transmission XMTTIM by (RCVTIH + PLSTIM'
20 - m‘nm + CALTIM) AR | Sl e

Because the direct acoust:r.c path is shorter than the reflected paths, the




defi ned as a filter whose inpul se response has t he same shape as the si gnal
to whichit is mat ched, but reversed in tige, .For a symretrlcal transmt

pul se, whi.ch is identi cal fi me-reversed, the i rrpul se response is identical :
t6 the shape of the signal to whi ch it is nmatched. Likew se for a '
symetrical. . transmt pul se, the matched filter- _reg hh laq over"_'
frequency pRgpONIeri thent Lozt path et Fesqabridy g‘ﬁ)’eetﬁtf’ﬁ eartﬁlixﬁet Sua'?es _
Thus, - sel ecting the receiver's-desired frequency r Q ﬁe‘r,isthtiheeach "

frequency speelédredopatiis . puIBSese_lﬁth‘F&tfé‘F qu éBo Iqr(r%lrei?c ed$ffl tersis .

that- they:cannot be'reali 'zed'5 ¢ inlinear _analog sy ?%1@%5131'531@"' __
reverse“ti macceptiree. rsspyabe thaifriecheh é’ﬁ\’fg’éd“ﬂh&F?ﬁ; 6.1.s shown the . . T
desi, re@frequency response 170 of .a given_ r gn@,[teaagltMtaclml over . -
response 172" afhe amenattiqii’éetmﬁidé%’fsr gdef 8?“’?1%3{'32&?@ MeC el | an-generated - - -
pul se shape “The desired frequen ppn 170 ¢ap $8udf in theefeceptitay ¢ime -
symet¥i-cal tﬂm amgulﬂéFa‘siW&ﬁe“lféE?%%{’s%z rom} %&B pgak at ‘the carrier -~
frequency '80dB down at 't he adjacen h e;esm: &armeercontfemgen(qvgg the
and renai ni ngldcd-'r’i@t #iena}’ %@&th*b\/\*u i&rﬁgﬁi % -The actual response 172
represents an. approxi-mation to th es L& h sq,qn, la¢oys€llcdzanges.

wor se-case . eqmowaiestdanell “rtéf%t‘:te Sh 'gs§td ii‘E‘I’he gggéd cross- channel -15 1--
rejection pernmits-the- recel ver . channe 18 6 rnaj_egitbabntpmllyeslmms pulse... .
t her eby -al | owi H§ @)#Fé“ﬁ?‘bdn F?"é‘tﬁ‘ﬂé ?:’S/e't Jr:}genggﬁ%g’r to%be used. - The bandwi dth of

t he actual- frequency res onse 172 t }{zec%'sl(ﬁ?i ciwneg! Bsm.chnds%ﬁg 'I‘he
sane as -t hato®f f4'fe BEF L% d:ve'ﬁ“ %L ?? mat ched,” i.s about 10kHz.

FI G 7ashows. 't he qver]|ap of +he de Oi’t%'?ﬁh/iwfeewaﬁﬂqs\eoﬂcnom a-slw Parks_
channell.g anda‘f%l2ﬂl se. stéa'p]e \&a g r.s:lfw}fegdb)r Eﬁ

‘use Of  the avail able spectrum from 50kHz | by '
foul Fh éé&i”a %%ﬁrmmeqﬁﬁlt@ets'c‘i‘@bed f1inV €n6 Gp@kabirfraddpianal Progess{ng v

woul d he reqﬂ? conprising a nunmber .of conmponents. ‘Plots_of the
transmt- pul 3 SIEhORG js%ga?{!:d ‘%freﬁbf‘cef-nanﬁnms;aul She GPazks-HcClellan algorithm
I 'fderives, for a finite pulse shape, an optimum approximation to a de51red;
' frequency. spectrum 3 The actual output of the algorithm is a set ofi
.'-lef';coefficients representing the magnitude of the pulse at equal intervals .

.:-l Several'criteria were used in designing the s1gna1 set. First, a finite-l@_
._.filength, narrow pulse is desirable to maximize spatial resolution and minimizeﬁzﬂ
”]ﬁ:multipath interference.- Second, the channel spacing required by the receiver;:
;'to avoid cross-channel interference should be. small to permit a. givendtﬂ

--.&E*2°H{* transducer to handle many channels for more flexible operation of the rangingj;
i ::dl.system.r It is well known in the art that the best receiver for a given setgi
~of transmitted signals is a matched filter receiver. A matched filter isff

_';defined as a filter whose impulse response has the same shape as the 51gna1£i

"f'to which it is uatched, hut reversed in time.: For a symmetrical transmit;

'fjg-' *:pulse, which is identical time-reversed, the impulse response is identicalf_

t icall'
Jt° the shape of the signal to which it is matched Likewise for a symme T L



~carrier frequency of 95kHz 182 are- shown in FIG 8. Each of the pl ots 4 of %

. 25, about 200 val ues. - In.the preferred enbodi ment 203 are used.: If'

-":.._each ‘of -t he 203, val.ues pI otted for the envel ope ‘s designated. [err] thet,_".--

transmit - coeffrcrents for each .channel ‘are gi ven by [err]- where [serr]

“'"-400kHz the transmt sarrpl ing frequency, [err] . the carrier.- frequency fer."-'_."'

S a transmit. pul'se .on, channel : 5, fo exanpl e,

"~ pulses fromdigital words converted at.a-rate four-tines that 10

o B&ssel in Iluseaﬁanald{; Bessmds Bedauee il tlea\&ﬂ's‘éotﬂﬁenim’ﬁuleepﬂ"&bﬁﬁndé shanéd @8 in

~ channel tPhnsdAd ipul 505 EROMhaddhbat O 140L. reJJl%ePr%%‘éssaorf?’e%ngncy sy hesizes
’ se

o _ I Ng-CO secut i Ve
" coefficisitachBred tke tHiaqBbdtyC UpeELR] 0 Bl Puidd e thwo%qeseg Lent's

© per.sécond.. .The result is a .transmtted pul-se-havi ng the shape 1 f 'S own
" but f ur t heveivepte Hesh dag frhﬂ;uéﬁ@)ﬁlﬂssﬁdh%hlﬁ%ofééttsefhe BfequenBy @%@Ehﬁ%;léﬂﬁm

 ~hi ghestplisgni A tarthert peng rdtioue thateRedidiCye re( 1EhEE )theyt fdhndic Gid balized
U switt:chi:ng. noi'se. can be effectively elininated by a third-order ‘l-owass:

: the filtering process.. Slower: conver5| on; rates . would-require nor e corrpl ex

= and.-costdalimediher -or der fil ters. 15 Although't"he pul se envel ope: of the
preferred .embodi ment :has’a. total duratron of about 0.5, nost of its. TR
_energy”i s Ini FEG.$ éSOSHM ﬁhmdbwibethcflrewengyt hespoané er703fofthegmln55eceive

~envel‘ope. .Consequent |y, is:possibl e to achieve.a tinme resolution of. = - -
- about: OChEmel mdcth%sm:@lpeﬁwrfse bZZSpmnoasﬂ.ma@sml the dastiedabonitthe. Ha&rksr-n AR
sea ‘Wat er. - ~-The nariowpul ses al so make it 20. possibl e to Tesolve:

. desi red’%F%BS““EFB‘Fﬁ%ﬂI Ieﬂtseds*mﬂesesﬂfeoﬂe%ﬁ!feﬂefmscy (resachsd digt¢an be
? iwval ént toiabout O.Ins, all.owi ng the. detector to di'scrinmnate betvveen
dit¥ ect S&ﬁa F‘éf‘faéfEt?e&Ypﬂrsfé@ltWéraesgxlaéf Fhene derteasing frem hes (048 peAk Ppat».h

. proble neral _rul-e:in. designing a.sanpl ed data-receiver. is,. that t h.
'gar’rp-l.i' ngl r er frequency to S%HB %own a[:rpthe adjacent channels carriery

'Tz'frequencies and remaining constant at 80dB down oti’ beyond The actual

'-h?d' response 172 represents an approximation to the desired that actually yields
“h'a worse-case cross-channel reJection of 60dB. : The good cross-channel'
u_liup;-rejection permits the receiver channels to be separated by only 10kHzf

'?Fithereby allowing One high-frequency transducer to be used The bandw1dth ofr

"the actual frequency response 172 of the receiver channel, which is the same'

'as that of the pulse to which it is matched is about lOkHz FIG 7a shows the

'”fh:overlap of the desired frequency responses of the five channels and the..” B

:Zij?ffefficient use of the available spectrum from 50kHz to lOOkHz._ In anm analog\ﬂ’

'7:?" implementation, five separate bandpass filters 'would be required, eac

"Q;nlfcomprising a number of components. o
Plots of the transmit pulse envelope 180 and of the transmit pulse on'a

;'carrier frequency of 95kHz 182 are shown in FIG 8 Each of the plots is of{

e ??pf -'about 200 values. In the preferred embodiment'”03_are used If each of the;

' f-ﬁ)203 values plotted for the envelope is de' "ics(i),_ the transmitJ




25 frequency shoul d be at- | east tw ce the hrghest frequency present in .
‘the srgnals to.be received in order ‘to avoid. what- is known as aliasing.

Al i asi ng is the phenorrenon wher eby a frequency conponent a sanpl ed at -
anot-her fa équency [err] “where [err]. appears to be a conponent shrfted o
to.a frequency [err] - 1f- .anot her frequency corrponent is-actually at it is‘ L
sai d. to, be al %gﬁqgip‘ytst @grséycﬁtadmnalmn-reegiven b¥t is inpossiblé to 5 - -
disti ngursh f e two separate conponents. |If the general rute: Were _foI | owed_

in.the preferred enboxgq#r)eata (Hbreoﬂaﬁb'(ﬁmgtﬁlequency [err] of the :
A/ Dconverter: 30 woul ave th- beabout 200kHz. - Such a. h| 'S rrplr

frequency \Aogl,grgmge a LovRriKhameel craoswity crangt {98 ctﬂeﬂuf‘b npienent Fa"ie' '

the prigferre

enbodt ment, the.known frequency shifti n ert 593&5%6
advant age of ¢bQq el EoRt diinnel 1) amdr L seunsl £Rep f rl@du {,ﬂﬂ ‘rﬁé ;?rro‘?:e
undersanpl ing of

'si gnal s occupyi'ng a .band from 50k 100k ap ¢ alke @{n
100kHz shi f t gyhppsa 285 gral sranshbt t pelémndnt F@ﬁi’%ﬂlzl_%o gﬁﬁ E%% fact’r thg -.g. -
spectrum above 50kHz i's fooded about 50kHz ‘(mne hal f ‘t he s ﬁp ate of 400000 -

pass ' -

frequency). doakeddtiive unsicfrsatgitisries achnidteP(d RIVRE i FiTter

is used to elimnate pre-sanpled energy fromthe 0 1 gbaredshﬁpe
avoi d al'i asi ngefficients ofelr. seasgdendhe ofesybb s ao“'r?ﬁf‘“{rﬁqﬁ%?ﬁ“zesg phase |
distortion in the passband, ‘while adequate

Ly aite Rige filtele 56. -
st opband.: " THes250tdem;. b@Oklﬁlzr's‘}Sé‘ctﬁmBPrF I'—q/ r%sé%%{d%%e’rlat ed-to the OHz. -

50kHz - spectrum of FIG7b. The transnitted chann a;,_rr Ehraté PN EImens that
55k Hz; when sagnﬁthdsming@k}%saﬁ)ﬁ@hrdsg&%ala“f’f sqlfgﬁléeyljtg 25KHz in the shifted

20 . spectrum the carrier freguencies of Ge m,anae;bauappeare ad;tgital
channel 18 - 3&kFHehe clikaheer signifgﬁ?—&t EHAA F&? QHL? tz. and channel 5-- -

5kHzi The.- natural filtering. of h, fre S (p); %eé\hi/ﬁt-ﬁfdanﬂowmslmessel |
dB/. oé’fgave t-r swisghérs npi$e - -cél‘f e 5%{;2 m- lﬁ?nﬁ' ze the effects of the

al i asi ng of ‘even :hi gher 'noise enci 0.4 s Qmﬁﬁdﬂxabandﬂstbﬁtion in the
A transmt pufsb'esygéhesﬁz%ﬁ 02193 J‘%Ok}s—g& coeffrncr ents is sanpled in =~

nd :
filtering process.' Slower conversion rates would require more complex.a 4

_h'costly higher order filters.

y o . _ : . " :
H"lS L Although the pulse envelope of the preferred embodiment has a’ to a i

' ' dow:
duration of about 0 5ms, most of its energy is within a. 0 lms Win

| ible:'
o bracketing the center of the pulse envelope._ Consequently, it is poss _

tial
"'to achieve a time resolution of about 0 lms, which corresponds to a spa

ake 1t'
resolution of about 0 15m in sea . water.i The narrow pulses also ‘ma .

. E . i
: §“f120.-fl'possib1e to resolve desired pulses from reflected pulses for . differences in

' i ate :
S ﬁpath 1ength equivalent to about 0 lms, allowing the detector to discrim n

N th -
| fbetween direct and reflected pulses, thereby effectively eliminating e;

E rbmultipath problem.-f, lf o

A general ru-e in designing a. sampled data _eceiver is that the sampling

S 1 the:
.'rﬁ.QZS. frequency should be at least twice the highest frequency present &

i
| signals to be received in order to avoid what is known as aliasing..Alias ng



-the receiver at a 100kHz rate and correl at ed agai nst i-n-phase and IR
" .quadrature - .| sequences .of 50 coefficients each.. The in-phase. and '
. '.quadrature receiver coefficients hi (k) and hg(k) are plotted in. FI.G'9 for
..channel .5.7.The i'n-. phase ‘sequence of coefficieéents hi (k) i s-generated by
' :_rrultlpl yi ng the ‘shape of the envel ope 180 by a 5kHz -si nusoi- -dal: wavefofm:

vm uh itsypepks C eak of .the.envel. ‘and sel ectl ng :
.50 sanpl. és (@)}Ft eé?‘?{ens tlﬁ’gerﬁvta’(/ewotfpe‘sl%g pac'&pcfnég'ér §8035T‘%§% a1‘hé““’ther S

 quadr at. t lar| pL . {hat |
TR SRR SR By by SRR AT

the resutrtehnsnc%equew hdg {' 'xifoan&mr %% cHlponent. s BITuIVRI % g e_.

" “det.ecti on .schere correl SONBBEUL. ve: sanpl

T rom t el o %Qisp@mynqhQ El‘fﬁfg@g%%ﬁton%();%uégc?l‘ip@%ﬂ%?e D D

oeff.icients -hi(k)and:hq(k) in Correlato cep

"-':t:"""'-c'()ﬁvel’ t ins@QngJiQﬁ Elmbﬂ'éﬁ&aph&c lﬁ%mg nent 1%@&% g{x/’%r?]f%fed wePe P gr"?‘g&

~code, ). -The resulting correl ation, va ues: ‘yi are.square

squar-er n2@te 1@ aEkiR0 ehBbEWERES tR06samp kiRt ¥qudnd§ el £C /gt e -
R GRERE-S derlv?(}éby squ;re r.00t" bltock aén )8. ﬂ? s?\%u g b%togpgl?{a%l/gt% tﬁg‘%lut he

. .squar e-1300kodlldoakve @8 bes abisér 200ki8d Y Smﬂ:hsﬁaﬂi%ht Sénpliehg TREEAIRY QO RhLAK t0 -
. the sanme.units as:the sanpled input. = A.big advantage w t'h usi:ng. a matgched ._;..:_-_:
cfiter alfliwld’-}ehaniﬁilecédeilverskilﬂﬁmxltleo 1thdmentheIn)tﬁh)pre$8ﬂi=§ﬂ€xﬁ’odd&meﬁbe |
- aut. ocort'el ation function of .the transnmit .pul'se.envelope.  An interesfi: hg
- propert ;thefkndm ﬁnewonyeﬂwfltmg fnmptrmso&rea tayem&tdwﬁedgepldk Séo - lpirhhta’ta i t
C..isal'so symetrical, but:twice as w de. Because the.autocorrelatian: y
o et oS leedd rs@npbsna HgegeanegnceThy Jt)ndlessdnmldag asf \sugeansn octapyingt & bands\
-~ friequency.spectrum’s about hal f..that -of the pul'se:: It shoul.d be rerrenbeued
that thérem®kHdtte 160kiz atos raaehobflot)h& tShaflssnthosmlsigsalss iaboithel. Ednfdz_ '
- making .t he "bandwi dt.h--of the -autocorrel ation . functibn . about - 5kHz. aont
Oonsequéﬁ?q’ )PHZ F%éomarréhafaqj:n the spectrum above SOkHz is folded about 50kHz

".:Zt(one-half the sampling frequency) For this undersampling technique to work Eji-f“

'F-highpass filter 28 is used to eliminate pre-sampled energy from the OHz”

";_;}§T42,¥50kH2 band to avoid aliaSLng. A cut off frequency of about 40 kHz minimizes;fff:.

'phase distortion in the passband while adequately attenuating noise in the;d”

'-JfZStopband _ The 50kHz —-IOOkHz SPectrum of FIG 7a is converted to the OHz -:ftflu

50kHz spectrum of FIG 7b._, The transmitted channel 1 carrier frequency of:-:'.ﬁ-.__:
.".-.SSkHz, when sampled at lOOkHz, appears as a frequency of 45kHz in the shift:ed;__-_‘~

20 : .-l:'.spectrum; the carrier frequencies of the other channels appear as channelu""""

' '2 - 35kHz, channel 3-- ZSkHz, channel 4 --ISkHz, and channel S - SkHz.. Th e

o "'_natural filtering of high frequencies by sea water and the 12 dB/octave s

B j"'.transducer roll-off above IOOkHz minimize the effects of the aliasing of even’

'-_._-.higher noise frequencies into the O-SOkHz band

25 A transmit pulse synthesized from 203 400kHz coefficients is sampled in;f__..'
A the receiver at a. IOOkHz rate and correlated against in—phase and quadrature'-'-':' R




i

corrput atloras ‘need be perforrred only at- a rate [err]of"- 10kHz to avoi d

al irasi-ng of the correl ation function. Thus, an advantage with using a.
matched filter receiver is that the output of | the correl ator can be. sanpl ed
at the sam@ ra c . as the bandvvl dth of the transmtted signal's i nst ead- of .
at twice the bandwi dth 5 .as in non-matched filter -receivers. The .= -
advantdge grégargneesd@éesOt h‘eeﬁfl}ﬁbefrtsofeaébfreﬂ&t |iBnP}&fﬁpl§Pét Rb?fh"alfbﬁﬁlrreé&i"er- _
A typi cal’ sequence of - net correl atlon val ues y(j) spanning the aretjval. _
pul se i s plotacedistepre hi(k) ppdsheil)dape Phatiteddin HAC- ?h&ferﬁhér’afﬂe ot tTHe i"- -
pl ot t ed \(al ues'in FIG. 11 describes .the ‘autocorrelation function of the 10 - -
t ransmit fpul é’é‘aéﬁv%ﬁ%'ﬁé“drﬂf reeffficdents hii(kd jésg?'l*f’é'aﬁﬁ?s’é" mv%hbvlaéa& the Shape'

det éct 209 FI G.10_sel ects, t he f t he
L e
mul t |_-§Panneglis st em requi geiga B ‘fﬁ gggo%dgaspﬁgﬁl:teib%f é@ gf'ﬁ‘g‘ ff %rﬁmap 1'.:“ . :
the préferre o3 fge °&n a 0 ¢eD8p). =€ “fesultin

t ted t d-t t t tt
ot oat the ?'eéﬁ?tora\ Zaé’isiscesiev TERb56y B LM R PHLARRF U e
manuf act ur ed, li%ﬁif%’hg, eéce Ad Ehac S&b@‘%ﬂigpe ko 18, MRH E'Pélit ¢ aD5R1E Nibusota

further so. th ormm)re efficrently, a Iow—c st 'm Crocontr

i s used to hapdkg, ot ge§0'f unclth' O §ot S4ehoRSeilel Bhi 4R seq u@gge Wni§a§hbgﬁ'sin
over 't he :communi cati-onS interf e 37 and readi ng - the data acqursi tl_on N

nodul e 35. - Aqgexanpl e of such amcrocontroller is the thorola : : o
I\/[368HC11A1 al so manuf act ur ed by Motorola, ILnc., Schaunburg Thus the o

processer- 36" of i piiafcait otk (REPATH TR ORRN BEFTR. R;Sl?:o?f'é.ﬂattegrﬂpﬁbﬁﬁcutive‘
synt hesi's."and. detection, -a m crocontrol ler .for- general input/output, :

timned 25  coRplEY Gekj Pen enplAankt.&ebrcan@otﬂﬁmiﬁ\gmsmeta%dmemesequences
Referrl ng to FIG 12; there i's shown an overhe view of -a seismc tow'boat - . -
: of 50 coefficients hi(k) and- hq(k) in correlators 200 ‘and 202. (Except for:__

"ﬁ}::the A/D converter 30, the remaining blocks of FIG 10 are 1mplemented 1ntﬁ

E_-.program code ) The resulting correlation values yi(J) and yq(J) are squared:~i

:_'15a€tf:.in squarers 204 and added in summer 206. Finally, the net correlation value.--

nd'*“ly(J)*is derived by square root block 208.1 it should be appreciated that therr'

"iifsquare-root block 208 1is used merely to scale the net correlation value to:;_
”j-fthe-same;units_as the'sampled input. A big advantage With using a matchedj
Jt'filter in"the detection scheme tisﬁ that he Y(j) sequence is.'theic;
gnlofifhwautocorrelation function of the transmit pulse envelope.d An 1nteresting;_”
) .property of the autocorrelation function of a symmetrical pulse is- that itifd

B dis also—symmetrical, but twice as wide. Because the autocorrelation function“;‘

"defined by the sequence y(J) is twice as wide in time, its frequency spectrum o

-'fﬁfh'is about half tbat of the pulse. It should be remembered that ‘the bandwidth.
"f25,-.jdof each. of the transmit pulses is about IOkHz, making the bandwidth of thejuﬁ

"'fffdiautocorrelation function about SkHz.:; ConsequentIY: }the..correlationifﬁ




"""15:'5'-;'-. dsmsimilarly mar ked by its head buoy 226B.and its tail buoy. 23OB
i'nvention,: are shown attached to:the subnmerged s
- tai| buoys 230A and 230B at POSITI ON #5. - For the pur.poses-of sinplifying

Cthe' it Eacedvepisithat the oﬁ-’tﬁtlaf uheameuvmc&%%-shn@ned o aahached 't.
~ronky two streaners. 222/ and 222B and:to their buoys 226A-B and 230A<B.seel N

S str canersPR

i _tethere to the”s

-'220 trailing two subnerged hydrophone strearrers 222A and 2228 Head buoy

- 226A.and:tail buoy 230A are tethered to streaner .222A at its front and rear’
"respectlvely The, floating buoys 226A and 230A are -used as. surface- '_
- ref.erences mar ki ng t he. ends’ of. t.he submer ged streamer 222A. St r eaner, . 222__B E

" Hydro- aemmlltaeiqnsaneenebeeperﬁodﬁe&%&yJat hnﬁ:{t'tdlf?q:ft mek;ppﬁarg.;dﬁ gijgﬂg
- reaners .222A and.222B" g
- POSITI ONE $he aprrebatios ﬁmdiduuoysh@.emmaaé’fga ol cPOBLTy: @I\h‘#dcheanﬂlttert_he_;

actypicats §he depdvidrbves, thacntlatlsmhaledtsieznal:salinete:adcoﬂIacl aie tife BARAAAEH | t o
s the: hul'l. of +the .t ow boat- .220 ‘and. to the ai.r- gun 234, These additi‘onal
Lt r%mscel‘"\/sei“é nRAORREched | fé&r#*y rlseetmect'fed agysntagenprsatdnitedoses ithi. rtumbehe
__external contral | er ‘but coul @.15- -bé’ operat ed:as- responders if- _
©appr opr|°§t gorrelati ?ﬁ)r"@BB'eﬁ*"tiPh% %F’H?}’al ‘therimal’ ‘profile of the. sea”.
. eéxcludes "an: acousil c path.between. the transceivers on-the buoys and: therse :
.. on the str8amdr e (ﬁﬁﬂP%‘PFenﬁlerfteédc??r&|4§é¥,‘?'\/@§?b'e<§ah(ﬂeSPMdemeathi\tdieof ey
. buoys 't o. cog%)ﬁ gt a relay acoust.ic..path:  “Furtheinore, —nmore than two.. i
RroFERE &yeﬁmééch T Fh°‘h’é’n9e hotéced éhsteqhseeraretlnam ofnc;bm 20
:-ln_FI_Gl gés r| ut ed- aI gg t sl ength. - A typi-cal. 3kni'streamer may have
'ab_o_-ut' SI UG&r 40 gill tdescziBes they aﬂ‘r&teéP’:'/"érlstEgBBf“nGtigl anfl 2bEG

ached d| rectly to.the. stfeaner can.conmmini cate with a.- ° -

- Hio
. .cont roI I er a g"dfstehe Ay (}\X/Pf)oaé'td g?(f"ilﬁ? (ﬁfg‘ﬁidfoﬁ’i"n}hFcPé‘thSn Thereak fatestor

o st t ti t he -Huo S Hf;:?
Lot her o 5923’%1@“?‘% Fi8eee e RERERCY LPSKERR v Besmrach: b iﬁéi%sents"---

tet her th%?%'f'htfl p‘ﬁlé%y m)unt ed transcel ver

usual I y cannot

' performing the many computations of a multi-channel system requires a
”llfprocessor capable °f hish performance.37 In the preferred embodiment,_d"ﬁi"'h

a;}s,- _,digital-signal-processing (DSP) integrated circuit is used to synthesize the

~f'transmitted pulses and to detect the received pulses., An example of such a“ffﬂwii
::QipiDSP chip is the DSP 56000 manufactured by Motorola, Inc., Schaumburg, IL L

' sh.f:'To unburden the DSP chip further so that it can perform more efficiently,-_

-'low-cost microcontroller is used to handle other functions, such as timing..

- 29'_. _and communications over the communications interface 37 and reading the data

' ;;acquisition module 35.: An example of such a microcontroller is the Motorola
"¥l}TtMC68HCIIA1, also manufactured by Motorola, Inc., Scheumburg, IL. Thus, the
'7':hprocessor 36 of the preferred embodiment comprises a DSP chip.for pulsel
a.;:hlsynthesis and detection, a microcontroller for general input/output, timing,
”ﬂ;;zs."ticommunications, and control, and their associated memories. pf:::*” |

Referring to FIG 12 there is shown an overhead view of a seismic tow boat,




comuni cate with the controller. | For the purposes of _ill ust r'atlon let us -
‘assume that transceivers 236A, E,.F, and-J in FIG 12 cannot comjiuni cate
wi'tth the -controller. .The buoy-npunted transceivérs are conflgured as.
r-&sponder;s which. transmt only upon -det'ecti on of .a pul'se on a desi gnat ed-
channel . Dashed 5- . lines in FIG 12 represent ran e AQFQszaI 'feaaf buoy G
transcai Versfzz%3@rainn§ ‘ty@isuhbegndl bydraphong §CGfE] eezt%rzgngscel Vers. on . - '
streaner 222A are configured to transnit on the sane. cf png! ieglckr%lnk 5xhiosear .-
on streaner 2RaBagn raubtbuey Zidnaee tetipred S8 HTEEPS” fznat he buoys are. . .
configured - to transnit in:response to recep n of Isaer ondelie a&anaaxrface
channelras |{=e§ﬁeaas\m1tys OFhe Eloating b“°3tsra#562e| verazjg%cl Uél ng .the. . -
responglers, i s configured to receive pul’ses rom fehehberhng Strcamer 2223 o
transceiver Srefeﬁ@ﬁc&(mkﬁ}g therendsi 9 th2’38 TS 38n$t| gured to receive five
pul ses: “from 236A, 'C,'F, G and H. The- pul'se

NS S%5Oka i BRsy s, }lydro-—'-.
stagger®ed tinl’ﬂﬂﬂmhrpuln@gbecbﬂpyt hes head Ry nneﬁﬁ‘f '?rg?m B ORd B

Si. mJI taneously at ~the sane transggeiver LD cid appdtiatas: ofdepé dywemion, L
15 .. - transaebwsis mmes#vfaﬁ?%ggg 'ﬁcelugrilogher V\gyul d transmt - m)rgso#r2 '
Iess t'oget her, the one nearest the oat f %rtshﬁmlgbnahasn £taPOFEIP -
fromthe boahremenaﬁFgec‘E%’t ﬁ%e‘d‘ M) st%trrgnscel vers-in the-preferred

enmbodi ment -i.s. neasur ed by two @i@l{d& tghe sigeco ftbe mi-lab‘éﬂ,)‘rsa%%m
sync commnd4 2¢o the h%dtwyﬁ/a&%%aﬂgé]%wggc transcei ver -transmts a’

ion o
pul se, the-first at tine refer epge gegrmsdﬁpldefrym#lﬂ? iﬂ‘hsérmt
and - the . se@odd23Qk. att?‘?g(ﬁ%% #r’r‘] rg erencg"(‘:lrr{oo transcei ver: #2"§%timer:
The first receives the secon vers 638J aliret EWem gt tdchednd ohly §Eeoﬁ'd:eamers 2224 -
recei vedOt he offi Fg‘i-slzpu‘f‘?é‘s‘é? e err] Even i.f-the tiners of the

tram;wp vers. are._ not ig%&g@ zzém aﬁdirlgeAHB 2%n a typimaépgejtsn{iﬁasurvey,

[err]T becaus® th%zsof"f‘%e gh FWeen ‘the two tiners-is- renoved: b\-/ v boat

subi]?actlﬁoh add{gg&g;l”%r g}eggggy:gguigndlkolre attached to the hu 1 of the to -
- ..:.ighfZZO and to the air gun 234. These additional transceivers would typically--

.%;be connected by a communications link to the external controller' but: could N
.::-15_.;fbe operated as responders if approprlate If, moreOVer, the vertical thermal-
i profile of the sea excludes an acoustic path between the transceivers on the

j;;i buoys and those on ghe streamer, towflsh-mounced transceivers can be towed.

"ia;beneath the buoys to complete ‘a relay acoustic path.. Furthermore, more thanT

G two streamers could be deployed, each with many more transceivers than shown: 

".i&méilb fh; FIG 12 distributed along its 1ength A typical 3hm Stfeémér ma?,héfe abo?#'

: .ﬂ:uelsix transceivers along 1ts length-::: . .. o i ]

=T TransceiVers 2353, C, D and 2366. H, I which are attached directly to thex

'.fihgtreamer, can communicate with a’ controller aboard the tow hoat 220 through.
wfff;communication 1'nes in the streamers 222A and 2223. In most appllcatiO“s’

: _ onnection
N o .the buoys are tethered to the streamers without any electrical ©
2500

cannot,
| long the tether -Consequently, buoy—mounted transceivers usually | _
'a .+ LORSED NEAN | i | 7.



transcei ver #l and (err) in transcei ver #2 are the val ues sent over the . @
communi cations- interface 37 to the external controller. The external_
"~ control I'er t hen corrput es the range as[err]where c is the .speed of sound 4
Tt hrough the water.: The" corrput ation descri bed- appl ies'to' 5 the range 240 |n .
. _FIG..12 between-transcei'vers 236D and.2361 V\:hl chdcan communi cate W|th the 3
I by ard. the t owboat’ 220.. eterni.ni.ng. ranges:
E)I:E %gﬂtggmgéﬁéﬁsg’gflse% ﬁ?fkfméie? 'es F8RdEM P“fﬂ’féeéo?rf)uﬂtldvﬁbwqigndlIa‘teluent ;

" For'a. r@%ebﬂ;a\wﬁﬁr%cgi@e AT S azﬂldr gdh iggnder #4 on the same =

.".3'_strearrer where the responde OAs cbnf' . ol cARRSS tc"!'“FP'?iéétﬁﬁmﬁth?O
T t e t he-r-ange proporti-onal~to.
e s S aes ORI Kellnlte WA B it

. cont r ol yifilch "¢ fankhee Iom,ewek daBLYERR §F 3@?“0’1?'5\/‘?‘{ ﬂ# ssiggu' S fl m\}iﬁsslé(h)‘? ? gd

the. recept.ion.of .the pul Se fromrespon

| .I COAVTTI MEGARE! My Fﬂ;hQEepepr‘eQeﬁt! lraliéeset%)mggr B:et \g@eg S reigonde 61‘hén ‘@

~detection. of ra pul se and.its subSequent tra sm ssien |'§scﬁ

."-".:'-'controld dcaDdepadiaient PI1196€ Quat tidhste RS B Cathd3%24 JN S SPmUL t..' O”
"appl i es yt(:poat he e?an’ggnzﬂz bet ween transcei-ver - 836‘% respon ef® =2 fﬁ

FI'G 12.toFarahditer om gfhe2 4dnd &HERREL t.-fnfanarﬁlMforseZé‘ﬁQ&@Qméxe%?ﬁdSﬁ %%‘2% Ln..
- which the 20 responder. transmts. in response t.o-detecti-on of a puls roma |

- transceihasnels{ hEre rlsyondafd innewebyoss q&btdmsgﬂe\aeéo @@hsmi@‘incpé@%?é lon .
. i's: more ~conplicated. . To sinplify the.format. . of the range..equation used |n
i this c#9ereception wie aa mubsconpthef skmd Ochanbel b6 LEARPEEIMEE %‘?,6153%
bscr|pt of J-to.refer’to responder +236J, . and- a- subscript -of D to refer to |

: rgspondéﬁn%iZS’aDexcmnsaﬂgae rédﬁondierpr Oi(hObbnﬂl’g%lred Cho [rEEé:ﬂve pul ies. from D _

:ﬁ__:its neighboring transceivers.: For example, transceiver 2368 is configure
';; to receive five pulses‘ from 236A, C F G,_and H._The pulse transmissio
r,f;itimes are staggered to'prevent pulses on the same channel from arriving
-:bﬁ_simultaneously at theb same transceiver.nfffln | typical deployment,ﬁ”“
hISdei“transceivers directlv.across from one another.would transmit more or less;fhjhf{
'aich:'together, the one nearest the boat first on through those farthest fron thei

: - boato

'. The range between a pair of transceivers in the preferred embodiment'_is.."-
_:'measured by two-way ranging to avoid the need for an accurate sync command ?'

_f?o - :In two—way ranging,'each transceiver transmits a puls_;

the first at time-*-

: tlx referenced to transceiver #1 s time..:'ﬁ and the second at time tzx“'

referenced to transceiver #2 s timer.l_: The first receives the second s pulse"'

.___at time tlr' and the second receives the first s pulse at time t2r‘ Even 1£

;.the timers of the two tranceivers are not synchronized the range is

. 25 "proportional to [(th_ tlx)-l-(tzr t2x)]/2 because the offset between the tw

' __timers is removed by the subtraction. 5 The time- differences (tlr-tlx) in




[err] V\,he_re [err] is'the tine of arri -var at 2361 of the puI se from
responder- 236J with respect to-the: tine of-'s ansm ssioh of the pulse 5 .
from 236l (err) is the tinme of "arrival%¥ at a 2361 of the pul se from

t.fanscei ver 236D with respect.to the timeg of transmni ssion of t he pul'se. from

2361, (tDrJ - tDx) |s the time of arrival at-.236D of the pulse from °

responder 10 _ - 236J ‘with respect to the tine of transmission of: the = -
pul'se from 236D, (err) I's the time of .arrival.

transcei ver 236l F ASREE L QNP dii BRanebetveantiriaseitha WHLUERSIH| SET P
236D, ~ ‘and: [ eFVTTS L’Qﬁe:ﬂl Eﬁir%ﬁf tt&ﬁl ay in aresponder betyeen rergggt %,ptergnp

transni-esi on 9; AnPWrS6ns 1onterfacEhe7t eomshien epatrf@ﬁihég’e%“%%r ‘ti
arrlva&—esent "to the external controller via the conmyu

i catio n AGeys
and [err] is @orh@emrvahue confuten theesengee S| (F pertaxt™ g(r‘ﬂa'f Zegfwft"}r oFﬁge °
conmpute the range 244. An-essential elenent ip:

the c { bbd lies tO'I':'
solution is: thﬁe dppéd off smdhtmaztsébF \Re"-rte‘ét 'tni‘ﬁa O:ng*&’agﬁgﬁie %P
measur ement ; For thi's reason,th

i bhemn mdul:,m 35hicm can -
FIG 1 of thesphef eanged 26Abawi Fht léaﬁeeréﬁsFEa“sﬁ %g ?or mation froma
pressure transducer to the processor

S60ada dHe oswboat t220. external o
control | er. ovepmmyndcaearivh R cF&Frﬂ‘r‘i?'far%t t\ggjéﬂ?%S ‘Along with depth data, _

the data acquisition d Ie ' pggy‘red_g atefmgaime |maomgqs@ﬁn4erom%{le o
t enperature senstt, W‘ﬁ’g‘gg %Qfar [y be sent to the- 25 extern

controller for use ing esil n@gfrfggmttbe Iregak sipeged berversud. "RE’P‘?H’F’hg agil 4 2
to FIG. 1, th&T Ventron of this. syst.em coul d ‘be used as

Fed Yo ._f
rangi ng’ systemekgﬁoﬁm ¥SEoRf cian samé esmamsyn@hsr'?grrar bﬁi’\?i“ﬁeed s °°ﬁf% ¢
processor 36 e external sync signal is used to rese ,lgzogﬂ; range

S gﬂg ’ 10transm1t in response to’ detettion of 2 pulse fr ErJhQEeide?E

T 2642 is proportional to [(t3r-t3x -td]/2._The difference (t3r‘t3x)s3“hiCh :

E transeeiver ﬁ3 reports to the external controller, is the interval between.}}
.transceiver #3 s pulse transmission and the reception ‘of the pulse from.e'

responder a4 i A delay td, equivalent to XHTTIM+C&LTI!' inherent in- all f
15responders between a responoer s de.ection of a pulse and its subsequentf?.
transmission is known by the controller and taken into aceount -n computing_;ﬂ
: the range.l This computation applies to the range ?42 between.transceiver-jv
.' - 236D and responcer ‘365 in FIC. 12. o . :
| For the range 246 between transceiver 236D and responder ?36J in which the;);

i &,;ﬂf? 20 responder transmits in response to detection of a pulse from a transceiver;r
o i::,ﬁother than 236D, namely from transceiver 2361. the eomputation is more;
: oomplicated. To simplify the format of the range equations used in this;3

| case, let us.use a. suhseript of I to refer to transceiver 2361, a subscript.e

lilof J to refer Fo- responder 2363, and a’ substript of.d.to.refer.to-responder:

25 436D. The range 2&4 is proportional to

B T

‘at . 236D of the pulse fromthe-"'.'

er can - -



. of the timer to zero. The syne signal interrupts the execution. of the o
processor ‘and i.nmmedi ately resets the tine count of the tinmer to zero. 1n. 5

",. addi tion, each transceiver would be eonfigured as a dedicated:.receiver or '

" “transmi-tter. Thus there 'has to this. poi-nt- ‘been.descri bed apparatus -and - ’
- net’hods for ‘a: hydroacoustlc positioning. system and alt hough-.t he.. present
i nventi.on has ‘heen deseri- bed with respect: to such specific nethods:and.
.. ‘apparatus, it.is:not: 10 - ““i:nténded" t'hat such specific: references be ST e
.- consi der ed Ilmt.p(tg & O,t’l th cope of the- |nvent|on except |ns0f ar as |s .
- set forth in-the. ng;}ovm sl a‘?ej,sz CLAI IVB : ) S R

C L M S % 1+[(t C)aq-o i o I’ Sy t - - -::ng aCOU_St | C
'ranges bet ween. gbw dg’é\ yﬁ‘tﬁoacd’ﬁs | € transcel ver “1'ocat’i-ons on’ a. L

. plurality ‘dferandqr Wakee; ObLECIhS, ¢ ERATRChPEIvEE0aDYa6R d¥ e t&%eohm T
. hydr oacoust.i ¢ transcei vers attached at- different 1 ocations 1o sai

- under wat erresppraxrs 23ehoitoirespect (toathe AMET ST Icﬁﬁddd(ihélﬂmaohyg{e‘)?(}%@t 6o
©. enérgy to eleetrical energy. _transducer adapt ed for ‘underwat er. -t ransm S'S_I on'-’..flz
B am receptfﬁ?ﬁ‘ 63 Ihydr oacou"s i'c pul ses; ‘an.el.ectronic-system. coupl ed:t ' L
-:._-,__j.transducer for “transmtiing:-and. recei Vi ng - hydroacoustlc pul se ~energy
i nel udi.ng ("rtrhns trek 1% ShesSimey ofupTrRiyaki iahi 236 pfedbeemulsedfrange;

. ¢h t ' f I h detect filter
o -EEZL?. n et tfvsrp%%r&s v%ﬁ?%‘%?ﬁ'dé?ﬁ F ng“a 28 émé‘féwaieféﬁ' %& g'asfr
- - from 2351.-_ oL '

_ (tDr 3= th) is the time of arrival at 236D of the pulse from responder-'::

' 10 _' 236.1 with respect to the time of transmission of the pulse from ZBE;D,..-:-;j
-'--f,'.(:DrI -'th) is the time of arrival at 236D of the pulse from the';..'-._

' ":"__'Itransceiver 2361 with respect to the time of transmission of the pulse;i-'_.:_

. .from 236D and td is the inherent delay in a responder hetween:__': ¥

- "reception and transmission of a pulse..-'--' L : .

15 '.'.'I'he terms in parentheses are times of arrival sent to the external_-

- ;.,.controller via the communications interface and td is a known value.:__ Fromf

o these terms, the external controller can compute the range 264
An essential element in the complete position solution is the depth of_--
_._each transceiver at the time of a. range measurement. For this reason. the'.f

- 20 B data acquisition module 35 in FIG 1 of the preferred embodiment can transfe

<>

’ 'depth information from a pressure transducer to the processor 36. which sends_‘_
'it on to the external controller over the communications interface 35._- Along"':
with depth data, the data acquisition module can provide temperatur_

_information from a temperature sensor, which can similarly be sent to th

'.-;;'25'1' external controller for use in estimating the local speed of sound

. Referring again to FIG. 1, the invention of this system could be used as f‘




received by the transducer;. ..-;rréans for :a_séi"g_ni ng times of arrival to.the
pul ses having characteristics within a predeterm ned shape and carrier :
frequency received by the.transducer; pul-se synthesising nmeans in the

efectronic system for-producing a waveform of said predeternined shape and -~

carrier frequency for- transmission fromsaid transducer ahe asichdE plioviesenn
fromthe argiyal-waf fugies’ systeodky EBENYsS (9|_f i)‘}cfd‘fiSF??S* Sg,r‘i:._od}-gc tlrsrjrde N
count $; .means. for synchronizi ng' the cl ock nmeans.of salg gy YEsdd kheOfime. count -
hydr oacoust i ge tfraBessirvdds t‘l‘_(he_e_mreﬁhesry;“c_a??cfné‘&hIestI?%ﬁ_g'.;- means in each’

transceiver for scheduling a‘sequence of pulsge tra 'g&%sghgnemtumeﬁidwf o
event s:'and L@r chéai tissiri g sare. seﬁl&n@@cofgé?féntigttlen___ esponse te-a-- . .
synchrig#i zing ‘pul se fromsai d neans for synchrani.zjidorsehd et e kerag 1n-

coupled to @retesdoar asglsin@nﬂhj*!_tﬁ-ydfﬁ"eﬁseﬁge ufi g.r.\tf\g‘t’er';pl ocaticon and - means.:

being provided for deterimning the separatiop di.stafcs keldeesratedereesdver -or - -
syst erss by ndstidmgeatie Qﬁaﬁﬁcﬁ’y‘f“fhg"gg 3%I g@n g?r]vxher_ei the transceiver in_ °
a first said systemtransm-ts’at tipe t-and:-the transceiver in'asecond -~ =
sai d syst emtraassitites. at tine {err]and the subscript r-identifies t-ﬁ?l'ed 'f‘ e
reception time of-the“correspondjng. SRSnt &Nt Ibéd appatatiusesd [methpdy toT & . -
A hydroacoust i Fhearidienty B3A (" -muéibsc%rogﬁll;\g Toclam . & o

" hydroacoustic positioning system,

“and although the Pfééeﬁt 1°V?ﬁti°“ has b??ﬁ  :1

o %'deécribed-with respect. to -such pec;fic;me:hods-gndjé?PétaFusf it is n?_f~ﬁ
10 . intemded that such specific references be- cpnsigl_etfed __ ]lvimit,afion.s_ upon e

R S S P o  faceh in the following. . -
" scope of the imvention except insofar as is set forth in Ehe foLIOWIRE T

élaims.




. . time of arrlval 3
-1 and further characterlzed by means responsive to sai d |
"~ for. nitiating after a predetern1ned del-ay tinme the syntheS|zat|on of‘a

”fpulse by 'sai.d pul se synthesising nmeans Qgg transm ssi on by .said.

ia”transducer 3. - A-hydroacoustic: ranging. sysreniaccordlng to cIa|n11H

woochai mi2, and further characterized by a: resettab “ “Imum f
.ﬁresponSIve to the perlodlc tinme, countgAQ duced HHE S or
festablishlng said. tlne of - arrlval of -sal |dent| 4.

. d- further
© hydr.oacousti c- rangi-ng: systen1accordrng 10 any precedlngcla|n1an
; --c%ar acterided by PulBedthageustier nranging reyetenDe b ﬁeﬁe&iq{%i%

L7” u it Far: defer t he
o Spml ecei Ua%‘fﬁ’éﬁé”p"%‘w@sp bR HRARRL S Blir Sac sty
claim4; %Fﬁ’fb?cﬁhé(ﬁ&‘ctbwzl@c}w comr camXuratity fof ammafwag:eza

" edits, Iltudew h:. "

- plurakity- obl tzdhaggﬁﬁgfﬁgeaﬁb the" hydroacoustlc pul se. anp h.o

- gnu;stabrlshgd dIgIH§| (% é)ldé%tlfy sai d ‘pulses -of- predetern1ned_ ARt
'2shape Jgé ¥ © diydroacoyskigc! vansceiyeyisna ttached

© getorang as mf?mwmgz;w s, SR R o
:'ﬁz%ngagggngCe ggt?Q%(: s cfhding a hydroacoustic energy- to;”ﬁ Fﬁj}
s -h' electrical energy transducer adapted for underwater_jjl_,
| transmiss1on and reception of hydroacoustic pulses,fifE'hVVRI

' o an electronic system coupled to the transducer for.
Gy _'_' transmitting and receiVing hydroacoustic pulse energy"j -
7fgdincluding means for processing pulses Within.fam
_'h:predetermined range of characteristic shapes' andf
E”T_frequencies, f : PR ' u'n' 'n.“:. _" _ri'_'_g'_ -

: 'fi pulse shape detection filtering means in saidf
"_' electronic: system for identifying the shape of pulsesf
-°'Qreceived by the transducer, - '-':'_" _ .' - : i

E _f means for assigning times of arrival to the pulses{?

";haVing characteristics Wlthln a predetermined shape and J?
'ffcarrier frequency received by the transducer, _ r
B pulse synthesiSing means “in’ the electronic systemfg
”irfor producing a waveform of said predetermined shape and\;
ipcarrier freguency for transmission from said transducerﬂu
5f.at a time different from the arrival of pulses,.fff*f :
clock means for producing periodic time counts, :
_ means for synchronizing the clock means of said -
"ffplurality of hydroacoustic transceivers to each other,"'
:~andﬁﬁu A u . A BT

soheduling :means finy each transceiver'ffor;g

fscheduling a- sequence 'of pulse transmiSSion and'f
’ﬁtjfreception events and for initiating said seguence of;?
”'5'events in response to a synchronizing pulse from said.
_ ';means for synchronizing, said system,being coupled to’ a;i
?ﬁffsimilar system at ‘a. different underwater location and,d




fiklter coupledln said electronic s

yste t r
hydroacoust I c.noi se present at frequenck i Oka‘z:m ved A
hl)gldroacoust i ¢ rangi ng system according ¢ ng cl aim %erel na’
pfurality of.transducers -are provided and wherel n nmeans are provided for’

transmtting: hyﬁr orggopitl py&.ggg_ﬁd e%'rVQidté&amﬁmgt tmobleparamon B

schedul ed- ones ura redet B
range of 50kHz dxstta(m@tbesween Kh?yd\“ﬁgggﬁg gﬂ‘%?g#@e% éSg{r!i?lﬂ]caccordillmn 2

SYS

any precedi g Gn‘;jl Rygad f&fﬁﬁga clpg ag—e&#%pd(rtt}rt-haisﬂuld PUMBLLES o Fh

det.er m-nati on-neans” coppri-ses | f G RS IR
di gital .sanpl eSTANIERIYAD H‘uﬁegbg %e(??rl\?e% hy(?r oac0'usétﬁl?ji:ﬁ&f)u‘al?tsg‘lzsﬁﬁélll‘;ig o .
hyfl[1 oagﬁust i C . Ik e Sypanscetverding at seclomdnspid FxTRam SRanzRits Ak by g
ah ird - said S)C/,ff,ll- em \refeth as ogbg gﬁ égfpgousti&ﬁﬁgﬂﬁgg thle wdepbﬂm. n -

the transm ssi dm¥fo em at. said.-time [err

second system atimai ot |t:be[ @mjresrmrtdﬂérg CBH]}FF§es ansﬁgﬂgdf glgl Vi
the first pulse att% 1s_econd system and digitally processing i t to o

i'dentify and ti e f1e8 pulse at time [err]
means for recefving th
second:pul se ‘at .the first systemand digitally processing it to: |dgnt|f6y

and ‘tine the se ond |
th| cd syst ema’ 5,. | Py %ﬁr&foééd@stﬂérraﬁgang smsttemamnqltdlfg;f?%m:iﬁém_ .
A & and further characterlzed by means respons:.ve to
_“phsaid t1me of arrlval for 1n1t1ating after a'
_predetermined delay tlme the synthes:.zatlon of a pulse_ '

" by sa1d pulse synthe5151ng means for transm:l.ssion by-'

e said _tr_ansducer.,_-_

ST TR A hydroacoustlc rang:mg system accord:.ng to clalm

ng to . -

1 or claim 2, and further character:Lzed by a resettable_ -

counter reg:Lster respons:.ve to the perlodic tJ.me counts
' produced by the clock means for establ:.sh:.ng sa1d t:Lme
of arr:.val of sa:l.d 1dent1fied pulses.__ S

4. - A hydroacoust:.c ranglng system accord:.ng to any'

preced:mq cla1m and further character:.zed by pulse shape";

"._"_'determlnatlon means operable 1n a d:LgJ.tal sampllng mode'_'_-'i
) L to sample the pulse amplitude for determ:.nlng the shape
gw’ - of the recelved pulses. '

_ 5'._ A hydroacoustic ranglng system accordJ.ng to cla:.m_

- _'.':"-4, further characterlzed by correlation means for .

- comparing - a plural:l.ty of dlgltal samples of the -

'-'jhydroacoustlc ‘pulse amplltude w:Lth ‘an establ:.shed_'--_"'_"“
'dJ.gJ.tal moiel to 1dent1fy sald pulses of predetermlned_-

shape.__ o



thlrd digitally synthe5|zeel—|eu4—ee—at—t—e-r—a-_del_ay time td fol |l ow ng the :

~ tinming of the -second. pul.se, neans for receiving the. ]'Ehl[ rd. ]pulmsa:nlsnf'é:te .
' t f in tlneo err
. -rsggglr]a ﬁést ﬁren 1 Ih:jreg Ipulysegl rl “H!Hulﬂjl IHI&wm I dent ifying. it and assi gnl.ng

“al time O [err] -and wher.éi.n the means for det ermi ni ng. t he separatlon "

L d| stance bet ween the first and second systens fromthe foregm ng pul ses. ‘as;

a function c§r-respomdlhmirméaﬁgiiéeg-ghgl\o@%@&;%%ﬂ %Xzﬁﬁgtt:‘gg%&(’jeg
-_--.corresponds ; rEQ: c]ll%%r £h A nelt%o t\eé:rize@ d:tyrorsmwed R
" ranges’ betwe hrinn f é‘tﬁj E (FTRRMERE c e

plurality of Hﬁ@am@stdm equl Sedar oft eid Zogr biletde s Obarricy.

. " . i Mi-dual _ hydr oagousti.c :transcei vers H
3/: ffSer enflf I gte'&gﬁlsﬁ nangn V\g eirtngi) e a?B %&F&TQ&}Q ihiah prsei

d >
~ having tinin FSEkS‘-’HR&egt énageidemmm rsystmt aﬂaxe aﬁtéﬂﬁﬁﬂh an
SR acomécem&@eﬁyh%‘dalib@séiéd‘ﬂ@i PEBECY ALug,2nd g

%ﬂﬁc
o.carrier fre cg he water; esta f eni?gf and
S Iudlng pu % ¥ L3B8 §ntsS|on tlnes carrler requ

. nc d tlne erlods for- receptlon_o
“reception mnndoms open durlng predeterntne p :
“?tsa'd puISes Pn: '“d'X'%§%Eo cous%ic ranging system according to any;f'

L H_ﬁpreceding claim, wherein a plurality of transducers arej?
“..”provided and wherein means are prov1ded for transmittingQTg
';fihydroacoustic pulses selectively from the transducers on.
';scheduled ones: of a plurality of predetermined carrierg}
frequencies within a range of SOkHz to 100kHz.””“"" '

R A hydrcacoustic ranging system according to anyl'
"_ ;'_:.'preceding claim and further characterized in that said:f.
) | pulse. shape determination means comprises a digital_-,.
"--filter responsive to a plurality of digital samples ofj--:"'-
o _the amplitude of received hydroacoustic pulses. R E

5fff'9;~= A hydroaccustic ranging system.acccrding to claimﬁ

"fff}l further characterized by° NS
_'ﬁ s A third said system w1th associated hydroaccustici
tg transceiver, and wherein the transmission from the: flrst_;z
f-system at said time tls' and from the seccnd system atl
_ said time tzs' further comprises";;,gﬁite_q;;;




frequencres in the transceivers; rrﬁ 5| ni; schedul e of pul se transnission

tinmes and pulse reception wm \‘ rallty of- transcei vers;
s¥oring an individual schedul M'“ cel ver in the st orage means of
t he corréspondl ng transceiver;* synchr ohi 7] ng thé tiring clocks in the

transceivers periodically at predeterm ned tines; transmtting after each

periodi.c synchronl zation pul se of- sai d redegg mgrﬁ,gr tbqﬂ[es%agg gﬁgoge@‘oeﬂ _
pul se

carrier- frequencies - acd@#%lllﬁgf"?ore?ﬁ &Vvi8gh transm §si.Qn

tines to- correspor%{j UASE 4E§ERALDY prnchesm dfafe %?’é"é%ﬁ%n ttﬂ'@'
shapes.of the sche pul ses. havtn'g predet er mined carri er’
frequepgies: arfi viligy %R:F?Tﬂgp?%ﬁeo ﬁé of2

thé pul ecepti on Vs N
deternmini-ng reception tiggansf foet recedm@%fsﬁﬁ%’ﬂ%t%?ﬁ?ﬁeat&g‘%%s/frﬁ: o
carrier frequenm es accor.ding dsit itceovidgntifiys e e
hesvaEeh, spfof diraly grchedniiy

and .neasur.i ng two transducer | ocations by .
cl.ocki ng the transthet seeondf pub,seh?&r G&E’&J%m'pul ses ‘from each. transducer 1

to the other and averaglggP tﬂﬁiﬁﬂlﬁﬁw from* theCcthird system
11. - A nethod .according.to cl a| m 10 nd fur rhZ@d1dy ttime t
steps of - di gitall ythargl digitiad 1ah ’e’tee‘i Qaéfﬁéf %4

ydroacoustlc pul ses to

det erm ne. Wavef or mf%'ii%?u%@d ttuemﬁ]glﬂﬁga af rthmlse;forplll

o means for recelv:.ng the third pulse in the second
system, 1dent1fy1ng J.t and assignlng a t1me of. t2r3'
' means for rece1v1ng the th:l.rd pulse in the first.

-"system, ;Ldent:l.fylng it and assigning a time of t1r3' and -
X ' wherein the means for ‘determining -the separation

‘.'.distance between the fi.rst and second systems from the
S foreg01ng pulses as a. functlon correspond:.ng to {(ty,m N
T tga) * (Egp tZs)} /2, with the third system “included -

i 1s _ :

.f:'_oorresponds - to [t2r3-t23) (21'-2;-1 1'-25) td (t1r3

= f2e) /2+ta/=+ttm-tzs) 2+t taa) 121 :

P 10 | A method for determ.n:l.ng acoustzl.c ranges between
1nd1vidual hydroacoustic transce:wer 1ocatlons on a.
.":'pluralxty of underwater objects ' characterxzed by the |

= steps of° S




: _— o
predetern1ned shape with reference to a dlgltal sanpllng time. 12.

. 11 and fur.ther  characterized by thel S
~ method accordi ng ﬂ‘ﬂ ﬂm ﬂml m rodet ermned; - <
- steps of transnlt' " ”ﬂlu stkc. pulses at a. p T

d- presenttng frequency o
uency in éxcéss®ofs afout 4CkHz an e
,;ggnpcﬁ;nigegf rege|ved pul ses above 4CkHz for digital" ‘sanpl.ing to. detern1neﬁ5w

E 10 t-o 12 and:
- ‘pul se shape.:. raﬁfnmihgdampluﬂam&ﬂy)6#Y%§8§¢¥l”%f g§dﬁo§§95stic

i rneducer it?ﬁhg’??&%#% SRRt (Godhhons ob evuderkatdraceductl, and
“transduc mes
Ei(ra? efm ni ngSaRe émqamustitmetramdwefé bha% rﬁﬂﬁcﬁicc Vgam—\
o 'dent'f"g°f“b3§§¥§%ﬁ%x§2?;?%;§¥H§P%¢éﬁiﬁ be GF@ﬂﬁﬂmﬁmﬁmdsreced&b dataqt
 Toghrding (REOHALAT BULEAR (ReVingich vpredetornined |tha BERPLGETE 10

1 l-ocati.ons
~ system for smp;zang cakelies poiayy °§ﬁg| ng'f%?g "Q}ﬁ E%lantlal ly as.

L Qacoustlc F |
'-:.5-'-Ejre§2ﬂjgggrﬁerel n ﬁﬂzﬁbiiﬁ rBAc PiLse h&mﬂb‘?ﬁ-s'ﬂﬁ? iﬂﬁ’}?g‘?ﬁmis’ggus?er
- “det-er i ni ngShapesti Ctram“imertwggw d‘EJ ec?‘ eﬁgfl&ﬁ’?‘éﬁ?' And

' under _
ggg?“ 823 %‘i‘?— %Iméth ih e?lfgncgpeg -"-EPHavE terminéd time periods

or reception of said pulses on - individual carrier:'a‘**_
- frequencies in the transceivers,ﬁ.¢;¢;:;._~

composing a schedule of. pulse transmission times and:y

pulse reception w1ndows for the plurality of transceivers,f;?“

) storing an indiVidual schedule for each transceiverm'
'i‘_ 1n the storage means of the corresponding transceiver, _
| - synchronizing the timing clocks in the transceiversf

f periodically at predetermined times, '_ IS i
L transmitting after each periodic synchronizationg
:pulse of said predetermined shapes and associated carrier?”
_“frequencies according to the schedule

of pulse;
=r_transmission times to corresponding pulse

receptionhif
i-gWindows to enable detection of the shapes of thery

-p-scheduled. pulses haVing the .predetermined carrierif

frequenc1es arr1v1ng during the opening of the pulse_""ﬂ'
'“7”reception w1ndows,_'“ S S S

' determining reception times of detected pulses ofiﬂ

L predetermined shapes and carrier frequencies accordingf

'.'f'to the clocks in the receiving transceivers, ‘and:.

R measuring the separation in: water- of two;

7”transducer locations by clocking the transit times'off

. the hydroacoustic pulses from each transducer to the'-

“*_"7other and averaging the two trans1t times.-F” '
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11.;- A method according to. claim 10 and’ further-

characterized by ‘the steps of. digitally sampling the
- shape of received ‘hydroacoustic pulses- to determine o
- waveform - shape and timing the arrival of pulses of:

predetermined shape w:Lth reference to a digital sampling
time. : ' ' ' '

o 12, - A method according to claim 10 or claim 11. and S
further characterized by the steps of transmitting the
hydroacoustic pulses at ‘a predetermined carrier -
"frequency in ‘excess of" about 40kHz and presenting'
_ frequency components of received pulses above 40kHz for
' digital sampling to determine pulse shape. o ' ' '

i"'13. | .' A method according to any ‘one of claims 10 to '12'___
_ '_ _ and. further characterized by the steps of coupling a
s __plurality of said transducers in each of a plurality of

streamers towed behind a vessel, . and - determining the: -

'location of the’ transducers by comparing the arrival' :

times of identified pulses at the transducers.

111.."_j ‘A method according to claim 13 'and ‘further
_'"characterized by . the steps of storing historical data{-

garding ‘the relative transducer and vessel 1ocation "in

a data. processing system for analyzing related seismic'_- -‘
data from the locations of the transducers. S

15. A hydroacoustic ranging system substantially as
' .described herein w:.th reference to the draw:.ngs. ' '

16 : A method for determining acoustic ranges. between' :

. indiVidual hydroacoustic transceiver locations on a
plurality of underwater .objects substantially as_"
described herein w:.th reference to the draw:.ngs.. ‘




