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The tr-nasnitta‘ is thme required to be far enough away to prudum a
wavefront with nqligible curvature at the army face. Secondly. it is also
inpartant that the signal recorded should be as long and unis true as pussible
with aininal nulti—paths, which would ccn‘upt the signal. Signal lulu-paths
can Just easily be avoided by ensuring that the nearst reflective surfacs are
a considerable disbanm {m the array and signal transmitter, although this is
after Llpractical.
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n .1“ 512

Fig 1 shows the desired signal turn with a strung sinusoidal signal fullowed.
alter a discrete interval, by the first nultl—pnth. This signal is an example
oi the data collected by Ferranti in array phase calibration trials at Lake Kelk
near Bridllngtun.

him to the advat a! digital techniqus arrays were calime with analcgve
pm, such as aarmlntars, which were used to deter-nine the tine variance
betm elenenis, and harm the phase nisaahch. The use of analzuve
mlatm‘s requires the duplication of hardwam rm- each channel to he
sinulfanazusly msidaad. The mlatim: equipment has to be calibrated to
ensure the phase matching of the awrelatars. as a result it is nonral to latch
only pairs of array elenents. However this lethal results in a very arduous
prmiure to ambush the phase matching a! elemeng in a large my

Ewing sinultanamsly reamid a signal pulse fro- each channel a! a sonar
army, phase aisnatch between elenents can he neasurui by caliper-i of the
wavefcn'ws with a reference. liaiparism a! two sinusoidal wavefnrls to neasure
phase shilt can be achieve! by identifying the the at which sch signal
crimes a given point, typically an). Phase extraction by tine at m-
crnssing can be va-y noun-ate, but tells upon very highsaapliag rats and low
noise levels. At sanpling rates less than twice lyquist the axuracy bananas
very curse.

our problem was thme to extract signal phase i‘m shm-t sinusoidal
signals, mapled relatively slowly, in a noisy eavlr'onaent. Oar mlutian is
base! upon Fourier- Transfarns and mite the reduction at salpling nequency

~ toturn tines Iyquist, while nainhinins an aocephble phase reanlutlan.
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Hg 2._ Signal Frequency = 100
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F1; 2 shows the phase errors in phase extraction by the of new-crossing
agninst slgnal to sampling frequency ratio. ,

The Disaeta Fourie- Tmsfan: (DPT) is a derivative a! the Funnier Tmnsfarnl,

use! to process salpld, disa'eta, signals. The DPT mavens data than the
tine dannin b the frequency danain.‘ discrete tine intervals being mapped to
disa'ete {mummy mtg-vats, or cells.

A sampled sinusoidal signal, 11! how fl-eqmc] F and snlpling frequency Fs.
an be converted tn the frequency rimain by a EFT acting upon a finite maple
set at I trains. The rsulting heguency dmain data. sistiztg a! I angle
DH cells, rants to the frequency antent of the the datuin data set. D”
cells are mplar, and their values can be malderad ta represent a can-pie:
vac-tar vhaes length is related to the power atthe signal frequency and whose

directim is related to the phase a! the the danaln signal. Extraction of

signal phaw can therefore be achieved by calculating the uxuent a! the
unplex vector in the 5451513 frequency cell.

The DH method a! phase extraction has the advanbge of inherently filming
the tile dannin signal to ream thwe frequency mpments which do not 119

within the fl'equenq cell of interst. The presence at other, unwanted,

frequencis during the calihmtlm prmdura is input-taut as these lay indicate
the presence of undesirable {mamas within the may. hdditiana] freqmcis

can he idtilied by cansidez‘atian at the frequency spectnnl guaranteed by the
DPT prmedn. DPT freqmcy cells are equally dish“th in frwuency. being

mutt-a! upon a spat freqmcy. The frequency coverage a! each (211 is the

sampling frequency, Fs, divided by the this domain data set lag-th. I.

Proc.I.O.A. Vol 12 Part 1 (1990) 237
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The method of DH phase extraction has an inherent errar caused by the sine 1
upon x mponse of frequency danain cells. The couple: vectar in a fl'quency
dmnain cell, pruduaai by a single fxeql-Iency mlpanent. F. of the tile domain
data set, is the 5w 0! turn vectms. The primary vectar is dalinant and
represents the trve phase of the tine domain frequency canponent. The change
a! phase in the prinazy vector. mlting {run the ndditian of the smdaxy
mtar. is the DFT nethed's inherent war.

The twa vectors relate in apposite directians with changing signal frequency,
thus varying the influence a! the senandary vectar "pan the phase at the
prinaxy vwbar wh the two are adds! Mather. taxinnrn phase errur is
achieved when the two vectors are perpendialiar. lininun pham enm- is
achieved when the tra vectars are parallel.
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Fig 3 shuns the variation in DFT phase errnr as the sinusmdal signal phse
change relative ta the DFT windw.

The prinary vector is pmdumi by the signal frequency canpant. The
secandazy, inherent am, mtar is gena'nted by the frequency uni/Agate.
Signals at the tre of a frequency cell will prvduee mjzwate values at the
m cussing points a! the cells sine x upcn: 1 response, and thus have no
intrinsic envr. Signals wha frequencies lie halfway between the centre a!
two cells will have animal intrinsic phase enu- as the prinnuy vectxr
magnitude will be a lini-uu. and the eezzwndary vectar nagnitude will be a
maxinun.

The MT assumes that the transfer- windaw wntaine part a! a cantinuas signal
which cauld be recanstrvcted by reputing the mutants a! the window. This
assmptian will praduce a continuuus signal with dismtlnuitis every window
length, unis the window length is an intqer nunher of signal cycles. The
discantinuitis nwur with a frequency 0f 1/', where I is the window length. and
appear in the fnaquency danain as sidelahs, to the najar signal flequency, in
the ndJamt frequency mils. Cell leakage is, therein-e, the effect whereby

238 Froc.I.O.A. Vol 12 Pan 1 (1990)
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sane of the frequency ena'gy leaks Into adjacent (2115. At the ceuh'e of a

frequency cell then:- is no ergy lass flu- leakage. as the window length 15‘ an

111th number of wavelengths, but as the frequency 1075 an] [m the centre

of the cell the energy I (laugh leakage increase to a Innu- halfway

between tam cells, which gives peak discontinuity a! hut a wavelength.

          

  
varies withDl-‘T

late that the inter-cell peak error 19 at a
This is because the frequency

conjugate vector is furthest from the frequency component. and thexefm-e

s-allest in the cells sine 1 upon x response.

Fig u shows how the maximal: phase error

signal-to-saapling-freqmcy ratio.

ainiaua in the region of cells 1/4 and 33/4.

Fig in shows the maximum DF‘I' phase error. against frequency cell nuaher,

produced by the application a! a Hamming window.

Fig 4c shows the maximum DFT phase error. against frequency cell number.

produce! by the application of the double cell nethm.

Proc.l.O.A. Vol 12 Pan 1 (1990) 239
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Fig 5 shuns the rspunse oi a frequency cell shaded by a haunting window in
camperisan with the sane unsheded cell. ‘

The intrinsic DPT phase extraction enw can he reduced by shading the the
dmoin data set to redwe the signifialnce oldata towards the edge of the EFT
window, see reference 3. Hunting reeves (211 leakage, hut also Mums the
energy in the DFT window by changingthe sine x upon 3 respanse. The changed
all response reduces the side-lobe nopiitudes and reduces the peak upiitude
of the min lobe. whilst 'equering’ its rsponse.

minding reducs the uphtude of both fz'aptency vectors, but retinas the m
vectm- lure then the prhnry frequency vector. finding therefore retinas the
intrinsic error in DFT phase extraction.

The intrinsic m in D” phase ext-notice no] be further reduce! by utilising
the energy which has leaked to the neemt flequency cell. The Dalhle Coll
lethod a! DPT phase extraction calculates the signal phase as being the
arxuénent of the difference between the highest upiitude freq-Jaw] cell and the
nmrest adjacent freqcy 4211. The adjacent (211 inth two new vectors
into the phase extraction pm; the new vectors rem-went the prupm-tim of
the frequency erg] vhch has Janka! into the edJacent cell fine the two
vectors 1:: the min cell. The prllery vector in the Ian cell is always A!
fixed distance, in phase. In:- the primry vector u! the adjacent eel]. Thus
the subtraction of the ndJncent cell Fri-:17 vac-ta- fm the main (211 prinry
vectm' gives A vector whose phaseis direct], related to the phase of the tile
domain signal in the DFT window. The co-blned effect of the two sender-J
vectorslsithuthoeffeztofthemderyvech'inthesiqieaeuphese
extraction nethod. Therefore the intrinsic error in the [bible Cali lethd is
suwhntiaiy les than in the single all method.

Having stablishai the relative phase at elements ulthln a sane:- errny, the
phosc dam must beW In a fire which givs n unsure of the em]
phase his-etch. The phase lismltch, o! a line array. can be emrssed against
a reference.

240 Proc.l.0.A. Vol 12 Part 1 (1990) 
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One reference which mad be «991 is the Ideal plies M fru- the

mum'an signals angle a! interceptnm with the my; however In practice
It prays to he very difficult to Helm the slgnal‘s true angle a!

mterceptlan. I! the phase Its-etch an be named to be random] distrbe
elang the army's length then a reference least-squares best!“ thrwgh the

1155:an channel phase arms can be established. The leastqu method
will prnduce a Inference with nlnlnul eletlent phase deviatian and is such that
any fault]. a- dead, channels vlthin an array can be easily Ignored.

1f array phase mismatch Is not rude-1] 11ka along the amy‘s length

then the last-squares nethnd v1.11 nut produce an Ideal reference. A Jack at
randmn in the distributlm a! may elt phase mismatch can usvaly be

attributed to me at [are elents having very bad phase limatch. The

mdatlnxs at" phase Its-etch distrlbutlan can be established shttstJanIly by
eanslderlng the distrlbuflm af the phase errars about the referenw. .

A staple lensure of the phase llsuetch of an can be establlshed by
reaming the standard devletlan at' each element frm the Memes.

Least Snual'es Best Fit nethou

 

Fig 6A - Randon Phase Error.

— Nan-nendun Phase El't'nr.
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Figs 6 shut: the effect upon the least-squares best—fit techqu at nan—

mdunly distributed phase m. Fig 6A she-s the least-squares bat-fit

through the mdmlly distributed elemental phases of an eight channel array.

Fig 63 shows the least-squares best—m through the nm—mdunly distributed
element-n1 phases of an eight channel array.
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PRACTICAL m1rm:

The DFT phase attraction method enables the aawrate extraction at phaw I'm
sinusoidal signals at law saapllag 1:155 11: relative}; noisy uvlmareats.

The appltcatlan a! the least squares nethad an“: the Ideatlflmtlan at
channel phase an-atch relative to the array's claaast appmlnatlaa ta
brnadsjde.

We have use! the WT phase extraction techanue, Mather with lest-squats
phase latching. In our array callhtatlaa system The s’stel requlnas tum ms.
The first ls used to capture the data and to antral the signal general” {In
the reference tnasaltter. The secmd. which nulls: a transle running
an: aide, 15 used to prunes:- the data and pmlde elfal phase varlauce
tqgetha‘ with elaleatal and steered-bean was.

The data capture and systen caathI software 15 similar to any autn-auc test
facfllus mt], In use, with the exceptlan that the decent outputs an:
smultanmly dlgltlsed uslag a lulu-channel tmslmt m.

Far the a ale-eat mys- we have been developing- the 51512: required about 80
alautS to capture a 180 agree palat- run and then about 20 llau'ta to
emulate and plot all the dental and steers! bean rspumses and phase
vat-lance tahls.

This approach to array mlbraflan has pmldal Fer-rant: with a very fast and
accurate nether! of stahllshiag the pet-furnace at near my daigas.
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